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Introduction 
Due to cereal-based dietary habits of human beings we are mainly dependent on different cereal crops like rice, wheat, 
maize, etc. Among all the cereals Rice occupies the second position in the world after wheat but it occupies the first 
position in India. To achieve the sufficiency in food grains there are various conventional and modern techniques are 
employed for improvement in rice. RNA interference is one of the important reverse genetics approaches in which we 
develop resistance against diseases, insects, abiotic stresses, and use in functional genomics which allow down regulation 
in gene expression with more accuracy without interfering expression of other genes and finally leading to yield 
improvement. Fire, Mello, and co-workers published their work of RNA interference (RNAi) about 10 years ago by 
revealing double-stranded RNA (dsRNA) as the trigger of post-transcriptional silencing in Caenorhabditis elegans (Fire et 
al., 1998). RNA interference (RNAi) is a mechanism that inhibits gene expression at the stage of translation or by 
hindering the transcription of specific genes. Nowadays it is an important method of gene silencing with a gene 
knockdown approach, in which the unwanted or harmful gene expressions are blocked. This is the better option to silence 
an undesirable gene as compared to genetic engineering because it requires a lot of time and vectors to silence the gene 
through gene knock out approach, where removal of that total unwanted gene from whole-cell through recombinant DNA 
technology. 

What is RNA Interference? 
It is a mechanism in which it blocks the central dogma through inhibiting the expression of m-RNA without altering the 
existing DNA or gene sequence by the formation of double-stranded RNA. It silences the gene through different methods 
like complete removal or degradation of mRNA. It blocks expression at the transcription level and also at the translation 
level. 

Mechanism of RNA Interference 
Double-stranded RNA produced by endogenous or exogenous pathways in the nucleus. It will be processed and exported 
to the cytosol from the nucleus by enzyme exportin5. Then produce pre-mi RNA which will produce mi-RNA by forming 
mi-RNA-mi-RNA duplex by dicer (RNAase-III activity) form overhang structure and bind to RISC (RNA induced silencing 
complex) which include Slicer, Argonaute, TRnc6. RISC unwind double-stranded RNA and release one strand (passenger 
strand) and retain one strand (guide strand).RISC complex associated with guide strand target m-RNA based on the 
nucleation model and first attach three-nucleotide and elongation of nucleation. This breakdown mRNA has some 
complementary sequence that can bind with guide RNA or single-stranded RNA to form double-stranded RNA which 
silence the gene by degrading the mRNA (Hannon and Rossi, 2004). In plants and animals’ endogenous microRNAs (mi-
RNAs) are potential inhibitors of gene expression. Artificial mi-RNAs are designed to target genes of interest that provide 
a new approach for effective post-transcriptional gene silencing (PTGS) in plants. 
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(Source: Geley & Müller, 2004) 

Applications of RNA Interference in Rice Crop Improvement 
1. To develop male sterility in rice: The development of male sterility in rice is an important aspect of rice hybrid 
programs based on heterosis. To generate male-sterile plants with utilization RNAi technology along with the promoters 
for two anther-specific genes, Osc4 and Osg6b, and one for rice allene oxide synthase (OsAOS). AOS plays a key role in 
the biosynthesis of jasmonic acid and plays a key role in another development. Here, rice was transformed to repress 
endogenous OsAOS expression via RNAi vectors. It is possible to generate a reversible male-sterile rice plant for which 
fertility could be restored by exogenous JA. OsAOS2-RNAi lines suggest that OsAOS2 has a more significant function 
towards regulating the JA level of male reproductive tissues in rice. The Osg6b promoter is more effective than Osc4 for 
inducing sterility in rice. In specific, recent microarray analysis has shown that Osg6b expression is low in the uni-nuclear 
microspore but predominant in the tapetum at the same stage (Suwabe et al. 2008) 
2. Used to control photoperiodic pathway generating short day flowering in rice: The photoperiodic regulation of 
flowering is one of the key developmental processes of plants which is directly related to successful reproduction. 
Overexpression of OsGI5, an orthologue of the Arabidopsis GIGANTEA (GI) gene6, 7 in genetically modified rice, cause 
late flowering under both SD and LD conditions. In the transgenic rice expression of the rice orthologue8 of the 
Arabidopsis CONSTANS (CO) gene9 was elevated, whereas expression of the rice orthologue10 of FLOWERING LOCUS T 
(FT) 11, 12 was inhibited. (Hayama et. al., 2003). 
3. Regulation of OsSPL14 by OsmiR156 shows ideal plant architecture in rice: The IPA1 (ideal plant architecture1) 
quantitative trait locus encodes OsSPL14 (SOUAMOSA PROMOTER BINDING PROTEIN-LIKE 14) and is regulated by microRNA 
(miRNA) OsmiR156 in vivo. A  point mutation in OsSPL14 perturbs OsmiR156-directed regulation of OsSPL14, generating 
an 'ideal' rice plant with a reduced tiller number, increased lodging resistance and enhanced grain yield and facilitating 
the breeding of new elite rice varieties. The miR164 and miR165/miR166 have been shown to participate in shoot 
morphogenesis by targeting NAC genes and Class III HD-ZIP genes, respectively (Jiao et. al., 2010). 
4. Used for Silicon transport in rice: Silicon is a beneficial element for plants and develops resistance against abiotic 
and biotic stresses by preventing lodging (falling over) and increasing resistance to pests and diseases, as well as many 
other stresses. Silicon plays a vital role for high and sustainable production of rice.  The Low silicon rice 1 (Lsi1) gene, 
which regulates silicon accumulation in rice to become a distinctive silicon-accumulating plant. This gene belongs to the 
aquaporin family and is especially expressed in the roots. The identification of a silicon transporter supplies both an 
insight into the silicon uptake system in plants, and a new strategy for producing crops with multiple stress resistance 
by genetic alteration of the root's silicon uptake capacity. 
5. Used for drought resistance by DEEPER ROOTING1 gene: Genetic improvement of drought resistance is mandatory 
for crop growing in the drought-prone areas. Alteration of root system architecture improves drought avoidance through 
the cloning and characterization of DEEPER ROOTING 1 (DRO1), a rice quantitative trait locus controlling root growth 
angle. DRO1 is negatively regulated by auxin and is involved in cell elongation in the root tip that causes asymmetric 
root growth and in response to gravity downward bending of root occurs. Higher expression of DRO1 increases the root 
growth angle, resulting in the growth of root in a more downward direction. Introducing DRO1 into a shallow-rooting rice 
cultivar by backcrossing enabled the resulting line to avoid drought by increasing deep rooting, which caused high yield 
performance under drought endemic regions relative to the recipient cultivar (Uga et. al., 2013). 
6. Used to develop disease resistance: The recessive allele of the Xa13 gene providing disease resistance against 
bacterial blight, one of the serious diseases worldwide, involved in both disease resistance and pollen development but 
the dominant allele, Xa13, is just opposite to its recessive allele. Promoter mutations in dominant Xa13 cause 
interference of the production of target protein results fully recessive xa13 that confers race-specific resistance (Chu 
et. al., 2006). Introduction of Pns12 (non-structural protein of Rice dwarf virus present in the cultured insect cell) RNA 
interference construct into a rice plant. Short interfering RNAs specific to the constructs accumulate in the rice plants 
and the progeny of that rice plant with Pns12-specific RNA constructs after selfing provide strong resistance to viral 
infection.  According to Di Nicola-Negri et al. The induction of viral resistance in plants by targeting the genes of certain 
plant viruses, for example, the strong resistance to Plum pox virus of Nicotiana benthamiana plants that harbor RNAi 
constructs directed against Plum pox virus helper-component proteinase. 
7. Used to develop resistance against harmful insects (Brown Plant Hopper): The genes Nlsid-1 and Nleub are present 
in brown plant hopper for expression of the RNAi pathway and it expresses in both the nymph and adult stage. Isolation 
of NIHT1 (hexose transporter gene), NIcar (Carboxypeptidase gene), Nltry (Trypsin line serine protease gene) from the 
midgut of Brown Plant Hopper. Formation of double-stranded RNA from the above three genes and incorporated in rice 
plant and when the plant is infected by BPH the insect dies due to the breakdown of midgut genes through double-
stranded RNA (RNAi) (Wenjun Zha et al.,2011). 
 

Conclusion 
RNA interference is a novel invention in the era of post-genome to act as one of the most powerful tools for reverse 
genetics, functional genomics, and systematic biology. Nowadays for correction of defective genes through a traditional 
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breeding method like Back cross breeding which requires more plant materials and also requires more time and in case 
of other biotechnological methods like recombinant DNA technology consume more time and vectors are required. All 
these problems can be overcome by the RNAi approach. It can be applied for abiotic and biotic stress resistance resulting 
in the minimization of fertilizer and pesticide use. Therefore, it is an eco-friendly reverse breeding approach in rice for 
higher yield with less input for the need of achieving food and nutritional security.      
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Introduction 
The taungya (taung = hill, ya = cultivation) is a Burmese word coined in Burma in 1850s. The taungya system was 
introduced into India by Brandis in 1890 and the first taungya plantations were raised in 1896 in North Bengal. It is 
practised in the states of Kerala, West Bengal and Uttar Pradesh and to a lesser extent in Tamil Nadu, Andhra Pradesh, 
Orissa, Karnataka and the north-eastern hill region. In southern India, the system is called 'kumri'. It is practiced in areas 
with an assured annual rainfall of over 1200-1500 mm. 
This is a modified form of shifting cultivation in which the labour is permitted to raise crops in an area but only side by 
side with the forest species planted by it. This labour is responsible for the upkeep of a plantation. The practice consists 
of land preparation, tree planting, growing agricultural crops for 1-3 years, until shade becomes too dense, and then 
moving on to repeat the cycle in a different area. In some cases, crops may be grown one year before the trees are 
planted. The choice of variety of crops and trees, depending on the soil and climatic conditions. Here, some of the 
important crops and trees are given by states wise. 

Table 1. Trees and Crops Grown in Taungya 
State Tree crops   Associated agricultural crops  

U.P.  Shorea Robusta, Tectona Grandis Acacia 

Catechu, Dalbergia Sisso, Eucalyptus 

Spp. Populus Spp.   

Maize, Paddy, Sorghum, Pigeon-Pea, 

Soyabean, Wheat, Barley, Chick-Pea, Rape-

Seed and Miscellaneous. 

Andhra Pradesh (AP)  Anacardium Occidentale, Tectona 

Grandis, Bombax Ceiba, Bamboo, 

Eucalyptus Spp.   

Hill Paddy, Groundnut, Sweet Potato   

Kerala   Tectona Grandis Bombax Ceiba 

Eucalyptus Spp.  

Paddy, Tapioca, Ginger, Turmeric, Etc.  

Assam   Shorea Robusta, S Assamica   Paddy   

Tamil Nadu   Tectona Grandis, Santalum Album  

Tamarindus Indica, Acacia Nilotica 

Acacia Mearnsii, Ceiba Pentandra   

Cashew, Rubber, Bamboo 

Millet, Pulses, Groundnut, Cotton   

Andaman & Nicobar 

Islands   

 Pterocarpus Dalbergioides   Sugarcane, Maize   

Maharashtra   Tectona Grandis, Acacia Nilotica   Sunhemp, Jute, Mesta, Sunflower, Castor Etc.  

Tripura  Shorea Spp., Schima Spp., Michelia Spp.   Paddy, Maize Etc   

West Bengal  Tectona Grandis, Shorea Robusta  

Schima Wallichii, Cryptomeria Japonica, 

Quercus Spp. Michelia Doltsopa   

Paddy, Maize, Millets, Turmeric, Ginger, 

Lady’s, Finger, Pineapple, Sunhemp. 

Karnataka  Tectona Grandis, Santalum Album, 

Cassia Siamea. 

Paddy, Tapioca, Etc.  

Classification of Taungya System 
Taungya system are classified into types based on the techniques used and purpose. 
1. Based on the techniques used: 
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a. Natural taungya: This kind of taungya was developed to exploit teak’s need for light and it can only be applied 
in areas where some teak stumps remain. Specifically, a number of six-foot square sample plots are established 
and if there is at least one teak stump in more than 40% of use this plot, “natural taungya” is used. Taungya 
farmers are then allowed into this area to grow agricultural crops in the first year. By this second year, teak 
seedling would coppice from the remaining teak stumps. 
b.Regular taungya: The commonly known taungya system of growing trees and agricultural crops at the same 
location is called regular taungya system. 

2. Based on the purpose: 
a. Departmental Taungya: Under this, agricultural crops and plantation are raised by the forest department by 
employing a number of labourers on daily wages. The main aim of raising crops along with the plantation is to 
keep down weed growth. 
b. Leased Taungya: The plantation land is given on lease to the person who offers the highest money for raising 
crops for a specified number of years and ensures care of tree plantation. 
c. Village Taungya: This is the most successful of the three taungya systems. In this, crops are raised by the 
people who have settled down in a village inside the forest for this purpose. Usually each family has about 0.8 
to 1.7 ha of land to raise trees and cultivate crops for 3 to 4 years.  

Taungya System 

Pros of the Taungya System 
1. Artificial regeneration of the forest is obtained cheaply  
2. Problems of unemployment are solved 
3. Helps towards maximum utilization of the site 
4. Low cost method of forest plantation establishment 
5. In every case highly remunerative to the forest departments 
6. Provision of food crops from forest land 
7. Weed, climber growth etc. is eliminated. 

Pros of the Taungya System 
1. Loss of soil fertility and exposure of soil. 
2. Danger of epidemics. 
3. Legal problems created. 
4. Susceptibility of land to accelerated erosion increases. 
5. It is a form of exploitation of human labour. 

The Taungya Farmers are Given the Following Concessions as a Part and Parcel of Success of the 
System 
1. Free grazing for animals; 
2. Free timber for house construction and agricultural implements 
3. Schooling facilities for children 
4. Monitory loan at nominal interest 
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5. Water supply through excavation of wells and construction of ponds. 

Conclusion 
Taungya systems embrace multiple land-use practices involving joint production of forestry and agricultural crops in the 
tropics, land is a most important factor of production and there is overwhelming dependence of the population on land 
for livelihood. The introduction of taungya has alleviated the problems created by the wasteful use of land under the 
traditional agricultural production systems, increased food supplies, and significantly con" tribute to the socio-economic 
well-being of the rural population.  
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Introduction 
Powdery mildew is a fungal disease caused by many species of fungi which belong to the order Erysiphales. A wide variety 
of vegetable crops are affected by powdery mildews, including artichoke, beans, beets, carrot, cucumber, eggplant, 
lettuce, melons, peas, peppers, pumpkins, radishes, squash, tomatoes and turnips. Powdery mildews generally do not 
require moist conditions to establish and grow, and normally do well under warm conditions; thus, they are more 
prevalent than many other leaf-infecting diseases under dry summer conditions. 

Identification and Damage 
Powdery mildews first appear as white, powdery spots that may form on both surfaces of leaves, on shoots and sometimes 
on flowers and fruit. These spots gradually spread over a large area of the leaves and stems. An exception is one of the 
powdery mildews that affect artichokes, onions, peppers and tomatoes: it produces yellow patches on leaves but little 
powdery growth. 
Leaves infected with powdery mildew may gradually turn completely yellow, die and fall off, which may expose fruit to 
sunburn. On some plants, powdery mildew may cause the leaves to twist, buckle or otherwise distort. Powdery mildew 
fungal growth does not usually grow on vegetable fruits, although pea pods may get brownish spots. Severely infected 
plants may have reduced yields, shortened production times and fruits that have little flavour. 

Non-Chemical Management 
The best method of control is prevention. Planting resistant vegetable varieties when available or avoiding the most 
susceptible varieties, planting in the full sun and following good cultural practices will adequately control powdery 
mildew in many cases. 

Why Use of Non-Chemical Methods? 
1. To meet organic certification standards 
2. Avoid cost of brought in products 
3. Avoid resistance build up 
4. Consumer Health 
5. Grower Health 
6. Environmental Health 
7. Effect on Predators and Parasites 
8. Effect on Crop Plant 
9. Desire for more ecological or systems-based approach 
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Non-Chemical Management of Powdery Mildew on Vegetable Crops 
1. Planting mildew-resistant varieties.  
2. Ensuring enough space between plants to provide enough airflow around all parts of the plant. 
3. Avoid over application of N2 fertilizers. New growth tends to be very susceptible to powdery mildew development. 
4. Provide adequate drainage. Inadequate drainage can make soil a breeding ground for disease-causing organisms. 
5. Use compost to boost the nutrient levels in the soil, which will in turn increase beneficial microorganism populations. 
6. Remove and destroy crop debris after harvest. 
7. Use horticultural oil such as Saf-T-Side Spray Oil, Sunspray Ultra-Fine Spray Oil or one of the plant-based oils such as 
neem oil or jojoba oil (e.g., E-rase). 
8. Biological fungicides (such as Serenade) are commercially available beneficial microorganism (Bacillus subtilis) 
formulated into a product that, when sprayed on the plant, destroys powdery mildew fungal pathogens.  
9. Green cure fungicide - Potassium bicarbonate, commonly used in food products that kills many plant diseases on 
contact and provides up to 2 weeks of residual protection. 
10. Monterey Bi-Carb is a fungicide containing micro-encapsulated potassium bicarbonate as the active ingredient (baking 
soda). It disrupts the potassium ion balance in the fungus cell causing the cell walls to collapse.  
11. SNS 244 and Zero Tolerance Herbal Fungicide are made from 100% pure, food-grade ingredients that work fast to kill 
existing plant diseases and prevent new fungal problems from starting. 
12. PM Wash is a revolutionary way to solve plant problems. It may be used throughout all stages of plant growth and 
including the day of harvest. Saturate top and bottom of leaves (entire plant or garden) in order to achieve best results. 
13. Use of Vinegar which is very acidic, when sprayed on powdery mildew it changes the fungi's pH, effectively killing it. 
14. Use of Garlic extract, it has high sulphur content and is an effective anti-fungicide. 
15. Ethanol based mouthwash can be very effective in controlling powdery mildew. 
16. Application of milk and/or whey to be an effective anti-fungicide as they are believed to produce free radicals which 
are toxic to the powdery mildew fungus. 

Conclusion 
Use of non-chemical management practices can reduce the health risks and costs due to chemical poisoning and 
environmental damage, improve export earnings through reducing chemical residue levels on export commodity. 
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Introduction 
Dragon fruit is an exotic cactus that is found in different part of the globe. In india it is recently marked as super fruit. 
Fruit has attractive colour and mellow, with having black coloured seeds in the flesh with important nutrients. which 
now a days attract peoples to cultivate in different parts of india, which originated in Mexico and Central and South 
America (Britton and Rose, 1963; Morton, 1987 and Mizrahi et al., 1997). The special thing of this plant is its  blooms. 
The reason is this bloom are generally open only for one night with fragrance. The most profitable things of this crop are 
once planted, it will grow for about twenty years. Generally, about 800 dragon fruit plants one hectare. Now a days 
some countries are growing it as commercial purpose like Australia, Taiwan, Vietnam, United States. In India, Rs. 200-
250 /kg is the market price of this fruit. It is often used in jam, ice cream, fruit juice and wine etc (Merten, 2003). 

Identification and Damage 
There are 3 types of dragon fruit according to their colour:  
1. Hylocereus Megalanthus: White fruit flesh and a yellow shell.  
2. Hylocereus Undatus: Red in colour and white flesh. 
3. Hylocereus Costaricensis: Red in colour on both the shell and in the flesh. 

Health Benefits 
The fruit helps in controlling diabetes, cholesterol, weight loss and preventing asthma, because it has high levels of 
vitamins, minerals and good source of antioxidant. 

Soil and Climate 
It can be grown in any type of soil having well drainage facilities . The crop has capability to survive in a different  range 
of soils from sandy to clayey. It also can be grown in saline soil. Due to Present of better organic matter in sandy soil, it 
is more suitable for grown. soil pH  range should be in between of 6-7. Generally, tropical climate is more suitable for 
this fruit crop with minimum annual rainfall of 50cm. this plant cannot survive in cool climatic condition. So, it needs 
the temperature in between 65-80-degree Fahrenheit or 400 C. Excess sunlight and too much shade should be avoided. 
The plant gives better quality of fruit in tropical and humid regions. 

Land Preparation 
A proper  ploughing is required with fine tilth.  Field should be weed free before growing this plant. After land/field 
preparation, any organic manure must be applied in proportionate ratio accordingly. 

Manures and Fertilizers 
In dragon fruit cultivation, organic manure plays a key role. Each plant required 10-15 kg organic fertilizer/ compost. 
Thereafter, organic manure dose is increased at the rate of 2 kg per year. The ratio of inorganic fertilizer should be 
N:P:K:70:90:40 g/plant. During the fruit bearing stage high amount of potash low amount of nitrogen should be applied 
to get maximum yield. 

Irrigation 
As compared to other plants, it needs less amount of water.  When top soil becomes dry, irrigation should be given. 
Excess irrigation should be avoiding. The soil required to be moist and not soaked, but frequent irrigation should be 
needed at planting stage, flowering stage, fruit development stage and dry climatic conditions.  Drip irrigation is very 
suitable for this plant. 

Pests and Diseases 
In dragon fruit, aphids and mealy bugs are most common problem, because of sucking pests they feed on the sweet sap 
of the plant and aphids also attracts ants, which will feed on plant as well. Mite and thrips may not kill the plant but 
they are not good for plant health. During the period of hottest time of the year sunburn occur. To avoid sunburn, apply 
too much water to the plant may be harmful for this crop and it may cause root rot due to excess water. 
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Nutritional Value and Health Benefits 
Very a smaller number of calories are there in dragon fruit but good health benefits when it consumed in proper amounts. 
On an average of 21 milligrams of vitamin C is present in 100 grams of white fleshed dragon fruit and it is equally to 34% 
of daily value (DV) (Yen, 2002) [9]. However, this fruit may be used as a natural remedy for constipation . Information 
about red skinned and white fleshed dragon fruit per 100 grams has been provided in table 1 below. Nutritive value of 
red fleshed , red skinned dragon fruit variety is somewhat different from the values given below (Sinha et al.,2018). 

Table 1: Nutritional Value of Red-Skinned and White Fleshed Dragon Fruit (Hylocereus Undatus) 
Per 100 Grams 
Nutrient Amount Per 100 g Daily Value Comment 

Water 87 g NA Very high-water content 

Protein 1.1 g 2.1 %  

Fat 0.4 g NA Contains practically no fat 

Carbohydrates 11.0 g 3.4 %  

Fiber 3 g 12 % Very good source of dietary 
fiber 

Vitamin B1 (Thiamine) 0.04 mg 2.7 %  

Vitamin B2 (Riboflavin) 0.05 mg 2.9 %  

Vitamin B3 (Niacin) 0.16 mg 0.8 %  

Vitamin C (Ascorbic Acid) 20.5 mg 34.2 % Contains more than 3 times 
the amount of vitamin C 
found in carrots 

Calcium (Ca) 8.5 mg 0.9 %  

Iron (Fe) 1.9 mg 10.6 % A good source of iron 

Phosphorus (P) 22.5 mg 2.3 %  

Zinc (Zn) NA NA  

Harvesting and Post-Harvest Management 
Due to high perishable, this fruit is non- acidic in nature and has more than 75% water content. So optimum storage is 
required. This fruit may prone to get deformed and ruptured. So, handling of this fruit is very difficult. Due to its low 
shelf life it can be preserved in the form of processing product like squash, canned fruit slices, RTS, Jam, Jelly and wine 
can be prepared from it (Mani, 2019). 
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Commercial Flower Crops 
1. Rose: Roses prefer farmyard manure (FYM), compost and leaf mould in addition to concentrated organic manures. 
The rate of application of organic manure depends upon the source and nature of the soil. The best time of manure 
application to the established plants is after pruning. Both organic and inorganic fertilization have beneficial effects on 
growth, development and flower production. 

Fertilizer recommendation: Apply a mixture of urea, single superphosphate and potassium sulphate in the ratio 
of 1:3:2 at 50 g perplant or 10 kg per 100 sq. m. for three times i.e. first at pruning, second at the end of 
December when the first flush is over and third at the end of February when second flush of blooms is over. 
Foliar feeding: Spray 3 gram mixture of urea, dihydrogen ammonium phosphate, potassiumphosphate and 
potassium nitrate (2:1:1:1) along with 1.5 g of teepol at 10 days interval until last flush in March. 

2. Gladiolus: Corms of gladiolus are rich in carbohydrates which is sufficient to sustain plant growth for initial few weeks. 
The cormels, however, require fairly good amount of fertilizers because of limited amount of stored food due to their 
small size. Gladiolus requires both macro as well as micro nutrients for good growth and flower production. Nitrogen is 
primarily required to promote vegetative growth. Healthy gladiolus plants should contain 2.5 to 3.0 per cent N on dry 
weight basis. 

Fertilizer recommendation: N, P, K, each 200 kg/ha is recommended. Nitrogen may be applied in 3-4 split 
applications i.e. before planting, at 2-3 leaf stage, at spike emergence and after completion of flowering. 

3. Chrysanthemum: The chrysanthemum is known to respond well to fertilizer application. Emphasis in the early stage 
should be on nitrogen and during bud appearance stage; proportion of potassium should be increased. The plants need 
phosphorous during their growth period and can be easily applied as it is released slowly. The recommended dose of NPK 
fertilization varies with the climatic condition of different regions of our country. 

Fertilizer recommendation: After land preparation, apply 10-12 tonnes per acre of well decomposed farm yard 
manure and 50 kg of nitrogen, 160 kg P O  and 80 kg K O per acre as basal dose.Top dress the crop with 50 kg 
nitrogen per acre at the time of first pinching. 

4. Marigold: Although marigold responds to fertilization, information on its requirement of macro and micro nutrients is 
scanty. 

Recommended dose: Apply 200 kg nitrogen/ha and 80 kg/ha each of phosphorous and potassium for good 
vegetative growth and flower yield. Apply whole quantity of phosphorous and potassium at the time of land 
preparation. However, nitrogen should be applied in two split doses i.e. one at the time of land preparation and 
another after one month after transplanting. 
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5. China aster: Application of manures and fertilizers in required quantities is important for proper growth, yield and 
quality of China aster flowers. 

Recommended dose: Application of 120 kg N, 80 kg P O and 120 kg K O per hectare at 10-12 leaf stage. 

6. Tuberose: Tuberose has a high nutrient requirement and hence proper fertilization is essential for its cultivation. The 
requirement of manures and fertilizers for tuberose vary with climatic conditions and soil types.  The application of 
organic matter is essential for promoting growth and higher production of spikes. FYM at the rate of 20 tonnes per 
hectare has been recommended during land preparation. For tuberose, nitrogen is much more vital element than 
phosphorous and potassium which influences yield and quality of flowers and bulb production. 

Fertilizer Recommendation 
Application of 3-4 tonnes well rotten FYM per hectare prior to planting and Application of 100-250 kg nitrogen, 100-150 
kg P and 75-100 kg K per hectare. 

Nutrient Deficiencies and Disorders in Flower Crops 
Deficiency leads to morphological variation, which results in low productivity of quality flowers. The deficiency symptoms 
of nutrients can be corrected through foliar feeding even after planting. The easy key for identification of deficiencies 
of macro and micro nutrients in general is summarized in following figure. 
Nutritional disorders are basically physiological disorders in the plants that affect the productivity as well as the quality 
of flowers. Disturbance in the plant metabolic activities resulting from an excess or deficit of environmental variables 
like temperature, light, aeration and nutritional imbalances result in disorders. Various disorders of flower crops, their 
symptoms and management are given in Table 1. 

Table 1: Nutritional Disorders in Commercial Flower Crops 
Crop Nutritional Disorder Symptoms Management 

Rose Iron deficiency • Slow and show wilting 
symptoms. 

• Chlorosis in young leaves.and 
stunted growth. Leaf margin. 
and small flower size wering 
shoot. 

• Be slightly acidic (pH 6 to 6.5). 

• Zers with higher NO /NO ratio. 

• FeSO4  at pH 4- 5 with surfactant4 

• Fe- EDTA chelate at 0.1 % 

• At dose with appropriate ematicides. 

Boron deficiency • Flower buds and petals. 
Number of flowers.  

• Stem tip and flowering shoots. 
Affect. 

• 0.2 % Boric acid twice at30 and 45 days 
after pruning. 
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Introduction 
Green revolution (1965-66) caused a considerable rise in production as well as productivity of agricultural crops. But 
blindfolded use of agro-chemicals like fertilizers and pesticides has created many concerns like water pollution, 
degradation of soil health etc. Precision farming is one of the resource conservation technology which aims at improving 
scenario of crop production by an efficient use of agricultural inputs. It is a management strategy that employs detailed 
site-specific information to precisely manage vegetable production inputs. It involves doing the right thing, at the right 
place, at the right time. It attempts to develop integrated information and production-based horticultural systems to 
optimize long-term, site-specific and whole-farm productivity and minimize impacts on the environment. Precision 
farming can be boon in vegetable crop production for the places which are affected by land degradation, depletion of 
water resources, and need of Socio economic enhanced in productivity per unit of land. It also helps in enhancement of 
quality of life and food security. More effective use of inputs means greater crop yield or quality without polluting the 
environment. In East Khasi hills district of Meghalaya, India (2012) a geospatial approach to climatic zone effective 
horticultural planning was studied and the inference drawn were potential net sown area could be increased if and when 
the cultivable wastelands are utilized for cultivation purposes and geospatial technology can be effectively used for 
demand based location specific planning and management of horticulture sectors. It brings sustainability in crop 
production. As it is a need-based application system so precision farming can be practiced manually. It is a proven 
technique in improving crop yield under open condition. Some subcomponent of precision farming techniques with a 
smaller data volume are employed in vegetable crop production under controlled conditions. In Indian vegetable 
production scenario, there is an enormous potential for employing precision farming technique. 
The end goal of precision farming is to maximize economic return by optimizing crop yield, and minimizing environmental 
impact.  

The major component of precision component is Global Positioning System (GPS) ,Variable rate technology 
(VRT),Geographic Information System (GIS),Remote sensing, Proximate sensors, Yield mapping, Computer hardware & 
software. 
1. GPS-based applications in precision farming are being used for farm planning, field mapping, soil sampling, tractor 
guidance, crop scouting, variable rate applications, and yield mapping.  
2. GIS application in agriculture such as agricultural mapping plays a vital role in monitoring and management of soil and 
irrigation of any given farm land. 
3. Precision Technology is electronic design assembly that focuses on cost oriented good quality manufacture. 

Now How Can Farmers be Benefited by This Technology? 
Precision agriculture is a method of farming in which small regions are considered as one unit. Utilizing of site-specific 
data to manage nutrient content of soil, seed rate, water requirement, pest and other resources in a more efficient 
manner. 
1. Water Use and Precision. Companies are using sensors to detect moisture in the soil and help farmers create irrigation 
systems for crops based on soil moisture and temperature. 
2. Precision Tooling :Services offers unique tool room services and the opportunity for manufacturing companies to have 
their components precision manufactured in various materials either from solid. 
3. Precision Manufacturing and Machining Technology is an instructional program that prepares individuals to shape metal 
parts on machines such as lathes, grinders, drill presses, and milling machines. 
4. Climate-smart agriculture (CSA) is an approach that helps to guide actions needed to transform and reorient 
agricultural systems to effectively support development and ensure food security in a changing climate. 
5. Through the use of GPS, GIS, and remote sensing, information needed for improving land and water use can be 
collected.  
6. Other geo-referenced site-specific practices may include: electromagnetic soil mapping soil sample collection crop 
yield data collection aerial imagery 
crop or soil color index maps soil types soil characteristics drainage level potential yields. 
7. It also allows farmers to work during low visibility field conditions such as rain, dust and fog and maximize efficiency. 
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Advantages of Precision Farming 
1. To know quality and fertility of soil: Yield is correlated with availability of soil nutrients. Choices regarding rates of 
fertilizer, the area for lime application, the location and the method of applying manure may be based on this 
information. Compaction, water holding capacity, drainage, buffer strips, and erosion can be based on data regarding 
traffic patterns, topsoil depth, and organic matter. 

2. Pest Management: Site specific disease infestation can be checked. And it will help them for specific place treatment 
reducing water contamination risk and also be cost effective. 

3. Decisions making about Planting: Knowledge about the whole site helps farmers to make decision about seed rate, 
fertilizer dose, and variety option. Soil topography knowledge also helps farmers to select crop accordingly.  

4. Projects placement: Site selection for some project made easier with help of technology used. It gives advantage of 
selecting certain project holding good at specific place. 

5. Precise nutrient applications can give important environmental and economic benefits: Knowledge about the 
nutrient content of the soil helps farmer to design nutrient application accordingly. 

6. Precise pesticide applications can offer both economic and environmental benefits: These affordable lights bar 
guidance systems offer an easy method to lead equipment across a field to prevent overlapping when pesticides are 
being sprayed. 

Indian Agriculture Has Need of Precision Farming Because of 
1. Declining/stagnation in crop productivity. 
2. Various environmental and social concerns like ground water pollution, human health hazard etc. 
3. Increasing problems of soil salinity or alkalinity. 
4. Ground water depletion. 
5. Development of resistance and resurgence in pest. 

Problems Faced in Precision Farming 
1. This involves good system upgrades as it is based on past recorded data. 
2. There is a need to install different base stations every time one buys a better system.  
3. If there is a slight shift in geographic coordinates the data suffers. 
4. Moreover, precision farming cannot be utilized completely in every crop. 

Conclusion 
Despite of precision farming disadvantages, there is great hope that by utilizing technology farmers will be benefited 
and will greatly enhance production and efficiently manage their farm. 
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Billions of people in developing countries suffer from an insidious form of hunger known as micronutrient malnutrition. 
Biofortification is the process by which the nutritional quality of food crops is improved through agronomic practices, 
conventional plant breeding and genetically modification or modern biotechnology. Biofortification differs from 
conventional fortification in that biofortification aims to increase nutrient levels in crops during plant growth rather 
than through manual means during processing of the crops. Biofortification may therefore present a way to reach 
populations where supplementation and conventional fortification activities may be difficult to implement and limited. 
However, recent surveys showed 35.8% of children suffer from malnutrition in India. 

Introduction 
Micronutrient deficiencies affect more than two billion individuals worldwide, with dire outcomes for human health and 
productivity. About half of the global population reported to have deficiency of Zn, Fe and vitamin-A leading to impaired 
immune function, iron deficiency anaemia and xerophthalmia respectively. Anaemia is highly prevalent worldwide. It is 
estimated to affect 29% of non-pregnant women, 38% of pregnant women and 43% of preschool children (WHO, 2015). In 
the 2019 Global Hunger Index, India ranks 102nd out of 117 qualifying countries, with a score of 30.3, India suffers from 
a level of hunger that is serious. Through breeding staple foods that are both high-yielding and dense in minerals and 
vitamins-A process known as biofortification. To reduce “hidden hunger” by Biofortified varieties, developed through 
research at a central location, can be made available to multiple countries, and once released, and are available in 
national food systems year after year at no additional cost to farmers and consumers. 

Examples of Biofortification Projects Include 
1. Iron-biofortification of rice, beans, sweet potato, cassava and legumes. 
2. Zinc-biofortification of wheat, rice, beans, sweet potato and maize. 
3. Provitamin-A carotenoid-biofortification of sweet potato, maize and cassava.  
4. Amino acid and protein-biofortification of sourghum and cassava. 

Ways for Biofortification 
1. Conventional method: The breeding steps include:  

a. Identification of a useful genetic variation and the promising parents for hybridization. 
b. Long-term crossing and back-crossing activities for incorporation of gene in the background of the recipient 
parent. 
c. Stability and expression of the target traits (e.g., high grain Zn and Fe concentrations) across the different 
environments. 
d. Adaptation of the newly developed biofortified genotypes over a range of crop and soil management practices 
applied in the target regions or countries. 

Fig.1. Different way of biofortification (enhancement of nutritive value). 
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Breeding for biofortified crops offers a sustainable solution to malnutrition problems by exploring natural genetic 
variation. Breeders selectively breed nutritious cultivars of major staples, rich in Zn and Fe concentrations and with 
substances that promote the bioavailability of micronutrient (Fig.1). 

2. Exogenous application of micronutrients: Foliar fertilizers are increasingly used in agriculture. This includes 
application of FeSO4 and ZnSO4 by foliar spray to the crop which may lead to increased availability of these elements in 
the grain which ultimately improves the nutritional value of cereal. foliar application of micronutrients at tillering stage, 
foliar application of micronutrients at tillering and jointing stages and foliar application of micronutrients at tillering, 
jointing and booting stages. Bread wheat bio fortification for high Fe and Zn by exogenous application of micronutrients 
or trace mineral element like Fe and Zn at 4 mg kg-1 has significant effect on plant available nutrients and nutrient 
concentration in wheat straw and grain (Kumar et. al. 2016). The micronutrient mixture (MNM) containing Zn (4.7%), Fe 
(2%), Cu (0.3%), B (1%) and Mn (2%) was applied as a foliar spray in split plot under randomized complete block design 
with four replicates(Aziz et. al. 2019). 

Fig.2. Different steps of nutrient uptake by leaves (adapted from Roemheld and El-Fouly, 1999) 

Crop Improvement 
Biofortification refers to the genetic enhancement of key food crops with enhanced nutrients. It differs from fortification 
(addition of exogenous nutrients as in iodized salt) by increasing the nutrients of crops at source through agricultural 
interventions, viz. agronomy, breeding and biotechnology. 

Provitamin-A Crops 
Vitamin-A deficiency causes night blindness and Xerophthalmia. Xerophthalmia (xeros = dryness; ophthalmia = pertaining 
to the eye) is the deficiency of serum (plasma) retinol concentrations (<0.35 μmol/l) (Hotz et. al. 2007). Rice is the 
major calorie supplement for two thirds of the Indian population with a consumption of ~220 g per day. Golden Rice is a 
GM crop intended to increase dietary vitamin A. The popular example is ‘Golden Rice’ for β-carotene. Golden Rice 
yielded 1.6-2.0 μg β-carotene/g of dry rice. Golden Rice 2 was developed with the expectation that it could make a 
major contribution to the vitamin A requirement. Golden Rice 2, which is deep orange in color, was developed to greatly 
increase the β-carotene of rice (Paine et. al. 2005). It contains as much as 37 μg total carotenoids/g dry weight of grain, 
of which 31 μg/g is β-carotene. Due to the higher level of β- carotene, the consumption of Golden Rice 2 in typical 
quantities may provide adequate daily intake of vitamin A in countries in which rice is a staple food, assuming cooking 
losses of β-carotene are not excessive. The bright orange color of vitamin A enriched maize comes from beta-carotene, 
a pigment also found in carrots. However, for increasing β-carotene and Fe, transgenic appears to be the only viable 
solution. Transgenic maize with enhanced provitamin A content. Transgenic approaches to generate provitamin A rich 
maize that will help alleviate VAD. The new varieties contain higher amounts of beta-carotene the substance that the 
body converts to vitamin A and are at least six times more nutritious than the common white-fleshed cassava. They were 
developed by scientists from the National Root Crops Research Institute (NRCRI) and the International Institute for 
Tropical Agriculture (IITA). Cassava is a major staple food in Nigeria, consumed daily by more than 100 million people. 
Sweet potato is one of the most important food crops for human consumption in the world. Orange-fleshed sweet 
potatoes are not native to Africa, but scientists in Uganda are at the forefront of using biofortification to increase their 
availability. The 2016 World Food Prize went to a group that coordinated the breeding, promotion and distribution of 
the orange-fleshed sweet potato in Africa. One of [the researchers] on the team was economist Dr. Jan Low. The sweet 
potato grows well in many parts of Africa. The orange-fleshed sweet potatoes (OSFP's), rich in a colour pigment called 
β-carotene, which is vital in preventing Vitamin A deficiency. Potatoes are the fourth most popular crop worldwide, 

http://www.nrcri.gov.ng/
http://www.iita.org/
http://www.iita.org/
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after rice, wheat, and corn, according to the US Department of Agriculture. It is a staple food in some Asian, African, 
and South American countries where vitamin A and vitamin E deficiencies are common. The “golden potato,” boosted 
levels of provitamin A carotenoids. A single serving of the golden potato could provide up to 42 percent of a child’s 
recommended daily intake of vitamin A and 34 percent of their recommended vitamin E intake, according to a recent 
study co-led by researchers at Ohio State, the Italian National Agency for New Technologies, Energy, and Sustainable 
Development (ENEA) in Rome, and the Italian Council for Agricultural Research and Economics. 

Iron Crops 
Iron deficiency is a common health disorder affecting nearly 2 billion people worldwide with other mineral and vitamin 
deficiency. Iron biofortification, the process of improving the bioavailability of iron in food crops can be achieved via 
agronomic practices, conventional breeding, and genetic engineering. Biofortification of leafy vegetables with essential 
micronutrients such as iron (Fe) is an efficient means to address the human micronutrient deficiency known as hidden 
hunger. Rice has the lowest Fe concentration of the cultivated cereal crops and a striking lack of genetic variation for 
this trait has hindered conventional breeding efforts from increasing its Fe concentration beyond 6 µg g−1 in polished 
grain. The study has found that iron-biofortified bajra reduces the harmful effects of iron deficiency significantly. Bajra 
variety “Dhanashakti” has 71 mg/kg iron and 40 mg/kg zinc. It was rapidly adopted by farmers, reaching 65,000 farmers 
by 2015. CRISAT has also developed a high-iron pearl millet hybrid “(ICMH 1201)” which is being marketed, using 
Truthfully Labelled Seed (self-certification), by Shakti Vardhak Seed Company under its brand name “Shakti 1201”. This 
hybrid has 75 mg/kg iron and 40 mg/kg zinc (similar to “Dhanashakti”), but it has more than 30% higher grain yield than 
“Dhanashakti”. In 2015, “Shakti 1201” was adopted by more than 35,000 farmers. 

Zinc Crops 
Biofortification is a mean to increase the Zn content (and other minerals and vitamins) in the edible parts of crop plants. 
The average Zn concentration in common bean grains is 35 mg kg-1, which is among the highest ones for crop plants 
(Beebe et. al. 2000). A biofortified, dual purpose (grain and fodder) tall hybrid with high Fe (46 ppm) and Zn (29 ppm) 
was developed by a private company recently. Zn biofortified rice improved the Zn status in healthy adults, to 
comparable levels to that of Zn fortified food, implying that biofortification is equivalent to that of food fortification. 
When vulnerable young children in India eat foods prepared with agronomically zinc-enriched wheat, they spend 
significantly fewer days sick with pneumonia and vomiting, according to a study published in Nutrition Journal in 
September 2018. “This is the first large trial evaluating biofortified zinc wheat to increase zinc in diets and 
improve nutritional status and related health outcomes in young children and their mothers,” said lead researcher 
Dr. Sunil Sazawal, director of the Center for Public Health Kinetics in New Delhi and senior associate of Global Disease 
Epidemiology and Control at Johns Hopkins University. 

Conclusion 
Biofortification is a feasible and cost-effective means of delivering micronutrients to those that may have limited access 
to diverse diets and other micronutrient interventions. Micronutrients are essential for human growth and development, 
and their deficiency is a major concern that affects one in three people worldwide. Among various strategies, 
biofortification through plant breeding is considered the most economical and sustainable approach to tackle 
micronutrient deficiencies. This approach is universally accepted and has the potential to reach people living in relatively 
remote rural areas that have limited access to commercially marketed fortified foods. However, biofortified crops can 
complement existing micronutrients interventions; can have a significant impact on the lives and health of millions of 
people, especially those most in need. 
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Importance of plant disease management has never been greater than at present where there is feeding challenges to 
humankind when current world population is 7.6 billion with a projected increase of 10 billion by 2050 population (US 
bureau census, International data base, 2020). It is estimates that annually between 20 to 40 percent of global crop 
production are lost due to pests and each year, plant diseases cost the global economy around $220 billion (FAO, 2019). 
To reduce these crop losses various mitigation strategies in plant disease management have been made since green 
revolution. Modern agriculture is now entering the third green revolution, based on the significant progress in the use of 
reverse genetics to elucidate gene function and applying this knowledge in pest management. Major progress was made 
by Fire et al., 1998 by elucidating the gene-silencing mechanism in eukaryotic organisms named as RNA interference 
(RNAi). This RNA-mediated gene control technology has provided new platforms for developing eco-friendly molecular 
tools for crop improvement by suppressing the genes responsible for various stresses and improving novel traits in plants 
including disease resistance. 
RNAi, also known as Post Transcriptional Gene Silencing (PTGS), is a natural mechanism of gene regulation and is a 
defense system against viruses in eukaryotic cells by degradation of the messenger RNA (mRNA) and reduction or 
complete elimination of the expression of a target gene. RNAi is a natural process, which silences specific genes before 
being translated. RNAi inducers, in the form of transgenic plants or a crop spray, have the potential to effectively silence 
specific genes (Baum et al., 2007; Mao et al., 2007). 

Steps Involved in RNAi Mechanism 
Specific RNAs are targeted and degraded in RNAi mechanism. This process is initiated through the detection of dsRNAs 
by a complex called Dicer. These dsRNAs originate either from expression of endogenous or transgenic gene sequences 
or by RNA synthesis during viral replication or due to intentional introduction of dsRNA to induce user directed 
degradation of the cognate transcript(s). 
siRNA/miRNA is integrated into a protein complex that leads to formation of complex called RNAinduced silencing 
complex (RISC). Out of the two strands of siRNA/miRNA, only one strand called guide strand directs gene silencing the 
other strand is known as passenger (anti-guide) strand. The guide strand finds and binds to a complementary mRNA. 
After this binding, argonaute proteins within the RISC complex cleave and degrade the foreign mRNA if the base-
complementarity is perfect thereby gene expression is effectively silenced. 

Figure 1: RNAi-mediated gene silencing in eukaryotes 

Figure shown here represented that there can be Double-stranded RNAs (dsRNA) or hairpin RNAs (hpRNAs) which generate 
small siRNA duplexes by the action of Dicer (a key enzyme initiating the RNA silencing process. It is dsRNA specific 
ribonuclease-III like endonuclease which cleaves the target dsRNA into fragments of 21-24 nts). The guide RNA strand 
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binds with Argonaute (Ago) and other proteins to form an RNA-induced silencing complex (RISC). The siRNA/RISC complex 
then binds the complementary sequence of the target mRNA resulting in the degradation of the target transcript or 
inhibition of translation. The components of siRNA/mRNA complex can be recycled to the RISC complex or generate 
siRNA duplexes by the action of RNA-dependent RNA-polymerase (RdRP). 

RNAi for Disease and Pathogen Resistance 
Gene silencing was first used to develop plant varieties resistant to viruses. Engineered antiviral strategies in plants 
mimic natural RNA silencing mechanisms. This was first demonstrated when scientists developed Potato virus Y resistant 
plants expressing RNA transcripts of a viral proteinase gene (Mansoor et al., 2006; Qu J. et al., 2007).Immunity has since 
been shown to other viruses such as the Cucumber and Tobacco Mosaic Virus, Tomato Spotted Wilt Virus, Bean Golden 
Mosaic Virus, Banana Bract Mosaic Virus, and Rice Tungro Bacilliform Virus among many others. In addition, plants can 
also be modified to produce dsRNAs that silence essential genes in insect pests and parasitic nematodes. This approach 
was used to develop root-knot nematode, corn rootworm (Mao et al., 2007) and cotton bollworm (Baum and Roberts, 
2007)   resistant varieties. 
Following are the few examples where this biological phenomenon has been evaluated against plant pathogens. These 
examples illustrate the possibilities for commercial exploitation of this approach to develop disease-resistant plants. 
mpg1 (a hydrophobin gene, which acts as a cellular relay for adhesion and trigger for the development of appressorium 
in M. oryzae) and polyketide synthase-like genes were silenced in 70 to 90% of the transformed plants (Nakayashiki et 
al., 2005). Escobar et al., (2001) had demonstrated RNAi of the iaaM and ipt oncogenes for the management of a crown 
gall disease. Niu et al., (2006) have silenced viral suppressor genes P69 and HC-Pro of Turnip yellow mosaic virus and 
Turnip mosaic virus infections, respectively with the help of RNAi. 

Conclusion 
RNAi technology can be considered as eco-friendly, bio safe and ever green technology as it eliminates the uncertain 
risk associated with the transgenic plant.  Keeping in the mind, the potentialities of RNAi technology and above given 
example demonstrated that why and how this technology can be emerged to combat plant pathogen in the near future. 
However, a better and comprehensive understanding of RNAi should allow future plant pathologists to work effectively 
to manage various plant diseases. 
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Abstract 
Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) is considered one of the top 100 global invasive species (Global 
Invasive Species Database) with its ability to attack 900 host plants (Oliveira et al., 2001, Simmons et al., 2008) and 
vector 111 plant virus species.(Jones,2008) B. tabaci is the only known vector of begomoviruses of family Geminiviridae 
—a family of plant viruses known to cause plant diseases and adversely affect crop yield.(Czosnek et al.,2017) Whitefly-
transmitted (WFT) geminiviruses, or begomoviruses, are placed in the family Geminiviridae .Geminivirus transmission is 
persistent and circulative in the whitefly vector, requiring an average latent period of 6 to 12 h prior to a transmission 
event as reported by case studies by Cohen et al.,(1989). The economic importance of B. tabaci demands new methods 
to control this devastating pest insect. Gene editing, using CRISPR/Cas9, has formed the foundation for novel control 
strategies for insect vectors of human diseases  and plant diseases.The development of robust gene editing methodologies 
through ‘‘ReMOT Control’’ (Receptor-Mediated Ovary Transduction of Cargo) for this species opens the power of CRISPR 
and reverse genetic approaches to study the biology and to develop new control strategies for this important economic 
pest. 
Keyword: Whitefly, Geminivirus, ReMOT Control, CRISPR , Gene editing. 

Introduction 
Reaumer in 1736 first described the importance of Whiteflies as important economic pests of crops. Although Mound and 
Halsey (1978) catalogued 1156 species of whiteflies (Homoptera: Aleyrodidae), only a limited number of whitefly species 
are considered pests of economic importance. Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) is considered one 
of the top 100 global invasive species (Global Invasive Species Database) with its ability to attack 900 host plants (Oliveira 
et al., 2001, Simmons et al., 2008) and vector 111 plant virus species (Jones,2008).It is polyphagous, with a broad host 
range and  feeds on plant phloem sap through its life cycle using piercing-sucking mouthparts and can cause direct 
damage to plants by promoting fungus growth through honeydew secretions which  reduces photosynthesis and crop 
yields.It is the only known vector of begomoviruses of family Geminiviridae —a family of plant viruses known to cause 
plant diseases and adversely affect crop yield.(Czosnek et al.,2017) First reports on  B biotype of B. tabaci,  appeared 
in the mid-1980s (Brown et al., 1995b). Commonly referred to as the silver leaf whitefly or poinsettia strain, the B 
biotype has been shown to be highly polyphagous and almost twice as fecund as previously recorded strains and has been 
documented as being a separate species, B. argentifolii (Bellows et al., 1994).Studies on population dynamics of whitefly 
in natural settings are lacking. The management of whiteflies has become a major challenge for the farmers in the recent 
times ,although there are a many technique and many chemical measures uptake for management but combating this 
dreadful carrier of virus still remains unreverred. 

Circulative and Persistent Virus Transmission by Whitefly 
Whitefly-transmitted (WFT) geminiviruses, or begomoviruses, are placed in the family Geminiviridae . The Bemisia tabaci 
(Gennadius) group (11) contains the only known whitefly vectors of begomoviruses. These viruses are small, single-
stranded DNA-containing plant viruses (Godman,1981and Lazarowitz,1992). Geminivirus transmission is persistent and 
circulative in the whitefly vector, requiring an average latent period of 6 to 12 h prior to a transmission event as reported 
by case studies by Cohen et al.,(1989).The virions traverse from ingestion to transmission but the molecular basis for the 
highly conserved specificity observed between geminiviruses is still to be known and analysed. WFT geminiviruses are 
considered non replicative ,but however, transovarial transmission of tomato yellow leaf curl virus is also reported from  
one population of B. tabaci (Ghanim,1998).The mediated circulative transmission of begomoviruses and identification of 
position of receptors necessitates describing in detail the insect cells and tissues involved in transmission of virus. 
Molecular studies have facilitated to define the pathway of begomoviruses in their insect vector . Virus particles ingested 
through the B. tabaci stylets enter the oesophagus and the digestive tract, penetrate the gut membranes into the 
haemolymph, reach the salivary glands and finally enter the salivary duct from where they are egested with the saliva. 
B. tabaci feeds on phloem sap by inserting its stylets into plant tissue and locating the vascular tissue (Pollard, 1955). 
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Genetic Plasticity in Whiteflies 
The unhindered genetic plasticity of B. tabaci makes its management extremely difficult. B. tabaci had  rapidly 
developed resistance to insecticides, including novel ones, as has occurred in recent years with some neonicotinoids and 
insect growth regulators and reportedly  the “B” biotype  has a higher (two-fold) fecundity, more cold-tolerance  and 
shows upto 87 fold resistance to particular insecticides, are the major phenomenon developed due to the high genetic 
variability. Phenotypic and genetic variants are morphologically inevitable in B. tabaci, genetic polymorphism can be 
determined by general esterases. The populations were characterized using RAPDs(Random Amplified Polymorphic DNAs) 
and directly by DNA sequencing of molecular markers. Genetic variability in a species helps it to be more acclimatized 
to different ecosystems and changing climate scenario. 

Editing Genome of Whitefly Through ‘‘ReMOT Control’’ (Receptor-Mediated Ovary Transduction 
of Cargo) 
Plant-mediated RNAi targeting begomoviruses or the whitefly vector has shown some promise in laboratory settings but 
has not been translated to field applications. Although RNAi can be effective at reducing gene transcription, efficacy 
can be highly variable, depending on the gene and tissue of interest. Thus far, the black of tools to manipulate whitefly 
genetically hinders the screening of potential genetic targets that can be used to design agricultural control strategies. 
(Kanakala et al .,2019, Luo et al.,2017,Malik et al.,2016) The economic importance of B. tabaci demands new methods 
to control this devastating pest insect. Gene editing, using CRISPR-Cas9, has formed the foundation for novel control 
strategies for insect vectors of human diseases  and plant diseases, but a lack of gene editing techniques for B. tabaci is 
a significant barrier to the application of gene editing for basic biological studies and control of this insect.                                
The CRISPR/Cas9 comprises a Cas9 enzyme which comprises a pair of molecular scissors that cuts DNA at a specific 
location on the genome so bits of DNA at a specific location on the genome so bits of DNA can be added or removed and 
a guide RNA that directs the Cas9 to the right part of genome. Arthropod gene editing by CRISPR/Cas9 is usually 
performed by injecting gene editing materials into pre-blastoderm embryos, but the exceedingly small size of B. tabaci 
embryos (0.2 mm) and high mortality of injected eggs makes this technically challenging. A method has recently been 
developed called ‘‘ReMOT Control’’ (Receptor-Mediated Ovary Transduction of Cargo), which circumvents the need to 
inject embryos, using instead a small ovary-targeting peptide to transduce the Cas9 ribonucleoprotein complex (RNP; 
the Cas9 protein complexed with a guide RNA) directly into the developing ovaries upon injection into the hemolymph 
of adult female insects. ReMOT Control has been shown to edit the germline of the mosquitoes Aedes aegypti and 
Anopheles stephensi efficiently. (Chaverra et al.,2018 and Kistler et al.,2015) The gene editing complex which is fused 
to a small ovary-targeting molecule called BtKV, into adult females and the BtKV guides the complex into ovaries. In 
case of whiteflies the ‘White gene’, which is involved in eye colour is targeted. When the gene functioning is normal 
whiteflies have brown eyes, but when it is non-functional due to mutation the insect is supposed to have white eyes. 
but ReMOT control generated mutations resulted in juvenile insects with white eyes that turned red as they developed 
into adults. The development of robust gene editing methodologies for this species opens the power of CRISPR and 
reverse genetic approaches to study the biology and to develop new control strategies for this important economic pest. 
ReMOT control allows easy and efficient CRISPR editing in B. tabaci without the need to inject embryos.(Chan et 
al.,2020)The mutations were inherited to future generations, which leads the pathway for use of this technique for the 
genes responsible for virus transmission as well as for resurgence and resistance development towards insecticides. 

Reference 
1. Bellows, T.S.; Perring, T.M.; Gill, R.J.; Headrick, D.H. (1994) Description of a species of Bemisia (Homoptera: 

Aleyrodidae). Annals of the Entomological Society of America 87, 195-206.  

2. Brown, J.K.; Coats, S.A.; Bedford, I.D.; Markham, P.G.; Bird, J.; Frohlich, D.R. (1995a) Characterization and 
distribution of esterase electromorphs in the whitefly, Bemisia tabaci (Genn.) (Homoptera: Aleyrodidae). 
Biochemical Genetics 33, 205-214.  

3. Chaverra-Rodriguez D, Macias VM, Hughes GL, et al. Targeted delivery of CRISPR-Cas9 ribonucleoprotein into 
arthropod ovaries for heritable germline gene editing. Nature Communications 2018;9:3008  

4. Cohen, S., Duffus, J. E., Larsen, R. C., Liu, H. Y., and Flock, R. A. 1983. Purification, serology, and vector 
relationships of squash leaf curl virus, a whitefly-transmitted geminivirus. Phytopathology 73:1669-1673. 

5. Czosnek H, Hariton-Shalev A, Sobol I, et al.The incredible journey of Begomoviruses in their whitefly vector. Viruses 
2017;9:273.  

6. Ghanim, M., Morin, S., Zeidan, M., and Czosnek, H. 1998. Evidence for transovarial transmission of tomato yellow 
leaf curl virus by its vector, the whitefly Bemisia tabaci. Virology 240:295-303. 

7. Goodman, R. M. 1981. Geminiviruses. Journal of general Virology. 54:9-21. 
8. Kanakala S, Kontsedalov S, Lebedev G, et al. Plant-mediated silencing of the whitefly Bemisia tabaci cyclophilin B 

and heat shock protein 70 impairs insect development and virus transmission. Frontiers in Physiology 2019;10:557.  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
23 

9. Kistler KE, Vosshall LB, Matthews B J. Genome engineering with CRISPRCas9 in the mosquito Aedes aegypti. Cell Rep 
2015;11:51–60.  

10. Lazarowitz, S. G. 1992. Gemini viruses: Genome structure and gene function. Crit. Rev. Plant Sci. 11:327-349. 
11. Luo Y, Chen Q, Luan J, et al. Towards an understanding of the molecular basis of effective RNAi against a global 

insect pest, the whitefly Bemisia tabaci. Insect Biochemistr y and Molecular Biology 2017;88:21–29.  
12. Malik HJ, Raza A, Amin I, et al. RNAi-mediated mortality of the whitefly through transgenic expression of double-

stranded RNA homologous to acetylcholinesterase and ecdysone receptor in tobacco plants. Scientific Reports  
2016;6:38469.  

13. Oliveira, M.R.V., T. J. Henneberry, and P. Anderson. 2001. Host, current status, and collaborative research projects 
for Bemisia tabaci. Crop Protection. 20: 709-723. 

14. Pollard D G. 1955. Feeding habits of the cotton whitefly. Annals of Applied Biology 43:664-671. 
15. Simmons, A. M., H. F. Harrison, and K.-S.Ling. 2008. Forty-nine new host plant species for Bemisiatabaci (Hemiptera: 

Aleyrodidae). Entomoligical. Science. 11: 385-390. 
16. Chan C. Heu,Francine M. McCullough, Junbo Luan, and Jason L. Rasgon CRISPR-Cas9-Based Genome Editing in the 

Silverleaf Whitefly (Bemisia tabaci) 2020 The CRISPR Journal. 3, (2):89-96. 
  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
24 

Silvicultural Practices for Jatropha Curcas 
Article ID: 30009 

Anil Kumar Kori1, Atul Singh2 

1&2Department of Forestry, Jawaharlal Nehru Krishi Vishwa Vidyalaya Jabalpur (MP). 

 

Common Name Jatropha 

Scientific Name Jatropha curcas 

Family  Euphorbiaceae 

Origin and Distribution 
The origin of J. curcas remains controversial as it can be found over a wide range of countries in central and South 
America. It is native to Central America but now grows naturally in most tropical areas of the worlds. Portuguese 
introduced J. curcas in Asia and Africa as an oil yielding plant. In India it occurs in wild. Semi wild and cultivated state 
in almost all biogeographically zones from the coastal areas to the outer Himalayan ranges. 

Botanic Description 
Jatropha curcas is a perennial, monoecious shrub or small tree up to 6 m high; bark pale brown, papery, peeling; slash 
exudes copious watery latex, soapy to tough but soon becoming brittle and brownish when dry; branches glabrous, 
ascending, and stout. Leaves alternate, palmate, petiolate, stipulate; stipules minute; petiole 2-20 cm long, blade 3-5 
lobed, 12.5-18 x 11-16 cm, lobes acute or shortly acuminate at the apex, margins entire or undulating, leaf base deeply 
cordate, glabrous or pubescent only on the veins below, basal veins 7-9, prominent, venation reticulate. Inflorescence 
a cyme formed terminally on branches and complex, possessing main and co-florescences with paracladia. The plant is 
monoecious and flowers are unisexual; occasionally hermaphroditic flowers occur; 10 stamens arranged in 2 distinct 
whorls of 5 each in a single column in the androecium and in close proximity to each other. In the gynaecium, the 3 
slender styles are connate to about 2/3 of their length, dilating to a massive bifurcate stigma. Female flowers with 
sepals up to 18 mm long, persistent; ovary 3-locular, ellipsoid, 1.5-2 mm in diameter, style bifid. 
Fruit an ellipsoid capsule 2.5-3 cm long, 2-3 cm in diameter, yellow, turning black. Seeds black, 2 per cell, ellipsoid, 
triangular-convex, 1.5-2 x 1-1.1 cm. 
The meaning of the specific name ‘curcas’ is not known. It was first given 400 years ago to ‘certain seeds’ by the 
Portuguese doctor Garcia de orto, who published a work on Indian medicinal and drug plants in 1563. 

Ethno Botany and Economic Botany 
Jatropha curcas is emerging as ands interesting multipurpose species within academic, civil society and policy makers. 
The seed oil can be easily converted into bio-fuel which meets the American and European standards. Various parts of 
J. curcas is also useful to control soil erosion and improved water infiltration, to reclaim wasteland, phytoremediation 
of various contaminated or live fence around agricultural fuels, fuel wood and support for vanilla, green manure, soil 
carbon sequestration and sustainable environmental development . Other economic products obtained from various parts 
of J. curcas are glycerol, soap, cosmetics, varnish, dye, mollusicide, pesticide, fertilizer, synthesis of silver nano-
particles. 

Biology 
Pollination is by insects. The rare hermaphroditic flowers can be self-pollinating. After pollination the trilocular ellipsoid 
fruit is formed. The exocarp remains fleshy until the seeds are mature. In Thailand, there are 2 flowering peaks, in 
November and May. In permanently humid equatorial regions, flowering occurs throughout the year. Fruit development 
needs 90 days from flowering until seeds mature. Shrubs begin to produce at 4-5 months and reach full productivity at 
about 3 years. The female flowers are 4-5 times more numerous than the male ones. 

Ecology 
As a succulent that sheds its leaves during the dry season, J. curcas is best adapted to arid and semi-arid conditions. 
Most Jatropha spp. occurs in the following seasonally dry areas: grassland-savannah and thorn forest scrub but, are 
completely lacking from the moist Amazon region. The current distribution of J. curcas shows that introduction has been 
most successful in drier regions of the tropics. It is very tolerant and thrives under a wide range of climatic and edaphic 
conditions. It is particularly hardy at medium altitude and in humid zones. It is not sensitive to day length. J. curcas is 
a highly adaptable species, but its strength as a crop comes from its ability to grow on poor, dry sites. It is very drought 
tolerant and can withstand slight frost. 
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Biophysical Limits 
Altitude: 0-500 m, mean annual temperature: 20-28 deg. C, Mean annual rainfall: 300-1000 mm or more. Soil type: Grows 
on well-drained soils with good aeration and is well adapted to marginal soils with low nutrient content. On heavy soils, 
root formation is reduced. 

Documented Species Distribution 
1. Exotic range: The map above shows countries where the species has been planted. It does neither suggest that the 
species can be planted in every ecological zone within that country, nor that the species cannot be planted in other 
countries than those depicted. Since some tree species are invasive, you need to follow biosafety procedures that apply 
to your planting site. 

2. Native range: Belize, Costa Rica, El Salvador, Guatemala, Honduras, Mexico, Nicaragua, Panama Angola, Antigua and 
Barbuda, Argentina, Bahamas, Barbados, Benin, Bolivia, Brazil, Burkina Faso, Cambodia, Cameroon, Cape Verde, Central 
African Republic, Chad, China, Colombia, Cote d'Ivoire, Cuba, Democratic Republic of Congo, Dominica, Dominican 
Republic, Ecuador, Egypt, Eritrea, Ethiopia, French Guiana, Gabon, Gambia, Ghana, Grenada, Guadeloupe, Guinea, 
Guinea- Bissau, Haiti, India, Indonesia, Jamaica, Japan, Kenya, Laos, Liberia, Madagascar, Malawi, Malaysia, Mali, 
Martinique, Mauritania, Montserrat, Mozambique, Myanmar, Namibia, Nepal, Netherlands Antilles, Nigeria, Peru, 
Philippines, Portugal, Puerto Rico, Sao Tome et Principe, Senegal, Sierra Leone, Somalia, South Africa, Sri Lanka, St Kitts 
and Nevis, St Lucia, St Vincent and the Grenadines, Tanzania, Thailand, Togo, Trinidad and Tobago, Uganda, US, 
Venezuela, Vietnam, Virgin Islands (US), Zanzibar, Zimbabwe. 

Products 
1. Food: In Guinea, ashes from the roots and branches are used as cooking salt. Young leaves may be safely eaten when 
steamed or stewed. Cooked nuts are eaten in certain regions of Mexico. 

2. Fuel: Jatropha oil is an environmentally safe, cost-effective renewable source of non-conventional energy and a 
promising substitute for diesel, kerosene and other fuels. Physic nut oil was used in engines in Segou, Mali, during World 
War II. The oil burns without smoke and has been employed for street lighting near Rio de Janeiro. Fruit hulls and seed 
shells can be used as a fuel. Dried seeds dipped into palm oil are used as torches, which will keep alight even in a strong 
wind. The wood was used as fuel, though of poor quality, in Cape Verde.  

3. Tannin or dyestuff: Leaf juice stains red and marks linen an indelible black. The 37% tannin found in bark is said to 
yield a dark blue dye; latex also contains 10% tannin and can be used as marking ink. Ashes from the roots and branches 
are used in the dyeing industry, and pounded seeds in tanning in Ghana. 

4. Lipids: The seeds yield up to 31-37% of valuable oil. It is used to prepare varnish after calcinations with iron oxides. 
Hardened physic nut oil could be a satisfactory substitute for tallow or hardened rice bran oil. In Europe it is used in 
wool spinning and textile manufacture. Along with burnt plantain ashes, oil is used in making hard homemade soap. 

5. Wax: The bark contains a wax composed of a mixture of ‘melissyl alcohol’ and its melissimic acid ester. 

6. Poison: Curcas oil contains a toxin, curcasin. The albumen of the kernel is a poison, toxalbumen cursin, most abundant 
in the embryo. Another poison, a croton resin, occurs in the seeds and causes redness and pustular eruptions of the skin. 
The plant is listed as a fish poison. Aqueous extracts of J. curcas leaves were effective in controlling Sclerotium spp., an 
Azolla fungal pathogen. The seed oil, extracts of J. curcas seeds and phorbol esters from the oil have been used to 
control various pests, often with successful results. In Gabon, the seeds, ground and mixed with palm oil, are used to 
kill rats. The oil has purgative properties, but seeds are poisonous; even the remains from pressed seeds can be fatal. 

7. Medicine: Seeds were formerly exported from the Cape Verde Islands to Portugal and the ‘curcas’ or purging oil, from 
them is a drastic purgative. They resemble groundnuts in flavour, and 15-20 seeds will cause griping, purging and vomiting 
for 30 minutes. It is reported from Gabon that 1-2 roasted seeds are sufficient to act as a purgative; larger doses may 
be dangerous. The seeds have been substituted for castor oil and are sometimes called ‘larger castor oil’. The oil is 
widely used for skin diseases and to soothe pain such as that caused by rheumatism; it is an ingredient in the oily extract, 
known in Hausa as ‘kufi’, which is a rubifacient for rheumatism and for parasitic skin conditions. The oil is used to 
stimulate hair growth. The seeds are also used in the treatment of syphilis. Juice or latex is applied directly to wounds 
and cuts as a styptic and astringent to clean teeth, gums, and to treat sores on the tongue and in the mouth. Branches 
are used as a chewing stick in Nigeria. Latex has antibiotic properties against Candida albicans, Escherichia coli, 
Klebsiella pneumonia, Staphylococcus aureus and Streptococcus pyogens. It also has coagulating effects on blood plasma. 
A methanol extract of physic nut leaves afforded moderate protection for cultured human lymphoblastoid cells against 
the cytopathic effects of the human immunodeficiency virus. Preparations of the plant, including seeds, leaves and bark, 
fresh or as a decoction are used in traditional medicine and for veterinary purposes. A leaf infusion is used as a diuretic, 
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for bathing, to treat coughs, and as an enema in treating convulsions and fits. Leaves are also used to treat jaundice, 
fevers, rheumatic pains, guinea worm sores and poor development of the fetus in pregnant women. The leaves produce 
a sap that has haemostatic properties; it is used to dress wounds. In Ghana the ashes from the burnt leaves are applied 
by rectal injection for hemorrhoids. The root bark is used to relieve the spasms of infantile tetanus and is used for sores, 
dysentery and jaundice. The juice of the flowers has numerous medicinal qualities. 

Services 
1. Erosion control: In Cape Verde, J. curcas was recently planted in arid areas for soil-erosion control. 

2. Nitrogen fixing: Soil improver: Press cake cannot be used in animal feed because of its toxic properties, but it is 
valuable as organic manure due to nitrogen content similar to that of seed cake from castor bean and chicken manure. 
The nitrogen content ranges from 3.2 to 3.8%, depending on the source. Tender branches and leaves are used as a green 
manure for coconut trees. All plant parts can be used as a green manure. 

3. Boundary or barrier or support: Widely cultivated in the tropics as a living fence in fields and settlements. J. curcas 
is not browsed by cattle; it can grow without protection and can be used as a hedge to protect fields. 
Intercropping: In Madagascar, the plant is used as a support for vanilla. 

Tree Management 
Seedlings are susceptible to competition from weeds during their early development. Therefore, weed control, either 
mechanical or with herbicides, is required during the establishment phase. Satisfactory planting widths are 2 x 2 m, 2.5 
x 2.5 m, and 3 x 3 m. This is equivalent to crop densities of 2500, 1600 and 1111 plants/ha, respectively. Under good 
rainfall conditions, nursery plants bear fruit after the 1st rainy season, while directly seeded plants bear for the 1st time 
after the 2nd rainy season. With vegetative propagation, the 1st seed yield is higher. At least 2-3 t of seeds/ha can be 
achieved in semi-arid areas. Live fences can be established quickly by planting cuttings directly in the field. Pruning as 
a hedge is a frequent practice. J. curcas has a productive life of 40-50 years without necessitating replanting or tending. 

Germplasm Management 
Seeds are oily and do not store for long. Seeds older than 15 months show viability below 50%. High levels of viability 
and low levels of germination shortly after harvest indicate innate (primary) dormancy. 

Pests and Diseases 
Some pests and diseases have been observed on J. curcas in Senegal; in Zimbabwe, powdery mildew damages leave and 
flowers, Alternaria causes premature leaf fall, and golden flea beetles eat young leaves and shoots. In other countries 
pests and diseases do not cause severe problems although millipedes can cause total loss of young seedlings. J. curcas is 
a host for cassava viruses. 
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Jatropha Curcas 
Origin Central America 

Family Euphorbiaceous 

Species  Jatropha Curcas 

Jatropha is a fast-growing multi-purpose deciduous large shrub capable to grow and establish in tropical and subtropical 
region of the country and even on wasteland. It has the capacity to rehabilitate degraded or dry lands by improving 
water retention capacity. It has various advantageous characteristic features viz., not browsed by cattle, best hedge 
plant, less gestation period (two years), capable to grow and establish in various biotic and abiotic stress conditions, 
high oil content (30-42% in seed), which has multiple uses as biodiesel, direct fuel, lubricant, medicine, besides other 
industrial uses. The by-product of biodiesel is also quite useful for industrial application such as glycerine and 
biofertilizers. The residue is a good substrate for biogas production. 

Improved Varieties 
TFRI 01 (49.2%), MNJ-017(42.89 %), MNJ-017(42.89%), TCR- 1(32.87%), PAT-1 (32.83%), ALP-1(32.10) collection from 
Kanpur CSJ-10 (31.75 %), CSJ-11 (31.36 %), CSJ-23 (31.72 %), CSJ-24 (33.10 %), Collections from Lalitpur i.e. CSJ-14 
(33.30 %), NRCJ158, NRCJ159, NRCJ124, NRCJ144, Kherwani Chhindwara-1;Gessani Shivpuri -2; Gessani Shivpuri,  Jwalaji 
Local, Haryana: JR-17. 

Package of Practices 
1. Direct sowing: The disease free and bold seedlings of Jatropha are transplanted in rows at spacing of 3m x 2m under 
irrigated condition accommodating 1666 plants ha-1. On rainfed wasteland, a high-density planting at 2 m x 2 m 
accommodating 2500 plants ha-1 is recommended. FYM (2-3 kg) and fertilizer (20 g urea, 120 g single super phosphate 
and 16 g Murate of potash) are mixed during ploughing to the soil and two seeds per pit are dibbled with the onset of 
monsoon. When the seedlings are four weeks old, the weaker seedlings can be removed and the other bold seedlings can 
be used for gap filling.  

2. Transplanting: Eight to ten weeks old seedlings are to be planted in 30 cm x 30 cm pits  dug in the field at required 
spacing and filled with a mixture of soil, FYM (2-3 kg.) and fertilizer (20 gm Urea, 120 g Single Super Phosphate and 16 
g Murate of Potash). 

3. Fertilizer recommendations: The fertilizer in the ratio of 46:48:24 (N:P:K) kg ha-1 are to be applied in split doses 
from second year onwards so as to obtain economic yields and high oil content in seeds. 

4. Inter cropping: Since, the gestation period of Jatropha is 2 years; the inter-cropping may be taken initially for two 
years, which will yield additional income to the grower. The intercrops selected by various institutions for intercropping 
in Jatropha depending upon soil and climatic requirements are chickpea, rice, green gram, black gram, sesamum, ginger, 
turmeric, arhar, masoor, lentil, ragi, kulthi, niger, soybean, moong, urad, wheat, cowpea, cluster bean, water melon, 
mustard, guar and dhaincha as well as mothbean for green manuring. In addition, in assured irrigation and wide spacing 
in between the rows, some leafy and fodder and short duration shade loving crops may be under taken after two years. 

5. Inter-culturing and weeding: Inter-culturing should be carried out whenever necessary. Annually, 3-4 weeding may 
be carried out manually for keeping weed free field during initial growth period. 

6. Irrigation: During dry period only lifesaving irrigations should be applied to the plants as and when required. Usually 
from second year onwards irrigation is not required unless soils are shallow and sandy. Two irrigations in a year if applied 
at both the flowering stages will enhance the yield. 
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Plant Protection 

Jatropha plants are less prone to attack by diseases and insects. Following few common diseases and insects are to be 
checked from time to time for better seed yields. 
1. Diseases: 

a. Damping off: Control: Spraying of Keptan 50% @ 0.2% 
b. Collar rot: Control: Drenching with Baurdeax mixture (1%) 
c. Root rot: Control: Spray Thiram @ 0.2% 
d. Leaf spot: Control: Spray Blitox @ 0.2% 

2. Insects: 
a. Leaf miner: Control: Spray 1.5 ml lt-1 of water of Metasystox 25 CC 
b. Blue Bug: Control: Spray Phosphomedin/ Dimethoate @ 2.0 ml/3 lt. of water 
c. Green bug: Control: Spray 2 ml/3 lt. water of Phosphomedin 
 

3. Flowering and fruiting: Flowering occurs two times a year, between September-December and March-April. The 
fruiting extends from September to December. The fruits mature 2- 4 months after flowering. 

4. Yield: With proper care, an average seed yield under rainfed condition is: 4th year: 1000-1500; 5th: 1600-2000; 6th 
and onwards: 2500-4000 (kg ha-1 yr-1). 

5. Collection and processing: The ripe fruits are plucked from short trees. The collected seeds are sun dried and 
decorticated manually or by decorticators. One person can collect and decorticate 25-30 kg seed per day. Kernels are 
sold in the market in small quantities. 
This is an income generating village level activity and can be integrated with the rural development programme and 
along with collection of other non-traditional oilseeds like mango stones, karanj and neem. 

Pongamia Pinnata 
Origin Tropical and Temperate Asia 

Family Fabaceae 

Species  Pongamia Pinnata 

Pongamia is a drought tolerant, semi-deciduous medium sized tree with short bole and spreading crown. It is widely 
grown from tropical dry to subtropical dry forest zones. It is a good shade bearer, suitable for planting in pastures, for 
afforestation in watershed areas and drier part of the country. It grows under a wide range of climate and soil conditions 
and can grow even in dry areas with poor, marginal, sandy and rocky soils. In addition to drought, it can tolerate saline 
conditions. Pongamia pinnata is a preferred species for controlling soil erosion and binding sand dunes because of its 
dense network of lateral roots. Root, bark, leaves, flower and seeds of this plant also have medicinal properties and 
traditionally used as medicinal plants. 

Improved Varieties / Accessions 
Baramunda, Mancheswar, KNR1-(29.31 %), KSR1 (27.34%) and TCR-MD (27.2 %), TCR-Cl-1, PT 1 and PT 2 of Dharwad, 
NRCP-13(early flowering), NRCP 24, NRCP 26 (high Yielding). 

Tree Borne Oilseeds for Oil and Biofuel - Package of Practices 
1. Sowing: Bold and healthy seeds are either sown in polybags or directly in field during July-August. The soaking of 
seeds for 24 hours in IBA (30 ppm) or GA3 (20 ppm) enhances germination and vigor. Vegetative propagules developed 
through semi-hardwood cutting, air layering or cleft grafting can also be used. 

2. Plantation: Pits of 60cm x 60cm x 60cm are dug for planting at the spacing 5m x 4m to accommodate 500 plants ha-
1. Addition of 5kg FYM pit-1 is recommended. One-year old seedlings are transplanted at the onset of monsoon. 

3. Irrigation: Three irrigations may be given in a year as and when required for better growth and development of plants. 

4. Inter cropping: The dwarf and short duration oilseed and pulse crops i.e., mustard, groundnut, sesamum, chickpea, 
blackgram, cowpea, horse gram, soybean and millets like maize, bajra etc can be grown successfully as intercrops up to 
4-5 yrs after planting without affecting karanja plants to increase the economic feasibility. 
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Plant Protection 
1. Diseases: 

a. Damping off: Control: Seed treatment/soil drenching with Bavistin @ 0.1% or Thiram @ 0.3% 
b. Rust: Control: Spray Dithane Z-78 or Dithane M-45 @ 0.3 % 
c. Altenaria leaf spot: Spray Mancozeb @ 0.3% 
d. Colletotrichum leaf spot: Spray Mancozed @ 0.3 % 
e. Cercospora leaf spot: Spray of Fytolam @0.3 % 
f. Susicladium leaf spot: Spray Dithane M-45 or Fytolam @ 0.3 % 

2. Insects:  
Leaf miner: Control: Spray Monocrotophos 0.01 % 

3. Flowering and Fruiting: Grafted tree starts bearing fruits at the age of 4 years and seedling raised trees at the age 
of 5-6 years. In different parts of the country, the harvest period varies from Nov-Dec and May-June months. 

4. Yield: The kernel yield varies between 8-24 kg plant-1. 

Madhuca Indica 
Origin Central and North India 

Family Sapotaceae 

Species  Madhuca Indica 

Mahua is one of the important tree species in central India, as it produces abundant delicious and nutritive flowers. This 
is used for edible purpose either fresh or dried and stored for indefinite period. It is fast growing with 20 m height, ever 
green tree cultivated in warm regions for its oleaginous seeds. Its oil is used by tribal as vegetable butter in addition it 
is used in skin care products, soaps, detergents, etc. It serves as an important fuel oil, hence a good source of biodiesel. 
The seed cake is used as manure. The flowers are used to produce an alcoholic drink in several parts of India. 

Improved Varieties / Accessions 
NDMC9, NDMC 7, NDMC 10 & NDMC 3. 

Package of Practices 
1. Plantation: Propagated through seeds or cuttings as common practice. However, air layering has successfully been 
demonstrated (semi-hardwood/ air-layering). Pits of 45cm x 45cm x 45cm or 60cm x 60 cm x 60cm are dug at a spacing 
of 7m x 7m. 25 kg of FYM is recommended before plantation in July-September. Till 10 years, 10 kg FYM, 100g N, 50g P 
and 75g K and in fully grown plants 100kg FYM, 1kg N and 500g K is recommended during July-August. 

2. Training and pruning: Training is essential in mahua plants. Plants are allowed to grow straight with the help of 
stakes and framework should be developed by encouraging growth of 4-6 well spaced branches on trunk at a height of 
90 cm from ground level. Pruning is not recommended in mahua. However, plucking of fruits with twig meets pruning 
requirement.  

3. Irrigation: Young plantation requires irrigation at an interval of 5-6 days. Irrigation after fruit set is also important 
for retention and development of fruits.  

4. Intercropping: Vegetables like bottle gourd, lady’s finger, cucumber and ridge gourd may be grown in inter spaces 
up to 6-8 yrs. 

5. Flowering and fruiting: Flower appears from Feb- April and it takes 20 -30 days from flower initiation to anthesis. 
Heavy flower and young fruit drop are observed and only 8-13 % of set fruits reach maturity. Fruits are harvested by 3rd 
week of May to 3rd week of June. 

Plant Protection 
1. Disease: 

a. Leaf rust is observed in nursery and mature stage and it is controlled by spraying of carbendazim @ 0.1 % or 
0.25 % manocozeb. 
b. Wood decaying fungi - spray carbendazim @ 0.1 %. 

 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
30 

 
2. Insects: 

a. Bark eating caterpillar in mahua is controlled by inserting cotton soaked with dichlorovos (76 EC) @ 0.06% and 
spraying of monocrotophos @ 0.05%. 
b. Leaf roller and is managed by spraying carbendazim @ 0.1 %. 
c. Formation of inflorescence has serious attack of phanerogamic plant parasite and it is managed by weedicide 
like 2, 4-D, Gramoxone or sulfosulfuron. 

3. Yield: Flower yield varies from 100-150 kg tree-1 year-1 and kernel 60-80 kg tree-1 Year-1. 

Processing of Tree Borne Oilseeds 
Among the tree borne oil seeds, which are of importance to biofuels, some of them have economic value for its flowers 
and fruits, like Mahua, karanj, jatropha etc. In those cases, the fruit pulp is removed for commercial purpose and 
processed separately before processing the stone or seed. In all other cases, fruit or the berry are collected when they 
are mature, usually this is spread over months because of nonsynchronous flowering and fruiting, and are dried under 
sun or in mechanical driers to reduce the moisture content. In Simarouba, Neem, etc., the collected fruits are depulped, 
washed at the earliest before sun drying to procure clean nuts. The kernels are separated from the shell manually or 
mechanical decorticators. 
1. Depulping: The freshly collected fruits (depending on the TBOs) are dipped in water in a tank or in a pond after 
packing in a gunny bag. The pulp and mucilaginous substances are scraped away by rubbing with gunny bags or sand. 
Mechanical de-pulpper can also be used. 

2. Drying: The depulped seed is dried under sunlight or hand operated dryer/mechanical direr. 
Decortications: The dried fruits are decorticated to obtain seed kernels by two methods, i.e., traditional and modern 
mechanized method 

3. Traditional method: The fruit shells are washed in water or heated in water filled big container and continuously 
stirred with a stick. The fruit shells are kept on the floor and pressed to separate the kernels. The separated kernels are 
dried in the sun. In some cases, as in Simarouba, cooking is applied to decorticate seeds prior to pressing, to coagulate 
the proteins in the walls of the fat containing cells 

4. Modern Method: In the mechanical method, seeds are placed into a cylindrical shaped metallic machine having 
screws. The machine can be handled manually and by power operation. The kernels come out from the machine with 
the movement of shafts get separated into four pieces and kept for dry in the sun. 

5. Seed Processing: After decortications oil is extracted from the kernals by conventional oil expellers with some 
modification in compression chamber and steam heating/ cooker arrangement. An efficient oil expeller may extract 
about 90 % of available fat. Either whole seed or kernel is used for extracting oil while using the modern oil extractors 
The Oil extractors/expellers are available in the market in different models depending on the capacity. 

6. Trans-esterification: The seed/kernel oil thus obtained is further processed to obtain biodiesel. Bio-diesel is a methyl 
ester formed by a process called Transesterification. The oil is reacted with methanol in the presence of a catalyst to 
yield methyl esters and glycerol. Sodium hydroxide and Potassium hydroxide are commonly used catalyst. The oil is 
heated to 65oC and the solution of sodium hydroxide and methanol are added. The quantity of NaOH /KOH and methanol 
should be 2 and 25-30% respectively, of the total quantity of oil. After mixing this solution into hot oil, the solution 
should be stirred for 5 to 7 minutes and the solution is incubated for 4 hrs undisturbed. Glycerol being heavy will slowly 
settle down at the bottom and bio-diesel can be easily separated from the top. To strain the impurities like Sodium, the 
oil should be washed 2-3 times with water and then finally the water is evaporated and bio-diesel, thus obtained is ready 
to use. 

Reference 
1. Tree Borne Oilseeds for Oil and Bio-fuel ICAR-CARI India 

2. Role of tree borne oilseeds in Bio-fuel production in India  

3. Properties of tree borne oilseed: potential Bio-fuel feedstock in India 

4. https://eb.m.wikipedia.org/wiki/tbos. 
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Introduction 
In India, post-harvest losses caused by unscientific storage, insects, rodents, microorganisms etc., account for about 10 
per cent of total food grains. The major economic loss caused by grain infesting insects is not always the actual material 
they consume, but also the amount contaminated by them and their excreta which make food unfit for human 
consumption. About 500 species of insects have been associated with stored grain products. Nearly 100 species of insect 
pests of stored products cause economic losses. 

Storage Insect Carried Infestation by Two Types 
1. Internal feeder: Larvae/pupae remain inside the gain and insects lay eggs inside or on the seeds. E.g rice weevil, 
pulse beetle, sitotroga, rhizopertha. 

2. Extranal feeder: Passes all life stages outside the gain and all stages are visible. E.g. Khapra beetle, corcyra, red 
flour beetle, oryzaephilus etc. 
 

Other Category 

1. Primary pests: Which infests the whole gains and capable of damaging all kind of storage gains. E.g sitophilus, 
rhizopertha, bruchids etc. 

2. Secondary pest: They infest which is already infested by other insects or they are capable of attack the broken or 
milled gains only. E.g. tribolium castaneum, oryzaephilus etc. 

Primary Pest 
1. Rice weevil: Sitophilus oryzae 

a. Host: Serious pest of wheat, rice and barley.  
b. Mark of identification: 

i. First reported in rice so named rice weevil. 
ii. It prefers humid climate.  
iii. Dark brown in color. 
iv. Most identified structure presence of rostrum. 
v. Head is protruded  into snout. 
vi. Reddish orange color markings on the elytra.                                       
vii. Grub is most injurious stage of damage. 
viii. Very difficult for these weevils to survive at low moisture.                    
ix. In adult two pair of spots are presented on elyta. 

c. Symptoms of damage: 
i. Both grub and adults cause the damage. 
ii. Grains are hollowed out; kernels are reduced to mere powder. S. oryzae and S. zeamais starts its 
attack in field itself. 
iii. Adults cut circular holes. Heating takes place during heavy 
infestation, which is known as ‘dry heating. 

2. Khapra beetle: Trogoderma granarium 
a. Host: Wheat, maize, jowar, rice, pulses, oil seeds and their cakes. 
b. Mark of identification: 

i. Its egg stage is highly sensitive to oxygen.  
ii. Can be live at less moisture availability. Adult are harmless only larvae college 
Couse damage on whole grain. 
iii. Adults are blackish in color usually 2.5mm in size with distinct marking on wings  
iv. Larvae having long hairs on the hind end of body which helps in movement of body.  
v. It can be live without food up to 4-5 year even 7 years. 

Khapra beetle 
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vi. At serious infestation in wheat gain eaten completely and white portion left looked like rice  
c. Symptoms of damage 

i. Adults are harmless. Grub damages the grain starting   with germ portion, surface scratching and 
devouring the grain.        
ii. It reduces the grain into frass.  
iii. Excessive moulting results in loss of market value due to insanitation caused by the cast skin, frass 
and hair. 
iv. Crowding of larvae leads to unhygienic conditions in warehouses. 
v. Damage is confined to peripheral layers of bags in bulk storage. 

3. Lesser grain borer / Hooded grain borer / paddy borer beetle: Rhyzopertha dominica 
a. Host: Paddy, rice, wheat, maize. 
b. Mark of identification: 

i. Beetle is more harmful than grub. 
ii. Pronotum is rounded at the front whereas the transfer row of 
teeth centrally and posterior flattened. 
iii. Lay eggs pear shaped and white later change into pinkish color. 
iv. Pupation takes place inside the gains. 
v. Profuse powdery substance is characteristic feature of its 
damage. 
vi. Adults are good fliers. 

c. Symptoms of damage:                                                                                          
i. Grubs and adults cause damage and are voracious feeders 
ii. Adults reduce the grain kernels to mere frass. 
iii. Grubs eat their way into the grain or feed on the grain dust and are capable of attacking grain 
externally. 

4. Pulse beetle: Callosobruchus chinensis, C. maculatus  
a. Host range: All whole pulses, beans and grams. 
b. Mark of identification: 

i. Only eggs and adult are visible  
ii. Antennae are serrate in female but pectinate in male. 
iii. Elytra covers the full body. 
iv. In hind femur spine teeth are present. 
v. Adults are small chocolate dark brown colored. 
vi. Only grub are destructive.  

c. Symptoms of damage: 
i. Grubs eat up the grain kernel and make a cavity.                                                                                         
ii. Adults come out making exit holes.                                                       

5. Angoumois grain moth or Grain moth: Sitotroga cerealella 
a. Host: Paddy, maize, jowar, barley and wheat (rarely). 
b. Mark of identification: 

i. It also pest of field. 
ii. In storage the infestation is more. 
iii. Damage is done by larvae.  
iv. At high moisture infestation is more.  
v. Eggs are red colored  
vi. The hole made by the larvae is very small  
vii. After entering the larvae hole is closed by silken web so difficult 
to see.                                                                  
viii. If gain is small the pupation occurs 2-3 grains holding together. 
xi. Adult moth are golden brown colored with two pair of wings. 
x. Wing margin is fringed and wings are pointed at the tip. 

c. Symptoms of damage:  
i. Larvae damage grains, adults being harmless. 
ii. Grains are hollowed out. 
iii. It attacks both in fields and stores. 
iv. In stored bulk grain, infestation remains confined to upper 30 cm depth only. 

Lesser grain borer 

Pulse beetle 

Angoumois grain moth 
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v. Caterpillar enters the grain through crack or abrasion on grain. 
vi. It feeds inside and remains in a single grain only. 

6. Potato tuber moth: Pthorimaea operculella 
a. Host: Potato 
b. Mark of identification:  

i. Whitish apodous with brown head.  
ii. Adult is slender ant like with a long snout and shiny black with 
reddish brown thorax and legs.  
iii. Grubs and adults bore into the tubers and make them unfit for 
consumption.  
iv. Damage occurs both in field and storage.                                                                    

c. Symptoms of damage:                                                                                                                                      
i. Larvae mine into leaves or bore into tender shoots and developing 
tubers. 
ii. Rotting and foul smelling of damaged tuber 

7. Drug store beetle: Stegobium paniceum 
a. Host: Turmeric, coriander, ginger, dry vegetable and animal matter. 
b. Mark of identification: 

i. Adult reddish-brown small beetle.  
ii. has striated elytra and measured 3 mm long.  
iii. Antenna is clubbed.  
iv. It lays the eggs in batches of 10 – 40.  
v. Grub is not hairy but is pale white, fleshy with the abdomen 
terminating in two dark horny points. 

c. Symptoms of damage: Circular pinhead sized bore holes, caused by 
grubs. 

Secondary Pest  
1. Rust red flour beetle: Tribolium castaneum 

a. Host: Broken grains/ mechanically damaged grains.  
b. Mark of identification: 

i. The young larva is yellowish white and measures 1 mm in length.  
ii. As it matures, it turns reddish yellow. 
iii. The insect breeds from April to October and passes the winter 
mostly in the stage.  
iv. Pupation takes place in the flour.  
v. The pupa is yellowish and hairy.                     
vi. The pupal stage lasts 5-9 days.                                                   
v. The development period from egg to the adult is 26-30 days in 
summer. 

c. Symptoms of damage: 
i. Adult and larvae both are damaging stage. 
ii. Grubs feed on milled products. 
iii. Damaged the processed food, flour, suji, meda. 
iv. In case of huge damage the flour turned grayish yellowish color and gives peculiar pungent smell. 

2. Indian meal moth: Plodia interpunctella 
a. Host: Maize, cereals, dry fruits, groundnuts and cereal products. 
b. Mark of identification:  

i. Larva is white, often tinged with green or pink, a light-brown 
head, on reaching maturity.  
ii. The larva is 8-3 mm in length.  
iii. The adult moth is about 13-20 mm in wing expanse with a 
coppery lustre. 
iv. The female lays up to 200 eggs near the grain surface as it 
slowly passes from grain to grain spinning a silk thread.                                 
v. The insects quickly emerge as adult moths. 
vi. A generation takes as little as four weeks under warm conditions. 

Potato tuber moth 

Rust red flour beetle 
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c. Symptoms of damage: 
i. Larva causes serious damage to ear and grain of maize; contaminates the grain with excreta, cast 
skins, webbings, dead individuals and cocoons; prefers to eat the germ portion and hence grains lose 
viability. 
ii. It feeds superficially but may construct more than one silken tunnel. 

3. Fig or Almond or Warehouse moth: Ephestia cautella 
a. Host: Wheat, rice, maize, jowar, groundnuts, spices. 
b. Mark of identification: 

i. External feeder.  
ii. Only larvae are germ feeder. 
iii. Larvae covers with hairs. 
iv. Adult are 13mm in length wings are roof like on the abdomen.  
v. Fore and hind wing are rounded at the tip.                                         

c. Symptoms of damage: 
i. Larva feeds on germ portion leaving the rest of the kernel 
undamaged. 
ii. In bulk infestation its damage is limited to peripheral top layers only. 
iii. Web formation covers the bags, floor-space and mill machinery thereby leading to clogging in mills. 

4. Rice moth: Corcyra cephalonica 
a. Host: Rice, jowar, other millets, whole cereals, cereal products, pulses, 
processed products of cereals, pulses, oil seeds, nuts, dry fruits and milled 
spices. 
b. Mark of identification: 

i. Present in humid area  
ii. The rice moth is active from· March to November.  
iii. It passes winter in the larval stage.  
iv. External feeder  
v. Heavy infestation recognized by webbing. 
vi. Larvae are pale white except the head capsule brown. 
vii. Hind wing are mid brown & fore wing with thin lines of darker 
along the wing veins. 

c. Symptoms of damage: 
a. Larva is only responsible for damage. 
b. It contaminates food grains with frass, moults and dense webbing. 
c. In whole grains, kernels are bound into lumps upto 2 kg. 

5. Saw toothed grain beetle: Oryzaephilus surinamensis 
a. Host: Rice, wheat, maize, cereal products, oil seeds and dry fruits. 
b. Mark of identification: 

i. It is slender, dark, narrow, flattened beetle having a row of saw-like sharp teeth on each side of the 
prothorax.  
ii. The antenna is clubbed and elytra cover abdomen completely.  
iii. It lays 300 whitish eggs loosely in cracks of storage receptacles of 
godown.                                             
iv. The larva is slender, pale cream in colour with to slightly  
v. darkens patches on each segment.                                                
vi. It pupates in a protective cocoon like covering with sticky 
secretion.  

c. Symptoms of damage: 
i. Adults and grub cause roughening of grain surface and off odour in 
grain. 
ii. Grains with higher percentage of broken, dockage and foreign 
matter sustain heavy infestation, which leads to heating of grain. 
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Conclusion 
Total eradication of insect population in feed mill godown in tropical condition is not possible. The degree of infestation 
can be reduced through effective control measures. Heavily infested ingredients should not be brought into the godown. 
If infested material enters the godown, it should be kept separate until fumigate to totally eradicate the pests. 

Reference 
1. Abass, A.B., G. Ndunguru, P. Mamiro, B. Alenkhe, N. Mlingi and M. Bekunda, 2014. Post-harvest food losses in a 

maize-based farming system of semi-arid savannah area of Tanzania. J. Stored Prod. Res., 57: 49-57. 

2. Bashir, M.H., S.U. Mahmood, M.A. Khan, M. Afzal and K. Zia, 2013. Estimation of nutritional losses caused by 

Rhizoglyphus Tritici (acari: acaridae) in stored wheat. Pakistan Jl. of Agricultural Sciences, 50: 631-635. 

3. Christensen, C., 1969. Grain Storage: The role of fungi in quality loss. Menneopolis, University of Minnesota Press. 

p.124.  

4. Girish, G.K., 1977. Insect problems in storage and control techniques under Indian conditions, in: N.S. Agarwal and 

G.K. Girish, An Introduction to Action Programme to reduce on-Farm Level storage in India, New Delhi, p.17. 

5. Lamboni, Y. and K. Hell, 2009. Propagation of Mycotoxigenic fungi in Maize Stores by Postharvest Insects. Int. Jl. of 

Tropical Insect Sci., 29: 31- 39. 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
36 

Considerations in Sites Selection for Aquaculture 
Article ID: 30012 

Ravi Kumar1, Reetika2, Charan Singh3 

1Research Scholar, Department of Processing and Food Engineering, COAE&T,  
2Research Scholar, Department of Horticulture, College of Agriculture, CCS Haryana Agricultural University 

Hisar-125 004, Haryana. 
3Research Scholar, Department of Processing and Food Engineering, COAE&T,  

Junagadh Agricultural University, Junagadh, Gujrat. 

 

Introduction 
The success of the aquaculture project depends on the right choice of space to be developed as a farm for fishery or 
hatchery. A considerable number of papers have previously been published on the topic of site selection for freshwater 
and saltwater farms. Here in this article, we attempt to summarize all the considerations and the research that should 
be undertaken for the selection of sites for aquaculture projects. 

Factors to be Considered in Site Selection 
For the selection of a suitable site for aquaculture, the following factors have to be considered on the site: 
1. Ecological factors: 

a. Water Supply: It is an important factor to consider while determining the suitability of a fish pond site in the 
adequate quantity and quality of water supply. Therefore, investigations for the right water source should be 
conducted very comprehensively on-site selection. The declaration of the Irrigation Division or other water 
supply authority for water required for ponds or hatcheries, and any restriction on the supply of water for 
fisheries (for example, the time period for maintenance of irrigation line/channel), must be obtained. The water 
source can be an irrigation canal, a river, a reservoir, a creek, a lake, a spring, a rainfall-stream, and dug or 
deep wells. Water supply can be done through a feeder channel, storage tank, pumping into ponds, or pipeline 
by gravity. The gravity method is the most economical among these methods. For building a pond on suitable 
soil, the minimum water supply to the pond throughout the year should be 5 Lsec-1ha-1. If rainfall is required 
to flow and stored in a reservoir to supply ponds, the catchment area requires 10 to 15 hectares of catchment if 
the catchment is pasture; forests require a slightly higher proportion, and less so for cultivated land (Hora, 
1962). The possibility of drainage of ponds during site selection should be carefully investigated. More preferable 
for ponds is drainage through gravity. For a pond to be drained by gravity, its bottom should be higher than the 
maximum water table reached during the harvest season in the normal year.  
b. Water Quality: Water quality is one of the most important factors to consider in the selection of the site. A 
number of water samples from the proposed water source should be investigated for laboratory analyzes and 
tests of physical, chemical, biological, and microbiological characteristics, including the effect on health. Water 
testing procedures must comply with the relevant standard classification in the country on the quality of water.  
c. Weather: Important weather factors to get from the nearest weather station to the site are the mean of the 
parameters like, monthly temperature, rainfall, evaporation, moisture, sunshine, wind speed, and direction on 
a monthly basis. Obviously, the data will be better if the record is longer. The amount of damage caused due to 
storms or earthquakes should be noted in the project area. 
d. Soil characteristics: Field investigations should be done as soon as possible to determine surface and sub-
surface soil conditions at the site. Often money saving, if proper ground searches are done before collecting the 
site information. This uncovers undesirable soil conditions for the construction of the pond, in which case another 
location may be required. The suitability of the soil for construction and maintenance of ponds should be 
investigated. 
e. Land: It must be verified that the proposed area is compatible. The general shape of the earth should not be 
more than 2 percent steep. If a waste site is unsuitable for agriculture or other direct uses, the cost of the land 
is low. Heights of land and level of the flood are important parameters in the selection of a suitable area for 
fisheries or construction of hatchery. Observation land must be free of deep flood and the maximum level of 
flood from the last 10 years not greater than dikes. Inspecting flood markers or questioning local residents on 
bridges or about other structures at the site may provide information about the expected height of the flooding. 
The size and shape of the observation land should be measured: the general shape and the extent of land 
sufficient for future expansion are ideal for aquaculture. 

2. Biological and operational factors: Before selecting a site for the project, we must confirm these points: Breeds to 
be cultured, resources availability, materials storage (like fry or fingerlings, spanners), type of project (Small-scale Rural 
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Project, Large-scale Rural Project), adopted culture system (Extensive, Semi-intensive and Intensive), method of 
operation (Monoculture, Multiculturalism, and Integrated), estimated size of required area and objective of product. 

3. Economic and social factors: There are some social and economic factors which are to be taken care as follows: 
a. Plans for the development of project area. 
b. Tenure, land availability and values of land, regulations, and rights related to land, check any official permission and 
restrictions relating to land. 
c. Road connections proximity to all seasons. 
d. Availability of power, connectivity of telephone or radio, as well as unit power cost. 
e. Availability of gear, equipment, local services and required supplies for running the project. 
f. Availability of materials for the construction. 
g. Markets location for the manufacture and demand determination. 
h. Organic and artificial fertilizers availability and supplementary feeds. 
i. Analyses of cost of feed, material and suitable transport facilities. 
j. Availability of staff for marketing and with sufficient knowledge of pond management. 
k. Skilled and semi-skilled laborers availability. 
l. Sound facilities for permanent staff, for example, schools for children, shopping centers, medical facilities, etc. 
m. Financing methods or credits information on the local. 
n. Political realities of that area also an important factor to be considered. 
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Introduction 
The cultivated species of lentil i.e Lens culinaris Medik , commonly known as masoor is a herbaceous rabi pulse crop 
with highest protein content ranging from 15.9% to 31.4% (Grusak et al. 2009). Presently, lentil occupies area of about 
43.45 lakh hectares with annual production of 49.52 lakh tones giving productivity of 1140 kg/ha. India ranks first in the 
area and second in the production with 43% and 37% of world area and production respectively. In India, lentil is 
cultivated in Madhya Pradesh, Uttar Pradesh, Bihar, Rajasthan, West Bengal and Assam. Bihar records highest yield 
productivity i.e. 1209 kg/ha. The lentil crop gives an average yield of 10-15 q/ha but this yield can be compromised with 
different biotic stress like incidence of disease and pests. Lentil is susceptible to many diseases caused by fungi, bacteria, 
virus, nematodes. Some severe fungal diseases are wilt (Fusarium oxysporum f. sp. lens), rust (Uromyces fabae lentis), 
ascochyta blight (Ascochyta lentis), stemphylium blight (Stemphylium botryosum Wallr), grey mould (Botrytis fabae), 
dry root rot (Rhizoctonia bataticola), collar rot (Sclerotium rolfsii), stem rot (Sclerotinia sclerotiorum), anthracnose 
(Colletotrichum truncatum). Many attempts have been made to control this disease using chemical, biological, varietal 
and cultural methods (Ram and Pandey, 2011).Thus looking into the gap for proper identification, diagnosis and correct 
management strategies of major diseases in lentil crop which are discussed below: 

Fusarium Wilt 
Causal Agent: Fusarium Oxysporum F. Sp. Lentil 

Symptoms: 
1. Infected plant growth is stunted, leaves turn yellow and curl from lower to upper part of the plants, the crown droops 
and ultimately the plant dies. 
2. Roots turn yellowish-brown to dark brown partially or wholly and root nodules are poorly developed but no external 
rotting is seen. 
3. Stem exhibits reddish discolouration. 
4. At flowering to late pod filling stage, diseases start by yellowing of leaves from lower parts and extending upwards, 
epinasty and drying of whole plants. 
5. Brown discolouration of xylem vessels showing tyloses. 

Dry Root Rot 
Causal agent: Rhizoctonia bataticola 

Symptoms: 
1. Occur at both seedling and maturity stages. 
2. Characteristics symptom is sudden drying of the plant without showing any yellowing. 
3. Plants are pulled out easily as secondary root rot. Affected roots are ash to black coloured having numerous minute 
sclerotia on and inside the roots. 

Collar Rots 
Causal agent: Sclerotium rolfsii 
Symptoms: 
1. At seedling stage, damping off occur and plant gradually turn pale, drop and dry. 
2. Collar region of plant is infected causing yellowish-brown discoloration and rotting of tissue (Beniwal et al. 1993). 
3. Plants are pulled out easily as root system are poorly developed. 

Lentil Rust 
Causal agent: Uromyces viviae fabae 
Symptoms: 
1. Characteristic rust symptoms starts during flowering / early podding stage is yellowish-white aecial and pycnidial cups 
on leaflets, pods, singly or in small groups in circular form (Agarwal et al. , 1993). 
2. Later, brown conidial pustules oval to circular shaped about 1 mm in diameter are formed on stem, leaves and pods. 
3. The telia is formed late in the season, as dark brown to black colour, present on stems. 
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4. In severe infection, plant dries without forming any seeds in pods. 

Stemphylium Blight 
Causal agent: Stemphylium botryosum Wallr 
Symptoms: 
1. Small pin-headed light brown to tan coloured spots on leaflets (Beniwal et al. ,1993). Spot covers entire leaf within 
2-3 days. 
2. The twigs dries, bend downward, turn ashy white, shed severely leaving only terminal leaves on the twigs but pods 
remain green. 
3. White mycelia growth is observed on infected twigs and stems. 

Preventive Measures 
It includes a number of cultural measures such as: 
1. Crop rotation: Here, shallow rooted crops (like cereals) with a deep-rooted crop (legume). 
This practice is helpful in reducing populations of large no. of soil borne pathogens.  

2. Decoy crops, trap crops and antagonistic crops: Decoy crops are non-host crops sown with the purpose of making 
soil-borne pathogens waste their infection potential before the susceptible main crop is grown. 

Trap crops: Flax used as trap crop for Orobanche ramosa & O. aegyptiaca 
Antagonistic crops: Marigold, Mustard. 

3. Intercropping: Main objective is to reduce the disease incidence. 

4. Adjustment of date of sowing: By adjusting the date of sowing the critical period of disease incidence can be escaped. 
Cultural methods not only aid in promoting the healthy growth of the crop, but are also effective in directly reducing 
inoculum potential and in increasing the activities of antagonists in the soil (solarization, crop rotation, mulching, etc.). 

Control Measures 
1. Physical methods for controlling the growth of pathogens can be classified into:  

a. For seed borne pathogens: Hot water treatment, Hot air treatment, Steam and aerated steam, Moist hot air 
treatment, Solar heat treatment. 
b. For soil borne pathogens: Soil solarization, Steam sterilization, Hot air sterilization, Hot water treatment. 

2. Biological control measures: Mechanisms of the biological control are antagonism, antibiosis, competition or 
exploitation. Pathogen is actively reduced using the other living organism.  

a. Reducing pathogen inoculum through antagonistic microorganisms: The mycelium and resting spores  
several soils borne pathogens are invaded and parasitized by  several fungi like Trichoderma spp.  mainly T. 
harzianum. 
b. Biological protection of planting material: Biological agents against root rot, wilt, soft rot is Trichoderma 
viride, Trichoderma harzianum and Pseudomonas flurorescens respectively. 
c. Host resistance: The use of resistant varieties is very much welcomed by resource poor farmers because it 
does not require additional cost and it is environment-friendly. 

Variety Resistant/Tolerant to disease 

PL  77-12 (Arun) Tolerant to wilt 

L4147 (Pusa vaibhav) Resistant to rust and tolerant to Pod borer 

P-927 & P-202   Resistant to Pod borer 

Pant L 406 Resistant to rust and wilt 

LH-84-8 Resistant to rust 

VL-4 Tolerant to wilt 

Pant L 639 Moderately resistant to shattering, resistant to rust and wilt complex 

VL-3 Tolerant to Ascochyta blight 

3. Chemical control: When chemicals are used a barrier is created in between host surface and the pathogen which is 
toxic, eradicating the pathogen preset on or in the host including seed, foliage and roots. There is a no. of chemicals 
used against pathogens such as  
1. Fungicides 
2. Nematicides 
3. Antibiotics 
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4. Fungistatic 

Conclusion 
In order to achieve multiple functionalities, integrated plant disease management should emphasize on rational 
adaptation of resistance, avoidance, elimination and remediation strategies individually and collectively, along with 
specific host-pathogen associations to create environmental conditions both biotic and abiotic, favorable for host growth 
and development while adverse to pathogen reproduction and evolution. 
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Botanical Name Acacia catechu 

Hindi Name Khair, Khair babul 

Common Names  Khair, Kher, Keriyobaval 

Family  Leguminosae 

Genus Acacia 

Species catechu 

Description 
Acacia is a genus of shrubs and trees of Gond wanian origin belonging to the family Leguminosae and the sub-family 
Mimosoideae, first described from African examples by Linnaeus in 1773. There are roughly 1300 species worldwide, 
many of them are used medicinally for their soothing properties. 

Botanic Description 
Acacia catechu is a small or medium-sized, thorny tree up to 6-15 m tall; bark dark grey or grayish-brown, peeling off in 
long strips, or sometimes in narrow rectangular plates, brown or red inside; branches slender, when young but 
glabrescent, with 2 curved, 8-mm prickles at the base of each petiole. Young shoots dark brown or purple, glabrous and 
with short and hooked spines. 
Leaves bipinnately compound, with 9-30 pairs of pinnate and a glandular rachis; leaflets 16-50 pairs, oblong-linear, 2-6 
mm long, glabrous or pubescent. 
Flowers in 5-10 cm long auxiliary spikes, pentamerous, white to pale yellow, with a campanulate calyx, 1-1.5 mm long, 
and a corolla 2.5-3 mm long; stamens numerous, far exerted from the corolla, with white or yellowish white filaments. 
Fruit a strap-shaped pod, 5-8.5 cm x 1-1.5 cm, flat, tapering at both ends, shiny, brown, dehiscent, 3-10 seeded; seeds 
broadly ovoid. 
Seeds of acacia are smooth, brownish, ellipsoid- oblong. Flowers & fruits: September to February.  Habitat Common in 
dry deciduous forests. Distribution in Gujarat in all deciduous forest. 
In India, three varieties, namely: var. catechu, var. catechuoides and var sundra are recognized. 
The generic name, ‘acacia’, comes from the Greek word ‘akis’, meaning a point or a barb. The species name comes from 
'cutch', a tanning extract isolated from its heartwood. 

Biology 
A. catechu is leafless for a time during the hot season. In northern India, leaves are shed about February, new leaves 
appearing towards the end of April or during May. The flowers appear at the same time as new leaves. Trees continue 
in flower until July or August. Pods develop rapidly, becoming full size by September or October and turning from green 
to reddish-green, and then brown; they begin to ripen by the end of November through to early January. Pods dehisce 
not long after ripening and commence falling in January, continuing to fall in the succeeding months. Some pods remain 
on the tree until the following October, by which time, however, the seed has become extremely damaged by insects. 
The wind- dispersed seeds germinate with the onset of rains. 

Ecology 
A. catechu occurs naturally in mixed deciduous forests and savannas of lower mountains and hills. It is especially common 
in the drier regions on sandy soils of riverbanks and watersheds. 

Biophysical Limits 
Altitude: 0-1500 m, mean annual temperature: 32-39 deg. C, Mean annual rainfall: 500-2000 mm. 
Soil type: The species grows in a wide range of soils, such as sandy, gravelly alluvium, loam with varying proportions of 
sand, and clay and black cotton soils. It is capable of growing in shallow soils. 
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Uses 
Bark, Wood, Gum, Wood-extract (Katha) and Kheersal. Bark is bitter, acrid, cooling, astringent, anti-dysenteric, used in 
cases of sore throat, bronchitis, ulcers and in skin diseases like psoriasis, leprosy and leucoderma. Catechu is astringent, 
cooling, and useful in relaxed conditions of throat, mouth and gums; also, in cough and diarrhea. It is commonly used in 
Pan Preparations. Gum is demulcent, cooling, and useful in ulcers and eruptions on the skin. It is a good substitute for 
gum Arabic (Babul gum) and used in food preparations and in pharmacy as an emulsifying and suspending agent. Kheersal 
is a white powder or crystalline deposit found in the cavities of some old trees. It is used for cough and sore throat. 
Acacia catechu a multipurpose tree, produces nitrogen rich fodder and green manure, high quality fuel wood and 
charcoal, strong durable poles, timber and main source for 'cutch' and 'katha'. The different parts of the tree have a 
variety of medicinal uses. 

It plays an important part in the afforestation schemes of ravine lands of drier areas. It is also suitable for afforesting 
"USAF' land (Saline and sodic soil areas) with well-defined Kankar Pan. Together with Dalbergia sissoo, it forms the first 
tree association to colonies freshly formed islands in river beds and on freshly deposited sandy or gravelly alluvium soil 
along the banks of river. It is decidedly xerophilous and grows in dry situations where few other species survive. 
In many countries, the wood of the acacia was used to make dwellings, wheels, and tool handles. All parts of the tree 
have long been used medicinally. 

Products 
1. Food: Seeds contain water-soluble mucilage (6.8%); a good protein source but nutritionally incomplete with respect 
to essential amino acids. 

2. Fodder: It is considered to be a good fodder tree and is extensively lopped to feed goats and at times cattle. For leaf 
fodder, finger-thick branches are lopped usually before main leaf fall occurs. 

3. Fuel: The wood is excellent firewood. The calorific value of sapwood is estimated at 5142 kcal/kg, heartwood 5244 
kcal/kg. Dry wood on destruction gives 38.1% charcoal of very good quality. 

4. Timber: Comparatively heavy with a density of 880-1 000 kg/cubic m at 15% mc. It is recommended to saw the 
comparatively heavy wood of A. catechu when green; the wood is also very strong, durable and resistant to white ants. 
Timber is used for house posts, agricultural implements and wheels. Spent chips left over after extraction of katha and 
cutch can be used for the manufacture of hardboards. 

5. Tannin or dyestuff: A substance called cutch, which is marketed as a solid extract, can be isolated from the 
heartwood. Depending on the way of processing, several products can be obtained from crude cutch. The dark catechu 
or Pegu cutch is used to tan heavy hides into sole leather, often in a mixture of tan stuffs. Catechu extract is also used 
for dyeing silk, cotton, canvas, paper and leather to a dark-brownish color. 

6. Gum or resin: The bark exudes a light gum of very good quality and is one of the best substitutes for gum Arabic. 

7. Poison: The bark is said to be toxic and contains an alkaloid and both fruit and stem are used in Myanmar to poison 
fish. 

8. Medicine: Khersal, a crystalline form of cutch sometimes found deposited in cavities of the wood is used medicinally 
for the treatment of coughs and sore throat. The bark is said to be effective against dysentery, diarrhea and in healing 
of wounds. The seeds have been reported to have an antibacterial action. In East Africa, the powdered bark, mixed with 
sulphate of copper and egg yolk, is applied to cancerous growths. 

9. Other products: The tree is a host for the lac insects; catechu extract is also used for preserving fishing nets and 
ropes and a viscosity modifier in on-shore oil wells. The tree is thought to have a powerfully protective mucilaginous 
juice, one of the most remarkable properties of which is its power of retaining water. The Maasai of Kenya use the spines 
to sew the edge of their shields and the warriors use it as a meat skewer. 

Tree Management 
Early growth is slow, and in Thailand the mean annual diameter increment is only 0.8-1.3 m. Weeding is essential, 
especially when the plants are still young. Protection against fire is necessary, especially in the drier parts of its range, 
and so is protection from grazing animals. Rotation regimes depend upon the intended use: for fuel wood production, 
felling is usually at 10-15 years of age; trunks with a diameter of 30-35 cm are considered the most economic. For 
extracting the tanning agent cutch, this size may not be achieved for 30 years. 
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Germplasm  Management 
Seed storage behavior is orthodox. According to different authors, viability is lost within 1 year in hermetic storage at 
room temperature at 11-15% mc; viability is maintained for at least 2 years at ambient temperature; viability is 
maintained for 9 months in open storage at room temperature; viability can be maintained for several years in hermetic 
storage at 10 deg. C. There are 15 000-40 000 seeds/kg. 

Pests and Diseases 
Parasitic plants of the genus Cuscuta may kill the plant, and hemiparasitic plants of the genus Loranthus may damage 
trees. Insects reported to attack cutch tree include Bothogonia spp, seed boring beetles such as Bruchidus terranus and 
Bruchus billineatopygus, and leaf eating insect Dasychira mendosa. Rodents are also reported to damage the trees. The 
beetle Sinoxyon anale (a branch and twig borer) is found in Thailand. It primarily bores into sapwood of cut logs or into 
diseased and weak poles, but occasionally it tunnels into shoots and young stems to feed. Fungi, such as Ganoderma 
lucidum, cause root rot. 
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Insect Management of Papaya 
Crop: Papaya 
Scientific Name: Carica papaya 
Family: Caricaceae 

Papaya Mealy Bug: Paracoccus Marginatus 
1. Symptoms of damage: 

a. It damage symptoms is present as a white waxy patch like appearance 
in fruits and different parts of the plant. 
b. Presence of red and black ants’ movement. 
c. It injects a toxic substance into the plant that causes plant stunting, 
leaf chlorosis and deformation, fruit drop and death. 

2. Identification of pest: 
a. Eggs: Greenish yellow and laid in an egg sac that is covered with white wax.  
b. Nymph: yellow coloured and called as crawler. 
c. Adult: Male pinkish colour, elongate oval body, winged and presence of ten segmented antennae. Female 
wingless, yellowish colour, covered with white waxy coat and presence a series of short waxy caudal filaments 
on last part of body. 

3. Management: 
a. Field clean by removal of weeds. 
b. Application of Beauvaria bassiana @2g/lit. of water. 
c. Application of acephate 75SP @ 1.5g/lit or carbaryl 50WP@ 2g/lit or chlorpyrifos 20EC 
@ 2.5ml/lit or dimethoate 30EC @ 1.5ml/lit of water. 
d. Release Acerophagus papayae @ 100 parasitoids / field / block.  
e. Release Cryptolaemus montrozieri and Menochilus sexmaculatus @ 10-15 No./tree. 

White Fly: Bemisia Tabaci 
1. Symptoms of damage: 

a. Nymphs and adults suck the sap from undersurface of the leaves 
b. Yellowing of leaves, develop sooty mould. 
c. It is a vector of the Gemini virus.  

2. Identification of pest: 
a. Egg: Small pedicle, pear shaped, light yellowish 
b. Nymph: Crawler oval, scale-like, greenish white. 
c. Adult: Moth like tiny fly, light yellowish, white scale-like wings. 

3. Management: 
a. Field sanitation 
b. Removal of alternate host plants 
c. Installation of yellow sticky traps 
d. Spray application of thiamethoxam 25WG @ 0.5g/lit., imidacloprid 17.8SL @ 
0.4ml/lit., or triazophos 40EC @ 1ml/lit., or lambda-cyhalothrin 2.5EC @ 
1.5ml/lit. of water during heavy infestation. 
e. Spray neem oil 3% or NSKE 5% 
f. Release of predators’ viz., Coccinellid Cryptolaemus montrouzieri, Lacewing 
Chrysoperla sp. and Mirid bugs. 
g. Release of parasitoids viz., Encarsia haitierrsis, E. guadeloupae and Chrysocharis pentheus. 
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Fruit Fly: Bactrocera Dorsalis 
1. Symptoms of damage: 

a. Female adults’ puncture into semi-ripe fruits through ovipositor, lay 
eggs. 
b. Oozing of fluid and brownish rotten patches on fruits. 
c. Damage fruits decayed and dropped. 

2. Identification of pest:  
a. Egg: White elongate and elliptical 
b. Larva: Whitish, elongate, legless, anterior body pointed end. 
c. Pupa: Puparium in soil, yellowish brown and seed like. 
d. Adult: Reddish brown with transparent wings, two horizontal black stripes and a longitudinal median strip on 
abdomen. 

3. Management: 
a. Collect fallen infested fruits and dispose them by dumping in a pit and covering with soil. 
b. Provide summer ploughing to expose the pupa. 
c. Rake up the soil below the tree and drench with Chloropyriphos 20EC @ 2.5ml/lit. 
d. Setting up of methyl eugenol trap@ 10/ha to lure the male in the orchard sex lure traps. 
e. Spray carbaryl @4g+jaggery @10g/lit., or malathion @ 2ml+jiggery @ 10g/lit at ripening stage. 
f. Field release of natural enemies viz., Opius compensates, Diachasmimorpha kraussi and Spalangia philippines 

Ash weevils: Myllocerus spp 
1. Symptoms of damage: 

a. Grub feed on the roots 
b. Wilting of young saplings, notching of leaf margin by adults 

2. Identification of pest: 
a. Grub – Small, apodous 
b. Adult – Blackish white with dark lines on elytra 

3. Management: 
a. Collect and destroy the adults 
b. Spray carbaryl 50 WP @ 2g/lit. 

Green Peach Aphid: Myzus Persicae 
1. Symptoms of damage: 

a. Nymphs and adults suck the sap from leaves, petioles and fruits 
b. Leaf curling, crinkling and falling 
c. Premature fruit drop 
d. Stunted growth. 
e. Developed sooty mould due secretion of honeydew and attracts ants 
f. Green peach aphid transmitted ring spot disease.  

2. Identification of pest:  
Adult: Soft body, greenish, yellow or black in colour with or without wings. 

3. Management: 
a. Removal of weeds 
b. Spray dimethoate 30 EC @ 2ml/lit or acephate 75SP @ 1.3g/lit., or methyl demeton 25EC @ 2ml/liter of water 
c. Field release of parasitoid Aphelinus mali and predators, Coccinella septumpunctata. 

Red Spider Mite: Tetranychus Urticae, T. Evansi 
1. Symptoms of damage: 

a. White or yellow speckles on the leaves. 
b. Webbing on the leaf surfaces in severe conditions. 

2. Identification: 
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a. Egg: Reddish, spherical with small filament.  
b. Adult: Female elliptical shape, anteriorly bright crimson and posteriorly dark 
purplish brown. Spin a web of silken threads on the leaf.  

3. Management: 
a. Remove and burn all infected plants parts  
b. Irrigate the crop regularly to reduce heavy mite infestation. 
c. Spray of abamectin 1.8EC @ 0.5ml/lit of water. 
d. Use neem (Azadirachtin) @ 2.5ml/lit of water 3-4 times per season. 
e. Use of predatory mites Phytoseiulus persimilis and Amblyseius alstoniae.  
f. Use of predators’ viz., Anthocorid bugs (Orius spp.), syrphid/hover flies Mallada basalis, green lacewings 
Chrysoperla sp. 
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Introduction 
Vegan Plant milk presented as a healthy, sustainable, and animal-welfare-friendly alternative. Derived from the water 
extraction of legumes, nuts, or cereals, plant milk is completely free from animal-based ingredients. It is similar in 
appearance and taste to conventional milk and the rising emergence of lactose intolerance, milk allergies, environmental 
concerns, and problems due to diets rich in cholesterol are leading toward a growing demand for dairy alternatives.  The 
purpose of this review article is to summarize the attributes of the different plant based vegan milk. There are various 
dairy alternatives which are classic, delicious and healthy plant milk verities which are good choice for cooking and 
constituting health nutrients. As the various reviewers has reviewed that the almond milk constituting healthy 
unsaturated fat and powerful antioxidants having a protective effect against cancer and heart disease. Another one is 
hemp milk that can provide 50% of the recommended daily intake of alpha-linolenic acid, the omega-3 fatty acid, which 
helps support good heart and brain function. Oat milk has found naturally more carbohydrates and sugar than other milk 
so it may not be the best choice for diabetic patients. Rice milk is the best choice for people with allergies that is 
extremely low in calories, which are mostly from carbohydrates, and it has very little protein or fat. Soy milk is moderate 
in calories and is a good source of protein, calcium and compounds called isoflavones and phytosterols that can possibly 
lower the risk of cancer, cardiovascular disease and osteoporosis. Nevertheless, consumers largely seem to still favor 
cow milk in comparison to plant milk but the health aspect could be addressed by providing information about different 
food lifestyles and their impact on health. Besides sustainability issues, this would also support healthy diets with more 
plant-based foods and fewer animal food sources, as pointed out in our literature review. 

Origin and History of Plant Based Vegan Milk 
The Indian date” November 26” celebrated as National Milk Day in India was fixed in 2014 when the National Dairy 
Development Board (NDDB), the Indian Dairy Association (IDA), along with 22 state level milk federations agreed on this 
date to commemorate the birthday of Dr. Verghese Kurien, the father of India’s White Revolution. In India, we all grew 
up with the endless campaigns of “Doodh piyo for good health” promoting cow’s milk as the National milk day 2019 
celebrated  with the theme “Drink Milk: Today and Everyday” go-to healthy source of protein and nutrition, but that 
does not hold entirely true anymore.  
Essentially, India’s dairy industry is now being faced by demands for (a) no cattle slaughter, (b) more cows, particularly 
Indian breeds and (c) maintaining the high rates of production set by the White Revolution. The first and the last is being 
met, at least to some extent, as the Livestock Census shows, by increasing numbers of buffaloes, or by of high-yield 
cross-bred cows. But meeting all three aims together seems impossible. There might be a solution to this whole milk 
mess, but one that comes from an entirely new side. The plant-based milk industry is growing rapidly driven by the 
increasing consumer power of the vegan movement. A new range of plant-based milks are based on grains like oats and 
rice, which are more affordable, though the processing costs are still high. But the real breakthrough might come from 
companies like San Francisco based Perfect Day, led by two young Indian origin entrepreneurs, Ryan Pandya and Perumal 
Gandhi. As it happens, proponents of plant-based milks like this have also created a day to celebrate their products. 
Objecting to the FAO’s World Milk Day, they started a World Plant Milk Day in 2017, which they celebrated on August 
22nd. 

The Plant Based Vegan Milk Which You Can Switch Easily from the Cow’s Milk 
1. Almond milk: Almond tastes almost similar to regular milk, but is thinner in consistency. It works well in flavouring 
tea, coffee and to make cupcakes and desserts out of. It contains lower amounts of carbohydrates and saturated fat as 
compared to dairy. It’s also lactose-free. This means a lower calorie intake. Unfortunately, the protein value of almond 
is also lower, as are the micronutrients such as calcium, phosphorus, and magnesium. 

2. Coconut milk: Coconut milk has been traditionally used in South India and South East Asian countries as part of stews, 
gravy and sweets. It doesn’t have the sugars present in milk, making it easier to digest when you have an inflamed gut. 
However, coconut milk is best had cooked along with other herbs. Raw coconut milk can’t be a replacement for dairy 
milk, as it can’t match up to the micro nutritive quality of dairy. 
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3. Oat milk: Not as nutritious as whole oats, oat milk needs to be fortified with nutrients such as calcium, potassium 
and iron. Oat milk is rich in fibre. Brands such as Oatly foam, unlike other plant-based milks, making it good for tea and 
coffee. You might want to check if the milk was made from gluten-free oats. 

4. Cashew Milk: It’s amazing how ridiculously easy it is to make cashew milk at home and yet we struggle to think that 
there aren’t alternatives to dairy milk easily available. Cashew milk is rich in calcium, which otherwise gets depleted in 
our body on consumption on cow milk.  

5. Rice Milk: Having a relatively higher fibre content than all the other non-dairy alternatives, rice milk is also very easy 
to make at home. It can be used in various recipes and is the most common alternative for making chai. Rice milk is a 
superior source of B vitamins, magnesium, phosphorus and is packed with carbohydrates, making it a go-to energizing 
beverage. 

6. Coconut Milk: Ice creams and other dairy-based sweet dishes can be made with almost any non-dairy alternative; 
coconut milk is the go-to option as it comes closest to giving you that dairy flavour and texture. It is also high in potassium 
and blends with almost every dish. Coconut milk is easily available in the market. As coconut milk tends to be thick, we 
suggest diluting a quarter cup of the milk with 1 or 2 cups of water according to your taste.   

7. Hazelnut Milk: Hazelnut milk is rich in both calcium and flavor. A good source of carbohydrates, it can be used to 
make coffees and chocolate shakes and everything else you might’ve thought you’re missing out on without dairy. 
Hazelnut milk is available at all major supermarkets and organic food stores, but it can also be easily made at home, 
following the same method as for the cashew milk. 

8. Oat Milk: Our moms have probably force-fed us oats for “all that great fibre” every morning. I wouldn’t like to agree 
with them, but they’re quite right. Oat milk is indeed high in fibre and protein. You could have it with your bowl of corn 
flakes for a nutritious breakfast or use in other recipes. Oat milk is available in organic food stores in India. The best 
thing to do, however, is to prepare it at home, as it’s super easy too.  

9. Flaxseed milk: Also providing a creamy consistency perfect for porridge, flaxseed milk could be a great addition to a 
vegan kitchen. 'Flaxseeds are one of the best plant sources of omega-3 fatty acids,' adds Barns. 'Omega-3s are important 
for heart, brain, eye and skin health, but most nuts and seeds and grains – and therefore also milks made from them – 
only contain very small amounts, instead providing much more omega-6. Flaxseed milk can help correct the balance.' 

10. Soya milk: Extracted from the soy bean, soy milk's nutritional benefits make it a popular alternative to dairy in the 
West. Soy is very much a whole food as it ticks most nutritional boxes,' says nutritionist Ian Marber. 'It's a complete 
protein (containing all the amino acids necessary for the human diet), offering 36g per 100g along with 9g fibre plus 
omega 3 and 6 fatty acids and a wide range of minerals and vitamins. 

What are the Benefits of Plant Based Milk? 
Due to the issues like lactose intolerance and milk allergy arising from the consumption of cow’s milk, there has been 
an increased demand in the plant based alternative milks around the world. Food industry has addressed these demands 
by introducing various milk beverages which are promoted as alternatives coming from plant sources which include 
almond milk and soy milk. Though they are popularly advertised as healthy and wholesome, little research has been 
done in understanding the nutritional implications of consuming these milk beverages in short term and long term. 
Further, consumers associate these alternatives to be a direct substitute of cow’s milk which might not be true in all 
cases 
1. It’s rich in vitamins and minerals 
2. Most of them are low in fat 
3. They do not contain cholesterol 
4. They have a healthy combination of mono- and polyunsaturated fats 
5. Perfect for people with a slow digestive system 

Conclusion 
Overall, the review outlines the nutritional differences among various plant based alternative milks and cow’s milk. It is 
quite clear that nutritionally vegan milk is the best alternative for replacing cow’s milk in human diet. But, various issues 
including the ‘beany flavor’ and presence of anti-nutrients are major hurdles which encouraged people to look for more 
alternatives like almond milk, etc., It also helps to attain the sustainability development goals also reduce food insecurity 
also become the great option who are facing nutritional problem due to lactose intolerance and want to get extra 
nutrients from the other plant sources. 
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Introduction 
1. It an analytical technique which combines the physical separation capabilities of liquid chromatography (HPLC-High 
Performance Liquid Chromatography) that separates multiple components from a mixture, and mass analysis 
capabilities of mass spectrometry (MS) that provide structural identity of the individual component with high molecular 
specificity and detection sensitivity.  
2. This tandem technique is used to analyze organic, inorganic and biochemical compounds commonly found in samples 
of environmental and biological origin. 
3. LC-MS can be used in wide range of sectors like biotechnology, environment monitoring, pharmaceutical, food 
processing, agrochemicals and cosmetic industries. 

High Performance Liquid Chromatography (HPLC) 
1. It is an analytical technique that is used to separate, identify and quantify mixture of compounds. This separation 
technique consists of 2 immiscible phases, stationary phase and mobile phase, and both are liquid in nature but the 
difference is that, stationary phase is a non-polar liquid bonded on a solid support to make it stationary, whereas mobile 
phase is a polar liquid.  

2. HPLC gives high performance as the stationary phase is directly bonded to tiny solid particle (3.5-10µm) so as to 
increase the surface area between stationary phase and solid support that also increases height equivalent to theoretical 
plates (HETP) for better separation of mixture of compounds. 
(Note: “Chromatographic column contains large number of separate layers called theoretical plate or a theoretical plate 
it is a region in the column where distribution of solute between stationary phase and mobile phase has attained 
equilibrium. It can also be called as a functional unit of the column. A theoretical plate can be of any height, which 
describes the efficiency of separation. If HETP is less, the column is more efficient, If HETP is more, the column is less 
efficient). HETP= length of the column/no. of theoretical plates. The height of one theoretical plate is referred to as 
the “Height Equivalent of a Theoretical Plate”). 

3. In the stationary phase the particle size is smaller that leads to tight packing of the stationary phase which in turn 
reduces the flow rate of mobile phase, so to increase the flow rate and to increase the efficiency, high pressure is 
needed (1000- 4000psi) for proper and rapid separation of component mixture, that is why HPLC is also called as High 
Pressure Liquid Chromatography.  

4. HPLC is used to separate all organic compounds mostly soluble in polar solvents. It is a versatile method that can be 
adopted for different mechanism but the column should be appropriate and the most commonly adopted, mechanism is 
Reverse phase high performance liquid chromatography (RPHPLC). 

a. Normal phase: Mobile phase is non polar and Stationary phase is polar. Silica gel used as stationary phase. On 
the surface of silica gel silanol group (responsible for polar nature) is present in 3 forms- Free silanol, visinal 
silanol and germinal silanol (fig: 1). 
b. Reverse phase: Mobile phase is polar and Stationary phase is non polar. Silica gel is    converted in the form 
of non-polar by heating silica gel in presence of dilute acids for 24-48 hrs, and the again treat with 
organochlorosilane and this will form ODS silica gel (Octadecylsilyl group or C18 group) (fig: 2). 

    Fig: 1 Structure of silica (SiO2)                        Fig:2 Silica gel (polar) into Non polar 
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Details of HPLC 
1. Mobile phase: Commonly used solvents in mobile phase are water, acetonitrile and methanol. Acidifiers / basifiers / 
buffer solutions are used for better separation, they neutralize the ionized analytes/ionized compounds present in the 
column for better separation because if the compound is ionized than affinity with stationary phase is lost and proper 
separation will not be there. The sample which you want to analyze should be properly mixed with mobile phase and 
then subjected to chromatography. 

2. Stationary phase: It is made up of fine particles (3.5 to 10 µm) for better separation. Basically, two types of stationary 
phase are there. 

a. Normal phase- Silica gel used as stationary phase 
b. Reverse phase-ODS silica gel (Octadecylsilyl silica gel) used as stationary phase. 

3. Column: It is made up of stainless steel (it can resist high pressure) with internal diameter 4-5mm (usually 4.6mm) 
and external diameter 6.35 mm. During packing/preparation of column we can apply up to 14000-15000 psi. Two types 
of columns are there: 

a. Normal phase column-made up of normal silica gel 
b. Reverse phase column – C18 column and C8 column used. 

4. Detector: Different types of detectors are used: Refractive index (UV), conductivity (CD),   Ultra violet (UV), Visible 
(VIS), Photo Diode Array (PDA), Fluorescence (FL), Electro chemical (EC), Evaporative light scattering (ELS), Multi-Angle 
light scattering (MALS),Chemiluminescence (CL),Optical rotation (OR), Mass spectrometer (MS)-It is most sensitive 
detector used in HPLC. 

Instrumentation 
1. Solvent Reservoir: It is used to store mobile phases. HPLC grade solvents (highly pure) are used. It is 3 types: 

a. Binary system: 2 solvents reservoir  
b. tertiary system: 3 solvents reservoir 
c. Quaternary system: 4 solvents reservoir. 

2. Degasser: It is used to remove the gases which is present mobile phase or in our solvent. Degassing is done by using 
vacuum pump which will remove all the air or any type of gases present in the solvent. If the gasses trapped in mobile 
phase and went to column, proper functioning of column affected and proper separation also affected. 

3. Solvent mixing valve: This is used to mix the solvents at exact ratio automatically, for example: 70% water and 30% 
methanol as instructed by the system (HPLC-Gradient mode). And when you yourself prepare the exact ratio (70% water 
and 30% methanol) of solvents (HPLC-Isocratic mode).  

4. Pump: 
a. Constant pressure pump: Pressure is constant and flow rate varies, so separation is not proper. 
b. Constant flow rate pump: Flow rate constant and pressure changes, according to the column resistant 
pressure may change that will not affect the flow rate means if column resistance increase pressure also 
increases to maintain the flow rate and column resistance decreases pressure also decreases to maintain the 
flow rate. 

5. Pre column / Guard column: It is used to protect the analytical column (10-20cm). If any type of impurities or 
contamination in present in your solvent or mobile phase is removed by the guard column means solvent is purified by 
using guard column and after conditioning it will go to the analytical column, where separation takes place. 

6. Sample injector: Micro volume sampling –Modern sample injector (Auto sampling technique), It is a sophisticated 
sample injector, where accuracy is very high. 

7. Analytical column: It is the place where separation takes place. Here the sample undergoes partition between mobile 
phase and stationary phase. HPLC works on the principle of partition chromatography, criteria used here is two 
immiscible liquid i.e., non-polar stationary phase and polar mobile phase. Suppose you have a sample that consist of 2 
components, one component is non polar and other is polar in nature. The non-polar component retain in stationary 
phase because it is more attracted or more soluble in non-polar stationary phase, whereas the polar component carries 
through the column because it is more soluble in polar mobile phase, and in this way separation of components takes 
place by HPLC based upon the relative solubility of the component either in stationary and mobile phase.  
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8. Detector: At the end of the column, there is detector, which detects the sample. 

9. Computer: When the sample is detected the computer gives peak with respect to retention time of the sample. 
Retention time is a measure of time taken for a salute to pass through a chromatographic column. It is calculated as the 
time from injection to detection. 

Mass Spectrometry 
The mass analyzer is the heart of the mass spectrometer. There are mainly four types of mass analyzer are there, 
Magnetic sector, Time of flight, Quadrupole, Ion trap. The most common type of mass spectrometer used in liquid 
chromatography is the quadrupole mass spectrometer. Sometimes referred as Hewlett-packed (now Agilent) trade name 
‘Mass Selective Detector’ (MSD). When a second phase of mass fragmentation is added, for example using a second 
quadrupole in a quadrupole instrument, it is called tandem MS (MS/MS). MS/MS is used to quantify low level of trace 
compounds in the presence of a high sample matrix background. The first quadrupole (Q1) is connected with a collision 
cell (Q2) and another quadrupole (Q3). Both the quadrupoles can be used in scanning or static mode depending upon the 
type of MS/MS analysis being performed. Type of analysis includes product ion scan, precursor ion scan, neutral loss 
scanning and multiple ion monitoring. 

Fig: 3 (a) Mass spectrometry (b) Tandem mass spectrometry 

In LC-MS the compound is fragmented only once. In LC-MS/MS a fragment from the compound is further fragmented by 
collision cell to produce daughter ions. This will produce an MS/MS spectrum which will enable the user to precisely 
quantify the target by eliminating any possible matrix interference.  
LC and MS system are fundamentally incompatible, as the mobile phase in a LC system is a pressurized liquid and the MS 
analyzers commonly operate under high vacuum, thus it is not possible to directly pump the eluate (to separate one 
substance from another by means of a solvent) from LC column to MS ion source, So the LC-MS system contain an interface 
that efficiently transfers the separated components from the LC column into the MS ion source. Interface transfers 
maximum number of analytes and removes a significant portion of the mobile phase used in LC and preserves the 
chemical identity of the chromatographic products. It should not interfere with the ionizing efficiency and vacuum 
condition of the MS system. Most extensively used LC-MS interfaces are ESI (Electronspray ionization) APCI (Atmospheric 
pressure chemical ionization) APPI (Atmospheric pressure photo ionization). 

Fig:4 Liquid chromatography tandem mass spectrometry (LCMS/MS) 
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Commonly Used Interface is ESI (Electronspray Ionization) 
It is a type of evaporative ionization technique used for production of gas phase ions (without fragmentation) of thermally 
liable and non-volatile compounds. In the ESI capillary sample will be injected and at the tip of the capillary high voltage 
will be supplied, so the sample will be converted or spread into droplets with the help of the nebulizing gas (N2) and 
ionization takes place because of the high voltage power supply in the ionization chamber which is operated at normal 
atmospheric pressure. Ionization chamber is supplied with heated desolvation gas i.e., heated nitrogen gas so that 
temperature of the ionization chamber increases and that will remove the solvent from the analyte and convert the 
analyte into molecular ion, which moves to the acceleration chamber. 

Fig: 5 Mechanism of Electronspray ionization 

Conclusion 
LC-MS/MS is used to analyze the pesticide residues at extremely low levels (nano-gram) whereas this is often more 
difficult with GC-MS. Also, when there is a difficulty in identifying closely eluting pesticides in GC, LC-MS/MS appears to 
be a better choice. Many pesticides which are difficult or impossible to be analyzed by GC-MS can be identified and 
quantified by LC-MS/MS. LC-MS/MS can detect both parent compound and their degradation products. LC-MS/MS can 
analyze about 200-250 pesticides in a single analysis. 
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Introduction 
India has made considerable progress in agriculture by increasing production of cereals and other crops such as oilseeds, 
sugarcane, cotton, and fruits & vegetables during the past four decades. This success has been driven by several factors 
which include policy support, research and extension, production strategies, higher use of inputs, and public investment 
in infrastructure. It has helped the country to address many contemporary and future challenges of food security of its 
vast population. In the first two Five-Year Plans after independence, India made massive investments in medium and 
major irrigation projects and implemented several institutional reforms. However, these measures could not help in 
raising food production to sufficiently high levels to meet the domestic demand and reduce dependence on imports of 
food-grains. Rather, import dependency for food reached all-time high level during 1965 to 1967 when India had to 
import more than 26 million tonnes (MT) of food-grains in three years. The situation started changing during late- 1960s 
with the adoption of new high-yielding varieties of cereals. Since then, India has not only reduced dependence on import, 
it has become self-sufficient in staple food production. It is important to mention that growth in production of several 
crops has outpaced the growth in demand, despite the fact that India’s population has more than doubled during the 
past four decades (from 551 million in 1971 to 1309.7 million in 2017). This has resulted in increase in net export of food 
from India. Even the share of trade surplus (export minus import) in total food production has moved on a rising curve 
for the past many years. 
It is felt that the potential of green revolution technology has reached its limits and it is not capable to sustain the future 
growth in Indian agriculture. The debate is stretched to question the efficacy and contribution of research to the 
agricultural growth process. Again, sound empirical analysis of the sources of growth and contribution of factors like 
research, education, extension, infrastructure, natural resource management, etc. in raising the crop productivity and 
production in recent years is missing.  
A rise in production can be attributed either to a growth in inputs or a growth in productivity of various inputs. The total 
factor productivity (TFP) is obtained by dividing total output by total inputs. When all inputs in the production process 
are accounted for, TFP growth can be viewed as the amount of growth in real output that is not explained by growth in 
inputs. 

Productivity growth takes place due to movement towards the best practice referred to as changes in technical efficiency 
as well as changes in the best practice reflected by outward shift of production frontier and termed as technical change. 
A rise in technical efficiency implies more output being produced with the same amount of inputs or lesser inputs required 
to produce the same level of output. A state is said to be fully technically efficient if it is operating on the production 
frontier (i.e. it is achieving best practice), 

The term “productivity”, however, is often misused in the literature: it is used as synonyms to “labour productivity” in 
case of manufacturing sector, while used as synonyms to “yield productivity” in the case of Agriculture. But, the 
consideration of yield alone as a measure of productivity provides misleading indication of the degree of productivity 
improvement in agriculture. There are two concepts of productivity: partial productivity and total factor productivity. 
Partial productivity measures the contribution of one factor (say labour or capital) to output growth keeping the other 
factors constant. As such we have the concepts of labour productivity, capital productivity, which estimate the efficiency 
of resource use. But, partial productivity does not truly reflect whether it (productivity growth) is because of more use 
of inputs or improvement in the efficiency of their use or technology improvement.1 Further, it also ignores time, 
secondary products, inputs other than land, labour and capital and externalities, all of which should be included in a 
sustainability measure (Barnell et al., 1995).  

Therefore, the interest shifts to the Total Factor Productivity (TFP). Any growth in output that is not explained by some 
index of input growth is attributed to changes in technology or more broadly Total Factor Productivity. TFP measures 
the net growth of output per unit of total inputs. As such, its level is determined by how efficiently and intensely the 
inputs are utilized in production. Thus, TFP growth is a catch-all measure that captures changes in efficiency in addition 
to pure technical change in the sense of shifts in the production function. TFP is regarded as the more accurate 
productivity measure than the partial productivity measure.  
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This necessitates that growth in the productivity and its sources be examined by dividing the long post-green revolution 
period into shorter periods — the ones that capture recent trends. The initial phase of green revolution (mid-1970s to 
mid-1980s) was marked by the growth in productivity through adoption of high-yielding varieties, sharp increase in the 
use of inputs like fertilizers, agricultural chemicals, improved seeds, machine labour and expansion in area under 
irrigation. The second post-green revolution phase, beginning around mid- 1980s, was characterized by the spread of 
green revolution technology beyond the traditional green revolution belt of the first phase. This phase involved higher 
inputs-use, though somewhat indiscriminate across regions and crops. With the spread of green revolution technology, 
many inimical trends and ecological problems have cropped up in various parts of the country. These include nutrient 
imbalance and nutrient mining in soils, over-exploitation of groundwater resources, land degradation and outbreaks of 
agricultural pests and diseases. These negative externalities of high input-intensive agriculture pose a serious challenge 
to maintaining of growth in productivity, sustainable use of natural resources for crop production, economic viability, 
farm income, and national food security. It calls for an in-depth examination of the issues related to the growth in 
agricultural productivity, which can be better understood by looking at the performance of individual crops in different 
regions in recent years. The ‘Total Factor Productivity’ (TFP) approach is considered an appropriate tool to examine and 
understand the growth in agricultural productivity and to separate out the effect of inputs and other factors like 
technology, infrastructure, and farmers’ knowledge on productivity growth. 

Concept of Total Factor Productivity (TFP) 
Productivity measures are essential to account for economic growth. The efficiency change analysis of TPF attempts to 
measure the increase in total output which is not accounted for by the increases in total inputs. In the production 
function framework, TFP growth indicates technological progress, which represents shifts in the production function over 
time in the context of India technological progress measures the impact of shifts in the production on account of 
irrigation, high-yielding varieties, modern agricultural equipment, fertilizers,  pesticides etc. it also captures the effect 
of improved labour quality, better management practices, and intensive use of resources which lead to increased crop 
intensity, changes in cropping pattern in favour of high value added crops, etc. 
The total factor productivity is the portion of output not explained by the amount of inputs used in production. As such, 
its level is determined by how efficiently and intensely the inputs are utilized in production (Singh et al. 2017). 

Approaches of TFP Measurement 

Production Function Approach 
The contribution of research (R) and development (D) in gross return from horticulture (Y), will be estimated through 
the various types of production function viz., the Multiple Linear, Cobb-Douglas. Thus, the contribution of research and 
extension in TFP(Y), will be estimated by Cobb- Douglas production function. The function relationship can be written 
as, 

Y = a X1 
b1X2

b2 X3
b3 X4 

b4 X5 
b5 u 

Where, 
 Y = TFP of Selected crop 
 a = Constant term 
 X1 = Research investment in lakh rupees 
 X2 = Extension investment in lakh rupees 
 X3 = Average rainfall in tth year (mm) 
 X4 = Road density 
 X5 = N to P Ratio  
 et = Error term   
(b1, b2, b3, b4 are the regression coefficients of respective variables). 
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Total Factor Productivity Approach by Tornquist - Theil Index 
Total factor productivity concept implies an index of output per unit of total factor inputs, measures shift in output 
holding all inputs constant. Thus, TFP measures the amount of increase in total output which is not accounted for by the 
increase in total inputs.  
TFP indices will computed as follows:  
Total output index: 
  (TOI) = TOIt/TOIt-1=∏j(Qjt/Q jt-1)

(Rjt+Rjt-1)1/2     

Total input index: 
  (TII) = TIIt/TIIt-1=∏j(Xjt/Xjt-1)(Sjt+Sjt-1)1/2 
  Total factor productivity index (TFPI)of tth year is 100 times the ratio of TOI, to the TII, and is given by,  
  TFPIt= ( TOIt/TIIt) x 100  

Input price index is given by, 
Where,  
 Rjt  = Share of jth output in total revenue 
 Qjt = Output ‘j’  
 Sjt  = Share of i'th input in total input cost  
 Xit = input ‘i’ 
 Pit = Price of ith in period t 

By specifying TOIt-1, TIIt-1 and IPIt-1 equal to 100 in the initial year, the above equation provides the total output, total 
input, total factor productivity and input price indices for the specified period ‘t’. 

Superiority of TFP Over Production Function 
Production Function Total Factor Productivity 

Relationship between input and output. Growth in total output not explained by amount of input 
used. 

It is an equation or a graph showing the quantity of 
output that can be produced from a given set of 
input or given the existing technology. 

Maximum quantity of output that can be produced from a 
combination of given set of input, as well as other factors 
such as technology, infrastructure and R&D. 

(Source : Kumar et al. 2004) 

Conclusion 
1. Total factor productivity was negative or zero, which indicates the resources are inefficiently allocated, hence, it 

confirms the aforesaid fact that in fruits and cash crop cultivation there is no technological breakthrough and the profit 
is due to the price driven policies which is of short-term nature. 

2. Research and technology led output growth has helped in a decline in real cost of production. 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
56 

3. As TFP increases, the cost of production decreases and consequently, prices fall and stabilize at a lower level. 
Therefore, both producers and consumers are benefited. 

4. There is a need to develop low-cost and resource neutral technologies easily adaptable by small farmers. 

5. There is a pressing need to focus on acceleration in growth of TFP, whilst conserving natural resources. 

6. There is an urgent need to focus on research and extension for those states which fall under the negative TFP growth 

or have shown poor performance with stagnating or low TFP growth. 

7. Reorientation of agricultural research to meet the needs and aspirations of resource poor farmers and other rural 

people. 

8. Farming systems approach in eco-system framework through diversification (livestock, horticulture, fisheries) 

matching with resources and market. 

9. Linking farmers with market through value chain approach. 

10. Strengthen research on natural resource management (water, soil and agro-bio-diversity) for enhancing agricultural 

sustainability and productivity. 

11. Strengthen Technology transfer with involvement of progressive farmers, NGOs and private entrepreneurs. 

12. Focus Research on postharvest management, value addition, quality improvement and safety. 
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Brinjal Fruit and Shoot Borer (Leucinodes orbonalis) (Lepidoptera: Pyrallidae) is a very dangerous pest of brinjal and is 
reported to cause huge losses to the Brinjal and other solanaceaus vegetables. Leucinodes orbonalis was described and 
classified by Guenee in1854. It not only reduces the yield by making holes in shoots as well as in fruits but also reduces 
the aesthetic value of the fruits so loss get doubled. It is a monophagous pest feeds only on Brinjal however other plants 
belonging Solanaceae (Tomato, Chilly etc) are also reported to be hosts of this pest. The normal control measures like 
spraying of pesticides does not solve the problem instead making the environment polluted, ecological disturbance and 
vegetable poisoning. But if we understand the nature and behaviour of each life stage of the cycle, it is easy to replace 
poisonous chemicals with knowledge, local resources and skills. 

Damage 
Larva is an internal feeder it immediately bore into the nearest tender shoot or flower or fruit just after hatching, Soon 
after boring into shoots or fruits, they plug the entrance hole with excreta. Caterpillars make tunnels and bore inside 
the petioles and midribs of large leaves of young plants. As a result, the affected twigs, flower and fruits dries up and 
may drop off. 
Larval feeding, inside shoots, result in wilting of the young shoot. Presence of wilted shoots in an eggplant field is the 
surest sign of damage by this pest. The damaged shoots ultimately wither and drop off. This reduces plant growth, which 
in turn, reduces fruit number and size. New shoots can arise but this delays crop maturity and the newly formed shoots 
are also subject to larval damage. Larval feeding in flowers results in failure to form fruit from damaged flowers. Larval 
feeding inside the fruit results in destruction of fruit tissue. The feeding tunnels are often clogged with frass. This makes 
even slightly damaged fruit unfit for marketing. The yield loss varies from season to season and from location to location. 

Bionomics 
Egg period: 3-4 days. About 150-350 creamy white eggs laid singly on leaves, tender shoots, flowers and developing 
fruits. Larva is stout, pink coloured with sparsely distributed hairs on warts on the body and brownish head. The larval 
period lasts for 12 - 15 days during summer season and 14 - 22 days during winter season. Pupa: 6-8 days in tough greyish 
cocoon on plant itself, boat shaped cocoon. Medium sized adult with white wings, flashed with triangular brown and red 
markings on forewing. Total life cycle: 17-50 days 
ETL: 1-5% of fruit damage. 

Management 
1. Avoid continuous cropping of brinjal and ratooning. 

2. Grow resistance varieties like Annamalai, Pusa purple round, Arka Kusumakar, Doli - 5. Chaklasi Doli, Pusa purple 

Long, Pusa Purple Round, SM 67, SM 68, Pant Samrat. 

3. The fruit damage was significantly reduced when corianderintercropping was practiced in eggplant (antifeedant) 

(Satpathy and Mishra, 2011). 

4. Collect and destroy the damaged tender shoots, fallen fruits and fruits with bore holes to prevent population buildup 

5. Use light traps @ 1/ha to attract and kill the moths. 

6. Release egg parasitoids Trichogramma chilonis @1.0 lakh/ha. 

7. Spray Bt formulations of B. thuringiensis var. kurstaki such as Dipel @ 1.5 to 2 ml /L of water. 

8. According to Ajit et al, lowest mean shoot infestation was seen by the use of Bacillus thuringiensis (13.31% shoot 

infestation) and Neem oil (15.05% shoot infestation) respectively. 

9. Spray any one of the insecticides starting from one month after planting at 15 days interval. Carbaryl 50 WP 2 kg + 

wettable sulphur 50 WP 2 kg, endosulfan 35 EC 1.5 L + Neem oil 1.5 L, Quinalphos 25 EC 1.5 L + Neem oil 1.0 L, NSKE 

5%, Azadirachtin 1.0% 1.0-1.5 L or  Fenpropathrin 30 EC 250-340 ml or  Thiodicarb 75 WP 625-1000 g Flubendiamide 20 

WG, 375 g with 500 – 750 L water/ha. 

10. Avoid using synthetic pyrethroids as they cause resurgence of sucking pests. 

11. Avoid using insecticide at the time of fruit maturation and harvest. 

12. Uproot and burn old plants before planting new plants since they harbour pest and carry over infestation. 
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In the district Ganjam, Odisha State, Mr. Purna Chandra Dash is 39 years old young farmer lives in a rural village Bipulingi 

under Bipulingi Gram Panchayat of Chhatrapur block. He lives an ordinary or normal farmer life before the intervention 

of Odisha Bhoochetana project in the year 2019. Now he has been fully engaged in agriculture as it is the only means of 

livelihood for his family. 

He has been cultivating paddy, green gram, black gram, seasonal vegetables, flower plantation etc. in 6 acres of land. 

As today’s agriculture is passing through a vital period with fluctuating monsoon and increasing costs of agriculture 

ingredients and external inputs have made agriculture-based livelihoods impossible. If there is failure of crop, it is a 

difficult period for the family. 

Mr. Dash an ordinary farmer now become a popular name in his area due to his anxiety and internal skill to do some new 

things and provide some innovative ideas to farm community which will be help to himself and other farmers getting 

more benefits by minimizing farm inputs brought from outside. As hard labour and willingness to do something always 

pays off. He has been successfully invented aerobic biomass in right time under Odisha Bhoochetana project which 

increased the nutritional values of soil in his farm and was highly benefited in Rice, Rose flower cultivation as well as in 

vegetables such as Chili, Tomato, and Cauliflower. 

Apart from that, Mr. Dash was selected for a demonstration plot with technical guidance, various inputs and cultivated 

paddy, vegetables, flowers along with 10 farmers in his village. His concentration on occupation made him a successful 

farmer now with more increased paddy harvesting along with vegetables encourage him to sustain agriculture practices. 

The difference has quite visible in his field and it was a new experience for him. This year he was invested less money 

for cultivation against fertilizer, fungicides, pesticides etc. 

He opinioned few times back, that he was thinking to quit  agriculture occupation and migrate to town for daily labour, 

but thanks to Odisha Bhoochetana project and govt. official, guided me for a successful carrier in agriculture field”, said 

Mr. Dash. 

The successfully convergence with various agriculture departmental programme, regular contacts with local Krishi Vigyan 

Kendra, Ganjam and advices from Scientists, made Odisha Bhoochetana project successful in this area. So, we concluded 

that, the farmers were not happy with the pesticides and the chemical fertilizers, but they had lost contact with their 

traditional practices. Particularly, the new generation farmers do not have knowledge of the sustainable farming 

practiced decades ago. 
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Mulches are used for various reasons in agriculture but water conservation and erosion control are the most important 
objectives particularly in arid and semi-arid regions. Mulching is the process or practice of covering the soil/ground to 
make more favourable conditions for plant growth, development and efficient crop production. Mulch technical term 
means ‘covering of soil’. While natural mulches such as leaf, straw, dead leaves and compost have been used for 
centuries, during the last 60 years the advent of synthetic materials has altered the methods and benefits of mulching. 

Effect of Mulching on Soil Environment 
1. Soil temperature: The effects of mulches on soil temperature are highly variable and depend up on the type of mulch 
material. White or reflective type of plastic mulches generally decreases soil temperature, while black plastic mulches 
may increase soil temperature. Crop residues moderate temperature by decreasing it in summer and by increasing in 
winter season. This is due to combined effect of radiation interception and evaporative cooling. The sugarcane trash 
mulch will enhance the germination of sugarcane setts during summer by temperature reduction. 

2. Improved soil moisture: Using mulches, the soil has greater water retention, reduced evaporation and reduced weeds. 
One study documented a 35% reduction in evaporation when straw mulch was applied. There is a wide variety of 
permeable mulching materials. Organic mulches conserve water more effectively and do not limit soil water infiltration 
and retention. Appropriate mulch can reduce the need for irrigation and in some landscapes can eliminate irrigation all 
together. Coarse organic mulches protect soil water reserves holding water for later release and prevent runoff. Mulch 
can also protect trees and shrubs from drought stress and cold injury. 

3. Reduced soil erosion and compaction: Mulches protect soils from wind water, traffic induced erosion and compaction 
that directly contribute to root stress and poor plant health. Even adding thin organic mulch will protect soils. For 
instance, using straw mulch, fallen pine needles or wood chips can reduce erosion and overland flow. Using bark or jute 
on compacted urban soils restores soil aggregation and porosity. It is better to apply mulch before compaction occurs as 
it is difficult to reverse. Proactive mulching will protect soil integrity. 

4. Maintenance of optimal soil temperatures: Mulches have shown to lower soil temperatures in summer months. 
Extreme temperatures can kill fine plant roots which can cause stress and root rot. Mulches protect soils from extreme 
temperatures, either cold or hot. Coarse mulches are more temperature moderating and allow for better water and gas 
transfer than thick layers of finely textured mulches. There is an effect of mulch type on surface temperature. Some 
mulches heat the soil as a function of solar radiation absorption more than bare soils. Increased surface temperature 
due to pine bark mulch has been shown to cause nearby leaves to lose more water. 

5. Increased soil nutrition: Organic mulches can increase, decrease or have no effect upon nutrient levels depending 
on mulch type, soil chemistry and particular nutrients of interest. Mulches with relatively high nitrogen content often 
result in higher yields, but low nitrogen mulches, such as straw, sawdust and bark, can also increase soil fertility and 
plant nutrition. 

6. Reduction of salt and pesticide contamination: In arid landscapes, evaporating water leaves behind salt crusts. 
Because mulches reduce evaporation, water is left in the soil and salts are diluted. Organic mulches can actively 
accelerate soil desalinization and help degrade pesticides and other contaminants. Plastic mulches cannot bind ions as 
organic mulches can and are not effective in this regard. 

7. Improved plant establishment and growth: Mulches are used to enhance the establishment of many woody and 
herbaceous species. Mulches improve seed germination and seed survival, enhance root establishment, transplant 
survival and increase plant performance. The improved water retention created by mulch allows roots to extend and 
establish farther beyond the trunk compared to bare soil. Plants thus become more stabilized. Root development is 
greatest under organic mulches compared to plastic or bare soil. Sheet and film mulches encourage root growth on top 
of the mulch, injuring plants when removed. Plastic mulches can lead to increased mortality of transplanted material 
and cause extensive damage to fine root systems. Roots tend to grow into organic mulch layers, and it does not appear 
to injure the plant to have roots exploring a mulch layer. 
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8. Reduction of disease: Mulches will reduce the splashing of rain or irrigation water, which can carry spores of disease 
organisms to stems and leaves of plants. Populations of beneficial microbes that reduce soil pathogens can be increased 
with mulches. Mulches can combat disease organisms directly as well. Some plastic mulch can increase the incidence of 
disease by exacerbating already poor soil conditions, causing various types of rots. 

9. Reduction of Weeds: Using mulches for weed control is highly effective. Mulches can reduce seed germination of 
many weed species and reduce light, which stresses existing weeds. Coarse materials are more effective than fine 
textured ones in reducing weeds.  

10. Reduced pesticide use: Mulches reduce weeds, plant stress, and susceptibility to pests and pathogens which 
translates to reduced use of herbicides, insecticides, and fungicides. 

Types of Mulches 
1. Soil mulch or dust mulches: Soil mulch is a thin layer of loose soil surface that can be created by frequently stirring 
the soil with surface tillage implements like danthis, guntakas (blade harrows) etc., Soil mulch of surface 5-8 cm dry soil 
effectively reduces the evaporation losses by obstructing the raise of soil moisture through capillary action. Among the 
different mulches soil mulch is the cheapest. 

2. Straw and stubble mulches: Straw and other crop residues like stubbles, groundnut shells, cotton stalks etc; can be 
used as mulches on soil surface for moisture conservation. Straw mulches reduce both the amount of energy absorbed 
by the soil and its movement above the soil and hence reduce evaporation.  However, the availability of adequate crop 
residues is a problem for use as mulches.  

3. Plastic mulches: Plastic mulches are very effective as mulches for evaporation control provided cost is not a limiting 
factor. The plastic mulches may be either white or black. Black plastic mulches will absorb the solar radiation and 
enhance the soil temperature for hastening the germination of winter crops like wheat; barley etc., White plastic 
mulches will reflect the incident radiation and reduce evaporation of soil moisture.  

4. Chemical mulches: Chemicals like hexadeconol, a long chain alcohol when mixed with surface 5 mm of soil can reduce 
evaporation by about 40%. The surface layer of a treated soil dries out more rapidly than that of untreated soil, creating 
a diffusional layer to evaporation. 

5. Vertical mulching: It is a technique wherein trenches of 40 cm wide, 15 cm deep are dug at 2 to 4 m interval across 
slope and filled with stubbles or organic wastes to a height of 10 cm above soil surface. Runoff is checked, collected in 
the shallow trenches and redistributed to adjoining soil layers and infiltration is increased in black soils. 

6. Live mulching: Live mulch is covering the soil surface through the plant canopy by intercropping system. Example: 
Sorghum + forage cowpea, sorghum + sword bean. 

7. Pebble mulch: In pebble mulching, small pebbles like stone are placed on the soil surface. This mulching will be 
successful in dryland fruit tree culture. The pebbles placed on the basis of trees not only reduce evaporation but also 
facilitate infiltration of rain water into the basin. Mulching is more advantageous during rabi/summer months than in 
kharif season. Organic mulches particularly under receding soil moisture conditions increase crop growth by conserving 
soil moisture. 

Conclusion 
Mulching is simple practice, which helps to sustain the crop production by several ways without compromising the soil 
health and ecosystem. Hence, farmers must have to adopt these cheapest and eco-friendly techniques to ensure the 
stable production of farm. 
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Introduction 
The spread of novel corona virus has been devastating globally. The outbreak was reported for the first time in Wuhan, 
China on December 31, 2019. On March 11, 2020 World Health Organisation has declared nCoV outbreak as a global 
pandemic. Coronavirus is a single-stranded RNA virus which is causing acute respiratory infection in humans. It has 
impacted the human life and economy of our nation greatly. There is a long list and not a single sector is deprived of 
this pandemic, including agriculture, aquaculture, micro small and medium enterprises (MSMEs), aviation, poultry, real 
estate, shipping, port services, petroleum, institutional, tourism and hospitality etc. Out of these sectors restaurants, 
aviation, port and services, shipping and retail are mostly affected, medium impacted sectors include pharmaceuticals, 
real estates and automobiles and low impacted sector includes agriculture and education. However, it has affected 
mostly the daily wage and migrant workers who are the backbone of agricultural and several other industries. The extent 
of actual impact will depend upon the severity and duration of the outbreak. In India nCoV cases are increasing at 
alarming rate. Initially India declared 21 days (25 march -14 april) nationwide lock down and then was extended till 3rd 
may for achieving satisfactory containment of virus spread and is expected to increase further in the red zone hotspots. 
Globally confirmed coronavirus cases surpassed 3 million whereas in India 31,332 (confirmed case), 7,696 (recovered), 
1,007 (deaths) has been reported (TOI). 

Impact on Indian Economy 
The novel coronavirus pandemic has caused the worst recession since the great depression in 1930’s. It has resulted in 
unimaginable loss to the human lives and global economy. According to a report, present condition due to COVID is 
having an alarming level of impact on business. In the coming months jobs are at high risk in private and unorganized 
sector due to reduction in manpower by the MNCs and domestic companies to compensate their loss and low demand in 
market for their product & services. Although RBI is trying to revive the economy through various monetary policy 
instruments such as reduction in repo rate as well as reverse repo rate, open market operations i.e. selling short term 
government securities and buying long dated government securities. The Asian Development Bank has estimated that 
the global economic cost of virus is a whopping $2 to $4 trillion. The revised Gross Domestic Product estimates for India 
downwards by 0.2 percentage points for the fiscal year 2020 to 4.8 per cent and by 0.5 per cent for the fiscal year 2021 
to 6 per cent (Du & Bradstreet). According to the report, three major channels of impact for Indian businesses are legal 
linkages, supply chain and macroeconomic factors. Export activities are expected to be hit by more than 10 percent. 
Every day during lockdown expected loss is over $4.5 billion in India (Business today) and less than a quarter of India’s 
$2.8 trillion economy is functional under complete lockdown. RBI estimated that non-performing assets may increase to 
10.2-10.5% by September 2020 due to COVID-19 outbreak. 

Impact on Agriculture 
The tsunami of ‘COVID 19’ is impacting global food systems, agricultural livelihoods and disruption of agricultural value 
supply chain posing risks to household food security. It has raised a question on our government and Indian agriculturists, 
whether our country has enough food grain to feed the burgeoning population or not. Procurement of cereals and food 
grains can meet the demand of country’s population in coming days? It’s quite tough to answer this question now because 
situation seems to be critical in India and several challenges are coming in their way to fight against this disaster. State 
wise guidelines has been issued by ICAR which is to be followed by farmers during lockdown for harvesting, threshing, 
storage and marketing of produce (ICRISAT, 2020). 
1. Unavailability of transport facility has disrupted supply chain of various products such as meat, fish, milk, and 
perishable items such as fruits and vegetables. Vegetable and fruits farmers are forced to sell their produce at much 
lower prices or are distributing free of cost to needy due to price drop. 
2. Reduced sell of milk and dairy products due to closure of restaurants, sweet shop, hotels during lockdown period has 
depressed dairy farmers of our country. 
3. Lockdown and uncertainty of rainfall has delayed harvesting of rabi crops like wheat, mustard, lentil, gram etc. and 
has caused loss of produce and farm economy in several parts of the country.  
4. Migration of workers amid lockdown to their native places has interrupted harvest and post-harvest operations in 
Punjab, Uttar Pradesh, Assam and West Bengal. 
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5. Poultry farmers are badly hit in different parts of the country. Social media rumours stated that chicken is carrier of 
COVID-19, which lead to fall in their demand. More than 2 crores of people engaged in this industry are worsely impacted 
due to 70-80% reduction in price of chickens. 

Relief and Welfare Measures by Government 
To tackle this unprecedented challenge Government of India and state governments are taking unless measures to protect 
the most vulnerable segment of society i.e. the middle man, migrants and farmers from the COVID-19 outbreak and the 
subsequent lockdown. 
1. India has announced 22.5-billion-dollar fiscal stimulus package to combat the sudden economic shock to help the 
weaker sections of society from the economic fallout of nCoV through food security and direct cash transfers. 
2. Hike in the wages of MNREGA workers by Rs 20 from Rs 182 per day to Rs 202 per day. 
3. Distribution of free LPG cylinders for the three months to the ‘Ujjawala gas yojna’ connection holder womens. 
4. Farmers registered under PM-KISHAN scheme got the immediate support of Rs 2,000 from their first installment of Rs 
6,000 per year. 
5. Ex-gratia cash of Rs 1,000 are given to poor senior citizen, disabled and widows (Economic times). 
6. ‘Jan Dhan’ account holders are getting Rs 500 per month and additional food package (5 kg rice or wheat and 1 kg 
pulses) are being given free of cost to all the ration card holders for the three months.  
7. Reserve Bank of India allowed a three-month moratorium on all term loans, including agricultural loans, retail and 
crop loans, 3% concession on the interest rate of crop loans. 

Mitigation Measures 
1. Agricultural Produce Market committees (APMCs) should allow farmers to sell their goods beyond designed mandis to 
earn more income and lessen monetary burden (ICRISAT). 
2. Agri-inputs and implements such as seeds, fertilizer, PGR’s, pesticides should be made easily available to farmers. 
3. Investment in key logistic should be enhanced to sustain the demand of agricultural commodities, start-up needs to 
be encouraged and promoted. 
4. The micro small and medium enterprises (MSMEs), which requires raw materials from agriculture and allied sector, 
needs special attention to prevent collapsing of the rural economy and low interest or interest free loans should be 
offered to the industry. 
5. Government should allow functioning of all trades and manufacturing units related with agri-inputs to ease the collap 
se of agri-input ecosystem (THE HINDU). 
6. Minimum amount of Rs 3,000 per months for the next three months should be transferred to unemployed and migrant 
workers who are most vulnerable due to nCoV pandemic. 
7. Dependency on inputs i.e., chemical fertilizers and pesticides should to restricted to cut the input cost and meet the 
demand of food production organically in sustainable way. 
8. Erratic weather conditions can cause more loss to farmers so prior to sowing and harvesting of crops proper advisory 
needs to take.  
9. Government should promote trade by avoiding ban on export and import restrictions. 
10. Post COVID situation might be tough for farmers and researchers, so productive investment on research and 
development would be helpful for them from the agricultural point of view. 
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Damping–off of Seedling and Fungal Root Rot 
1. Causal Organism: The disease caused by many fungi. Pythium spp., 
Rhizoctonia solani, Phytophthora spp. and Fusarium spp. They frequently 
causing rotting of seeds and also damping-off. 

2. Symptoms: The first symptom sappear as water-soaked lesions at soil 
level of the plants. This leads to wilting and seedling death. Seedlings may 
die in the soil itself before emergence or may be attacked when the 
cotyledonary leaves open. After emergence of the seedlings from the soil 
surface, water-soaked lesion appears at the collar region and toppling 
down of the seedling after 2-3 days. Often, plants that have survived 
damping-off might show symptoms of root rot. 

3. Management: 
a. Do plant on raised bed to allow for maximum water drainage 
after irrigation to avoid the disease problem. 
b. Grafting may be done. 
c. Treat the seed with Captan or Thirum @ 2.5 -3 g/kg seed. 
d. Drenching with mixture of Mencozeb (0.25%) and Carbendazim (0.1%) to the plants after seedling emergence 
manage the disease effectively. 
e. Seed treatment or soil application of antagonistic bacteria like; Bacillus pumilus againstR. solani which cause 
damping-off and fungi like; Streptomyces that inhibit the growth of Pythium spp. 

Fusarium Wilt 
1.Causal Organism: The causal organism of this disease is Fusarium 
oxysporum f. sp. cucumerinum. The fungus produces micro and macro 
conidia and clamydospore.  

2. Symptoms: Plants attacked by the pathogen in their all growth stages. 
The germinated seed may root under the soil. The disease symptoms 
mostly appear at flowering and fruiting stages flaccidity yellowing and/or 
marginal necrosis of the leaves. The characteristics wilt symptoms appear 
on the older leaves, when the leaves droop during hot period of the day. 
In wet weather, the dead stems show a white or pinkish mass of fungal 
spore. Vascular discolouration may or may not present. Sometimes, 
plants may not show wilting but remain severely stunted and do not bear 
fruit. 

3. Management: 
a. Follow crop rotation with garlic, radish onion and Lucerne crop to minimize disease.  
b. Soil solarization and amendment of soil with cake like mustard cakes to reduce primary inoculum of pathogen. 
c. Grafting is one of the best options to manage soil borne diseases. 
d. Grow disease resistance varieties. 
e. Apply growth promoting rhizobacteria, like Pseudomonas putisa to induce systemic resistance in cucumber. 
f. Apply Benlate and Carbendazim in bitter gourd, Topsin-M and Carbendazim in bottle gourd to manage the 
disease. 

Downy mildew 
1. Causal organism: It is a fungal disease which is known as Pseudopernospora cubensis. The spore of the pathogen 
spread by wind, air currents, works and machinery. It is also transmitted by insect and other invertebrates. 
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2. Symptoms: Symptoms firstly appear on upper surface of the leaves 
as green to yellowish and dark green are alike mosaic, later turned in 
to yellow coloured with angular shape of the spots. The number and 
size of the spot increase finally, leaves become chlorotic, brown and 
shrivel. Later leaves have mottle appearance and whole vines are 
wilted. 

3. Management:  
a. Cultural method such as removal and destruction of plant 
debris of previous crops and weeds, avoiding high crop 
population density. 
b. Spray Ridomil MZ (0.25%) and Fosetyl-Al (0.3%) to manage 
disease. 
c. Application of RidomilMz and Curzate M-8 also provide completely control of the disease in cucurbit crops. 
d. A mixture compost of 5 parts of plant activator BABA and 1 part of Mancozeb is highly effective to manage 
disease. 

Powdery Mildew 
1. Causal organism: The disease is mainly caused by four genera of order 
Erysiphales which is Golovinomycesspp., Erysiphespp., Sporothicaspp. 
and Podosphaeraspp. 

2. Symptoms: The initial symptoms first appear on lower surface later 
on upper surface of leaves as small, whit to dirty gray spot. The 
superficial powdery growth finally covers entire host surface. Black pin-
point bodies of fungal pathogen appear rarely. Fruits are under size, ripe 
prematurely, lack flavor and sweet taste. 

3. Management:  
a. Remove infected crop residues from the field. 
b. Remove weeds and volunteer plant to grow near cucurbits crops. 
c. Grow disease resistant varieties 
d. Spray c systemic fungicides such as Carbendazim and Benomyl to effectively manage the disease. Three spray of 
Hexaconazole (0.05%) is also effective against this disease. 
e. Application of plant growth promoting bacteria like Pseudomanasfluorescens which promote the plant growth and 
reduce the disease incidence. 

Angular Leaf Spot 
1. Causal organism: The disease is caused by bacteria i.e. Pseudomonas 
syringaepv. lachrymans it is gram negative, aerobic, non-spore forming, 
rot shaped bacterium. Optimum temperature for growth is 25-300C. 

2. Symptoms: The symptoms of the disease appear on leaves, stems and 
fruit as small, water-soaked spots, angular shape delimited by veins 
which enlarge to about 3mm in diameter. The spots become tan on upper 
surface and gummy or shiny on lower surface due to bacterial oozing 
which dries out and turns white. On stems and petioles, the water-soaked 
spots are covered with white, crusty bacterial exudates. Round lesions 
occur of the fruits. 

3. Management: 
a. Destroy the source of primary inoculums by destroying the crop debris of previous crop.  
b. Grow disease resistance varieties. 
c. Soak the seeds in antibiotic and inorganic salts to partially remove the disease. 
d. Spray the crop with Streptomycin sulphate (100 ppm) or Copper fungicide in the field. 
e. Spray Ridomil and Trimiltox Forte for effective reducing the incidence of the disease. 
f. Application of plant growth promoting bacteria like Pseudomanasputida89B-27which promote the plant growth 
and reduce the disease incidence. 

https://www.google.com/url?sa=i&url=https%3A%2F%2Faggie-horticulture.tamu.edu%2Fvegetable%2Fproblem-solvers%2Fcucurbit-problem-solver%2Fleaf-disorders%2Fangular-leaf-spot%2F&psig=AOvVaw3PXLNnlCriUiR9plEJK6pI&ust=1588232262875000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLC1osWQjekCFQAAAAAdAAAAABAD
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Cucumber Mosaic 
1. Causal organism: It is a viral disease caused by Cucumber Mosaic 
Virus (CMV) is a member of cucumovirus group. 

2. Symptoms: The virus causes severe stunting of plants, foliar yellow 
mosaic, malformation and reduction of leaf size and stem internodes. 
Systemic symptoms show downward leaf curling, reduces leaf size in 
growing stage. Infected fruits are distorted, become discoloured and 
small in size. 

3. Management: 
a. Use silver plastic mulch for significant protection against 
viral disease.  
b. To keep viral disease under check grows resistant variety. 
c. Apply insecticide like Dimethoate and Malathion for the control of vector to minimize viral transmission by 
them. 
d. Cross-protection with a mild strain. 
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Abstract 
Crack formation is very common phenomenon in concrete which allows water and different type of chemicals through 
the cracks and decreases their durability, strength and also affect the reinforcement when it comes in contact with 
water, CO2 and other chemicals. So, there is a need to develop a self-repairing material which can remediate the cracks. 
Introduction of applied biotechnology in the field of concrete has led to the development of a new domain called 
“microbial concrete” or “bio-concrete”. It is a microbial-based strategy in which concrete is treated with bacteria and 
fungi to induce CaCO3 precipitation (Joshi et al., 2017). Bacillus pasteurii and Sporosarcina bacteria are used in healing 
of cracks. Bacterial concrete successfully remediates cracks in concrete and highly desirable because the mineral 
precipitation induced as a result of microbial activities is pollution free and proposed as an environmentally friendly 
crack repair technique (Van et al., 2010). The mechanism of crack healing in bacterial concrete presumably occurs 
through metabolic conversion of calcium lactate to CaCO3 results in crack-sealing. This biochemically mediated process 
resulted in efficient sealing of sub-millimeter sized (0.15 mm width) cracks (Jonkers, 2011). The goal of this study is to 
explore a new self-healing concept in which fungi  and bacteria are used as a self-healing agent to promote calcium 
mineral precipitation in concrete. Trichoderma reesi spores germinated on concrete into hyphal mycelium and grew 
equally well with or without concrete compared to the other five species (Luo et al.,2018). 

Keywords: Self-healing, bio concrete, Cracks, silica gel. 

Introduction 
Concrete is a homogenous mixture and vital building material that is an absolutely essential component of public 
infrastructure and most buildings. The ability of concrete to repair its cracks autonomously. The cracks have to be filled 
by some cementing material in order to stop the crack and damage the structure. The concrete can heal itself by three 
processes natural self-healing process, chemical self-healing process, biological self-healing process. Healing of cracks 
using microorganisms is referred as microbial healing. Microorganisms like bacteria and fungi are used for healing of 
cracks. Cracks in concrete leads to loss of durability, deterioration, percolation of cracks and leakage problems. In recent 
years, a bacterium based self-healing concrete is being developed to extend the service life. Synthetic polymers such as 
epoxy treatment etc. are currently being used as filling agents. Synthetic polymers are neither eco-friendly nor safe for 
human health. Hence the use of a biological repair technique or Microbially Induced Calcium Carbonate (Calcite) 
Precipitation Technique [MICCP] in concrete is focused (Vekariya and Pitroda, 2013). 

MICCP [Microbially Induced Calcium Carbonate (Calcite) Precipitation] 
Capability of microbes to form calcium carbonate extracellularly through a metabolic activity. It is a phenomenon of 
mineral formation by living organisms due to reaction of its metabolic products with the surrounding environment is 
called biomineralization (Joshi et al., 2017). 

Microbially induced CaCO3 precipitation helps to bind the particles such as sand, gravel in the concrete to form a 
composite material in sealing or healing the micro-cracks in concrete.  The involvement of microorganisms in CaCO3 
precipitation leads to development of bio-based environment in the concrete as a durable building material. Bacillus 
subtilis is a robust ureolytic bacteria which is aerobic, spore forming bacterium uses urea as energy producing source 
and generates carbonate by increasing the pH environment. By converting urea into ammonium and carbonate Bacillus 
subtilis  can able to precipitate CaCO3 in high alkaline environment. 
The mechanism of involvement of in CaCO3 precipitation is of three types: i. Spontaneous mechanism (by photosynthetic 
microorganisms), ii. Through nitrogen cycle, iii. Through sulfur cycle.Sulphur reducing bacteria are not used in this 
process because they release hydrogen sulphide gas into the environment which is harmful and also it deteriorates 
cracks.The bacterium which is capable of producing urea helps in precipitating calcium carbonate on the surface of the 

Ca2+ + CO3
2- CaCO3 
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cracked specimen with the help of calcium source. The CaCO3 can be formed due to the CO2 in the Ca (OH)2 present in 
the concrete. 

CO2 + Ca (OH) 2 → Ca CO3 + H2O  

Ca (C3H5O2) 2 + 7 O2 → CaCO3 + 5 CO2 + 5 H2O 

The two self-healing agents i.e., bacterial spores and calcium-based nutrients were introduced into the concrete at the 
time of mixing process. The agents which were mixed will not be active at the time of mixing. The agents will be 
activated only when the cracks appear the ingress of water starts activating the healing agents. This mechanism may be 
defined as Microbially Induced Calcium Carbonate Precipitation (MICCP). This precipitation happens due to hydration of 
non-hydrated cement particles in the concrete matrix with the contact of ingress of water into the cracks. The CaCO3 
precipitation can be controlled by pH, calcium concentration, and carbonate concentration and nucleation sites 
presence. This formation of precipitated calcium carbonate can be viewed under Scanning Electronic Microscope (Reddy, 
2013). The cell wall of bacteria is negatively charged; cations from the environment were drawn by bacteria. Including 
Ca2+ to deposit on cell surface. Subsequent reaction with CO32- ions can be seen by Ca2+  ions leads to CaCO3 
precipitation at the cell surface. The bacterial cell walls present on the surface of the concrete can be visual by SEM 
analysis which shows the bacteria incorporated in the specimen for self-healing (Douglas and Beveridge, 1998). 

Schematic diagram of crack healing by microorganisms 

(A) Crack is propagating into concrete. (B) Microorganisms are activated into crack. (C) Microorganisms grow and 
precipitate calcium carbonate around their wall cells and will fill the crack. 

Bacterial Concrete 
Bacterial concrete is a special type of concrete invented by a group of microbiology researchers under the head of Henk 
Jonkers to increase the life span of concrete (Jonkers, 2011).  

Characteristics of bacterial concrete: Bacteria should react only when aerobic conditions prevail. (Bacteria only react 
in presence of O2 otherwise anaerobic bacteria, if used would start reacting in absence of O2). Bacteria should form 
spores. (Bacteria can remain dormant in place for almost 100 years). They should not evolve hydrogen sulphide (H2S) 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
69 

gas. (Because such gas can corrode reinforcement inside). They should not evolve carbon-dioxide (CO2) gas. They should 
form calcite precipitate after reacting with water. 

Microorganisms Used: Fungi – Trichoderma Reesei 
Bacteria:  

         Sporosarcina pasteurii            Sporosarcina ureae             Bacillus subtilis                  Bacillus cereus 

Bacteria like Sporosarcina pasteurii, Sporosarcina ureae, Bacillus subtilis, Bacillus cereus, Bacillus cohnii and Bacillus 
sphaericus are used (Joshi et al., 2017). 

Conclusion 
This technology increases ability to fill the cracks using biological treatment of the cement which results in the crack 
sealing and decrease in water permeability and the advantage of incorporating bio-based cement composites primarily 
reduce the maintenance costs, repair costs and hence results in increase of durability of the structures. Cementation by 
this method is very easy and convenient for usage. More work is required to improve the feasibility of this technology 
from both an economical and practical viewpoint. 
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Quarantine pest can be defined as a pest of potential economic importance to the area endangered thereby and not 
yet present there or present but not widely distributed and being officially controlled. 

Quarantine Legislation in India 
In India the plant quarantine measures are operative through Destructive Insect and Pest Act, 1914(DIPA) and it aims to 
prevent the introduction of any fungus, insect or any other pest destructive to crop. 

Quarantine Treatments for Pests 
The quarantine authorities will take action for eradication or containment of the consignment if any defect is identified 
during import inspection. They are empowered to take actions like prohibiting further movement and securing storage, 
re-export and sorting and removal when small portion is contaminated. In case of high valued crop or pests with dormancy 
period, quarantine period is suggested and the material in question is held temporarily in secured environment for 
manifestation of pests. The inspection personnel are authorized to treat the defective consignments. Fumigation is the 
most common quarantine treatment. Other treatments include trimming/ pruning the affected portion, temperature 
manipulation or irradiation. 

Hot Water Treatment 
In this, fruits are exposed to a temperature of 46.1- 47.8°C by immersing in hot water for a particular period of time 
depending upon the pest, type of fruit and size of fruits. Hot water treatment will be done by following all the treatment 
operations as per "Guidelines for Certification of Hot Water Immersion Treatment Facilities for Mango Fruits". This 
describes the guidelines and procedures required for certification of hot water treatment for fresh fruits of mango, as a 
quarantine treatment against fruit flies, to facilitate their export in compliance with phytosanitary requirements. The 
time and temperature vary with the commodity and pest. 

Vapour Heat Treatment (VHT) 
International Standard Phytosanitary Measures determines the guidelines/procedures for certification of Vapour Heat 
Treatment (VHT) for fresh tropical fruits & vegetables against target pests, primarily fruit flies. In VHT treatment hot 
air is saturated with water vapor and used to raise the temperature of the commodity for a specified period.  
While treating fruit flies, the pulp temperature of the commodity will be raised by the saturated water vapor to 46-48 
°C during the time of 4 hours and then the fruits will be held for a period of 30 min. The exposure periods and 
temperatures will vary with kind of fruit fly species and commodity involved. 

Forced Hot Air Treatment (FHAT) 
Under Forced hot air Treatment (FHAT) wood must be heated so that the core reaches a minimum temperature of 56°C 
for at least 30 minutes. “Regulation of wood packaging material in international trade” is a standard on which many 
countries packaging material Wood (WPM) regulations are based upon. This wood packaging material is made of raw 
wood which can spread pests, leading to serious problems around the world. 

Fumigation 
Fumigation is one of the methods used for controlling pests in stored products. Many chemical compounds which are 
volatile at ordinary temperatures and sufficiently toxic are there, but the most used fumigants are Methyl Bromide, and 
Phosphine. 

Irradiation Treatment 
ISPM-18 provides guidelines for use of irradiation as quarantine treatments. Irradiation is for quarantine purpose with 
applications over a wide range of commodities and pests. Mangoes for export should be irradiated with a minimum dosage 
of 400 Grays and certified irradiation treatment facility using Cobalt- 60. 
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Introduction 
Across the globe, with 11 per cent, INDIA occupies second position in overall fruit production and ranks first in production 
of Bananas (25.7%), Papayas (43.6%) and Mangoes (40.4%). India has wide range of varieties in its basket. Because, it is 
endowed with a variety of climate, is possible to grow any kinds of fruits having wider adaptation in agro-climatic areas 
namely temperate, sub-tropical and tropical including humid and semi-arid or arid-zone fruit in one or other parts of the 
country. The analysis of area under fruits in different states were resulted that Uttar Pradesh followed by Assam are 
topping first in having more area under fruits. 

Usually, the planting seasons for the fruit’s crops are monsoon and spring which falls on June - August & February - March 
respectively. Moreover, the fruit set and maturity coincides with summer. Most of the fruits are available during specific 
seasons at a cheaper rate and during other season they not are available or available in a limited quantity and hence 
they may be costly. Their availability can be extended by cold storage. In other cases, it is essential to preserve the 
fruits, so that they can be made available in a form throughout the year.  
Generally, a fruit is representing a plant, the product of which is edible on ripening. The study of fruits is known as 
pomology. Fruits are regarded as ‘‘Protective foods” as they supply vitamins and minerals like A, B complexes and C in 
adequate quantities. They contain variety of polyphenols and anti-oxidants which are increasingly regarded as protective 
agents against chronic diseases. These are required to keep our health in good conditions. Fruits can be consumed in 
fresh state as well as processed. Well ripened fruits are used in the preparation of confectionaries (candies, bars, and 
toffees), pulp making, sweets like halwa, fresh juices, syrups, cordials, jam, jelly, marmalade, squash, and ice - creams. 
Besides the sugar-based preservation, fruits such as Bilimbi, Amla, Mango, Lemon etc., are preserved in the form of spicy 
pickles using salt, vinegar, spices and oil. The unripened fruits/ tender ones are used as vegetable for culinary purposes 
viz., tender watermelon, muskmelon, jackfruit, mango, banana, papaya, aonla. Fruits are versatile; it can be used as 
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fresh or dried. Fruits are yields more calorific value than cereals and it acts as good laxative. Dry karonda possess (39.1%) 
of iron rather than dates (10.6%) which cures anaemia and it have antiscorbutic properties. Iron from the fruits are 
better absorbed and become easily available than iron from meat. 
Based on the ICMR recommendation, it is advisable to take 90g of fruits per day, but the per capita availability works to 
about only 30g of fruits. This space has to be sealed by increasing the production and productivity of fruits by adopting 
various techniques. Improved varieties and cultural practices including plant protection measures are being developed 
or standardized region wise for each fruit by doing research in various Agri-Horti universities. Fruits production creates 
more employment opportunities in cultural operations as well as post-harvest operations. 

“An apple a day keeps the doctor away” is the saying indicating the importance of fruit in maintaining the health. Till 
eighties, fruits except mango were beyond the reach of common man, which were only to compliment the diet of sick 
people, have become a diet of common man now. It has been a remarkable change by the fruit production by adopting 
various cost-effective techniques and improved varieties. 
Fruits can be grown in the kitchen garden, as an orchard, part of roof top garden, bower system (trellies), intercropping, 
mixed cropping, multitier cropping and organic farming. Fruit crop can be a small climber to a large, tall tree. So, it can 
exist in all the areas. In addition to the field, fruits crops can be grown in protected structures such as, plastic house, 
greenhouse (Papaya, pineapple, peach, nectarine, loquat). Fruits can cultivate only in soil? No, it can be cultivated in 
soil-less culture also i.e., Hydroponics. The most suited fruit crop for hydroponics is Raspberries and Strawberries. 

Nature of the Crop Fruit Crop 

Prostrate Growth Strawberry 

Upright Growth Banana, Pineapple 

Small Trees Mandarin 

Tall Trees Jack, Avacado 

Perennial shrub/  Vine Grapes 

Fruits gives jumble of tastes such as sweet (Jack), sour (Citrus), astringent (Pomegranate), Sweet & Sour (All types of 
cherries). After the consumption of fruits, the remaining fraction which is available is seed; used as propagating materials 
which have specific value to human kind. Fruits may be single - seeded, duly seeded, partially seeded, multi-seeded or 
seedless. When the fruit is seedless or the seeds lose viability in a short period, then will go for specialized plant parts. 

Propagating Material Fruit Crops 

Crown Pineapple 

Runner Strawberry 

Offshoot Datepalm 

Sucker Banana 

In twenty-four hours, single honeybee visits about 5000 flowers in apple orchard, hereby it increases the fruit set and 
higher the yield. Honeybees, ants and many insects’ aids in pollination. The two practices training and pruning are often 
regarded as one and the same or at least as inseparable. All the fruit trees necessarily need this operation to maximize 
productivity especially under high density planting and ultra-high-density planting. 

“Orchard Tourism” concept is emerging in many countries. Visiting orchards for recreation has become an important 
tourist activity for urban citizens, where the tourist is encouraged to hands on involvement in activities viz. planting, 
pruning, grafting and harvesting fruits in order to freely engaged in agricultural/horticultural production activities, which 
is now a different experience from their urban life. 
Mango undoubtedly deserves to be the national fruit of INDIA. It is said to be the “King of fruits” having the maximum 
area and production. It has 4800 IU per 100 g of pulp when compared to Apricot (3600 IU/ 100 mg of fruit) and the 
breakfast fruit Papaya (2020 IU/ 100 mg of pulp). Next to the king, a fruit with sweet and pleasant blend of acid is 
“Queen of fruits” is Mangosteen. This is the only fruit in which glucose is readily available form for giving energy. It is 
said to be the finest fruit of the world. 

Butter Fruit- Avacado, rich in unsaturated fat of about 22.8 g ( per 100 g of pulp) Aonla-  it is meant for vitality restorer 
and the richest source of Vit C (600 mg per 100 mg of pulp) when compared to  “King of arid fruit”- Ber (250mg per 100g 
of pulp) and Poor man apple- Guava (100 to 260 mg per 100 g of fruit) but the minimally focused fruit crop West Indian 
Cherry possess 1400 mg/100g of fruit) and it is recognized as Vitamin C tablet fruit. 
Besides health and nutrition, fruits are used in religious customs and rituals, for example in Indian culture, there is a 
belief that green banana is the symbol of new blood and date palm indicated the symbol of fertility. Not only banana, 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
74 

the reception of Indian marriage and other functions are always welcoming with bouquet of fruits. These colorful fruits 
appeal pleasant to the visitors. Indian Meals/Cuisine is incomplete without banana.  

Different fruit trees are correlates with various gods as sacred tree (Lord Shiva – Bael Tree); literally the fruits and the 
leaves are used for pooja, scientifically it is used to maintain the particular crop at that particular location. The common 
ritual which is followed in temples is lighting the lamp which is made of lemon peel. With this information one can image 
the importance of fruit in entire life. 

Geographical Indication (GI) is a name or sign used on certain product which corresponds to a specific geographical 
location or orgin and recognizes the specific qualities. For example, Alphonso Mango got the GI tag for their excellent 
taste. In addition to that with the recent GI Tag for Palani Panchamirtham in Palani Town, a prasadam or religious 
offering in temple. The palani panchamirtham’s unique taste is because of the hill banana (sirumlai and virupakshi) 
which is the major ingredient in it and it is procured from nearby villages. 

Summary 
During 2018-19, India exported fruits and vegetables worth Rs.10236.93 crores/1,469.33 USD Millions which comprised 
of fruits worth Rs. 4817.35 crores/ 692.01 USD Millions. Though India’s share in the global market is still nearly 1% only, 
there is increasing acceptance of horticulture produce from our country. This has occurred due to concurrent 
developments in the fruit production by the farmers of our country. 
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Plant breeding is a branch of agriculture that focuses on manipulating plant heredity to develop new and improved plant 
types for use of society. People in society are aware and appreciative of the enormous diversity in plants and plant 
products. They are aware that whereas some of this variation is natural, humans with special expertise (plant breeders) 
create some of it. Generally, also, there is a perception that such creations derive from crossing different plants. The 
tools and methods used by plant breeders have been developed and advanced through the years. There are milestones 
in plant breeding technology as well as accomplishments by plant breeders over the years. 

What is Plant Breeding? 
Plant breeding is an applied branch of Botany, which deals with improvement of agricultural crops. This branch of 
agricultural science has contributed maximum to the increase in food production all over the world. Plant breeding is 
the purposeful manipulation of plant species in order to create desired genotypes and phenotypes for specific purposes. 
This manipulation involves either controlled pollination, genetic engineering, or both, followed by artificial selection of 
progeny. Plant breeding often, but not always, leads to plant domestication. Plant breeding has been practiced for 
thousands of years, since near the beginning of human civilization. It is now practiced worldwide by government 
institutions and commercial enterprises. The Above impressive increase in food grains production has resulted from an 
increase in net cropped area, increased quantum and better management of inputs, such as fertilizers, irrigation water, 
plant protection and cultural practices and from improved crop varieties. Classical plant breeding uses deliberate 
interbreeding (crossing) of closely or distantly related individuals to produce new crop varieties or lines with desirable 
properties. Plants are crossbred to introduce traits/genes from one variety or line into a new genetic background. As a 
result of this the nation has become almost self-sufficient in food grain, this thing is achieved only due to green revolution 
has tookes place in 1965-66. Green revolution in our country particularly in Rice and Wheat increases our food grain 
production in our country particularly in Rice and Wheat increases our food grain production and today we are exporting 
several million tonns food grain to many developed and developing country. On the other hand, population of our country 
after independence also increasing at an arming rate of 2.5% per year, this make it necessity that the food grains 
production should increases at least at the same rate or faster than the population rate. Therefore, it is the necessity 
of modern farmers. Progressive farmers to apply plant breeding science, techniques for the development of new high 
yielding varieties, to meet the need of this tremendous growing population. In India more than 70% population is depend 
on agriculture, however majority of them are marginal farmers and landless labour. The input like fertilizer, pesticides, 
insecticides required for agriculture are expensive and therefore farmers are looking forward for improved high yielding, 
disease and pest resistance and Earliness varieties. 

Scope of Plant Breeding 
1. Genetic manipulation of population by increasing the frequency of desirable alleles in cross pollinated crops and 
introducing male sterile in self-pollinated crops like wheat and Rice. 
2. Intensive breeding of pulses and oil seed crops as it was done in cereals and other crops. 
3. Proper breeding methods with improved crop management practises. 
4. Use of heritability methods with improved crop management practises. 
5. Development of improved high yielding varieties of vegetable and seed crops. 
6. Quality Improvement in Oil seed and Vegetables. 
7. Use of transgenic plants as a medicine. E.g. Potato. 
8. Development of varieties which are desirable for mechanical threshing and cultivation. 

Nature of Plant Breeding 
Plant breeding is an art or science and is as old as agriculture, started since man learnt to cultivate the plants. In earlier 
days, man depends on his skill and judgement in selecting better plants. His knowledge about the plant was very limited. 
He knew nothing about the inheritance of characters, role of environment in producing them and the basis of variation 
in various plant characters. His method of selection was designed without the understanding of the principle of 
inheritance. Therefore, during primitive time plant breeding was largely an art and very less science was involved in 
that, but the present breeding methods are entirely based on the scientific principles of plant sciences, particularly of 
genetics a cytogenetic. Thus, plant breeding is purely science with very little art involved. Science is the knowledge 
gathered through scientific method. The scientific method consists of observation, formulation of hypothesis, 
experimentation and conclusion either to accept or reject the hypothesis. Plant breeding is considered as the current 
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phase of crop evolution. As the knowledge of genetics and other related science progresses plant breeding become less 
art and more science. Especially discovery of Mendels work in 1900, added lot to the knowledge of science. Selection of 
desirable plant even today is an art it depends on the skill of a person but alone skill is not enough, modern plant 
breeding is based on through understanding and use of genetics principles. To be successful, a plant breeder must know 
each and everything about the crop with he is working. He should have an understanding of principles of difference 
disciplines viz. genetics, cytology, Morphology and Taxonomy, plant Physiology, Plant Pathology, Entomology, Agronomy, 
and Soil Science, Biochemistry, Statistics, and Biometrics. Computer and Plant biotechnology. Thus, plant breeding is an 
art science and a technology of developing genetically superior plants in terms of the economics utility for the mankind. 

The Disciplines a Breeder Ought to Know 
To be successful, a plant breeder must know all -he can about the plants he is working with. Thus, he should have an 
under-standing of the botany, genetics and cytogenetics, agronomy, plant physiology, plant pathology, entomology, 
bacteriology, plant biochemistry and statistics. 
1. Botany: A plant breeder must have a clear understanding of the morphology and reproduction of the plants he aims 
to improve. He should also be familiar with the taxonomy of the plant. 

2. Genetics and cytogenetics: The principles of genetics and cytogenetics provide the basis for plant breeding methods. 
Therefore, a thorough knowledge of these subjects is essential for a rapid and efficient improvement of a crop plant. 

3. Agronomy: A good breeder is first a good agronomist. He must be able to raise a good crop in order to select and 
evaluate his material. 

4. Plant Physiology: Adaptation of a variety is determined by its response to environmental factors like heat, cold, 
drought, salinity etc. A knowledge of the physiological basis of these responses would help the breeder in developing 
cold, drought or salinity tolerant varieties. In addition, several physiological approaches to breeding for higher yields 
are being developed. 

5. Plant Pathology: Breeding for disease resistance is an important objective of plant breeding. For an effective breeding 
for resistance, a sound knowledge of plant diseases and their pathogens is essential. 

6. Entomology: Insect pests cause considerable damage to crops. A knowledge of insect pests would be necessary in 
order to breed insect resistant varieties, and to protect susceptible breeding materials from pest damage. 

7. Bacteriology: legumes have root nodules containing Rhizobium, which fix atmospheric nitrogen. The efficiency of this 
system depends upon both the host and Rhizobium genotypes. Therefore, in legume improvement a knowledge of 
Rhizobium would be helpful. This aspect of legumes is receiving a great deal. 

Activities in Plant Breeding 
The desired changes in the 'genotypes of crop species the consequent benefits to the farmers are brought about by a 
series Interrelated and largely interdependent activities. These activities are: 
1. Creation of variation: Genetic variation is a prerequisite for any improvement in a crop. Therefore, in any breeding 
programme, this is always the first step unless variation preexists. Genetic variation can be created by domestication, 
germplasm collections, plant introduction, hybridization, mutation, polypolidy, somaclonal variation and genetic 
engineering. 

2. Selection: The next step consists of identification and isolation of plants having the desirable combinations of 
characters, and growing their progeny, this is called selection. Selection is necessarily based on phenotype. The 
efficiency of this activity determines the success of a breeding programme. Various breeding methods have been 
designed to increase the efficacy of selection. Selection finally yields an improved line/ stream of population. 

3. Evaluation: The newly selected lines/strains/population are tested for yield and other traits and their performance 
is compared with the existing best varieties called checks. Evaluation is a stepwise process, ordinarily conducted at 
several locations for three or more years under the concerned. All India coordinated crop improvement project. If the 
new line/strain/population is superior to the checks, it is released and notified as the new variety and its seed can now 
be multiplied and, more importantly, certified by a seed certification agency for quality. 

4. Multiplication: This step concerns with the large-scale production of certified seed of the released and notified 
variety. Seed production is usually done by seed production agencies in a step wise manner, and the seed is certified by 
a seed certification agency. 
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5. Distribution: Certified seed is ultimately sold to the farmers who use it for commercial crop cultivation. This activity 
alone makes it possible to reap the economic benefits from the above activities in form of: (i) an enhanced and (ii) 
Stable production of (iii) Superior produce (iv) often at a lower cost. 

Achievements in Plant Breeding 
Today crop plants are different from the crop from which they are originated i.e is wild species. This change has been 

brought about man through plant breeding. The important achievement of plant breeding is: 

1. Production of Dwarf and Semi Dwarf Cereal Varieties: Many dwarf and semi dwarf varieties are developed in crop 

like wheat and Rice Dr. Borlaug used a Japanese variety NORIN-10 as a source of dwarfing gene, in wheat at CIMMYT 

(Mexico). In 1963 ICAR has introduced some dwarf selection from CMMYT. Variety Kalyansona and Sonalika were selected 

from these materials. In India majority of the wheat varieties grown are semi dwarf, and are resistant to water lodging, 

responsive to fertilizer doses etc. Similarly, the development of semi dwarf varieties of Rice has revolutioned rice 

cultivation. These varieties were developed by introducing the gene Dee-Geo-Woo-Gene. Ex TN. 1 developed at Taiwan 

and IR-8 at IRRI Philippines, both were introduced in India in 1966. 

2. Development of Hybrid and Synthetic: 

a. Maize- Canga series of hybrid, Ganga safed-2, African Tall, Manjari, Deccan etc. 

b. Sorghum -CSH-1,2,3,4,5,6,7,8,910,12,14 and 15 R. 

c. Bajara-WCC-75, PHB-10, ICTP-8203, Shradha and Saburi. 

d. Cotton-H-4, Var.Laxmi, Savitri, NH-44, Jaylaxmi, etc. 

Advantages of Plant Breeding 
1. The method is inexpensive to conduct; the base population can be a land-race. The population sizes selected is 

variable and can be small or large, depending on the objective, the cultivar developed by this method has great “eye 

appeal. 

2. It is applicable to improving traits of low heritability, because selection is based on progeny performance. 

3. Mass selection may include some inferior pure lines. In pure line selection, only the best pure line is selected for 

maximum genetic advance. 

4. Large number of plants are selected. 

5. Consumes less time of the breeder. 

6. It helps in improving the variety further. 

7. It is less demanding and uniform. 

Disadvantages of Plant Breeding 
1. The purity of the cultivar may be altered through admixture, natural crossing with other cultivars, and mutations. 

Such off-type plants should be rogue out to maintain cultivar purity. 

2. The cultivar has a narrow genetic base and, hence, is susceptible to devastation from adverse environmental factors 

because of uniform response. 

3. A new genotype is not created. Rather, improvement is limited to the isolation of the most desirable or best genotype 

from a mixed population. 

4. The method promotes genetic erosion because most superior pure lines are identified and multiplied to the exclusion 

of other genetic variants. 

5. Progeny rows takes up more resources. 

6. Difficulty in identification, maintenance of accurate pedigree record takes up valuable time. 

Future Prospects 
The past achievements of plant breeding fully illustrate its future possibilities. The improvements made in the crop 

plants so far represent only a small portion of the possible improvements. There is considerable scope for further 

modifying the present-day crop species. It is believed that the genetic makeup of the plants may be modified to a much 

greater extent than we normally appreciate. Further, breeding of several crop plants, like pulses and oilseeds, has not 

been so intensive as that of wheat and rice. Much improvement in yields and other characteristics can be made in these 

crops. 
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Conclusion 
Plant breeding is a silence based on principles of genetics and cytogenetic. It aims at improving the genetic makeup of- 

the crop plants. Improved varieties are developed through plant breeding. Its objectives are to improve yield, quality 

disease resistance, drought and frost tolerance and other characteristic of the crops. Plant breeding has been crucial in 

increasing agricultural production. Some well-known achievements are development of ' semidwarf wheat and rice 

varieties, noblisation of Indian canes, and production of hybrid and composite varieties of maize, jowar and bajra. Plant 

breeders should be able to make similar contributions in the future as the land are decrease day by day and Population 

increases so we need to develop such varieties which are high yielding in less area, so that we are cope up with food 

security. 
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Introduction 
Micronutrients come in many different forms that affect their solubility and reaction (salts, oxides, chelates) in water 
and their uptake and usage by plants. One of them is chelation. 
Chelation (chel, meaning a crab’s claw in Greek) 
Chelation is a term that describes an encapsulation process. Chelates are molecules with a neutral charge. 

Chelation of Micronutrients in Soil 
For example, when zinc is applied in soil, the following reaction may occur. 

Diagram Below Shows the Ability of All Chelates to Resist Chemical Tie-Up in the Soil or Fertilizer 
Spray Tank 

Complex v/s Chelate 
The main difference between a metal complex and a chelate is that in the chelate, the donor atoms are attached not 
only to the metal but also to each other. Whereas when a metal ion combines with an electron donor, the resulting 
substance is said to be a complex or a coordination compound. 
Synthetic chelating agents: They are very popular and effective chelating agents which can chelate the metals and they 
are: 
1. Non-biodegradable 
2. Remain as a residue in the plant tissue or soil.  

Some of the major synthetic chelating agents used are: 
1. EDTA 
2. HEDTA 

Sulphates v/s Chelates 
Details Sulphates EDTA Chelates 

Product ZnSO4 (Zn-21%) EDTA Zn (Zn-12%) 

Indicative cost (INR / kg) 40.00 400.00 

Recommended Dosage (kg / acre) 10.0 0.250 

Application cost (INR / acre) 400.00 One application 100.00 One application 

Zn2+     +      P2O5
3-     =             Zn3(P2O5)2

-1    

Zinc cation        Phosphate         Zinc Phosphate Precipitate 

                    (unavailable to plant) 
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Cost Comparison 4 : 1 

Organic Agents 
1. Contain a high organic concentration  

2. Degradable in the plant or soil 

3. Provide an energy source for the plant and the soil micro-organisms 

4. Helps make soil nutrients available to the plant 

Some of the major organic chelating agents used are 

1. humic acids 

2. fulvic acids 

3. ligno sulfonates 

4. derivatives from the wood pulp industry  

5. hydrolyzed protein mixes 

6. citric acid   

7. amino acids 

Benefits of Fulvic Acids 

Features Benefits 

Medium size complex organic molecules 
that readily penetrate plant tissue (no 
decomposing required) 

Supports the growth of (feeds) beneficial micro-organisms 

Readily taken up by plants by roots or leaves as carbon food, 
stimulating plant growth 

Very water soluble Easy to use, compatible with all other chemicals  

Binds to metals Gentle chelates metals and makes them mobile through leaf cuticle 
(improved foliar absorption) 

Helps metal mobility within plant tissue (natural carrier) 

Softens the effects of organic molecules and high ionic strengths 
solutions (reduces leaf burn) 

Conclusion 
Chelating agents are effective in promoting both absorption and translocation within the plant. Humic materials have 

the capacity of binding substantial amounts of metals and other cations. Foliar application helps in fast way of getting 

nutrients into plants compared with soil application. 
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Introduction 
Flowers have been symbols of beauty in most civilizations of the world and still flower giving is the most popular among 
societies. The flower may generally define as a highly specialized or modified shoot having the ability of reproduction in 
flowering plants. Each flower consists of four distinct whorls, which are borne the essential organs of reproduction 
(stamens and pistils), and usually accessory organs (sepals and petals), the accessory organs may serve to both attract 
pollinating insects and protect the essential organs. The development of the flower is a multistep process, including the 
formation of a floral meristem, the establishment of unique organ identities, followed by the differentiation of floral 
structures. In this article, we are going to discuss about structure of flower; stages involve in flower development and 
proposed models for flowering mechanism. 

Structure of Flower 
The sepals are usually greenish and often resemble reduced leaves, while the petals are usually colorful and showy. The 
androecium or male parts of the flower, comprises the stamens, each of which consists of a supporting filament, 
connective tissue and an anther, in which pollen is produced. The gynoecium or female parts of the flower, comprises 
one or more pistils, each of which consists of an ovary, style and stigma, which has the pollen-receptive surface. 

Types of Flower 
1. Complete and Incomplete flower: A flower having sepals, petals, stamens, and pistils is called complete; lacking one 

or more of such structures, it is said to be incomplete flower.  

2. Perfect and Imperfect flower: Stamens and pistils are not present together in all flowers. Some flowers (called 

perfect flowers) have both male and female reproductive organs and some flowers have only male reproductive organs 

or only female reproductive organs called imperfect flowers. 

Stages of Flower Development 
According to Smyth et al., (1990) flower development has been divided into 12 stages: 

Stage Activity 

1 The initiation of a floral buttress on the flank of the apical meristem. 

2 Flower primordium becomes separate from the meristem. 

3 Sepal primordia then arise. 
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4 Grow to overlie the primordium. 

5 Petal and stamen primordia appear next. 

6 Soon enclosed by the sepals. Petal primordia grow slowly, whereas stamen primordia enlarge 
more rapidly. 

7 Begins when the medial stamens become stalked. 

8 Soon develop locules. 

9 A long stage and commences with the petal primordia becoming stalked. During this stage all 
organs lengthen rapidly. This includes the gynoecium, which commences growth as an open-
ended tube during stage 6. 

10 When the petals reach the length of the lateral stamens, this stage begins.  

11 Stigmatic papillae appear 

12 The petals rapidly reach the height of the medial stamens. This final stage ends when the 1mm 
long bud opens.  

Proposed Models for Flowering Mechanism 
1. Positional Information Theory: In 1979, Holder proposed the first and foremost theory for the flower development. 

According to the theory, the floral hormone level is thought to specify the floral responses to general positional cues 

provided by a morphogen system. However, there are no answers for floral determination etc., from the view of 

developmental biology. 

2. Reaction-Diffusion Theory: Meinhardt, in 1982, proposed a 2-D pattern in the meristem for flowering in terms of the 

concentration profiles of a pair of morphogens, viz. activator and inhibitor, that decides the plant to flower or not to 

flower. However, there are no answers for the uniqueness of stamens etc. 

3. Biophysical Theory: Green postulated this theory in 1988. Biophysical theory is mainly based on the principle that 

various organs are formed based on the differences or changes that occur in the cellulose reinforcement pattern during 

cell wall formation of those cells at the time of division. Another feature in this model is that inflorescence meristem is 

termed as the generator and floral meristem as product. The cellulose reinforcement takes place in the normal to the 

elongation direction of the cell and it persists through mitosis. However, in case of cells on the surface layers, the 

direction of division is the direction of stretch. This repeated operation is made into cycle and which as a result produce 

a pattern. After few cycles, the direction of division of cells on the surface layers changes due to deformation and as a 

result there is a change from SAM or IM to the floral meristem.  

The mechanism of flowering has been explained by three postulates: 

a. First postulate deals with the transitional phase (floral induction) that occurs due to the change in physical 

boundary conditions of the cell wall during cell division rather than the changes in cell rules.  

b. The second postulate deals with the floral development, i.e. the difference in the inflorescence cycle and the 

floral cascade. Once the bract is reduced and causes a significant shift in equilibrium, bulging of dome occurs 

that produces floral organs through the steps called floral cascade, which is known as determination of organ 

identity in the flower development processes.  

c. The final postulate is that the structure of the primordium gives specification for its later biochemical 

differentiation. It occurs in two steps namely the formation of a polar axis and its subsequent local 

differentiation. 

4. ABC Model of Flowering: In 1991, Coen and Meyerowitz postulated a model especially for organ identity. To explain 

how the homeotic genes, control the organ identity, this model gives a clear idea in a simple way for the organ identity 

in each of the four whorls.  

In a unique way, this model proposes that organ identity in each whorl is determined by the activities of three homeotic 

organ identity genes, namely A, B and C. The activity of type A specifies sepals and the activities of type A and B petals, 

whereas the activities of type B and C are required for stamens and the activity of type C for carpels.  

In Arabidopsis thaliana, the homeotic gene activity of A involves the gene called APETALA1 (AP1) and AP2. So, the mutant 

of A causes the sepals and petals to convert into carpels and stamens, respectively. The homeotic gene activity of B 

involves the genes called AP3 and PISTILLATA (PI). The mutant of B causes the petals and stamens to convert into sepals 
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and carpels, respectively. Further, the homeotic gene activity of C involves the gene called AGAMOUS (AG). So, the 

mutant of C activity causes the stamens and carpels to convert to petals and sepals, respectively. This shows that A and 

C genes are mutually repressive, that is if A genes are absent, then C class genes are expressed throughout the flower 

and if C genes are absent, then A class genes are expressed throughout the flower. Thus, by combining all these, they 

act like a chain for the recognition of the surrounding whorls.  

5. MCDK Model of Flowering: In 1994, Martinez-Zapter et al. postulated MCDK model, which states that floral repressors 

are expressed during the vegetative phase and when plants receive proper endogenous and exogenous signals after 

attaining the competence, these floral repressors are down regulated, resulting in the flowering of plants. It is also 

authenticated by the presence of miRNAs-the RNAs of approximately 21bps whose function is to down regulate the mRNAs 

of their complementary sequence and they are never translated to protein. They are different from siRNAs. 

Conclusion 
A study on the molecular basis of flower initiation reveals that though the flowering plants are highly diverse, the basic 

pattern of flowering (sepal, petal, stamen and carpel) and the mechanism of flowering are highly conserved. Though 

landmark progress has been made in the field of the flowering mechanism, there is still mystery surrounding floral 

reversion, i.e. some plant species have ability to switch over from vegetative meristem to a floral meristem and vice 

versa. 
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Introduction 
Genetic diversity is a prerequisite for ensuring durability of resistance and a major factor for sustainable agricultural 
systems. The main aim of Plant Breeding is to develop of improved varieties using Conventional and Modern Breeding 
methods, but also generates many undesirable effects i.e. narrowing of genetic base, yield Plateau and uniformity. 
Heterosis, or hybrid vigor, an unsolved puzzle and a ‘miraculous’ agricultural phenomenon, refers to the phenomenon in 
which hybrid progeny (F1) of two inbred exhibits enhanced growth or agronomic performance relative to the parents. 
Charles Darwin first described the heterosis phenotype in ‘The effects of cross and self-fertilization in the vegetable 
kingdom’. Shull introduced the term “Heterosis” in 1914 as it did not express the superior performance of the hybrids 
(Shull, 1948). Reverse of hybrid vigor is ‘inbreeding depression’ that is the resultant of increased homozygosity of 
individuals, that reduces survival and fertility of offspring (Charlesworth and Willis 2009). Heterosis a universal 
phenomenon in the biosphere though most evident for agronomic traits like plant biomass or yield and abiotic and biotic 
stress. The responses of heterosis either positive or negative mainly depend on the breeding objectives and type of crop 
used. Important factors affecting heterosis are nature of pollination, the floral biology and natural out crossing rate. 
However, the knowledge on genetic mechanism of heterosis is limited due to biological complexity and limitations of 
research methodology and still a topic of research today. 

Heterosis: Heterosis is superiority of F1 (offspring from cross) in one or more characters over its better parental or mid 
parental value. Another term used for heterosis is hybrid vigor. Desirable heterosis can be: 
1. Positive: like in case of yield, reproductive ability, adaptability, general vigor and quality. 
2. Negative: like in case of earliness, height in cereals, micronaire value in cotton and toxic substances like neurotoxin 
in Khesri. 

Types of Heterosis 
1. Based on origin and nature: 

a. Euheterosis or true Heterosis: 
i. Mutational Heterosis: It is simplest type of heterosis. Lethal (mostly), recessive, adaptively 
unfavorable mutants are either eliminated or sheltered by their non-lethal, dominant and adaptively 
superior alleles in cross-pollinated crops. This is termed as mutational heterosis.  
ii. Balanced Heterosis: Well-balanced gene combinations that are more adaptive to environmental 
conditions and useful from the agriculture point of view result in balanced heterosis. It has application 
in hybrid production. 

b. Pseudoheterosis or luxuriance: Progeny possess superiority over parents is in vegetative growth, but not in 
yield and adaptation, usually sterile or poorly fertile. This concept cannot be utilized in hybrid varieties 
production. 

2. On the basis of types of estimation: 
a. Average or relative heterosis: When heterosis is estimated over mid parental value i.e. average of two 
parents, it is referred as average or relative heterosis. 

Average heterosis = [(F1 - MP) / MP] x 100 
Where, F1 = value of F1, MP = mean value of two parents 

b. Heterobeltiosis: When heterosis is estimated over better parent, it is called as heterobeltiosis. 
Heterobeltiosis = [F1 – BP] / BP x 100 
Where, F1 = value of F1, BP = value of better parent 

c. Standard heterosis: When heterosis is estimated over standard commercial hybrid, it is called as standard 
heterosis. It has practical importance in plant breeding. It is also referred as useful or economic heterosis. 

Standard Heterosis = [(F1 - SH) / SH] x 100. 

Genetic Models Towards Understanding of Heterosis 
At molecular level, three models are considered to explain heterosis.  
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1. Dominance Hypothesis: Complementing action of superior dominant alleles from both parental inbred lines at 

multiple loci over the corresponding unfavorable alleles, leading to improved vigor of hybrid plants (Davenport 1908; 

Keeble and Pellow 1910 and Jones 1917). The assumptions involved in understanding of dominance hypothesis are: 

a. genes governing vigour are beneficial and dominant in nature, whereas recessives are deleterious and have 

detrimental effect on heterosis. 

b. there is no non-allelic interactions of alleles and there is complete additivity of dominant gene effects. 

c. there is no linkage.  Davenport (1908) was the first to suggest the assumption. Support to Davenport came 

from Keeble and Pellow (1910). Bruce (1910) gave mathematical explanation to this hypothesis. 

Objections:  

a. If the dominance hypothesis is true, it should be possible to obtain pure heterotic individuals in F2 that are 

homozygous for all the dominant genes. However, such individuals are never obtained. 

b. If the heterosis is due to dominance, the F2 curve should be skewed towards dominant genes, but the curve 

of F2 is found always smooth and symmetrical. 

2. Over Dominance Hypothesis: The alternative hypothesis proposed independently by Shull (1908) and East (1908), 

assumed that there was a physiological stimulus to development that increased with the diversity of uniting gametes. In 

other words, hybridity itself the state of being heterozygous has a stimulating effect. This has been called single gene 

heterosis, super dominance and stimulation of divergent alleles. It postulates that diverse alleles interact to create a 

superior function than that which could happen with homozygous alleles.  

3. Epistasis Hypothesis: There is also evidence for the role of epistasis in heterosis, i.e. the interaction of favorable 

alleles at different loci contributed by the two parents, which themselves may show additive, dominant, or over 

dominant action (Yu et al., 1997). The epistasis hypothesis considers epistatic interactions between non-allelic genes at 

two or more loci as the main factor for the superior phenotypic expression of a trait in hybrids. 

Genetic Analysis of Heterosis 
1. Genetic distance: Positive correlation exists between genetic distance and heterosis within a range of diverged 

parental lines, however extremely high genetic distance has a negative correlation with heterosis. Prediction of hybrid 

performance along with GCA and SCA needs evaluation of a greater number of hybrids that is cumbersome in conventional 

breeding, however diversity analysis is simplified by DNA marker analysis, QTL estimation and genomic selection as well 

which enhance the efficiency of testing for hybrid performance. Recent studies have determined the roles of non- 

additive gene expression, small RNAs, altered hormone levels and epigenetic regulation, including circadian-mediated 

metabolic pathways in hybrid vigor, which could lead to better use and exploitation of the hybrid vigor (Birchler et al. 

2010 and Chen 2013). 

2. Gene action and gene expression: Transcriptome analyses using microarray technology and RNA-sequencing (RNA-

seq) have been used to compare parental lines with their F1 hybrids to identify genes potentially involved in heterosis. 

In F1 hybrid, transcriptional changes are observed at the early developmental stages. Transcriptome analysis in B. napus 

shoot apical meristems and young flower buds showed most genes are having additive expression in the F1 hybrids. Non-

additively expressed genes were differentially expressed between parental lines and had high-parent dominance. These 

genes had over-representation of the categories related to defense and hormone responses (Shen et al. 2017). However, 

the majority of genes of F1 showed additive gene expression, with only a small proportion of genes showing nonadditive 

gene expression (Springer and Stupar 2007). 
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3. Small interfering RNAs: 24-nt siRNAs are involved in the process of de novo DNA methylation. The first report 

comparing small RNA profiles between the hybrids and parents used inter-specific hybrids between A. thaliana and A. 

arenosa, which display growth vigor. siRNAs were reduced in the F1, but their levels recovered in the F7 (Ha et al., 

2009). Reduction of 24-nt siRNAs may result in changes of DNA methylation levels leading to change of expression level 

in TEs and some protein-coding genes. 

4. Circadian-mediated metabolic pathways: Altered expression of the central clock genes in the F1 can lead to heterosis 

in biomass by increasing expression levels of downstream genes involved in energy and metabolism including 

photosynthesis and starch pathways. Intra-specific hybrid between C24 and Col accessions of A. thaliana, suggesting that 

altered expression of circadian oscillator genes is associated with heterosis in 12% more total chlorophyll and 10% more 

starch in C24 × Col hybrids (Ni et al., 2009). 

5. Epigenetics as a cause of heterosis: Epigenetic regulation of gene expression is accomplished by DNA methylation, 

histone modifications, histone variants, chromatin remodeling, and may involve small RNAs. As allelic variation can 

include sequence differences (alterations in DNA sequence) or regulatory differences (altered expression levels and 

epigenetic changes) found in different parental genotypes, and as at some level, heterosis is the result of variation 

between the parental lines, epigenetic variation, like genomic variation, could also combine to produce a heterotic 

phenotype. Thus, if epigenetic mechanisms are responsible for allelic- and locus specific gene expression in hybrids and 

allopolyploids, they probably operate through cis and trans-acting effects, chromatin modifications, and/or small RNAs. 
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Introduction 
Viroids area covalently closed circular RNA molecules. Viroids were the first circular RNAs to be discovered in nature. 
These are the smallest known infectious agents. Potato spindle tuber viroid was the first viroid reported, and it is widely 
prevalent in different potato growing areas. Citrus exocortis viroid is wide spread in citrus production areas where 
trifoliate ornage (Poncirus trifoliate) is used as root stock. Hop stunt viroid has a wide range of hosts. Mechanism of 
viroid pathogenesis in plants has been elucidated recently. 

Structure of Viroids 
Viroids are nucleic acids that exist naturally with no protein coat. They consist of ribonucleic acid (RNA). These mini 
viruses are the smallest known causal organisms of infectious diseases. They are subviral and their size ranges from 246 
to 388 nucleotides in length. The RNA structure of viroids is different from transfer RNA (t RNA), ribosomal RNA (r RNA) 
and messenger RNA (m RNA). Viroids are the first circular RNA’s to be discovered in nature. 

Important Viroids Causing Diseases 
1. The following are viroids that cause diseases in important crops:  

2. Apple scar skin viroid 

3. Australian grapevine viroid 

4. Avocado sunblotch viroid 

5. Chrysanthemum chlorotic mottle viroid 

6. Chrysanthemum stunt viroid 

7. Citrus exocortis viroid 

8. Coconut cadang cadang viroid 

9. Coconut tinangaja viroid 

10. Cucumber pale fruit viroid 

11. Grapevein viroid 

12. Grapevine yellow speckle viroid 

13. Hop latent ciroid 

14. Hop stunt viroid 

15. Potato spindle tuber viroid 

16. Tomato apical stunt viroid  

17. Tomato planta macho viroid 

 

Potato spindle tuber viroid Potato spindle tuber viroid - stiff and 

upright growth habit on infected 

potatoes 
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Viroid Infection Process and Management 
1. Infection process: The viroid RNA does not code for any genes. Viroid replication and pathogenesis may depend 
completely on the enzyme systems of the host. The viroid RNA is dependent upon the host for its replication as well as 
intraplant movement. The functions necessary for propagation of the viroids are derived completely from the host. The 
viroids are associated with and replicate in either the nucleus or the choloroplasts of the plants. They are replicated by 
the host encoded RNA polymerases. They do not encode proteins. Viroids replicate within the nucleus of infected cells 
without a helper virus. Viroids are transported into the plant nucleus and typically potato spindle tuber viroid (PSTV) 
possesses a sequence or structural motif for nuclear transport. Phloem proteins may be involved in systemic transport 
of viroids in the plants. Phloem protein 2 a dimeric lectin, is the abundant component of phloem exudates of cucumber. 
This protein interacts with the viroid RNA and facilitates the systemic movement of hop stunt viroid. 

2. Symptoms: Infection with viroids does not result in obvious macroscopic symptoms. Common symptoms of viroid 
diseases include retardation of plant gowth and stunting. Potato plants infected with the potato spindle tuber viroid are 
smaller than healthy plants. However, tuber symptoms are prominent. The diseases tubers are spindle shaped. Citrus 
trees infected with the citrus exocortis viroid are stunted. Symptoms of the disease include scaling of the bark below 
the graft union. Stunted trees crop well for their size, and the fruit is normal. Stunting is the important symptom of 
tomato plants affected by the tomato bunchy top viroid, hop plants infected by the hop stunt viroid and chrysanthemum 
plants infected by the chrysanthemum stunt viroid and the chrysanthemum chlorortic mottle viroid. 

Hop Stunt viroid Coconut Cadang Cadang disease 

 

Citrus exocortis viroid Grapevine yellow speckle viroid 
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3. Mode of spread: Viroids are highly contagious and mechanically transmitted. They are spread by leaf contact. Viroids 
are spread also by contaminated planting and cultivating equipments. They may be disseminated mostly as a result of 
cultural operations through contaminated knives, tools and hands. Some reports indicate that viroids are transmitted by 
insects. Potato spindle tuber viroid has been reported to be transmitted by aphids, grass hoppers, flea beetles, tarnished 
plant bugs, larvae of Colorado potato and leaf beetle. However, the transmission of viroids by insects is negligible and 
mechanical transmission is more important. 

4. Viroid disease management: Because viroids are spread mechanically, disease free planting materials should be used 
for planting. Cutting knives and all planting and field equipment should be cleaned scrupulously. Commercial cultivars 
with high resistance to the diseases are lacking. 

Virusoids (Encapsidated, Viroidlike, Satellite RNA’s) 
Some viruses contain a viroid like satellite RNA in addition to a linear, single stranded molecule of genomic RNA. Such 
viroid – like satellite RNA’s are called virusoids. They show little sequence homology with viroids, but they do show 
significant homology with the linear satellite RNA associated with Tobacco ringspot virus. The virusoids in infefcted 
plants exist almost solely as circular molecules, either free or encapsidated within virion of the helper virus. Virusoids 
do not code for any polypeptides. 
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Introduction 
Contract farming can be defined as a system for the production and grant of agricultural produce under forwarding 
contracts, the essence of such contracts being a dedication to supply an agricultural commodity of a type, at a time and 
a rate and in the pleasant required with the aid of recognized buyers, it basically includes 4 things: pre-agreed price, 
quality, quantity or acreage and time. Contract farming, according to Singh (2005) is defined as a gadget whereby farmers 
or primary producers supply, agriculture or horticulture produce under improving contracts, the essence of such 
arrangements being a dedication to supply an agricultural commodity of a type, at a distinctive time, charge and in 
specified quantity to an acknowledged buyer. Contract farming exists between a farmer and a cooperative or processing 
organization, for example, to develop seeds, potatoes or vegetables, etc. These are commodities, which are frequently 
delivered in advance, and with a certain degree of quality. PepsiCo was one among the earliest promoters of the 
contract-farming model in India. In 1997, it sets up a tomato processing plant in Punjab, now not a regular tomato 
developing area, and began tying up with nearby farmers to develop tomato types wished for ketchup. Although PepsiCo 
has an account that exited tomato processing, it nevertheless works with 12,000 farmers, in particular, to procure 
potatoes for potato chips. 

Objectives of the Contract Farming 
1. To decrease the load on the central & the state level procurement system. 
2. To increase private sector investment in agriculture.  
3. To cause a market focus in terms of crop selection by Indian farmers.  
4. To get a gentle source of income at the individual farmer level.??? To promote processing & value addition.  
5. To get gainful employment in rural communities, particularly for landless agricultural labour. 
6. To flatten as far as possible, any seasonality related to such employment. 
7. To scale back migration from rural to urban areas. 
8. To market rural self-reliance generally by pooling locally available resources & expertise to satisfy new challenges. 

Models of Contract Farming 
1. Centralized Model (Out-grower Schemes): Under this, the contracting company provides necessary support to the 
farmers for production of required crops; purchases the crop from the farmers, and then processes, packages and markets 
the product by tightly controlling its quality. This type of farming is quite famous in developing countries for high-value 
crops such as tobacco, cotton, paprika, sugar cane, banana, coffee, tea, cocoa or rubber, etc. It may involve tens of 
thousands of farmers and therefore the level of participation of the contracting company in production may vary.  

2. Nucleus Estate Model: Under this, the company owns and manages an estate plantation to ensure the limited 
guarantee of required output. This type of contract farming is very used for tree crops like vegetable oil, etc. and also 
sometimes used in case of export of fresh vegetables.  

3. Multipartite Model: It is a common joint venture approach between statutory bodies or state agencies and private 
companies; those are jointly participating with farmers. Multipartite arrangements may include different specialized 
organizations for the purpose of credit provision, production, management, processing, distribution or marketing, etc. 
In Mexico, Kenya, and West Africa, among other countries, governments have actively invested in contract farming 
through joint ventures with the private sector.  

4. Informal model: It usually includes small entrepreneurs or companies who enter into informal contracts with farmers 
on a seasonal basis which mainly includes crops like fresh vegetables, watermelons or tropical fruits, etc. Material inputs 
is mainly limited to fertilizers and seeds. A common example of the informal model is where the sponsor, after purchasing 
the crop, simply grades and packages it for resale to the retail trade like supermarkets, etc.  

5. Intermediary Model: Under this model, companies make formal sub-contracts with intermediaries (like agents, farmer 
groups or NGOs) for the production of crops. The intermediaries generally enter into informal contracts with farmers to 
meet the obligations under a formal contract with companies. This is a common practice in the South-East Asia region.  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
91 

Advantages of the Contract Farming 
1. To the farmers:  

a. Easy to get credit from the Bank under contractual agreements.  
b. It helps in skilling of farmers as farmers learn to use resources efficiently like fertilizer, pesticides and get in 
touch with new technology in some cases.  
c. Farmers get an opportunity for diversification of crops and learn about new crops that have a demand in the 
market.  
d. Farmers' price risk is usually reduced as many contracts specify prices beforehand. 
e. Contract farming can open up new markets that would otherwise be unavailable to small farmers.  

2. To the sponsors:  
a. Uninterrupted & regular flow of raw material and that of high quality. 
b. Protection from fluctuation in market pricing.  
c. Long term planning made possible. 
d. The concept can be extended to other crops.  
e. Builds long term commitment.  
f. Dedicated supplier base. 
g. It generates goodwill for the organization.  

3. Limitations of contract farming: 
a. Contractual agreements are often verbal or informal in nature, and even written contracts often don't provide 
legal protection in India which will be observed in other countries.  
b. When growing new crops, farmers face the risks of both market failure and production problems. 
c. Farmers investing in crops with an extended growing period, receive no income until the crops bear fruit. For 
most small farmers such investments are impossible without funding from a corporation, the govt or a 
development bank. Even if such funding is out there, it's unlikely to return as a present and thus farmers become 
more indebted than they might if following traditional farming practices, even though within the end of the day 
they'll be far better off.  
d. Farmers tied to a contract are unable to profit from high prices on the open market.  
e. Most of the crops grown under contract arrangements are cash crops that give more income to farmers, but 
at the same time due to this profit motive food crops are being neglected.  
f. The seeds of generally modified crops to tackle pests, diseases and to get maximum output are sold by the 
MNCs. The seeds once used cannot be regenerated as is the case of BT cotton.  
g. There are no standard legal procedures in resolving disputes arising under the contract agreements.  
h. It leads to the greater casualization of labour as well as the greater use of female and child labour. 

Conclusion 
To ensure food and nutrition security to a population of over a billion, raw material for its increasing industrial base and 
equitable beneficial machine for the farming community, ‘commitment driven’ contract farming is no doubt a 
manageable alternative farming model, which presents assured and dependable enter carrier to farmers and preferred 
farm produce to the contracting firms. 
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Toiling hard throughout the season, fighting against every biotic and abiotic odd, nurturing the plants with utter care 
and belongingness, a farmer never fails to impress with his duties. Accustomed to spin of time, a date on calendar or an 
alarm clock cannot be more punctual than him. Now, when entire mankind has been zipped up to fight against a global 
Pandemic, COVID-19, only thing matters is availability and scarcity of food. Needless to point regarding the merciless 
consequence of striking out lives and affecting the global economy in scariest way, could not but the farmers are 
becoming the worst victim. 
India is having an agrarian economy. Soil here breathes for her farmers, nursing the crop with familial feelings. The fear 
of virus has snuffed off all the agricultural activities. Unbridged the path to field and affected the harvesting of Rabi 
crops all over the country.  

The prolonged lockdown, overlapping the harvesting of Rabi crops, to combat the pandemic has put more than 118.7 
million farmers in cage letting them to just watch their labor getting wrecked. Spoilage of vegetable, fruits, cereals, 
oilseeds etc in fields and orchards has devastated emotion of farmers.  
The problem is maximum fruits and vegetables are perishable with short shelf life. The losses to Bihar’s litchi farmers 
would not be less than Rs 1,000 crore, where intensive litchi cultivation is carried out in an area over 32,000 hectares 
with annual produce of 0.30 million metric tonnes. Due to lockdown migrant workers are falling short to meet the 
demand of plucking of litchi. Even transportation to market has been at risk owing to reduction in demand up-to 30%. 
Farmers of Telengana suffered the blow down during November-December due to heavy rainfall shading the flowers of 
Benisan variety of Mango. Now this variety is falling short in markets as the lockdown has churned the efforts of farmer 
laborers and disrupted the chain of supply causing a huge loss. This being the harvest time for grapes, watermelons, 
bananas, muskmelon, chana, chilli, turmeric, jeera, coriander, onion and tomatoes, severe loss is being faced by the 
farmers, middle men and suppliers. Many farmers are forced to either dump their produce or sale those at minimal price. 
Demand at markets has slipped down leading to minimal return which is affecting even the labor cost. In Kerala at least 
20% of the banana bunches got rotten in the banana corridor. Similarly, the restriction imposed has stripped down the 
procurement of pineapple of just 20 tonnes against 120 tonnes of production. According to estimation near about Rs 
20,000 crore loss in all perishable and non- perishable produces has been marked in Maharastra. An agricultural scientist 
reported a reduction of 20% in price of fruits and vegetables in Chhattisgarh.  As per a report, the pandemic may lead 
to collective loss of almost Rs 7000 crore for fruit growing farmers across the country. Even the cereal, oil seeds and 
pulses had to face similar catastrophe. Farmers in Odisha are worst hit as the Green gram harvesting delayed and 
drenched due to heavy rain and got infested with pest and diseases. Stripes of Dalua rice in Odisha are bearing chaffy 
grains and grain loss for being unaided with fertilizers and pesticides at right time as the farmer is chained in for 
lockdown. Harvest of several field crops is all set but lack of labors and transportation and promise of procurement is 
concerning the farmer a lot. Flower growers in states Himachal Pradesh are facing severe loss owing to lack of market 
demand and transportation amid pandemic. 

Interruption in transportation to mandis and low procurement has created havoc in price of agricultural produce due to 
closure of state borders. According to an analysis by Credit Rating Information Services of India Limited (CRISIL) there 
was fall of more than 90% in arrival of wheat, mustard and other Rabi crops at market which was around 51lakh tonnes 
during same period in 2019. Even hike in price of fruits and some vegetables was seen, still profits were hardly done due 
to 85% less arrival of those produce. The arrival of pulses and oilseeds to market were 98% less with price hike of 28% 
than previous year. Demand for coarse grain has dropped for now causing drop of 2% in price amid lockdown. The arrival 
of winter rice and coarse grain was 68% less than previous year during this time.  
In all at jeopardy the farmers have hoped a ray of confidence and assurance from government. Not letting those down, 
government has really stepped up to help the feeders of the country with several proposals under PM-KISAN scheme with 
release of Rs 17.793 crore for 8.89 crore farmers during lockdown. Halting of supply chain has terminated with proposal 
of slime transportation of all agricultural produce through a mobile app named KISAN RATH. With a huge engrossment of 
aggregators of 20,000 trucks and 5000 tractors would help the farmers directly reaching the market with an opted 
competitive price. Near about 107,077.85 Mt pulses have so far been issued to several states and UTs. Agricultural–
farming and allied activities have been liberalized during lockdown. Maximum cost of production is incurred by the loans 
either from banks or personal aids. To address financial crisis faced by farmers, extension of benefit of 2% Interest 
Subvention to banks and 3% Prompt Repayment Incentive to all farmers up-to 31st May, 2020 for all crops up-to Rs 3lakh 
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has already been set. To improve social distancing and safety in the APMC markets to fight against COVID-19 union 
agriculture Minister launched 3 new modules for enhancing the effectiveness of e-NAM. Enabling the farmers to place 
their produce in WDRA accredited warehouses at better price without physically going there. FPOs module is launched 
to reduce the transportation costs and enhance the bargaining power. Launch of Logistic Modules provided seamless 
inter-state transportation under e-NAM. Forgoing the restrictions of lockdown, sowing of summer crops continues in an 
area of 50 lakh ha uninterrupted. Ensuring proper connectivity 134 Parcel special trains on 67 routes have been planned 
to connect all the major cities of country distributing all agricultural produce. Under PSS scheme direct procurement of 
pulses and oilseeds are done at MSP in several states for Rabi crops. Higher concern on food security, safety, and nutrition 
are being taken by the Government. Farmers are given utmost priority and tender care is taken for their revival. 

Being cursed by nature, everyone is a sufferer. The most affected are the least sighted but are of immense importance. 
Our civilization has always nominated and honored a farmer at every circumstance for their sacrifice to feed the 
population. Even they being the worst sufferer at times, it becomes our duty to acknowledge and get rid of them to 
draw a smile on their face and smoothen their livelihood. 
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Introduction 
Mulch is a layer of material applied to the surface area of cultivated soil or it is any material used to cover the surface 
of cultivated soil to protect plant roots from heat, cold, or drought, to keep fruit clean, or to control weeds. Mulches 
are helpful to make more attractive, high yielding horticultural crops. The practice of mulching depends upon season, 
nature of crop, purpose of mulching and availability of mulching material. Mulches act as an insulating barrier between 
the soil and the air and thus play apparent role in moderating soil temperature. In mulches soil remains cooler in summer 
and comparatively warmer in the winter than the adjoining the unmulched soil. 

Keywords: Mulch, Weeds, Soil. 

Types of Mulches 
1. Organic mulches 
2. Inorganic mulches 

Organic Mulches 
Organic mulch material includes grass, straw, dry leaves, bark, saw dust and compost. These has capacity to easy 
degradable due to attract of insects, slugs and cutworms that eat them and it will help to degraded rapidly and it add 
some amount of organic matter and nutrient in soil. The example of organic mulches and their uses are given below: 
1. Grass Clipping: This is one of the most abundantly and easily available mulch materials across the country. If 
incorporated fresh in soil, it added some amount of nitrogen to the soil. It also provides some organic matter in the soil. 
However, if we added green grass material it has capacity to develop its root system it will harm to crops growth and 
development. Therefore, use of dry grass as mulch material is suggested. 

2. Straw: Paddy and wheat straw and other crop residues like stubbles, groundnut shells, cotton shells etc; are the 
commonest mulching materials used as mulches on soil surface for moisture conservation. Though straw is poor in 
nutrient value but after decomposition, it makes soil more fertile. Straw mulches reduce both the amount of energy 
absorbed by the soil and its movement above the soil and hence reduce evaporation. 

3. Newspaper: Newspaper mulching helps to control weeds and also add little organic matter in soil. One to two cm 
thick sheet of newspaper should be used and edges should be fastened with materials like pebbles gravels etc. The 
application of newspaper mulch should be avoided on a windy day and avoid the color ink newspaper because it will 
hazardous. 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
95 

4. Dry leaves: Leaves, an easily and abundantly available material, are good for mulching. Though leaves are good for 
protecting dormant plants during winter by keeping them warm and it help to initiate germination during cold season 
but dry but due to light weight they may be blown away even by light wind. To reduce these problems to used stone, 
bark or any other material that help to reduce wind problem. 

5. Bark clippings: These are good mulch materials as they are long lasting and allow proper aeration to the soil 
underneath. Wood bark has capacity to hold more water and bark mulch material is used in both the region very dry and 
very wet because if rain is too much the bark will be absorbed excess water and reduce waterlogged condition. When it 
rains too little, the wood chips will release the water they’ve been holding, providing your plants with water even in dry 
times. Hardwood bark clippings contain more nutrients than soft wood but bark clippings are not easily and abundantly 
available, and some bark products may cause phytotoxicity. 

6. Saw dust: Saw dust, obtained during finishing operation of wood and furniture is very poor in nutritive value as it 
contains only half the nutrients of straw. It decomposes slowly. Being acidic in nature, it should not be used in acidic 
soils. 

7. Compost: The compost is one of the best mulch materials. It increases microbial population, improves the soil health 
and adds some amount of nutrients. Compost tends to be slightly acidic, so it’s an especially great addition to a soil with 
alkaline nature. However, compost has one drawback. It is very fine and full of nutrients, so it doesn’t have much weed 
suppressing capability.  

Benefits of Organic Mulching 
1. Organic mulch plays very important role to reflect solar radiation. This keeps soil cooler and help to prevent 
evaporation. 
2. If organic mulch covered with soil suppressed the weed germination because they do not get light that need to 
germination and growth. 
3. It also reduces the soil erosion, as the wind or running water does not directly come in its contact and does not blow 
or wash it away. 
4. Mulches spread over soil, slow down rainwater run-off and increase the amount of water that soaks into the soil. And 
more water in the soil means more water for the crops. 

Limitation of Organic Mulching 
1. Mulches can keep the soil too moist, restricting oxygen in the root zone on poorly drained soils. 
2. If mulch is applied close to or in contact with the stem, trapped moisture creates an environment conducive to 
development of diseases and pests. 
3. Certain types of mulches such as hay and straw contain seeds that may become weeds. 

Inorganic Mulch Material 
1. Gravel, Pebbles and Crushed stones: These materials are used successful for dryland fruit crops. Small rock or stone 
layer of 3-4 cm place on soil surface to provides good weed control, reduced evaporation and facilitate infiltration of 
rain water into the soil. But they reflect solar radiation and can create a very hot soil environment during summer. 

2. Plastic mulch: Plastic mulches are very effective as mulches for evaporation controls provided cost is not limiting 
factors. Both, black and transparent films are generally used for mulching. Advancement in plastic chemistry has resulted 
in development of films with optical properties that are ideal for a specific crop in a given location (Steinmetz et al., 
2016). 

Advantages of Inorganic Mulching 
Moisture conservation, Soil Conservation, Soil Temperature, Soil Solarization (With Transparent Plastic Mulch Controls 
disease pest), Weed Control. 

Apart from the above classification there is another way of classifying Methods in Mulching: 
1. Surface Mulching: Mulches are spread on surface to reduce evaporation and increase soil moisture. 

2. Vertical Mulching: It involves opening of trenches of 30 cm depth and 15 cm width across the slope at vertical interval 
of 2-4m interval and fill with the some organic material such as straw, stubbles, grass or organic matter at a layer of 
10cm above the ground layer it will help to reduce runoff losses and increase infiltration rate of water. 
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3. Polythene Mulching: Sheets of plastic are spread on the soil surface between the crop rows or around tree trunks. It 
helps to reduce evaporation and weed growth and increase the germination percentage of crop. 

4. Live Vegetative Barriers: Subabul and Glyricidia when used as live vegetative barriers on contour key lines not only 
serve as effective mulch when cut and spread on ground surface but also supply nitrogen to the extent of 25 to 30 kg 
per ha, besides improving soil moisture status. 
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Abstract 
‘‘Biopesticides, including entomopathogenic viruses, bacteria, fungi, nematodes, and plant secondary metabolites, are 
gaining increasing importance as they are alternatives to chemical pesticides and are a major component of many pest 
control programs. The virulence of various biopesticides such as nuclear polyhedrosis virus (NPV), bacteria, and plant 
product were tested under laboratory conditions very successfully and the selected ones were also evaluated under field 
conditions with major success. Biopesticide products (including beneficial insects) are now available commercially for 
the control of pest and diseases. The overall aim of biopesticide research is to make these biopesticide products available 
at farm level at an affordable price, and this would become a possible tool in the integrated pest management strategy.’’ 

Keywords: Biopesticide, Pest, Plant, Control. 

Introduction 
Biopesticides are developed from naturally occurring living organisms such as animals, plants, and microorganisms (e.g., 
bacteria, fungi, and viruses) that can control serious plant- damaging insect pests by their nontoxic eco- friendly mode 
of actions, therefore reaching importance all over the world. Biopesticides and their by-products are mainly utilized for 
the management of pests injurious to plants (Mazid et al. 2011). 
Biopesticides are classifi ed into three different categories: (1) plant-incorporated protectants, (2) microbial pesticides, 
and (3) biochemical pesticides. They do not have any residue problem, which is a matter of substantial concern for 
consumers, specifi cally for edible fruits and vegetables. When they are used as a constituent of insect pest management, 
the effi cacy of biopesticides can be equal to that of conventional pesticides, particularly for crops like fruits, vegetables, 
nuts, and fl owers. By combining synthetic pesticide performance and environmental safety, biopesticides execute effi 
caciously with the tractability of minimum application limitations and with superior resistance management potential 
(Kumar 2012; Senthil-Nathan 2013). 
Biopesticides derived from bacteria like Bacillus thuringiensis (Bt), a large array of fungi, viruses, protozoa, and some 
benefi cial nematodes have been formulated for greenhouse, turf, fi eld crop, orchard, and garden use (Hom 1996; Butt 
et al. 2001a, b; Grewal et al. 2005; EPA 2006). Biocontrol microbials, their insecticidal metabolic products, and other 
pesticides based on living organisms are sorted as biopesticides by the EPA. There are hundreds of registered products 
enlisted in EPA (2013). 

Microbial Pesticide 
1. Bacteria: Bacillus thuringiensis Beginning in the 1980s and continuing to the present, a different molecular approach 
has been employed to develop market acceptance of biopesticides. Earlier, several efforts were aimed at establishing 
microbial insecticides, like Bt, which has been used commercially over 40 years (Gelernter and Schwab 1993). Later, 
some Bacillus species such as Bacillus thuringiensis israelensis Bti and Bacillus sphaericus 2362 (Bs) were found 
particularly effective against mosquito (Revathi et al. 2013) and other dipteran larvae. Bti was fi rst discovered to have 
increased toxicity against mosquito larvae in 1975 (Goldberg and Margalit 1977). 
Toxicity of Bti and some other toxic strains is commonly imputed to the parasporal inclusion bodies (δ-endotoxins) which 
are produced during sporulation time. These endotoxins must be assimilated by the larvae to accomplish toxicity. Bt and 
their subspecies produce different insecticidal crystal proteins (δ-endotoxins), and their toxicity was determined 
(Chilcott et al. 1983; Aronson and Shai 2001). These toxins, when ingested by the larvae, can damage the gut tissues, 
leading to gut paralysis. After that, the infected larvae stop feeding and fi nally they die from the combined effects of 
starvation and midgut epithelium impairment (Fig. 1) (Betz et al. 2000; Zhu et al. 2000; Darboux et al. 2001). 

2. Fungi: Metarhizium anisopliae 
M. anisopliae Sorokin var. anisopliae is an essential entomopathogenic 
fungus. It propagates worldwide in the soil, demonstrating a wide range 
of insect host species. This subspecies was fi rst described in 1879 by 
Metschnikoff, under the term Entomophthora anisopliae, as a pathogen 
of the wheat cockchafer, and later it was termed M. anisopliae by 
Sorokin in 1883 (Tulloch 1976). 
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3. Virus – Baculovirus: Baculoviruses are double-stranded DNA viruses 
present in arthropods, mainly insects. Baculoviruses are usually highly 
pathogenic and have been used efficaciously in their natural form as 
biocontrol agents against numerous serious insect pests (Moscardi 1999). 
Even so, the application of baculoviruses is still limited in the fi eld of 
agriculture and horticulture where the thresholds for pest damage tend to 
be minimized. In Lepidoptera, i.e., the primary group where baculoviruses 
have been isolated, they only cause mortality in the larval stage (Cory 
2000). 

4. Nematodes - Steinernema (Rhabditida): One of the new hot products 
in biopesticide is nematodes. Pest nematodes can be supervised with cover crops, crop rotation, and internalization of 
organic material into the soil (McSorely 1999). In the early 1990s, various effective entomopathogenic nematodes from 
two genera, namely, Steinernema and Heterorhabditis (Nematoda: Rhabditida), were discovered and established as a 
biocontrol agent against insects (Copping and Menn 2000). 

Botanical Insecticides 
Since ancient times, natural compounds from plants were used, more or less effi caciously to give security from insect 
pests. In the nineteenth century, these compounds became scientifi cally established and widely utilized in the earlier 
period of the twentieth century (Morgan 2004). Plants and some insects have coexisted on the earth for almost three 
and a half million years, which has allowed lots of time for both to develop offensive and defensive strategies. Plants 
have developed many strategies to assist themselves from being assaulted by predators. An example of such plant 
strategy is developing compounds that are highly toxic to insects (Warthen and Morgan 1985; Arnason et al. 1989; Morgan 
and Wilson 1999; Nisha et al. 2012). 
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Introduction 
Fourier Transform Infrared (FTIR) spectroscopy is an analytical technique used to determine organic compounds in the 

sample. The technique measures the infrared radiation (IR) absorption by the sample components against wavelength. 

IR absorption bands determine the components and their structures. When the sample is exposed to IR, it absorbs the IR 

and excites the sample molecules from the ground state to the vibration state. The light wavelength absorbed by a 

particular component is the function of the difference in the energy level between the ground state and vibrational 

state. The wavelength absorbed by the components is the characteristics of the structure of a particular component. 

Development of IR Spectrometers 
1. First-generation IR spectrometer: It was introduced in the late 1950s. Prism (made of NaCl) optical splitting system 

was used in the IR spectrometer. The sample’s water content and particle size requirement were extremely strict. But 

it has poor repeatability and narrow scan range. Hence, it is no longer in use. 

2. The second-generation IR spectrometer: It was invented in the 1960s. Here gratings were utilized as the 

monochrometer. Although the performance is advanced than first-generation IR spectrometers, it has limitations such 

as low scan speed, slow sensitivity, and poor wavelength accuracy. Hence, it was not used until the discovery of third-

generation IR spectrometer  

3. The third generation IR spectrometer: Fourier transform infrared spectrometer utilizes interferometer and it is 

exceptionally powerful. As a result, various applications of IR spectrometer have been realized. 

FTIR Principle and Analysis Process 
The main components of the instrument are depicted in Figure 1. FTIR spectroscopy is based on interferometry and 

makes use of the complete source spectrum rather than the individual wavelengths generated by the prism or grating 

systems used in conventional IR spectroscopy. Glowing black body emits the IR radiation beam in the instrument and the 

emitted radiation beam passes through interferometer in which spectral encoding takes place. Beams with different 

path length recombines in the interferometer generates interference of constructive and destructive types to call 

interferogram. The beam then enters the sample compartment and the sample absorbs the specific frequencies of 

energy, which is characteristics of the sample from the interferogram. This interferogram signal is measured by the 

detector in terms of energy versus time for all the frequencies. Meanwhile, a beam is superimposed to provide 

background (reference) for the instrument operation. The software automatically subtracted the background spectrum 

from the sample spectrum to give a desirable sample spectrum. 

IR spectrum generated from the FTIR spectrometer lies in the mid-IR region (2.5-15 µm between 4000 and 666 cm-1). 

Transition energies corresponding to changes in vibrational energy state for many functional groups are located in the 

mid-IR region (4000-400 cm-1) and consequently the emergence of an absorption band in this region can be used to 

determine whether specific functional groups exist within the molecule. Usually, there are four regions of types of bonds 

that can be analyzed from the FTIR spectra. As shown in Fig. 1.2, single bond (O-H, C-H, and N-H) is detectable in higher 

wavenumber (2500-4000 cm-1). In addition, the triple bond and double bond are detectable in the middle wavenumber 

region 2000-2500 cm-1 and 1500-2000 cm-1, respectively. Additionally, the vibration of the molecule as a whole gives rise 
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to a complex pattern of vibrations at low wavenumber region 650-1500 cm-1 that is characteristic of the molecule as a 

whole and hence can be used for the identification. 

Figure 1.0 Basic component in Fourier Transform Infrared Spectrometer (Mohamed et al., 2017) 

Advantages 
1. FTIR spectrum has a higher signal to noise ratio compared to other infrared spectrometers 

2. Wavenumber accuracy is high; the range of error is ± 0.01 cm-1 

3. The time required to scan all the frequencies is less (1 second) 

4. Higher resolution (0.1 -0.005 cm-1) 

5. Range of scan is wider (1000 - 10 cm-1) 

6. Stray light interference is less 

7. Internally calibrated and not require any external calibration from the user end 

8. Mechanical simplicity: The only moving part in the instrument is moving mirror in the interferometer. 

Application of FTIR in the Food Industry 
Spectroscopy has been used since long back for routine analysis of various food products that include wine, milk, meat, 

and grain (Babushkin et al., 2016). FTIR spectroscopy is an attractive technology for the food industry for testing the 

authenticity of produce; it is simple, rapid, and provides non-destructive measurements. In food industries, FTIR can be 

used as a quantitative quality control tool. FTIR is commonly utilized by food industries to determine moisture, protein, 

fat, and lactose content for quality control/quality assurance and in-line process control and also to detect contaminants 

(kher et al., 2007). FTIR spectra of the mid-infrared region (4000 and 600 cm−1) were used to detect melamine 

contamination in milk powder (Balabin and Smirnov, 2011). FTIR coupled with ATR is an excellent analysis method for 

oils. ATR-FTIR was used to determine the adulteration of extra virgin oil with peanut oil (two sets of frequencies were 

useful i.e from 600 to 1,800 cm−1 in the fingerprint region and from 2,750 to 3,050 cm−1 in the functional group region) 

(Vasconcelos et al., 2015). ATR –FTIR can also use to determine the lard content in cakes and chocolates and cakes, as 

well as to check the aflatoxin levels in cereals and to determine the quality of coffee (Hinton-Sheley, 2020). 

Conclusion 
FTIR is a promising analytical technique to determine the origin and chemical composition of a variety of foods and 

beverages and also useful to determine the adulterants in the food system. 
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Introduction 
Coronavirus disease (Covid-19) is a global pandemic as declared by WHO. It is now spreading in more than 210 countries 
and India, reported infections of novel coronavirus are relative lowers as compared to other countries, with 35,365 
positive cases and 1152 deaths as of May 1st, 2020 (MOHFW and ICMR, 2020). However, as Covid-19 cases are increasing 
geometrically, there are great consequences to disease spread and its potential impact on the health and livelihoods of 
the poor. The government has taken early action and imposed nation-wide lockdown to limit the spread of virus 
transmission. These precautionary measures may help to limit the virus transmission, but the complete shutdown of 
economic activities including agricultural and allied sectors will create a national economic crisis (Ramakumar, 2020; 
Swaminathan, 2020). This could be misery for the livelihood of many Indians. As during the lockdown period, the daily-
wages workers working in the agricultural sectors, other informal workers, and migrants would be hardest-hit due to the 
raised economic shock (Ananth, 2020; Carberry and Padhee, 2020). Thus, here we tried to elaborate on the possible 
impacts of Covid-19 lockdown situation on livelihoods, food and nutritional security and agriculture in India. 

Agriculture and Food Supply Chain in India 
In India, the Covid-19 lockdown disrupted some important agricultural activities and supply chains. Preliminary reports 
have been shown that due to the non-availability of laborers, the harvesting activities of wheat and pulses are severely 
interrupted in most of the states. Particularly in north-western states (Punjab, Haryana, and Himanchal Pradesh), for 
the harvesting of the crop is completely dependent on migrant laborers (Ananth, 2020; Ramakumar, 2020). Due to 
transportation and other issues, the supply chains of agricultural produce are also severely affected. Prices of cereals, 
vegetables, milk, and other crops have been declined, though consumers are paying more in some areas (Carberry and 
Padhee, 2020). Closer to hotels, restaurants, fast-food corners, and sweet shops during lockdown is also affecting harshly 
to milk and dairy industries. Meanwhile, the red meat industries including poultry farming have been badly hit by various 
humor, particularly on different social media platforms that the chicken could be a carrier for the coronavirus. In India, 
a large section of the population is under the below poverty line (BPL), who is directly dependent on different 
government and NGOs initiatives for food and nutrition, employment, health and education of children. For example, 
Mid-day meal in Anganwadi Kendra and school, MNREGA for employment to poor peoples. Covid-19 lockdown disrupts all 
these initiatives which may lead to serious food crisis and unemployment for poor people (Ramakumar, 2020; 
Swaminathan, 2020). Hence, to minimize the impact of this crisis and for the smooth running of agricultural activities 
and food supply chains, some initiatives have been taken by the government, including. 

1. The government has issued lockdown guidelines for the smooth running of agricultural activities and food supply 
chains. 
2. Issued guidelines for minimum selling prices (MSPs) of cereals, vegetables, and other farm produce for the lockdown 
periods. 
3. Issued lockdown guidelines for farmers for farm operations and their access to the market by either private market 
or government procurement directly from their field. 
4. The government has been trying to rectify labor shortage by encouraging community farming. 
5. As the government has increased lockdown measures, so the government should encourage E-commerce like home 
delivery of food products, groceries, and other items. 

Impact of Covid-19 Lockdown on Agriculture and Allied Sectors 
The Indian Council of Agricultural Research (ICAR), an agri-research body of Government is assessing the possible impact 
of lockdown on agriculture and allied sectors. It was found that due to movement restrictions, shortage of laborers in 
some states creates a horrible situation and affects negatively during agricultural operations such as sowing, harvesting, 
storage, transportation, and marketing of crops (Ananth, 2020; Ramakumar, 2020). Milk and vegetables from most small-
scale farmers are not reached to the market at a time because of disrupted transportation system results in a huge 
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economic loss of farmers (Swaminathan, 2020). Somewhere, it was also reported that agricultural produce is spoiled in 
mandis because of the restricted movement of consumers and the shutdown of agri-food industries. National and 
international trade of agri-products such as livestock and dairy products, fruits, vegetables, flowers, and other agri-
based businesses are also affected by lockdown rules (Carberry and Padhee, 2020). These will lead to a huge loss of 
revenues, create unemployment and food insecurity in the country. Meanwhile, the ICAR has issued crop specific 
advisories for agricultural operations but due to the unavailability of seeds, fertilizers, pesticides, labor shortage, and 
mechanical supports, farmers can't continue agricultural activities (Ramakumar, 2020). So, the government has to make 
policies to support small-scale farmers during the Covid-19 lockdown period so that they can continue their agricultural 
activities. 

The Response of the Central and State Governments 
The central government has announced various relief packages for farmers and agricultural workers to address the crisis 
(Pothan, 2020). Several state governments have also announced assistance packages which include food and cash transfer 
to support farmers and poor laborers (Ramakumar, 2020). States such as Uttarakhand, Uttar Pradesh, Bihar, and 
Telangana, are among others who have been proactively announced special relief packages for agriculture sectors. 
1. The central government has announced the payment of the first installment of Rs 2000 of the PM-Kisan scheme to 
farmers. 
2. The government has raised daily-wages under the MNREGA scheme from Rs 182 to Rs 202 per day. 
3. The Reserve Bank of India (RBI) has released a suspension order of interest costs on agricultural loans for the next 
three months. 
4. The government has ensured the distribution of food grain, gas cylinder, other household items, and cash support of 
Rs 500 to all BPL cardholders on a priority basis for the next three months under various schemes. 
5. Several government and private agencies were providing food, shelter, and other facilities to migrant workers in 
different states. 

Conclusion and Future Perspectives 
India is a country of 130 billion peoples and for livelihoods of large population and economy of the country is largely 
dependent on agriculture and allied sectors. But the unprecedented challenge, Covid-19 outbreak enforced the country 
towards total lockdown results in collapsed agri-input and food supply chains system. This crisis could make the 
livelihoods, food security, trades, agriculture, and economy in horrible conditions. Though our country is in the midst of 
the coronavirus crisis so have to ready for even the worst condition as other countries are facing. If the lockdown 
continues for a few more months, the Indian economy could rapidly slide towards a deep recession which was already 
reported a sharp downturn by the end of the 2019 financial year. As per IMF, the global growth and economy in early 
2020 was “negative” due to Covid¬-19 pandemic and it could recover only in 2021 if the crisis is overturned. So, the 
Indian government should have to take immediate and strong initiatives to address the crisis. The governments should 
also have to make the policies that how the country could scale-up the economy, livelihoods, food and nutritional security 
and agriculture when we overcome the crisis. 
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Soybean (Glycine max) is globally known as golden grain compared to all pulses. In India, soybean is mainly grown in the 
States of Madhya Pradesh, Maharashtra, Rajasthan, Karnataka and Uttar Pradesh. Soybean represents an excellent source 
of high-quality protein. Soy protein is unique among plant proteins because of its high biological value and essential 
amino acid pattern. It has a low content in saturated fat, it contains a great amount of dietary fibre and its isoflavones 
content makes it singular among other legumes (FAO, 2013). It helps people feel better and live longer with an enhanced 
quality of life. Soybean contains all the three macronutrients required for good nutrition as well as fibre, vitamins, 
minerals. It provides all the essential amino acids in the amount needed for human health. The protein in just 250g of 
soybean is equivalent to protein in 3 litres of milk or 1 kg of mutton or 24 eggs. The quality of soy protein is virtually 
equivalent to quality of that of milk and egg protein. 
Unlike many other good sources of protein, soybean not only has higher percent of oil but also good quality fatty acid 
profile.  It has low saturated fat content with high amount of essential fatty acids. Soybean oil is rich in omega-3 and 
omega-6 fatty acid similar to those found in fish oils.  It has excellent source of both soluble and insoluble dietary fibre. 
Soluble dietary fibre may help to lower serum cholesterol and control blood sugar. Insoluble dietary fibre increases stool 
bulk and may prevent colon cancer (Tripathi and Mishra,2005). Soybean is rich in minerals and also good source of vitamin 
B complex and Vitamin E. In addition to containing important nutrients, soybean has the beneficial compounds such as 
phytosterol, lecithin etc.  

Characterization and positive health effects of soybeans have been recently studied. This positive effect may be due to 
a decrease in serum cholesterol concentrations. In addition, there are many studies on isoflavones, non-nutritive 
substances, associated with prevention and treatment of different chronic diseases (Bhathena and Velasquez ,2002:). 
Soybean is rich in lysine, which is deficient in most cereals. Supplementation of soybean, in a suitable form, to cereal 
foods would not only increase their protein content but also improve the availability of lysine.   
Beside this, it is high in vitamin, mineral and antioxidants like isoflavones which help in cholesterol reduction, preventing 
cardiovascular diseases, cancer, combating osteoporosis and regulation of menopause. Soybean protein is more 
economical than high priced meat protein and so they are considered as best source of protein especially in vegetarian 
diet. For human consumption, soybeans must be autoclaved to destroy the trypsin inhibitors. Therefore, it would be 
interesting to consider the replacement of animal-based foods for soybean foods in order to obtain some nutritional 
benefits and have a positive effect in prevention of certain diseases. 

Cardiovascular Disease 
Cardiovascular disease includes all diseases that affect the heart and blood vessels, such as coronary heart disease, 
dyslipidemia and hypertension.  Soybean has a protective role in the prevention of cardio vascular diseases, particularly 
LDL cholesterol lowering effects (Ghosh and Scheepens, 2009). Daily intake of 25g/day of soy protein, which containing 
low saturated fat and cholesterol reduce the risk of heart disease. The beneficial effects include decreased low-density 
lipoprotein (LDL)concentrations, triglycerides, lipoprotein, homocysteine, oxidized LDL, and blood pressure, and 
increased high-density lipoprotein concentrations. 

Diabetes 
Soybean diet is a good source of type-2 diabetes individuals due to its effect on hypertension, atherosclerosis and obesity, 
which are very common diseases in diabetic patients. Soybean soluble fibre improves the plasma glucose concentration 
and blood glucose levels of diabetic individuals. It also increases faecal excretion of bile acid and causes a low absorption 
of fat. 

Obesity 
Overweight and obesity attributes to rapidly changing diets, increased availability of high-energy foods, and reduced 
physical activity of peoples. Through nutritional intervention, the consumption of soy protein reduces body weight and 
fat mass in addition to lowering plasma cholesterol and triglycerides in humans (Orgaard and Jensen, 2008). 
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Cancer 
Soybean contains several components with anticancer activity, such as, isoflavones, phytosterols, saponins, phenolic 
acids, and phytates. Isoflavones are responsible for the anticancer effects of soybean (Oba, et al., 2007). The estrogenic 
activity of isoflavones can be used for prevention and treatment of hormone dependent cancers. Isoflavones may act 
like antiestrogen. Hormone dependent prostate cancer associated with increased levels of dihydrotestosterone, and 
soybean isoflavones inhibit 5α-reductase, which is involved in the conversion of testosterone to Dihydrotestosterone. 
Soybean plays an important role in colon cancer. It provides dietary fibre and reduces the risk of other chronic diseases 
in digestive system. 

Menopause 
Menopause is a natural stage of all women’s life as they age. Thermoregulatory disturbances like night sweats,  mood 
swings and lack of energy can make menopause one of the most physically and emotionally miserable times in a woman's 
life. Menopausal hormone therapy is the most effective therapy for vasomotor symptoms and indicates adverse effects 
of menopausal hormone therapy by increasing the risk of stroke, breast cancer and gallbladder disease. Dietary soybean 
reduced menopausal discomfort and morbidity incidence of several hormone dependent diseases. Soy isoflavones have 
the beneficial health effects on menopausal symptoms. 

Osteoporosis 
Menopause leads to rapid decrease in oestrogen levels, which results bone breakdown and loss of more calcium via urine. 
Bones become weak and brittle with tiny holes inside, this condition is called osteoporosis. Phytoestrogens prevent 
osteoporosis in the presence of subnormal endogenous oestrogen. 

Conclusion 
Soybean is an excellent source of high-quality protein with a low content in saturated fat, with no cholesterol, and a 
great amount of dietary fibre. The consumption of soybean protein and dietary fibre seems to reduce the risk of 
cardiovascular diseases and to improve glycemic control. So, the soybean plays a potential role in the prevention and 
treatment of different types of diseases. 
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Introduction 
Markov Chain probability model has been extensively used to find the long-term frequency behavior of wet and dry 
weather spells (Victor and Sastry, 1979). Pandarinath (1991) used Markov Chain model to study the probability of dry 
and wet spells in terms of the shortest period like week. The yield of crops in rain-fed condition depends on the rainfall 
pattern. Dry and wet spells could be used for analyzing rainfall data, for crop planning and for carrying out agricultural 
operations (Sharma et al. (1979). Prakash and Rao (1986) have suggested use of weekly rainfall data to predict the 
occurrence of rainy events and its amount for crop planning. The initial and conditional probability approach would be 
relatively good method for rainfall analysis, especially in the regions where rainfall is erratic or where short dry periods 
can be expected within the wet season. 

Rainfall Probabilities by Markov Chain Model 
The concept of estimating probabilities with respect to a given amount of rainfall is extremely useful for agricultural 
planning. In a crop growing season, many times decisions have to be taken based on the probability of receiving certain 
amount of rainfall during a given week [P(W)], which are called “initial probabilities”. Then the probability of rain next 
week, if we had rain this week [P(W/W)] ; and the probability of next week being wet, if this week is dry [P(W/D)] are 
very important and are called “Conditional probabilities”. Analogously, initial and conditional probabilities for a dry 
week were defined. These initial and conditional probability approaches would help in determining the relative chance 
of receiving a given amount of rainfall. This becomes the basis for the analysis of rainfall using Markov Chain model. 

Initial Probability 
The parameters estimated for the analysis were as follows. According to Markov probability model the initial probability 
is the probability that a particular week of the year is dry or wet under the assumption that the weather of previous 
week (dry or wet) is not taken into consideration. The initial probability of a week being dry and wet are defined as 

Where, 

 PD =  Probability of the week being dry, 

 PW =  Probability of the week being wet,  

 FD =  Number of dry weeks, 

 FW =  Number of wet weeks, 

  n         =  Number of years of data 

Conditional Probabilities 
A conditional probability is the probability that a particular week of the year is dry or wet under the assumption that, 
the weather of the previous week (dry or wet) is taken into consideration. It indicates the probability of changes in 
weather from one week to the next week. The conditional probability of a week being dry preceded by another dry week 
is given by 
 
 
 

PD = FD/n                                                          

                                                                       PW = FW/n    
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Where, 

 PDD =  Probability (conditional) of a dry week preceded by a dry week, 

 PWW =  Probability (conditional) of a dry week preceded by a wet week, 

 PWD =  Probability (conditional) of a wet week preceded by a dry week, 

 PDW =  Probability (conditional) of a dry week preceded by a wet week, 

 FDD =  Number of dry weeks preceded by another dry week 

 FWW =  Number of dry weeks preceded by another wet week. 

Consecutive Dry and Wet Week Probabilities 

Where, 

 2D = Probability of 2 consecutive dry weeks starting with the   week, 

 2W =   Probability of 2 consecutive wet weeks starting with the week, 

 3D =   Probability of 3 consecutive dry weeks starting with the week, 

 3W = Probability of 3 consecutive wet weeks starting with the week, 

 PDw1 =   Probability of the week being dry (first week),  

 PDDw2 = Probability of the second week being dry, given the preceding      week dry, 

 PDDw3 = Probability of the third week being dry, given the preceding week dry, 

 PWw1 =     Probability of the week being wet (first week), 

 PWWw2 = Probability of the second week being wet, given the preceding week wet,  

 PWWw3 =     Probability of the third week being wet, given the preceding week wet. 

Estimation of Dry and Wet Weekly Probability by Using Markov Chain Model 
Markov Chain model is used to find out long term frequency behaviour of wet and dry rainfall spells. In the Markov chain 
model, the probability of an event that would occur on any week depends only on the conditions during the preceding 
weeks and is dependent of the events of future weeks. Initial probabilities of occurrence of dry weeks during the different 

  PDD = FDD/FD                                                        

  PWW = FWW/FW                                                           

 PWD = 1-PDD                                                              

                                                      PDW= 1-PWW      

2D = PDw1.PDDw2                                                   

2W = PWw1.PWWw2                                                                                                  

3D = PDw1.PDDw2.PDDw3                                                              

3W = PWw1.PWWw2.PWWw3                                         
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stages of crop growth and conditional probabilities (taking into account the sequential events) provide the basic 
information on rainfall distribution characteristics necessary for agricultural operations. 

Conclusion 
1. The initial and conditional probability of getting 20 mm per week in which SMW. Therefore, sowing should be carried 
out in this week. 
2. The probability of two and three consecutive dry weeks having 10 mm per week threshold limit is more than , hence 
irrigation should be applied to the crops during these periods. 
3. Conditional probability of wet week preceded by wet week having 20 mm threshold limit is more than 75%. Therefore, 
it is the optimal time for water harvesting for supplementary irrigation to crops in moisture deficit period. 
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Introduction 
Hydroponic is the cultivation or growing of plant in soilless culture with provided controlled favorable environment. The 
concept behind hydroponics is to stimulate best conducive scenario for the crop production which ensure the proper 
nutrient management without causing any stress to plant. It also ensures no loss of nutrition in crop with no incidence 
of disease and pest. Technically any plant can be grown in the hydroponic system, but some will perform better that the 
others. Crops like tomato, cucumbers, bell peppers, lettuce, kale, spinach, spring onion, basils, coriander can be grown 
in hydroponic. In commercial hydroponics system-controlled environment such as greenhouse structure coupled with 
ambient temperature, humidity and light results high quality produce. 

Types of Hydroponics System 
1. Aeroponics: It one of the most complicated and modern approach, where the plants are suspended in unique system. 
The management of the nutrient are done in some minute’s interval in the form of spray or mist. There is continuous 
screening of the system and everything is monitored in the hi-tech systems. 

2. Drip system: In this system, the nutrient solution is kept in different tank, and it is transmitted to the plant through 
drip emitters in some intervals. Drip systems dispense the nutrients in a timed fixed cycle providing the plant fresh water 
and oxygen too. In this system growth medium for roots are usually rockwool or grow rock and perlite. Drip system help 
to simultaneously grow several kinds of plants. 

3. Wick system: This system is one of the easy to use hydroponics. The system works like capillary action. It also includes 
several types of growing media such as coconut fiber, perlite and vermiculite etc. The nutrient is stored in different 
container and is moved into the roots of plant through capillary movement. It cost effective model. 

4. Ebb and flow: It can be also called as ‘flood and drain”. The water and the nutrient media from the reservoir is 
flooded with help of pump into to the plant growing bed till it attains a certain level periodically. Growth media used 
are rockwool or gravels, and for high moisture capacity vermiculite or coconut fiber is used. This system is not so much 
popular in hydroponics. 

5. Nutrient film technique: The nutrient film technique (NFT) is alike aeroponics type system. It is considered one of 
the popular hydroponics systems. Here solution (nutrient media) continuously pumped through  channels in which plants 
are placed. It comprises of reticulating type and is the main reason for naming NFT. 

Advantages of Hydroponics 
1. There is less wastage of water as water is used efficiently. 
2. Elimination of weeding and soil preparation practices. 
3. Vegetable produced from hydroponically are of high quality. 
4. Soil pollution and nutrient depletion is greatly reduced. 
5. Production of high yield per unit area can be achieved through proper planning. 

Disadvantage of Hydroponics 
1. It requires highly trained expertise. 
2. Crop production in hydroponic is capital and labour intensive. 
3. Finding market for the final produce is a huge problem.  
4. Vigorous daily monitoring is required. 
5. Chances of outbreak of disease and pest is possible. 
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Conclusion 
It can be concluded that different types of the hydroponic system can be used for the vegetable cultivation. Different 
vegetables have different growth characteristics and keeping that thing in mind hydroponic system can be used 
accordingly. The leading cutting-edge technology helped to achieve this goal. More work needed to be done to get wide 
variety of vegetables could be incorporated in it. Though apart from such advances, cost effective and mass deployment 
of hydroponic technology is desired for its wide acceptability. 
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Introduction 
Probability distributions of rainfall are widely used to understand the rainfall pattern of an area. Probability and 
frequency analysis of rainfall data enables us to determine the expected rainfall at various chances. Rainfall at 80 per 
cent probability can be safely taken as assured rainfall, while 50 per cent chance can be considered as the maximum 
limit for taking any risk (Gupta et al., 1975). Weekly, monthly and seasonal probability analysis of rainfall data for crop 
planning has been attempted (Sharma and Thakur, 1995). Weekly distribution of rainfall and its probability is helpful in 
crop planning by identifying the period of drought, normal and excess rainfall (Ray et al., 1987). Two-parameter 
probability distributions (normal, lognormal, Weibull, logistic, log-logistic, smallest and largest extreme value), and 
three-parameter probability distributions (log-normal, gamma, Weibull, and log-logistic) have been widely used for 
studying flood frequency (Ashkar and Mahdi, 2003; Clarke, 2003) and drought analysis (Quiring and Papakryiakou, 2003; 
Alam et al., 2014). 

Fitting the Probability Distribution 
To know the rainfall pattern of an area, probability distributions of rainfall are widely used. The present study was 
planned to identify the best fit probability distribution based on distribution pattern for data set. The different 
probability distributions were identified out of large number of commonly used probability distributions for such type of 
study. The probability distributions Viz, Lognormal, Gamma, Inverse Gaussian, Generalized Extreme Value, Weibull, and 
Gumbel maximum was fitted to the data for evaluating the best fit probability distribution for rainfall data. The 
description of various probabilities distribution is given in Table 1. 

Table 1. Description of Various Probability Distributions 
Sr.no Distribution Probability density function Range 

1 Lognormal 𝑓(𝑋) =
1

𝑋(√2𝜋𝜎²
exp{

−(𝐼𝑛𝑥−𝜇)²

2𝜎²
}        0≤ 𝑋 ≤ ∞ 

−∞ < 𝜇 < ∞ 

𝜎 > 0 

2 Gamma 
𝑓(𝑋) =

1

𝛽𝛼𝛼!
𝑋𝛼−1𝑒

−𝑥
𝛽⁄  

0 ≤ 𝑋 ≤ ∞ 

𝛼 ≥ 0, 
𝛽 ≥ 0 

3 Inverse Gaussian 
𝑓(𝑋) = [

𝛾

2𝜋𝑥²
]

1
2
𝑒𝑥𝑝

−𝛾(𝑥 − 𝜇)²

2𝜇²𝑥
 

𝑥 > 0, 
𝜇 > 0 

𝛾 > 0 

4 Generalized 
Extreme value 

𝑓(𝑋) =
1

𝜎
[1 − 𝑘(

𝑥 − 𝜇

𝜎
]

1
𝑘−1exp[−{1 − k (

𝑥 − 𝜇

𝜎
}]
1
𝑘 

−∞ ≤ 𝑋 ≤ ∞ 

k≠ 0 

5 Weibull 
𝑓(𝑋) =

𝛼

𝛽
(
𝑥

𝛽
)
𝛼−1

exp{−(
𝑥

𝛽
)𝛼} 

𝛾 ≤ 𝑋 +∞ 

6 Gumbel maximum 
𝑓(𝑋) =

1

𝜎
exp[− (

𝑥 − µ

𝜎
) − exp {− (

𝑥 − µ

𝜎
)}] 

−∞ < 𝑋 < +∞ 

Testing the Goodness of Fit 
The goodness of fit test measures the compatibility of random sample with the theoretical probability distribution. The 
goodness of fit tests was applied for testing the following null hypothesis: 

HO: the weather parameter data follow the specified distribution 
HA: the weather parameter data does not follow the specified distribution. 

The following goodness of fit tests viz. Kolmogorov-Smirnov test and Anderson-Darling test were used along with the chi-
square test at α (0.01) level of significance for the selection of the best fit probability distribution (Sharma and Singh, 
2010). 
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1. Kolmogorov-Smirnov Test: In statistics, the Kolmogorov-Smirnov test (Chakravart, Laha and Roy, 1967) is a 
nonparametric test of the equality of continuous, one-dimensional probability distributions that can be used to compare 
a sample with a reference probability distribution. The Kolmogorov-Smirnov statistic quantifies a distance between the 
empirical distribution function of the sample and the cumulative distribution function of the reference distribution. The 
Kolmogorov-Smirnov statistic (D) is defined as the largest vertical difference between the theoretical and the Empirical 
Cumulative Distribution Function (ECDF): 

𝑫 = 𝐦𝐚𝐱
𝟏≤𝒊≤𝒏

(𝑭(𝒙𝒊)–
𝒊−𝟏

𝒏
,
𝒊

𝒏
− 𝑭(𝒙𝒊))                                            ......... (1) 

      Where, Xi = random sample, i =1, 2…, n 

𝑪𝑫𝑭 = 𝑭𝒏(𝒙) =
𝟏

𝒏
[𝑵𝒖𝒎𝒃𝒆𝒓𝒐𝒇𝒐𝒃𝒔𝒆𝒓𝒗𝒂𝒕𝒊𝒐𝒏𝒔 ≤ 𝒙]                     ........  (2) 

This test was used to decide if a sample comes from a hypothesized continuous distribution. 

2. Anderson-Darling Test: The Anderson-Darling test (Stephens, 1974) is a statistical test of whether a given sample of 
data is drawn from a given probability distribution. In its basic form, the test assumes that there is no parameter to be 
estimated in the distribution being tested, in which case the test and its set of critical values is distribution free. 
However, the test is most often used in contexts where a family of distribution is being tested, in which case the 
parameters of that family need to be estimated and account must be taken of this in adjusting either the test-statistic 
or its critical values The Anderson-Darling statistic (A2) is defined as:      

 

𝑨
𝟐
= −𝒏 −

𝟏

𝒏
∑ (𝟐𝒊 − 𝟏)[𝐥𝐧𝑭(𝒙𝒊) + 𝐥𝐧(𝟏 − 𝑭(𝒙𝒏−𝒊+𝟏)]
𝒏
𝒊=𝟏      .......  (3) 

It is a test to compare the fit of an observed cumulative distribution function to an expected cumulative distribution 
function. This test gives more weight to the tails then the Kolmogorov-Smirnov test. 

3. Chi-Squared Test: The Chi-Squared statistic is defined as 

𝝌𝟐 = ∑
(𝑶𝒊−𝑬𝒊)

𝟐

𝑬𝒊

𝒌
𝒊=𝟏                                  .........  (4) 

Where, Oi = observed frequency, 

  Ei = expected frequency, 

  ‘i’= number of observations (1, 2, ……. k) 

This test is for continuous sample data only and is used to determine if a sample comes from a population with a specific 
distribution (Sharma and Singh, 2010). 
Identification of Best Fit Probability Distribution 
The three goodness of fit tests mentioned above were fitted to the rainfall data. The test statistic of each test was 
computed and tested at 1% (α =0.01) level of significance. Accordingly, the ranking of different probability distributions 
was marked. The distribution holding the first rank was selected for all the three tests independently. The assessments 
of all the probability distribution was made on the bases of total test score obtained by combining the entire three tests.  
Least Square Method 
The least square method is used to identify the best fit probability. The random numbers were generated for the 
distributions and residuals (R) were computed for each observation of the data set. 

𝑹 = ∑ |(𝒀𝒊 − �̂�𝒊|
𝟐𝒏

𝒊−𝟏                                     .........   (5)                                                                              

   Where, Yi = the actual observation 

                𝑌�̂�= the estimated observation (i = 1, 2,…..,n) 

The distribution having minimum sum of residuals was considered to be the best fit probability distribution for that 
particular data set. Finally, the best fit probability distributions for weather parameters on different sets of data were 
obtained and the best fit distribution for each set of data was identified. 

Conclusion 
In a rainfed agro-ecosystem it is essential to plan agriculture by making best use of rainfall potential. Estimates of the 
magnitude and duration of water deficit and surplus are of the vital importance for crop planning crop and water 
management practices to promote crop production in both irrigated and dry land areas. Kharif crops are sown on receipt 
of a good rain spell at the beginning of the monsoon season, indicating the start of the rains. Timely sowing is a most 
important criterion for achieving high crop yields. Therefore, supplementary irrigation should be applied to the crops 
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during these periods. Spraying can therefore be taken up quite safely after high probability of dry spells. Gamma 
distribution and Gumbel maximum distribution is found to be best fit distribution for. Generalized Extreme value 
distribution is found to be best fit distribution. 
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Introduction 
Since time immemorial the beneficial microorganisms such as lactic acid bacteria (LAB) have been frequently consumed 

in the form of fermented milk products like dahi, lassi, yogurt, etc. LAB is intentionally added into milk to bring about 

both technological and functional changes such as milk, acidification, flavor enhancement, proteolysis, health beneficial 

properties, etc. However, these techno-functional attributes are species and strain-specific. On the other hand, the 

concept of probiotics that gained popularity for the last three decades also needs the strain level identification as per 

both ICMR/DBT and FAO/WHO guidelines. Perhaps, the strain-level detection of probiotics is needed as functional and 

safety attributes of probiotics vary among the strains. This demands for rapid identification platforms with more accuracy 

and reproducibility. 

Available Techniques for Identification of Micro-Organisms 
Although nucleic acid-based identification techniques are the gold standard for bacterial identification or discrimination, 

they demand laborious protocols such as microbial DNA extraction, primers designing, running PCR reactions, agarose-

gel electrophoresis, EtBr staining (mutagenic), UV-gel illuminator. Moreover, nucleic acid-based techniques demand 

skilled persons having prior knowledge of molecular biology or bioinformatics that is specifically lacking among food 

technical persons until they undergo a hands-on-training in microbiology, molecular biology, and other bioinformatics 

tools. Besides, to conduct a PCR assay requires an expensive equipment called thermal cycler, and for sequencing high 

throughput equipment such as Hiseq or Miseq sequencer for illumina sequencing, MinIon for nanopore sequencing (Figure 

1). To date, typing methods such as pulse-field gel electrophoresis (PFGE); random amplified polymorphic DNA-PCR 

(RAPD-PCR); amplified fragment length polymorphism (AFLP), Multilocus sequence typing (MLST), Ribotyping, amplified 

ribosomal DNA restriction analysis (ARDRA), etc. are currently implicated in strain-level identification so far. 

 

   

Thermal cycler Hiseq sequencer Miiseq sequencer MinIon sequencer 

Figure 1: PCR and sequencing machines used in molecular biology for genomic identification of bacteria 

FTIR Spectroscopy for Strain-Level Discrimination of Probiotics 
FT-IR spectroscopy biophysical method uses IR radiation that passes through a sample, where some of the infrared 

radiation is absorbed by the sample and some of it is getting transmitted. The resulting spectrum represents the 

molecular absorption and transmission, creating a unique molecular fingerprint of the sample. This makes infrared 

spectroscopy useful for several types of analysis in food and the dairy industry it is used to identify unknown materials; 

it can determine the quality or consistency of a sample and can determine the number of components in a mixture. 
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Figure 2: Steps in rapid identification of bacteria via FTIR-spectroscopy 

In context to the microbial (bacteria, yeast, and fungi) identification, investigators have witnessed the rapid 

discrimination and identification of microorganisms by FTIR (Fischer et al., 2006). The steps in the identification of 

bacteria by FTIR are pictorially outlined in Figure 2. FT-IR identifies the total composition of a given biological sample 

including proteins lipids, carbohydrates, and nucleic acids. For bacterial identification, either colony of microorganisms 

or their dried cells can be taken in one single experiment (Mouwen et al., 2011). Such microbial samples can then be 

measured as dried films using dedicated commercially available FTIR instrumentation. The FTIR technique gives results 

within a few minutes.  

As all the cellular components depend on the expression of the genome, therefore FTIR spectra of microbes display a 

specific fingerprint of the cells based on the genome expression to proteome under study. This is why the specificity of 

the technique is generally very high, allowing differentiations even down to the subspecies, serogroup/serotype or strain 

level. For the identification of unknown bacteria, it needs the development of construction of a reference database 

containing representative numbers of spectra covering all relevant spectral types to be identified. A validated algorithm 

has to be developed to identify unknown strains that have been established that calculates the differentiation indices 

(D-values). The spectrum is first subdivided into spectral windows so that they contain the most discriminative spectral 

information. The combination of these spectral windows can be used in a stepwise correlation procedure to determine 

the most similar spectrum contained in the database (Beekes et al., 2007). For identification of LAB, the CASO database 

and APT database have been used. Of note, validation of results of FTIR with results obtained by biochemical and 

genotypic methods demonstrated greater similarities, and thereby suggested that FTIR technique can effectively be used 

for preliminary and rapid screening and identification of large bacterial samples (Samelis, et al., 2011). 

Conclusion 
FTIR is a common analytical tool used in all dairy and food industries for the quantification of chemical compounds in 

food or chemical contaminates. This made easy availability of FTIR to R&D food labs or research educational institutes 

to exploit FTIR for dual applications such as for bacterial identification and chemical analysis. Moreover, it’s a rapid and 

easy technique that does not need laborious protocol of molecular biology for bacterial discrimination, and therefore 

can be operated by untrained and unskilled persons thereof. 
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Introduction 
The economy of any country is highly depending on the agriculture, industry and service sectors. What will happen, if 
all the three sectors didn’t work? The CoViD2019 stopped mostly all the functions in Indian economy except some of the 
occupation. The virus spread over the entire world and made many big economies in trouble. The virus may affect all 
the people working in agriculture, industry and service sectors. The agriculture sector is not exceptional from the virus 
and the possible impacts and policy suggestions are discussed below. 

Possible Impacts at Micro Level 
1. The Farmers: Agriculture is the key sector of any economy and it is providing food and employment for most of the 
country people. Farmers are the drivers of agricultural sector whereas the corona virus problem affects them. In India, 
most of the farmers are living in very poor economic condition. Less savings, high expenditure on food and medicines 
and other expenditure during the lockdown period make the farmer poorer. 

2. Landless Agricultural Labourers: The effect of lockdown may highly affect negatively the livelihood of the landless 
agricultural labourers. The landless agricultural labourers are depending only the land owned farmers because they don’t 
know other occupations. If the there is no agricultural operation during the lockdown, the landless agricultural labourers 
may not get jobs. Those peoples are earning daily and the same used for the daily expenditure. The landless agricultural 
labourers are basically very poor and don’t have big savings in banks and all. Even though the government relaxing the 
lockdown for agricultural operation, they will not get travel assistance and all. They cannot follow the SOPs in eradicating 
the CoViD2019. Thus, the corona virus problem affects the landless agricultural labourers more.  

3. Farmers Producing Perishable Commodities: A highly miserable thing is the fall down of flower producing industry 
during the lockdown period due to CoViD2019. The flower producing farmers invested huge amount in the production of 
various flowers before the lockdown period. In continuation of the lockdown the marketing operation, export and sales 
of flowers are totally stopped. Since, the flowers are highly perishable in nature, the farmers can’t able to store. They 
ploughed the flower fields with the high value bloomed flowers. Not only flowers, the farmers cultivated perishable 
agricultural commodities without proper storage facilities were highly affected. 

Possible Impacts at Macro Level 
1. Poverty: There was no or only minimum economic activity during the lockdown period, so the economic condition of 
the landless agricultural labourers and other labourers related to agriculture are turn into more deprived. 

2. Less production: The labours are one among the main factors of production in agriculture economy. During the 
lockdown period the production of various agricultural commodities might be less due to slow down of agricultural 
operations. The farmers may struggle in getting the various inputs for agricultural production. But, this less production 
will not affect the people now because of already stored surplus food grains in godowns by government. 

3. Agricultural Industries and Unemployment: The agro based industries mainly depends on agriculture products. Due 
to the non-supply of agricultural goods the agro based industries may shut down their operation for short time. For 
farming operations and agro based industries the labours are very important. Due to non-functioning of agro based 
industries and the loss during the lock down period, the industries can’t able to pay for their labours after the lockdown. 
This may lead to unemployment also. 

4. Agricultural GDP: Not only agriculture, all the industries are nearly stopped their production activities so that the 
GDP of the country may decrease during the year. The agricultural gross domestic product of the country also tends to 
decrease but not like the decrease in the secondary and tertiary sector, because some of the agricultural activities are 
occurred. 
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Conclusion 
Unlike other economic crisis the impact of CoViD2019 is comparably high in India, because the country’s all the three 
sectors viz, agriculture, industry and service sectors are highly affected. Majority of the Indian population, were working 
in those three sectors only. Thus, in no doubt, the economic condition of the Indian people is affected. The slowdown 
of the economy due to the corona virus will take time to recover. The farmers during the lockdown period spend more 
and immediately after the lockdown the farmers start their farm operations and tend to save the money. The landless 
agricultural labourers may find their employment. The wage rate may decrease compare to the wage rate provided 
before the lockdown period. The farmers producing perishable commodities especially flowers, may reduce their sowing 
area, because of the loss faced during the lockdown period. The agricultural GDP will decrease for some period and it 
may increase in future. 

Policy Recommendations 
The bank / crop loans may give to the farmers with additional re-payment period with less interest rate. The agricultural 
input industry may function efficiently with subsidized prices for the benefit of the farmers. The transportation sector 
should be strengthened. The government may provide subsidies to attract the farmers to do farming activities and to 
improve the agricultural production. The government should provide financial assistance to the landless agricultural 
labourers through various schemes. The marketing committees should allow the farmers to sell beyond some restrictions 
and the price may be fixed by the government. State governments must gear up their machineries for smooth 
procurement operations of farmers’ marketable surpluses at MSP (minimum support price) or through other price support 
schemes. The loss during the lockdown period in flower and other perishable industries may supported by the insurance 
companies. The government also help in the development of agro based industries and post-harvest activities of all 
commodities.  
Finally, the CoViD2019 impacts are a lesson for us, so that in future the food grains may procure by the government and 
store properly for future use.  Apart from production, it is necessary that the farmers and agricultural labourers should 
maintain the safety measures to avoid the spread of the virus again. 
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In India their 65.97 percent population is living in rural areas. The main occupations of these villagers are farming and 
worked as a laborer (labor work).  Our late Pm. Sri Lal Bahadur Shastri has given a quotation on farmers that is- jai jawan 
jai kisan it means that they both are important pillar of our nations. One does protect our country from outsider and 
second help our country to feeding means provide grain. It is said that majority of the male, female and youth   plays a 
huge role in agriculture. But it is noticed that these male female and youth farmers does not proper care of themselves 
during performing these tasks. 
In agriculture it is noticed that most of the work is done by the female of the rural family like as cleaning of grain, seed 
sowing, storage of seed grain, planting, harvesting, winnowing etc. All these works is performed by majority of women 
farmers as compare to male farmers, not only these activities they also have done household work like sweeping, cleaning 
of house, cooking food on firewood all of these activities is harmful for them without using mask, gloves etc. When they 
clean grain dust enter in their mouth and nose and create major health related issues in lungs that is a reason of asthma, 
cooking on firewood also diffuse smoke that is also creating lungs problems. Many other activities also performed by 
male and female that is a big issue or reason to create health problem for male and female. 
 As we all know that farmers play a very important role in Indian economy but in later few years the contribution of 
agriculture is reduces slowly. So, there is a greater need to make attention to increase once again agriculture 
contribution in Indian economy. With keeping in mind their health security with new technology and techniques of 
agriculture 

Now we are discussed about various safety measures in agriculture that is: 
1. Mask: Face mask is very useful safety measures for farmers (male/female). Especially when they involved in various 
types of agriculture and household activities that we discussed in introduction like as- when cleaning of grain, cooking 
of food on firewood, harvesting of agriculture produce etc., produce various types of harmful dust and gases. When 
farmers used these mask then harmful dust and gases does not insert in their mouth and nose when cleaning and dusting. 
And save herself / himself from various respiratory problems- cough, asthma etc. So, it is advised farmers / people to 
always wear mask when farm various agricultural and house -hold activities. 

2. Hand Gloves: Hand gloves are also very useful for protecting farmers with various health related issues. When farmers 
/ rural people performing agriculture and household work then they wear hand gloves. Hand gloves is helpful in 
harvesting, cleaning of grain because it saves people from allergy, cuts, itching, and deposition of dust in hand that 
cause blackening in hand, sun burn also. So, wearing of hand gloves save all these problems. 

3. Shoes: Farmers /rural people worked in field and household work without wearing  of slipper or some people wearing 
slipper  and many times they face various problems  like as stone create wound, in legs and major problem reptile like 
as snake, bicchoo and other harmful reptile, many  times with wearing of slipper also cause problem like as kaante 
chubhna, gurukhul etc. So, wearing of shoes especially in performing agriculture activities is helpful to save farmers 
from various problems. 

4. Small pillows: When farmers spray insecticides and pesticides on their field the spray tank is 10 to 15 liters. They put 
on their shoulder that is a major cause of shoulder problem and fatigue. So, make a two small pillows or packets with 
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the help of fabric or cotton availability at household level to put on the shoulder then use spray tank strip under these 
small pillows and spray in the field. This tiny pillow helps to overcome shoulder pain and spot of strip on shoulder. So, 
this is very helpful for removing of shoulder pain. 

These small things play a big role in farmers and people like for their health point of view and save them from various 
health related issues and maintain their health from these techniques. Because without a good health people cannot 
perform any activities in a right way. These small things are prepared at household level with locally available clothes 
expect shoes mask, gloves, small pillows with low cast. So, farmers can easily make this protection kit without any extra 
burden on their shoulder with a good management at their locally available resources. These small cares have a big role 
for saving them in various diseases like as asthma, wound, allergy, acne, blackness, sun burn etc. So, prevention is better 
than cure. These small techniques are very helpful in maintain the good health. 
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Protected cultivation practices can be defined as a cropping technique wherein the micro environment surrounding the 
plant body is controlled partially/fully as per plant need during their period of growth to maximize the yield. The basic 
structures covered under protected cultivations are polyhouse, green house, shade net house and plastic tunnel. The 
application of greenhouse technology is feasible in the tropical and subtropical climatic conditions of India for the 
cultivation of high value crops. To meet the demand for high quality vegetables, a high-tech cultivation is required. The 
protected cultivation has shown high productivity, better quality produce and early maturity round the year cultivation 
in a hostile environment and use of microclimate to fulfil the individual requirement of plant. Continuous growing of 
same crops increases problem of soil borne pest and diseases including plant parasitic nematodes. The problem of 
nematode gradually increased after 3-4 crops due to buildup of initial population in first crop and shortening life cycle 
of nematode due to favourable temperature and humidity. 

Major Crops Growing Under Protected Cultivation 
The selection of crop for protected cultivation based on the economic importance, yield and climatic requirements. The 
major crops grown under protected cultivations are tomato, capsicum, cucumber, gerbera, cut rose and carnation. The 
commercial nurseries also used these structures for the production of quality seedlings and these are also infected by 
plant parasitic nematodes. 
1. Nematode Problem: Favourable temperature and relative humidity within the greenhouses and poor plant hygienic 
conditions inside the protected structures provide ideal conditions for the introduction and rapid multiplication of pest 
and diseases including plant parasitic nematodes (Sharma et al., 2009). The problem of nematode increases after 3-4 
crops due to build-up of initial population in first crop and shortening life cycle of nematode due to favourable 
temperature (Desaeger and Csinos, 2006). 
The plant parasitic nematodes associated with vegetables are Meloidogyne spp., Rotylenchulus reniformis, Heterodera 
spp., Pratylenchus spp., Helicotylenchus spp. and Hoplolaimus spp. in India. Among plant parasitic nematodes, root-
knot nematode, Meloidogyne incognita is most important and causing great damage to crops grown under poly-houses 
including cucumber (Desaeger et al., 2004). The nematodes caused an average 45-70 per cent loss in protected 
cultivation and In India on an average, a national loss of Rs 21,068.73 million has been estimated due to plant parasitic 
nematodes (Rao et al, 2015). 

2. Major Symptoms of Nematode Infection:  

       Stunting                                                       Discolouration of foliage 
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    Wilting                                                                 Root galls  

Major Factors to Increasing Nematode Problem 
The major factors are lack of awareness about nematodes, use of sandy loam soil, less organic matter in soil, use of 
infested soil, seed and planting material, excess Irrigation water, high humidity, favourable temperature and high 
fecundity rate of nematodes. The ideal condition provided in protected cultivation and continuous availability of the 
host plant and monocropping round the year often result in high population build-up of soil borne pathogens including 
plant parasitic nematodes (Sharma et al., 2009). 

1. Management options: The management of plant parasitic nematodes based on the three basic principles of 
management i.e. avoidance, exclusion and suppression of nematode population.  

2. Avoidance: Sanitation of field, remove plant parts and debris, use nematode free soil and organic matter, use 
nematode free planting material, balance use of fertilizers and balanced Irrigation are basic practises for nematode 
avoidance. 

3. Soilless cultures technique: In this technique used soil fewer solid cultures and liquid cultures for nematode free 
cultivation of valuable crops.  

4. Solid cultures: Coco-peat, rock wool, perllite, vermiculite etc. 

5. Liquid culture: Hydroponics and Aeroponics. 

6. Organic amendments: Different organic amendment found effective against nematodes and these are the alternatives 
of chemicals. The de-oiled cakes like neem, castor, mahua and mustard found effective against nematodes at 100-150 
kg per 1000 m2 area of poly-house. The vermicompost, compost and FYM also found effective at 150-250 kg per 1000 m2 
area. Oil cakes are the source of different kinds of alkaloids and act as an antagonistic and anti-feedent against 
nematodes. Whereas, vermicompost and FYM provide nutrients to plants and plant become tolerance to nematodes. 

7. Bio-agents: Trichoderma viride, Trichoderma harzianum, Paecilomyces lilacinus, Pochonia chlamydosporia, 
Pseudomonas fluorescens and Pasteuria penetrans are the fungal and bacterial bio-agents used against nematodes. The 
application methods are as follow: 

8. FYM Enrichment: 100 kg FYM + 2 kg of each Pseudomonas fluorescens + Trichoderma harzianum + Paecilomyces 
lilacinus. 

9. Vermicompost Enrichment: 100 kg Vermicompost + 2 kg of each Pseudomonas fluorescens + Trichoderma harzianum 
+ Paecilomyces lilacinus. 

10. Neem cake Enrichment: 100 kg Neem cake + 2 kg of each Pseudomonas fluorescens + Trichoderma harzianum + 
Paecilomyces lilacinus. 
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11. Rate of application: 250 g of mixture per m2. 

12. Time of application: 15 days before sowing or at the time of sowing. 

13. Chemicals: If nematodes population is very high and nematodes are not managed with other options then we can 
use different kind of chemicals and they are very effective against plant parasitic nematodes. The following chemicals 
are found very effective. 

Chemicals Rate of Application Nature 

Formalin  50 ml/m2  Fumigant 

Metham sodium  40-50ml/m2  Fumigant 

Sodium Tetra Thio Carbonate  (STTC)  15 ml/m2 Fumigant (Low volatile) 

Cadusafos  20 ml/m2 Non-Fumigant 

Carbofuran 3 G 1-2 kg a.i./ha Non-Fumigant 

Carbosulphon 25 DS 0.1 %  Non-Fumigant 

Carbosulphon 25 EC 0.1 %  Non-Fumigant 

Oxamyl  15 g/m2  Non-Fumigant 

Fluopyram 400 SC 250 g a.i./ha. Non-Fumigant 

Fluensulfone 2G 200 g a.i./ha. Non-Fumigant 

14. Time of application:  
Fumigant: 15 days before sowing with covered by polythene sheet 
None fumigants: At the time of sowing or in standing crop. 

Conclusion 
Protected cultivation is the demand of present agricultural scenario of India. Population increased and cultivated land 
reduced day by day in our country and the supply of vegetables may be challenge in future and protected cultivation is 
the best option. The nematodes problem gradually increased in protected cultivation and management of this pest is 
challenge for producers. This article helps to hi-tech farmers to understand the problem and its management through 
different practices. 
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Introduction 
In plants two pathways of reproduction through seed exist: sexual or amphimictic, and asexual or apomictic 
(amphimictic: capable of interbreeding freely and of producing fertile offspring). Apomixis is a form of asexual 
reproduction that occurs via seeds in which embryos develop without fertilization. Apomixis is associated with perennial 
life cycle, interspecific hybridization and polyploidy. Apomixis is a mechanism of seed formation without fertilization 
and is observed in more than 300 species in 30 out of 460 angiosperm families, but it is not common in crop species. The 
presence of apomixis in the species Hieracium, in which Mendel was asked to prove the genetic principles he had 
developed in peas, caused him to withdraw from the scientific world due to his failure to do so. Facultative apomixis is 
more common than obligate apomixis. Apomixis technology has revolutionary promise by reducing cost and breeding 
time, and avoiding the complications of sexual reproduction (e.g., incompatibility barriers) and vegetative propagation 
(e.g., viral transfer). Development of apomixis technology in agriculture requires a deeper knowledge of the mechanisms 
that regulate reproductive development in plants. The benefits of apomixis are estimated to surpass those of the green 
revolution. Apomixis modifies the processes of sexual reproduction and produces a functional female gametophytic 
structure that precludes the sexual assortment of genes and recombination of genes associated with meiosis. In apomixis 
the double fertilization event does not occur and the embryo develops autonomously from the unreduced female gamete. 
In some apomicts the endosperm develops autonomously while in others (pseudogamous apomicts) fertilization of the 
central cell by a sperm cell may be required to produce a functional endosperm (the preferred pathway). 

Types of Apomixis 
1. Sporophytic (Adventitious embryony) 
2. Gametophytic (Apospory and Diplospory) 

Adventitious Embryony (Sporophytic Apomixis) 
The simplest pathway avoids the production of an embryo sac, and the maternal embryo originates from one or more 
somatic cells of the ovule. Among the agriculturally important species, adventitious embryony (i.e., sporophytic 
apomixis) has been noted in mango (Mangifera indica), several Citrus species, and orchids. In this process embryos 
initiate parthenogenetically outside of an embryo sac structure. Adventitious embryony is most commonly initiated later 
in ovule development from nucellar and integument tissues. In general, fertilization in the adjoining sexual embryo sac 
and subsequent endosperm formation is necessary to form viable seeds. The developing embryos closest to the embryo 
sac grow towards it, presumably to obtain nutrient and other developmental signals from the embryo sac. Adventitious 
embryo formation is rapid; often multiple embryo form and these can hinder development of the zygotic embryo. 

Diplospory 
In diplospory, the unreduced embryo sac is derived from the megaspore mother cell either directly by mitotic division 
or by aborted meiotic events. In the Taraxacum type, meiotic prophase is initiated but then the process is aborted 
resulting in two unreduced dyads one of which gives rise to the embryo sac by mitotic division. In the Ixeris type, two 
further mitotic divisions of the nuclei to give rise to an eight-nucleate embryo sac follow equational division following 
meiotic prophase. The Taraxacum and Ixeris types are known as meiotic diplospory because they involve modifications 
of meiosis.  By contrast, in the Antennaria type, referred to as mitotic diplospory, the MMC does not initiate meiosis and 
directly divides three times to produce the unreduced embryo sac. 

Features of Apomictic Plant 
Many apomictic plants belong to genera in which sexual members predominantly exhibit physiological self-
incompatibility, dioecy, or heterostyly. Apomictic species are almost perennials, and often use a vegetative 
reproduction. Apomicts are found in frequently disturbed habitats or where barriers operate to inhibit the successful 
crossing of compatible individuals. Gametophytic apomixis is more common in herbaceous than tree species.  
E.g. Poaceae and the Asteraceae, mostly composed of herbaceous species. It is probably true that there are as many 
mechanisms of apomixis as there are plant taxa that express the trait. 
Most apomicts produce viable pollen. Even in diplosporous apomicts, defects in the meiotic events of female 
gametophyte development are not automatically extended to male gametophyte formation or function. From an 
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evolutionary point of view, apomixis may be regarded as a consequence of sexual failure rather than as a recipe for 
clonal success. 

Ideal Apomictic System 
Obligate apomixis: All progeny should be apomictic (Clones of maternal parent). Apomictic genotype should be male 
fertile and self-incompatible and reproduce via apogamy. In diplospory, chromosome should not recombine during 
meiosis (i.e. to prevent genetic variation). In diplospory, restitution must occur at or just after first meiosis to prevent 
genetically variable progeny. Apomixis must be dominant over sexual reproduction. Usually, apomixis is governed by two 
or more genes. Apomixis should not be affected by environmental changes. 

Applications 
1. Fixation of heterosis 
2. If apomixis were to be available as a controlled tool where it could be switched on and off as required in plant 
breeding, hybrid vigour could be fixed, enabling indefinite multiplication of the hybrid of uniform quality without 
decrease in the yield advantage. 
3. In this way apomixis could eliminate dependency on current inbred lines (maintenance of parental lines) and enable 
us to expand our current agricultural genetic base. 
4. Apomixis would also remove the need for pollination for fruit and seed production. 
5. Adverse environmental conditions such as drought and cold inhibit pollen formation and result in crop losses in sexually 
reproducing systems; in apomictically grown plants these losses could be avoided. 
6. A significant proportion of assimilate of the growing plant is channelled into the production of the male reproductive 
apparatus and gametes; these could be redirected towards increasing yield.  
7. Apomixis will also facilitate uniform clonal seed propagation of many plants that are currently vegetatively 
propagated, including fruit trees, plantation timbers, and potatoes. 
8. Production of vybrids: Vybrids are obtained by crossing two facultative apomicts followed by selection of F1 like 
plants. 

Advantages of Apomixes 
1. Obligate apomixis permits fixation of heterosis 
2. Reduced cost and price of hybrid seed production. 
3. Farmers can produce their own hybrid seeds which are not possible with conventional approach. 
4. No need to identify cms and restorer sources. 
5. In vegetatively propagated crops, apomict seeds can reduce the cost of seed storage and transportation required in 
handling of bulky propagules. It also reduces viral contamination in these crops as bulky propagules are not used.  
6. Crossing is to be attempted only once, special advantage in case of strictly self-pollinating species. 
7. Parental lines are not to be maintained. 
8. Minimum isolation distance (3m) is required to avoid mechanical mixture irrespective of mode of pollination. 
9. The shorter procedures and lower costs involved in apomictic hybrids will make it possible to adapt a “boutique 
breeding” approach to develop specific hybrids for microproduction areas. 
10. Flowering synchronization of parental lines is not required. 
11. Nucleus seed can be maintained conveniently. 
12. Pollen dispersal is not relevant during hybrid seed production. 
13. Emasculation of any kind is not required for hybrid seed production 
14. A major advantage of apomixis for plant breeding is that it will increase the survival of interspecific crosses since 
chromosomal irregularities in meiosis, and consequently hybrid sterility, is not a problem in apomictic plants. It will 
facilitate gene transfer from secondary and tertiary gene pools. 
15. No scope for creation of variability except due to mutation. 
16. Rouging is not required except in case of mechanical mixture. 
17. Virus free clonal propagation through seed is possible without utilizing costly tissue culture techniques. 

Problems Associated with Apomixis 
1. Unfortunately, barring a few exceptions in some forage grasses and fruit trees, apomixis is not a common feature 
among crop species. 
2. Breeding methods and seed certification procedures are to be modified. 
3. Level of apomixis is difficult to judge in case of facultative apomixis. 
4. In case of facultative apomixis, proportion of sexual progenies is influenced by environmental factors. 
5. Maintenance of facultative apomixis is difficult. 
6. Genetic and molecular base of apomixis is not clear. 
7. Good theory, No practical utility. Functional genomics tools, transgene technology and genome editing. 
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8. This technology will cripple the seed industry by allowing farmers to produce their own seeds, jeopardizing future 
yield increases.  Area specific breeding and replacement within 5 years due to mechanical mixture and variation. Increase 
in area under hybrid seed production. 

Breeding Apomixis 
Selection for change over a parental type would work against a mechanism such as apomixis that acts to maintain 
uniformity. There also are few apomictic species of significant relatedness available for use in introgression programs, 
which may explain at least some of the difficulties experienced when attempts have been made to introduce apomixis 
into crops through hybridization. For example, major programs aimed at introducing apomixis into maize (Sokolov et al., 
1998; Savidan, 2000a, 2001) from the wild relative Tripsacum dactyloides have been under way now for decades, yet 
they have proven unsuccessful in terms of generating apomictic plants with agronomically acceptable levels of seed set. 
Current breeding efforts with apomictic crop species, such as the forage grasses Brachiaria and Panicum, are frustrated 
by the need to use complex breeding strategies to accommodate the inaccessibility of the female gamete to generate 
hybrid progeny. The best solution would be the introduction of apomixis into crops in an inducible format, permitting its 
use during seed increase but allowing for its silencing during hybridization. To achieve this, information will be required 
concerning the genes that control the trait, their interrelationship with sexual processes, and the impact the trait might 
have on seed yield, viability, and quality for a given plant. 
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Plants integrate environmental cues for their growth and more specifically for flowering phenomena. In the flowering 
process, the most important phenomena that is regulated by environmental factors is the floral transition. In fact, the 
differentiation of vegetative primordia to reproductive primordia is the crucial first step for the reproductive phase 
which determines the blossom intensity and yield capacity. From this context, floral transition is the key factor that 
determines the productivity especially in perennial fruit crops. The perennial fruit crops are constantly exposed to annual 
climate variability and climate change and hence, assume greater significance in determining productivity. 
The different environmental signals influence the flowering time/flowering control such as photoperiod, light quality, 
vernalisation and other environmental factors like ambient temperature besides nutrient status and moisture stress. The 
molecular mechanisms regulated by these environmental cues are well elucidated, though predominantly in model 
systems. 

Flower Bud Initiation 
Unlike in annuals, the mechanisms regulating the floral transition are more complex in perennial fruit crops, wherein 
they are constantly exposed to environmental cues. Still, the basic factors controlling the juvenility are yet to be 
elucidated. Besides, the crucial environmental factor that brings about floral transition and development of flushes is 
yet to be clearly elucidated in many fruit crops including mango. In tropical and subtropical fruit crops like mango, 
besides photoperiod, the major environmental factors that regulating floral transition and flowering initiation are day 
and night temperatures, moisture and nutrient status and finally the factors that govern maturity of flushing branches. 
Lower day and night temperatures during the flower evocation period are emerging as the major environmental cue for 
floral differentiation. It has further significance in the global climate change scenario. The cooler temperature being 
the major factor in crops like mango, the predictive sequence of events leading to floral transition. The mature leaves 
perceive the optimum cooler temperature and synthesises a flowering promoter which is claimed to be subsequently 
transported to the apical meristem for vegetative to floral transition. Significant genotypic variation in response 
regarding the threshold cooler temperature for floral induction exists. However, systematic studies correlating 
temperature variations with respect to flowering phenomena is not available even in mega varieties which are widely 
cultivated in India. Even at a similar latitude across the country, a considerable variation exists in day and night 
temperatures during flower evocation period. It is crucial and necessary to study floral transition response in diverse 
locations in a similar latitude. Further, the information on molecular mechanisms, mainly differential expression of genes 
involved in flowering process is very limited. Therefore, the crucial aspect is to generate temperature versus flowering 
response in different latitudes.  

Koshita and Takahara, 2003 reported that the severe water stress (−1.5 to −2.0MPa) causes heavy leaf fall and reduced 
the percentage of flowering nodes by one third of the moderately water-stressed ones (−0.5 to −1.0MPa). GA1/3 - higher 
in the severely water stressed leaves and produce fewer flowers during flower-bud induction periods. IAA - higher in the 
moderately water stressed leaves from the branches that produced more flowers during flower-bud development.  
Temperatures between 20°C to 30°C favor vegetative shoot development while temperatures between 6°C  to 18°C 
incentive the initiation of the inflorescence development. The development of the terminal inflorescence occurs after 
a cold period associated to a degree of drought stress. In locations where winter is not cold enough for an adequate 
flowering induction (minimum daily T° above 15°C), it is common to produce this induction by exposing trees to soil 
moisture deficiencies (drought stress) before flowering (Haldankar et al., (2014). 

Flower Bud Differentiation 
The floral bud differentiation of vegetative primordia to reproductive primordia is the crucial first step for the 
reproductive phase which determines the blossom intensity and yield capacity. Four stages of fruit bud identified in the 
process of fruit-bud-differentiation.  
1. Emergence of broad conical protuberances in the axis of scales of fruit bud.  
2. The buds became plump and the main axis of fruit bud protruded conically and came out from the scales and also 
elongated and became multi-lobed due to development of primary branches of flower panicle. 
3. The main axis further elongated. Whereas the primary and secondary branches showed lobing. 
4. The scales started loosening, which indicted the ‘bud break’. Further elongation of the axis and the loosening of scales 
made the bud enter into the ‘bud break’ stage. 
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The biochemical factors associated with fruit-bud-differentiation are: 
1. Total sugars and total phenols gets increased  
2. Total carbohydrates, total nitrogen and the ratio of total carbohydrates to total nitrogen get decreased  
Low temperature (19 °C in day and 13 °C in night) favorable for fruit-bud-differentiation. Flower bud differentiation 
was delayed by high temperature and abundant rainfall in subtropical monsoon climate zone. Heavy rains during the 
critical time of flower-bud-intiation stimulated vegetative growth. In places like Kerala, where rainfall is heavy, mango 
flowered sparsely and erratically. 

Flowering 
Flowering and fruiting mechanism is a complex process and dependent on different environmental factors. Yadav et al., 
(2014) reported that the the performance of the varieties Amrapali and Mallika were found to be promising in terms of 
flowering and fruiting behavior consistently at the Banswara conditions of Rajasthan. The rainfall during flowering 
damaged the crop and heavy wind velocity during fruiting caused heavy incidence of fruit drop. 

Kumar et al., (2014) revealed that the number of inflorescence m-2 (32.10 and 26.40), hermaphrodite flower per cent 
(37.95 and 33.25), male flower per cent (47.97 and 52.60) and fruit set per cent (0.67 and 0.63) were higher in cv. 
Neelum during main season and off–season respectively. With regard to physiological parameters, the highest soluble 
protein (12.55 and 11.94 mg100 g-1) and total phenols (3.510 and 3.250 mg100 g-1) and the lowest of IAA oxidase activity 
(169.85 and 178.20 μg g-1) and Gibberellic acid content (1.05 and 1.06 μg g-1) were recorded in cv. Neelum during main 
season and off–season respectively. 

Features of Apomictic Plant 
Many apomictic plants belong to genera in which sexual members predominantly exhibit physiological self-
incompatibility, dioecy, or heterostyly. Apomictic species are almost perennials, and often use a vegetative 
reproduction. Apomicts are found in frequently disturbed habitats or where barriers operate to inhibit the successful 
crossing of compatible individuals. Gametophytic apomixis is more common in herbaceous than tree species.  
E.g. Poaceae and the Asteraceae, mostly composed of herbaceous species. It is probably true that there are as many 
mechanisms of apomixis as there are plant taxa that express the trait. 
Most apomicts produce viable pollen. Even in diplosporous apomicts, defects in the meiotic events of female 
gametophyte development are not automatically extended to male gametophyte formation or function. From an 
evolutionary point of view, apomixis may be regarded as a consequence of sexual failure rather than as a recipe for 
clonal success. 
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Introduction 
Indian agriculture has been undergoing spectacular changes in recent period. These changes are manifestations of large-
scale commercialisation and diversification taking place in the agricultural sector. They broadly include cultivation of 
new crops and varieties, increase in the share of area under cash crops, large scale spread of livestock activities and 
fisheries, pursuance of hi-tech agriculture in the areas of aquaculture, bio-technology, horticulture, processing, etc. The 
latest changes are basically responses of our agriculture to new economic environment ushered in by the process of 
liberalisation. Besides, expanding trade opportunities in agricultural produce also brought forth inflow of finance from 
rent-seeking urban traders and money lenders to agriculture. This set off the emergence of a different outlook for farm 
enterprise from an enterprise that provided a source of livelihood to one that had the potential of a commercial venture. 

Crop Diversification 
Crop diversification and inclusion of new varieties is one such strategy to increase the farm income and profitability. 
Agricultural crop diversification is an important stress relieving option for economic growth of the farming community. 
Diversification of agriculture seems need of the hour. Addition of new crops or cropping systems to agricultural 
production on a particular farm taking into account the different returns from value added crops with complementary 
marketing opportunities is called as crop diversification. The main motto of crop diversification is to increase number of 
crops, so farmers are not dependent on a single crop for their monetary return. In the event of single crop, risks are high 
due to vagaries climate and affect agricultural production. The introduction of high yielding and improved varieties 
assures enhancing plant productivity, quality, development of resistance pest and diseases and other crop growth and 
development stresses. Crop diversification reduces total crop failure and gives alternative ways to income generation. 

Crop Diversification in Indian Perspective 
With the advent of modern agricultural technology, especially during the period of the green revolution, there is a 
continuous surge for diversified agriculture in terms of crops, primarily on economic considerations. Diversification of 
Indian agriculture should receive very high priority in North India, particularly Punjab and Haryana as intensive cultivation 
with wheat-paddy rotation has led to deterioration of soil health and depletion of underground water resources. Under 
crop diversification, oilseeds both edible and non-edible could be considered, as these crops require low inputs and less 
water compared to rice and wheat. However, optimum level of diversification can be achieved only if farms are offered 
practical, viable and economically attractive alternate land use options. In India, crop diversification is viewed as a 
replacing less remunerative crops to more remunerative crops. Reduce risk factor of crop failures due to recurring 
droughts in dry land areas, diversification and growing large number of crops are most suitable technology. In problem 
soil areas (like saline soil, saline sodic soil and acidic soil), crop diversification with crop replacement and crop shift are 
also taking place. The crop pattern changes, however, are the outcome of the interactive effect of many factors which 
can be broadly categorized into the following five groups:  

1. Resource related factors covering irrigation, rainfall and soil fertility.  
2. Technology related factors covering not only seed, fertilizer, and water technologies but also those related to 
marketing, storage and processing.  
3. Household related factors covering food and fodder self-sufficiency requirement as well as investment capacity.  
4. Price related factors covering output and input prices as well as trade policies and other economic policies that affect 
these prices either directly or indirectly. Institutional and infrastructure related factors covering farm size and tenancy 
arrangements, research, extension and marketing systems and government regulatory policies. 

Crop Diversification Programme 
Diversification is introduction of alternate crops, may give good scope to break the monotony of the traditional system 
of cultivation.  Crop intensification is the main course of future growth of agriculture. Because of changing rainfall 
pattern over years, ground water depletion, hike in labour wages, the existing cropping pattern may be economically 
not viable.  It is the time to critically examine and redesign alternative cropping patterns based on agro climatic zone 
and this must be demonstrated in the farmer’s holdings in order to effectively utilize the natural resources and also to 
stabilize the production and profitability.  Crop diversification is mainly focusing on the following: 
1. From low value to high value crops 
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2. From water loving crop to water saving crop 
3. From single crop to multi / mixed crop 
4. From crop alone to integrated farming system (crop with allied agricultural activities like livestock, fish, apiculture, 
etc.) 
5. From agriculture production to production with processing and value addition. 

Diversification towards high value and labour-intensive crops can provide adequate income and employment to the 
farmers. Sensitization and motivation of farmers to shift to alternative crops in water deficient areas is most required. 
There is urgent need is required to focus on drought resistant and less water consuming crop. Crop diversification strategy 
must include following points for a successful venture. 

Diversification through Effective Irrigation Management Practices 
Where water is scarce, high value but low water requiring crops should be promoted. Among several possible approaches, 
the important approach that could be implemental is adoption of improved water saving technologies including micro 
irrigation. A transition to drip irrigation in the water starved areas could reduce off take of ground water and bring down 
the level of over exploitation taking place in some of the areas. With this view farmers are encouraged to adopt micro - 
irrigation system. Drip fertigation and drip herbigation can also be encouraged. 

Diversification with Water Saving Crop 
Most bio-ethanol in India is produced from the molasses left over from the refining of sugar from sugarcane, but the 
supply of molasses is insufficient and not reliable enough for costly ethanol production facilities that need to keep 
working around the clock to pay off. We are excited about the potential of a little-known dry land crop, sweet sorghum, 
to help fill this supply gap. ‘Sweet’ varieties of sorghum store large quantities of energy as sugar in their stalks, also 
producing reasonable grain yields. Sorghum, like sugarcane and maize, exhibits C4 metabolism, making it more efficient 
at converting atmospheric carbon dioxide into sugar than most plants.  
The water requirement and crop growth duration of sweet sorghum is much lower than that of sugarcane and thus sweet 
sorghum can be grown in the dry lands with low-volume irrigation facilities. As a dry land crop, sorghum requires less 
water than sugarcane, making it more accessible in dry land areas. Sweet sorghum also less photoperiod sensitive so 
they can be grown year-round, smoothing out supply variations for the ethanol production facilities. 

Yield Gap 
Yield gap is major issue determining agricultural stagnation. The gap between actual and potential yield is maximum in 
many of our agricultural crops. An integrated approach is necessary to remove the technological, infrastructure, and 
social and policy constraints responsible for the prevailing gap between actual and potential yields. 

Companion Crop 
Companion crop should be a good supplementary crop to replace and companion crop gives raw material to that 
particular industry area. Companion crop may be a short duration crop and requires less water for its growing period 
compared with replaced crop. 

Increased Cropping Intensity and Employment 
Increase cropping intensity by cultivation of more numbers of short duration less water required crop in a particular farm 
in a year. Since water requirement is less for those crops, more area could be brought under cultivation. Continuous 
cropping provides increased employment opportunities in agriculture throughout the year. Possibility of increasing the 
cropping intensity especially in rainfed areas with the suitable introduction of crops is the foremost thing. 

Grey to Green Agriculture (Wasteland Development) 
Income earning opportunity for the resource poor dry land farmer by rehabilitate these lands by building the fertility of 
their soils through crop diversification. 

Diversification from Sole Crop to Multi / Intercropping 
Multi / intercropping an effective strategy to efficiently use all growth resources for the benefit and crop diversification 
should mainly focus on that. 

Crop Diversification and Agro Forestry 
Agro-forestry on farmlands can be used for promoting plantation without affecting crop production. The model of 
boundary plantation with Poplars in Punjab, Haryana and Western UP is highly popular and can be expanded to 
plantations as well. 
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General Constraints in Crop Diversification in India 
1. Over 60% of the cropped area in the country is completely dependent on rainfall.  
2. Sub-optimal and over-use of resources like land and water resources, causing a negative impact on the environment 
and sustainability of agriculture. 
3. Inadequate supply of inputs. 
4. Fragmentation of land holding less favouring modernization and mechanization of agriculture.  
5. Very weak in agro-based industry.  
6. Weak research - extension - farmer linkages.  
7. Inadequately trained human resources together with persistent and large-scale illiteracy amongst farmers.  
8. Host of diseases and pests affecting most crop plants.  
9. Poor database and decreased investments in the agricultural sector over the years. 

Crop Diversification and Risk 
Diversification from rice monoculture system to non – rice cropping system could lead to increased variability in farm 
household incomes which basically come from yield or price fluctuations. Seldom risk aversion is a significant impediment 
to what would seem to be a rational diversification on the basis of average profitability of alternate crop behavior in the 
face of risk aversion is affected by the attitudes of farmer and nature of technology. But the fundamental problem is 
the failure of local credit and risk institutions to provide any potential to farmers for transferring their risk to other 
parties. Risk avoiding thus become an internal household strategy and many households come on growing a familiar crop 
with known technology and yields and guaranteed price patterns. 

Conclusion 
1. There is need to develop and disseminate eco-technologies for rain fed and semi-arid, hill and island areas, which 

have so far been bypassed by modern yield enhancement technologies.  

2. Farming systems intensification, diversification, and value-addition should be promoted. 

3. Water conservation and sustainable management will need particular attention.  

4. Develop and popularize crop mixtures based on considerations of ecology and economics, such as high value fruits, 

vegetables, and bio-fuel crops. 

5. Future research on neglected dry land crops, it is expected to work around primarily on genetic enhancement to 

promote productivity as a food crop, fodder and forage crop, industrial and bio-energy crop. Changing industrial needs 

and continuing research to constantly maintain the competitiveness of grain, improving the bio-energy potential and bye 

product utilization would assume greater importance.  

6. Finally, advantages of crop diversification include income increases of small farm holdings; less risk for price 

fluctuation and climatic variability; balancing food demand; increasing the production of quality fodder for livestock 

animals; beneficial for conserving natural resources; minimize environmental pollution; reduce dependence on off farm 

inputs. 
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Introduction 
A robot is a machine programmable by a computer which is capable of carrying out a complex series of actions 
automatically. It is guided by an external control device or sometimes the control is embedded within the robot. It can 
be autonomous or semi-autonomous, by imitating a lifelike appearance or automating movements, a robot may convey 
a sense of intelligence. 
Robots have replaced humans in performing repetitive and risky tasks which humans are unable to do. Farmers are tuning 
to technology to address a number of extreme problems. Artificial Intelligence, field sensors and data analytics are some 
of the advance systems that are the new ventures in present agriculture, but robotics is one area in which these 
technologies converge. Due to labour shortages and increase need to feed the global population agriculture robots are 
emerging among farming community. 

Figure 1: Agricultural Robot 

Application of Robot in Agriculture 
In agriculture robots are used to automate slow, repetitive and tedious tasks for farmers, allowing them to focus on 
improving overall production yields. Some of the most common areas where robots are deployed in agriculture are as 
follows 
1. Weed control: robots provide a much efficient method of controlling weeds compared to normal pesticides sprayers, 
as it can severely harm the environment. One such solar powered robot uses the concept of micro-spraying which 
significantly reduce the amount of herbicide used in crop growing. Micro-spraying robots use computer vision technology 
to detect weeds and spray a targeted drop of herbicide onto them. Some weeding robots avoids chemicals  and uses 
computer vision to detect plants as it is pushed by a tractor and it automatically does the job of hoes tool in the space 
between plants to uproot the weeds. There are robots which uses laser light to kill the weeds. 

2. Nursery planting and crop seeding: nurseries are areas where seeds are grown into young plants and which are later 
planted outside in the field. These plants are often sold direct to consumers and landscape gardeners and we must 
understand that they are also the start of the food journey for some crops. Thus, there is a rising need for nursery 
automation. Many companies provide automation solutions for seeding, potting and warehousing living plants in 
greenhouses. 
Many food crops begin life as seeds in a field. The traditional method for sowing seeds is to scatter them using a broadcast 
spreader attached to a tractor. This throws many seeds around the field while the tractor operates at a steady pace. 
This is not an efficient method of planting as it many seeds go waste without yielding crop. This can be overcome by 
autonomous precision seeding technology which combines robotics with geomapping. A map is generated which shows 
the soil properties like quality and density at every point in the field. The tractor with robotic seeding attachment places 
the seeds at precise locations and depths so that each seed has the best chance of growing.  

3. Fertigation and Irrigation: traditional methods of irrigating and fertilizing crops use a lot of water and are not 
efficient practice. Robot-assisted precision irrigation technology can reduce wastage of water as it targets the only 
specific plants. Ground robots autonomously navigate between rows of crop and pour water directly at the base of each 
plant. Robots also take the advantage to access where other machines cannot. One such robot solves the problems faced 
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by corn growers, where plants grow too quickly and fertilize them reliably, as it easily drives between the rows of corn 
and targets nitrogen fertilizer directly at the base of each plant. 

4. Autonomous mowing, pruning and thinning: this technique involves cutting back parts of plants and reduces the 
density of plants so that each part of plants has a better chance of growing and there is improvement in growth. One 
such robot designed for lettuce plant uses computer vision to detect lettuce plants as it drives over them and decides in 
that moment which plants to keep and which to remove. 
Best example for pruning would be, to prune grape vine robots are deployed. Similarly, blueberry pruning robot also 
exists.  

5. Crop monitoring and analysis: monitoring huge fields of crop is a major challenge faced by the farmers. Again, sensor 
and geomapping technologies are helping farmers to get rich level of data about their crops than they have in the past. 
Ground robots and drones collect this data autonomously. Drone companies offer farmers combined packages which 
include robots and analysis software as well. Thus, the farmers are able to move the drone to the field, initiate the 
software through smart phones and view the collected crop data in real time. Some of the robots provide even more 
detailed monitoring as they are able to get closer to the crops. Apart from this they are also used for tasks like weeding 
and providing fertilizer. 

6. Picking, harvesting, sorting and packing: harvesting crops like corn, rice, barley and wheat is quite simple and done 
with a combine harvester, which can be automated like a tractor. But, crops like soft fruits are very difficult to harvest 
as they require manual attention. Crops that have an early focus on robotic harvesting include strawberries, cucumbers 
and orchard fruit like apples. Robots are also used for grape picking and pepper picking that would ease the farmers 
work. These innovation machines use a combination of image processing and robotic arms to determine what to pick. 
Quality control and grading of the fruit can be done in one operation keeping repeated handling down.  
Using machine vision tools and robotics new harvesting systems are starting to emerge for high value crops like tomatoes 
and strawberries. The harvesting robots are able to go down greenhouse passageway accurately identify ripe versus 
unripe plants, harvest them and place them in on-board boxing systems. 

7. Shepherding, herding and milking: there have been few emerging applications for sheep and cattle farming apart 
from robots applied in crop growing. Farmers use drones to round up their sheep over long, difficult territory. There are 
different remote-controlled cattle-herding drones that can also be used.  
Great developments are seen in dairy farming as collaborative robots help in the milking process. Robots are used to 
spray disinfectant on the cow’s mammary glands in preparation for milking also. 

Conclusion 
Agriculture robots are seen as one of the key trends that will deeply influence agriculture in coming years and would 

definitely benefit the livelihood of the farmers as almost 40 percent of nationwide farm costs are going to wages and 

other labour costs. Agricultural robots are increasing production yields for farmers in various ways. From drones to 

autonomous tractors to robotic arms, the technology is being deployed in creative and innovative applications. With 

agricultural robot’s individual care is ascertained for the plants and more plants can be harvested and will ultimately 

increase the crop yield. Thus, farmers are welcoming the change and in future farmers will increasingly rely on robots 

to solve their labour shortage and meet the growing demand for food. 
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Introduction 
Nanotechnology is the most advanced science in recent times, with a huge potential to revolutionize the agricultural 
sector. It is the sixth most rapidly emerging revolutionary technology after the green revolution of the 1960s. The 
potential uses and advantages of nanotechnology in agriculture involve plant disease management, enhanced nutrient 
uptake efficiency, improvement in plant growth and sustained release of agrochemicals (pesticides, herbicides, 
fungicides and fertilizers) (Shukla et al., 2019). Fertilizers have an axial role in enhancing the food production in 
developing countries especially after the introduction of high yielding and fertilizer responsive crop varieties. The 
hazardous impact on soil due to the toxic nature of these chemicals fertilizers affects the fertility, microbial population 
and mineral content of the soil, which subsequently decreases the crop yields. It has been documented that >50% of 
chemical fertilizers are lost by leaching, bioconversion and mineralization. Indeed, nanotechnology has provided the 
feasibility of exploiting nanoscale or nanostructured materials as fertilizer carriers or controlled release vectors for 
building of so-called “smart fertilizer” as new facilities to enhance nutrient use efficiency and reduce costs of 
environmental protection. 

What is Nanofertilizer? 
A nanofertilizer is a product that is made with nanoparticles or uses nanotechnology to improve nutrient efficiency and 
that can provide nutrients to plants or they assist to augment the activities of conventional fertilizers. Encapsulation of 
fertilizers within a nanoparticle is one of these new facilities which are done in three ways (a) The nutrient can be 
encapsulated inside nanoporous materials (b) Coated with thin polymer film and (c) Delivered as particle or emulsions 
of nanoscales dimensions. 

Types of Nanofertilizers 
Nanofertilizers are mainly produced by the encapsulation of nutrients with nanomaterials. Initial nanomaterials are 
produced by using both physical (top-down) and chemical (bottom-up) approaches, afterward the targeted nutrients are 
encapsulated inside nano porous materials or coated with thin polymer film or delivered as particles or emulsions of 
nanoscale dimension as it is for cationic nutrients (NH4

+, K+, Ca2
+, Mg2

+) or after surface modification for anionic nutrients 
(NO3

−, PO4
−, SO4

−). 

Three classes of nanofertilizers have been proposed (Mikkelsen, 2018): 
1. Nanoscale fertilizer (nanoparticles which contain nutrients) 
2. Nanoscale additives (traditional fertilizers with nanoscale additives) 
3. Nanoscale coating (traditional fertilizers coated or loaded with nanoparticles) 

Based on release, Nanofertilizers are divided in these classes (Manjunatha, et al., 2016): 
1. Slow release: The nanocapsule slowly releases nutrients over a specified period of time. 
2. Quick release: The nanoparticle shell breaks upon contact with a surface (such as striking a leaf). 
3. Specific release: The shell breaks open when it encounters a specific chemical or enzyme. 
4. Moisture release: The nanoparticle degrades and releases nutrients in the presence of water. 
5. Heat release: The nanoparticle releases nutrients when the temperature exceeds a set point  
6. pH release: The nanoparticle only degrades in specified acid or alkaline conditions. 
7. Ultrasound release: The nanoparticle is ruptured by an external ultrasound frequency. 
8. Magnetic release: A magnetic nanoparticle ruptures when exposed to a magnetic field. 

Based on their actions, nanofertilizer could be classified as:  
1. Control or slow release fertilizers 
2. Control loss fertilizers 
3. Magnetic fertilizers or nanocomposite fertilizers as combined nanodevice to supply wide range of macro- and micro-
nutrients in desirable properties. 

 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
135 

Benefits of Nanofertilizers Over Chemical Fertilizers 
It is known that due to imbalanced fertilizer application and decrease in soil organic matter, yields of many crops have 
begun to depression. Moreover, excessive applications of nitrogen and phosphorus fertilizers affect the groundwater and 
also lead to eutrophication in aquatic ecosystems. There are many problems with the use of chemical fertilizers (Prasad 
et al., 2017). The nutrient use efficiency of conventional fertilizers that are applied directly into the soil, or sprayed on 
the leaves, largely depends on the final concentration of the fertilizers reaching the target sites. In true sense, a very 
low amount, which is much below the minimum desired concentration, reaches the targeted site due to leaching loss of 
chemicals, drift, runoff, hydrolysis and evaporation, photolytic or even microbial degradation. As consequences, the 
repeated use of excess amount of fertilizers adversely affects the inherent nutrient equilibrium of the soil. Beside these, 
water environments have seriously been contaminated due to leaching of toxic materials into rivers and water reservoirs, 
which also causes the contamination of drinking water. Among these large amounts of conventional fertilizers, a major 
portion of the chemicals remain in the soil or may enter into the other environmental compartments, resulting in severe 
environmental pollution that can affect the normal growth of flora and fauna. Nanofertilizers have proven to be more 
efficient in comparison with other fertilizers because they decrease nitrogen loss because of leaching, emissions, and 
long-term incorporation by soil microorganisms.  

The use of nanofertilizers leads to an increased efficiency of the micro- and macroelements, reduces the toxicity of the 
soil, and reduces the frequency of application of conventional fertilizers. Nanofertilizers synthesized in specific intension 
to regulate the release of nutrients depending on the requirements of the crops while minimizing differential losses, 
have immense potentiality. Like traditional fertilizers, nanofertilizers can be applied directly to soil or foliage. 
Nanomaterials have significant properties including large surface area and small size, in the range of 1–100 nm (Salata, 
2004). The small size of the particles allows them to get into the pores of roots and leaves and their solubility and 
dispersion for mineral micronutrients cause controlled release formulation. Controlled release modes have properties of 
both release rate and release pattern of nutrients for water-soluble fertilizers might be precisely controlled through 
encapsulation in envelope forms of semi-permeable membranes coated by resin-polymer, waxes and sulphur. Controlled 
release of nanofertilizers eventually boosting their efficiency and may also enhance soil quality by minimizing the toxic 
effects associated with the over application of normal chemical fertilizers. 

Conclusion 
The precise fertilizer management is considered as one of the most important prerequisites for sustainable agricultural 
development. A great future is foreseen through the research and application of nanoscale studies of biological materials 
originating from agriculture in the search for a sustainable society. Nanofertilizers are being studied as a way to increase 
nutrient efficiency and improve plant nutrition, compared with traditional fertilizers. The revolution of green 
nanotechnology has dramatically changed the global agriculture canvass and nanomaterials as nanofertilizers have 
aroused promises to meet the projection of global food demand and sustainable agriculture as well. Consequently, 
controlled release of nanofertilizers has reduced the regular cost of agrochemicals for crop protection as well as the 
expenses of treatment to restore the environment by preventing soil and water pollution. Plant scientists aim to restore 
the natural genomic diversity of different domesticated crops and to enhance technologies to reduce fertilizer 
consumption without compromising crop productivity and sustainable environment. Nanofertilizers can be a best 
alternative in order to alleviate the macro- and micro-nutrient deficiency through enhanced nutrient use efficiency and 
to overcome the chronic problem of eutrophication and their slow or controlled release of nutrients would stimulate the 
uptake process by plants, promote the growth and productivity of crops and contribute to maintaining soil health as 
well. 
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Introduction 
There is a huge demand for increasing the food production to feed the global human population. As a result, there is a 

massive pressure exerted on every natural resource including soil. The soil contains an enormous, highly varied microbial 

community which exist in intimate association with plants (as epiphytes, endophytes or in rhizosphere microbes). These 

microbes show either beneficial or detrimental effect on the growth and development of plants. Root microbiota 

suppress the disease, increasing nutrition uptake, better water retention, regulate biogeochemical cycling and better 

growth promotion. The plant root microbiome has multifariousness determined by the soil’s physicochemical properties, 

type of host plants, root and their exudation. Moreover, the plant root system growth is controlled by different soil 

physicochemical properties that are in turn partly modified and influenced by roots themselves. The plant root system 

is composed of linear underground secretory organs which exhibit a complex pattern in terms of architecture, growth 

and exudation. The rhizosphere facilitates the root growth expansion, nutrient uptake, water uptake, exudation, and 

subsequent macro- and micro-biota community development. The spatial expansion of the rhizosphere variably depends 

upon the soil structure, particle size, water content and buffering capacity. These roots outstandingly secrete both low 

and high-molecular weight molecules into rhizosphere located within the soil matrix. These root exudates cover simple 

molecules like water, ions, O2 to the complex carbon-containing compounds and volatile compounds. With respect to 

total dry matter production, the root exudates may even account up to 30% in young plants. In general, the quantity of 

root exudation decreases with plant-age, soil compaction, drought and low nutrient supply. 

Composition of Root Exudates 
1. Carbon-containing compounds includes photosynthesis products such as arabinose, fructose, glucose, maltose, 

mannose, oligosaccharides. They provide favourable environment for the microbial growth. 

2. Amino acids and Amides- It covers all 20 proteinogenic amino acids such as arginine, asparagine, aspartic, cysteine, 

cystine, glutamine, aminobutyric acid. These amino acids inhibit the growth of nematodes as well as regulate growth 

primarily. 

3. Inorganic ions (especially H+), water, and electrons 

4. Phytosiderophores and mugineic acid (Improving iron availability and microbe attractant) 

5. Organic acids (Such as acetic, ascorbic, benzoic, ferulic, malic acids for increasing phosphate as well as micronutrients 

availability and relieving Al-toxicity) 

6. Phenolic compounds (Such as flavonoids, terpenoids, steroids and  alkaloids) 

7. Sterols (Such as campesterol, sitosterol and stigmasterol) 

8. Enzymes, fatty acids, growth regulators, nucleotides, tannins, polyacetylenes, and  vitamins (Promote plant and 

microbes’ growth by providing nutrition directly) 

9. Mucigel (Root movement lubrication) 

10. Root border cells (Protection by decoy-mechanism). 

Plant-Microbe Interactions Mediated by the Root Exudates 
Microbes positively influenced the growth of the plants through variety of mechanisms such as 

1. Fixation of atmospheric nitrogen, 

2. Influence microbial succession during the plant growth, 

3. Increased biotic and abiotic stress tolerance imparted by the endophytic microbes, 

4. Production of protective biofilms or antibiotics in the rhizosphere, and 

5. Degradation of the allopathic or autotoxic exudates produced in the soil. 
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Hence, this plant-microbe interaction directly depends upon the number, kind, and activity of microbes which in turn 

influenced by the root exudates composition. 

Fig: Influence of root exudates on soil beneficial mircoflora and host plant (Compant et al., 2019). 

Positive Interactions Mediated by the Root Exudates 
1. Nodulation of legumes by rhizobia: Rhizobium forms the symbiotic association with the nodules of legume roots and 
there it helps to fix the atmospheric nitrogen. The signal compounds responsible for the specific host reactions are 
mediated by the class of compounds called flavonoids and iso-flavonoids found in legumes. Daidzein and Genistien are 
the iso-flavonoids produced by the soyabean which effectively induces the nod genes for Bradirhizobium japonicum but 
inhibit it for S. meliloti, so this specificity helps rhizobium to distinguish between its own host roots from others. 

2. Mycorrhizal association: The symbiotic association increases the nutrient uptake through the mobilization of 
phosphorus and improves the plant fitness. In turn, mycorrhizae extract the lipids and carbohydrates from the plant 
roots. 
On the other hand, root hairs play four important roles in rhizosphere such as 

a. Anchor the plant in the soil by sticking to the soil particles, 
b. Facilitate the water and nutrients uptake like P, Zn, Cu and Fe 
c. Produce the mediatory substances for plant-microbial associations, and 
d. Determine microbial community structure in the plant rhizosphere. 

Conclusion 
Rhizosphere is the battle field between host and different soil borne plant pathogens. Rhizosphere create favourable 
environment to the host indirectly through providing root exudates beneficial to the advantageous rhizomicrobes. Root 
exudates contain sugars, amino acids and polysaccharides which are essential food nutrients to the beneficial microbes. 
Root exudates play important role in recognition of the legume roots by Rhizobium which fix the atmospheric nitrogen. 
Root exudates contain some phenolic compounds, NH3 and HCN which are directly toxic to the pathogens. Increased 
beneficial microbes in the rhizosphere boost the plant growth promotion through providing beneficial elements and 
defence against plant pathogens. 
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Introduction 
Saccharomyces cerevisiae is one of the renowned species of yeast. It is perhaps the most valuable yeast due to its exploit 
since ancient times in baking and brewing industry. It is one of the most intensively studied eukaryotic model organisms 
in molecular and cell biology, is the microorganism behind the most common type of fermentation. Many proteins vital 
in human biology were first revealed by studying their homology in yeast include cell cycle proteins, signalling proteins 
and protein-processing enzymes. The petite mutation in S. cerevisiae is of particular interest. 

A Model Organism 
When researchers look for an organism to use in their studies, they look for several traits. Among these are size, 
generation time, accessibility, manipulation, genetics, conservation of mechanisms, and potential economic benefit. 
The yeast species S. pombe and S. cerevisiae are both well studied; these two species diverged approximately 300 to 
600 million years before present, and are significant tools in the study of DNA damage and repair mechanisms. The alpha-
factor of S. cerevisiae, has been compared to the liphophilic peptide created by the fungus Tremella mesenterica.  

S. cerevisiae has developed as a model organism because it scores favorably on a number of these criteria: 
1. As a single celled organism S. cerevisiae is small with a short generation time (doubling time 1.25–2 hours at 30 °C (86 
°F)) and can be easily cultured. These are all positive characteristics in that they allow for the swift production and 
maintenance of multiple specimen lines at low cost.  
2. S. cerevisiae can be transformed allowing for either the addition of new genes or deletion through homologous 
recombination. Furthermore, the ability to grow S. cerevisiae as a haploid simplifies the creation of gene knockouts 
strains.  
3. As a eukaryote, S. cerevisiae shares the complex internal cell structure of plants and animals without the high 
percentage of non-coding DNA that can confound research in higher eukaryotes.  
4. S. cerevisiae research is a strong economic driver, at least initially, as a result of its established use in industry. 

Brewing 
Saccharomyces cerevisiae is used in brewing beer, when it is sometimes called top-fermenting or top-cropping yeast. It 
is so called because during the fermentation process its hydrophobic surface causes the flocs to adhere to CO2 and rise 
to the top of the fermentation vessel. Top-fermenting yeasts are fermented at higher temperatures than lager yeasts, 
and the resulting beers have a different flavor than the same beverage fermented with lager yeast. "Fruity esters" may 
be formed if the yeast undergoes temperatures near 21 °C (70 ° Fahrenheit), or if the fermentation temperature of the 
beverage fluctuates during the process. Lager yeast normally ferments at a temperature of approximately 5 °C (40 
°Fahrenheit), where Saccharomyces cerevisiae becomes dormant. Lager yeast can be fermented at a higher temperature 
to create a beer style known as "steam beer". 

Uses in Aquaria 
Owing to the high cost of commercial CO2 cylinder systems, CO2 injection by yeast is one of the most popular DIY 
approaches followed by aqua culturists for providing CO2 to underwater aquatic plants. The yeast culture is, in general, 
maintained in plastic bottles, and typical systems provide one bubble every 3–7 seconds. Various approaches have been 
devised to allow proper absorption of the gas into the water. 

Conclusion 
Yeast is a single celled fungus. CO2 produced by Saccharomyces cerevisiae have been used in baking industry. It can also 
be used in production of alcoholic beverages and single cell proteins. It’s one of the well-known studied eukaryotic model 
organisms in modern cell biology. So, we considered Yeast is a marvel life-form. 
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Introduction 
Most of us read on a daily basis about the implications associated with fungi on human health. As per the definition, 
fungi are usually filamentous eukaryotic, spore bearing, achlorophyllous organisms having cell wall with absorptive mode 
of nutrition that generally reproduce with both asexual and sexual reproduction. This group includes yeasts, mushrooms 
and molds.  However, the remarkable members of this big eukaryotic kingdom deserve a respect because of their 
beneficial contribution to the human society. For example, the fungi have been a source of food for numerous 
generations; as a result, today there is a massive range of edible mushrooms that are being cultivated in a multiple part 
of the world. Furthermore, many other food products of regular use such as soy sauce, blue cheese are produced by 
Saccharomyces rouxii and Penicillium roquefortii, respectively. In the same way, fungi are being employed to control 
pests, make bread and produce alcohol, beer. Most importantly, they are being used in manufacturing of million-dollar 
valued drugs/antibiotics like cyclosporin A, amoxicillin, pravastatin, simvastatin and lovastatin. Apart from this, they 
are employed as leavening agent for bread, fermentation of beer as well as in detergent making. They perform essential 
roles like organic matter decomposition, nutrient cycling/exchange and biological control of weed and pests. 

Fungi as Research Tools 
A model organism is a non-human species that is extensively studied to understand particular biological phenomena, 
with the expectation that discoveries made in the organism model will provide insight into the workings of other 
organisms. Model organisms are widely used to explore potential causes and treatments for human disease when human 
experimentation would be unfeasible or considered less ethical. This strategy is made possible by the common descent 
of all living organisms and the conservation of metabolic and developmental pathways and genetic material over the 
course of evolution. Studying model organisms can be informative, but care must be taken when generalizing from one 
organism to another.  
Because of their small size, ease of culture and manipulation, and their short life cycle, many members of fungi have 
been great tools for various kinds of research. Several articles are already there in the literature regarding the role of 
fungi in medical and industrial research, however, in order to get the desired products like foods, medicines and 
beverages in an optimum manner, the most important thing is to understand the genome. As a result, the common bakers 
or brewer’s yeast, Saccharomyces cerevisiae was the first eukaryote to have its complete genome mapped.  
Similarly, several pivotal discoveries were made by using fungi as model organisms, for example, one gene-one enzyme 
hypothesis (Neurospora crassa). Other important model fungi are Aspergillus nidulans, Schizosaccharomyces pombe, 
Ashbya gossypii, Coprinus cinereus, Schizophyllum commune and Ustilago maydis. Few of the model fungi have been 
discussed as following:    

1. Neurospora: It is particularly well suited for genetic studies because:  
a. Quick growth on simple culture medium 
b. Any recessive mutations show up in its phenotype 
c. Meiosis I->Meiosis II->Mitosis is followed in the ascus.  
d. No crossing over occurs during meiosis I, as a result, the ascus will finally have four spores at one end 
containing one allele (a) and four spores at the other end containing the other allele (A).  

It was used by Edward Tatum and George Wells Beadle to propose the "one gene, one enzyme" hypothesis that specific 
genes code for specific proteins. Similarly, the spore colour segregation has been also deduced in Neurospora. It clarified 
the doubt that segregation for a single gene produces equal frequencies of the two types of spores (or gametes). 
Additionally, the circardian clock mutants showing a gene-dosage effect on period length have been also reported in N. 
crassa. 

2. Aspergillus nidulans: Aspergillus nidulans (Teleomorph = Emericella nidulans) is one of important homothallic fungal 
research species of phylum Ascomycota for over 50 years. It has been used to study a wide range of subjects including 
recombination, DNA repair, mutation, cell cycle control, tubulin, chromatin, nucleokinesis, pathogenesis, mitochondria 
evolution and metabolism. It is well-suited for genetic studies as: 

a. Able to form sexual spores through meiosis which allowing crossing of strains in the laboratory. 
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b. Able to self-fertilize and form fruiting bodies in the absence of a mating partner.  
c. Genome size=30 million bp in size, Total chromosomes=8. 

3. Yeast: Saccharomyces cerevisiae is a perhaps a most useful yeast that owe to usage in baking and brewing since the 
ancient times. It was originally isolated from the skins of grapes and plums. It is one of the most intensively studied 
eukaryotic model organisms in molecular and cell biology. Multiple proteins of human biology importance such as cell 
cycle proteins, signaling proteins, and protein-processing enzymes were first discovered by studying their homology in 
yeast; these proteins. 

Conclusion 
Fungi used as food for example mushrooms. Fungi used in production of antibiotics, commercially valuable enzymes, 
bioherbicides and alcohol etc. Fungi like Saccharomyces cerevisiae, Neurospora crassa are used in genetics to study the 
valuable functions of the genes. One gene one enzyme and gene for gene hypothesis are also observed in fungi. So that 
fungi are very important in studies of biological research. 
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Introduction 
Panic over environmental hazards and increased public consciousness on human health issues caused by pesticides 
resulted in directed towards alternative practices for chemical pest control. Soil solarization is an advanced technology 
for control of silborne diseases. This technology first time developed in Israel for the management of plant diseases. Soil 
solarization is a non-chemical disinfestation practice. It increases the availability of soil mineral nutrients, reduces crop 
fertilization supplies and results in improved plant growth and yield. Solarization was originally developed to control 
soil-borne pathogens but it was soon found as an effective treatment against a wide range of other soil-borne pests and 
weeds including fungal plant pathogens, a few bacterial pathogens, nematodes and many weeds. The intrinsic worth of 
solar energy is not a new thing; however, the innovation in developing soil solarization is the use of plastic sheets. Thus, 
discharge of this technology is easy to accomplish under a wide range of crop production systems. Soil solarization is 
based on utilizing the solar energy for heating soil mulched with a transparent Polythene (PE) sheet, reaching a level of 
40-55ºC in the top 5 cm soil layer. During day time it increases 13-16 0C than in night normal temperature. There is a 
temperature gradient from the upper to lower soil layer during the appropriate season. The temperature increase is 
facilitated by wetting the soil before and/or during mulching with the PE sheet. The main factor implicated in the pest 
control process is the physical mechanism of thermal killing. In addition, chemical and biological mechanisms are also 
involved in the pest control process. Successful example of soil solarization is reported in Jharkhand to control of damping 
off of chilli, tomato and brinjal. 

Pathogens to be Managed by Soil Solarization Technique 
1. Fungal pathogens: Fusarium, Verticillium, Pythium and Phytophthora 

2. Bacterial pathogens: Clavibacter michiganensis 

3. Nematode pathogens: Ditylenchus, Pratylenchus 

Soil Solarization 
Attempt to reduce or eliminate pathogen populations in the soil by covering the soil with clear plastic so that sun rays 
will raise the soil temperature to levels that kill the pathogen. 

Principles of Soil Solarization 
The fundamental principle of soil solarization is to lift up the temperature in a moist soil to a level that directly lethal 
to harmful disease-causing organisms. The heating process also induces other environmental and biological changes in 
the soil that indirectly influence soil-borne pests as well as survival of beneficial organisms. The values of the maximum 
soil temperature and amount of heat accumulated decide the potential of the thermal killing effect on soil-borne pests 
and weed seeds. At present, the most common practice of soil solarization is based on mulching moistened soil with 
transparent PE. The duration of soil mulching that is essential for successful effect is generally four to six weeks, 
depending on the pest, soil characteristics, climatic conditions and the PE properties. Pest population and environmental 
conditions are uncontrollable variables, while soil moisture and PE properties could be modified as needed. Soil pre-
treatment and suitable PE technology may beat unfavorable environmental conditions existing in some regions or in 
certain seasons, increasing weed (or pest) sensitivity and soil, shortening soil mulched duration. Soil moisture improves 
temperature conductivity in soil and the sensitivity of microorganisms to toxic agents. Hence, pest control is better 
under "wet heating" than "dry heating". This applies also to weed control, presumably because moist seeds are in a more 
advanced metabolic activity. Therefore, all soil pretreatments that improve water capacity, such as soil cultivation or 
drip irrigation during mulching, may improve soil solarization efficacy. Drip irrigation during the solarization process is 
vital for maintaining a wet soil surface, enabling the heat transfer to deeper layers. Moreover, good soil preparation that 
leads to a smooth soil surface facilitates plastic mulching and prevents tearing. 
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Use of Organic Amendments for Biofumigation 
The use of organic amendments such as animal manure or cover crop residues combined with soil solarization may further 
lift up the soil temperature by an additional 1–3ºC. This amplify is a outcome of the improved thermal conductivity in 
moist soil, exothermic microbial activity or a combination of both. Combining soil solarization with organic amendments 
leads to the generation of toxic volatile compounds that build up under the plastic mulch and consequently increase the 
vulnerability of soil organisms to soil solarization. The nature of these volatiles may differ with respect to the origin of 
the organic matter, in particular when a high soil temperature is employed. The type of plant residues or manure 
incorporated into solarized soil may produce quantifiable amounts of volatiles such as ammonia, methanethiol, dimethyl 
sulfide, allylisothiocyanates, phenylisothiocyanates and aldehydes. These compounds build up under the PE to the level 
at which toxic to soil flora and fauna. The high soil temperature also increases the sensitivity of soil pests to the toxic 
effect of the captured volatiles. For example, isothiocyanates released by turniprape in mulched soil curb weed 
infestation in the field. High concentrations of isothiocyanates in soil strongly suppressed the germination of several 
weeds and crops, such as scentless mayweed, smooth pigweed, barnyardgrass and blackgrass. 

Plastic Mulch Used for Soil Solarization 
All types of transparent PE sheet used in agriculture are appropriate for solarization purposes. Part of the solar radiation 
is passed through the transparent PE, absorbed by the soil surface and changed to conserved heat. Some PE sheets vary 
in their chemical and physical properties such as thickness, colour and wavelength transmission, UV protection and 
durability. The PE largely prevents the escape of long-waves radiation and water evaporation from the soil to the 
atmosphere, consequently exerting a greenhouse effect. In addition, the water vapours accumulated on the inner surface 
of the PE sheet further improve the greenhouse effect, resulting in higher soil temperatures. Black PE absorbs most of 
the solar radiation and heats up but does not transmit the radiation, due to the insulating air layer between the plastic 
mulch and soil surface. Thus, black plastic mulch usually provides a lower soil temperature and poorer pest control. Thin 
PE is economically cheaper and reflects less radiation than the thicker sheet, resulting in a slight increase in soil 
temperature. Unfortunately, thin PE tends to deteriorate faster than the thicker layer under field conditions. Previously 
used PE for soil solarization is more efficient in temperature increase than new PE due to improved radiation influx at 
the soil surface. 

Advantages of Soil Solarization 
1. Antagonistic microbes population increased in the soil 
2. Increase the release of mineral nutrients 
3. Solarized soils are less prone to diseases and checks the weeds growth 
4. Stimulate the plant harmones resulted in improves the  crop growth 

Limitations of Soil Solarization 
1. This process takes longer time. 
2. It can be done during April-May months. 
3. Depends on the country, the crop type. 
4. Solar radiation availability. 
5. Land should be level and irrigate to create moist heat. 
6. Adding of biocontrol agents after the completion of soil solarization process only. 
7. The soil is occupied for at least one month with the mulch. 
8. It is difficult to protect the PE sheets from damage caused by wind and animals. 
9. There is no full environmentally-accepted solution for the used PE. 
10. Not all soil-borne pests and weeds are sufficiently controlled. 
11. Not cover the large area. 

Conclusion 
The worldwide changes and the stable increase in the erosion of the natural ecosystem highlight the importance of soil 
solarization as a viable environmental IPM tool in crop production systems. The effectiveness of soil solarization to 
control soil-borne pests is well confirmed under a range of agroecosystems, especially in regions of elevated solar 
radiation. Upcoming research should aim at the development of better technology which is cheaper and more 
environmentally accepted mulching technology; large-scale application technologies; and new plastic formulations for 
improved soil temperature transmission in the soil. These improvements should expand the use of this technology beyond 
the season limitations and make soil solarization suitable for marginal climatic regions and for less valued crops. In 
addition, these improvements will enlarge the range of the controlled pests and lessen the duration of the process. 
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Abstract 
Silk is a natural protein fibre material of animal origin. It is known as the “Queen of Textiles” throughout the world. The 
art of silk production is called sericulture which consists of various steps starting from cultivation of host plant, rearing 
of silk producing organisms to the production and marketing of silk. Many silk producing organisms are known in the 
world which use it for various purposes viz., for protection of pupal stage, for anchorage, for entangling prey and so on. 
Among the various silk producing organisms, silkworms are important and well known for their silk producing abilities. 
India is the only country to produce all types of insect silks - both mulberry and non-mulberry silks.  
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Introduction 
Silk, prominently known as the “Queen of Textiles” is the most elegant textile in the world. It is famous for its 
unparalleled grandeur, natural sheen, inherent affinity for dyes, high absorbance, light weight, soft touch and high 
durability. The animal architect behind the production of silk are many; out of them silk is produced commercially by 
the silkworms. Silkworms produce silk to form their cocoons which is used as a tool of protection for the pupal stage. 
The art and science of rearing of silkworm with an aim to produce commercial silk is called sericulture. Sericulture 
stands for livelihood opportunity for millions owing to high employment oriented, low capital intensive and remunerative 
nature of its production. The lucrative nature of this industry with its enormous employment generation potential has 
attracted the attention of the planners and policy makers to recognize the industry among one of the most appropriate 
avenues for socio-economic development of a largely agrarian economy like India. India is predominantly known for its 
seri-biodiversity with diverse sericigenous fauna and flora. India represents a wide range of biodiversity in sericulture 
due to its diverse climatic and cultural practices. It is the only country in the world to produce all commercial type of 
silks viz., mulberry silk, tasar silk (both tropical and temperate tasar silk), muga silk and eri silk. Silk produced by the 
mulberry silkworm is called mulberry silk while the silks produced by other four types of silkworm are called non-mulberry 
or vanya silk. 

1. Mulberry silkworm (Bombyx mori): Mulberry silkworm, Bombyx mori L. belongs to family Bombycidae of order 
Lepidopera. It is a monophagous insect that feed on mulberry plant (Morus spp.). It may be univoltine, bivoltine or 
multivoltine depending on the climatic condition of the rearing locality. Generally, univoltine breeds are grown in the 
temperate regions of India like Jammu and Kashmir, North-eastern Himalayan states whereas bivoltine and multivoltine 
breeds are reared in the tropical regions like Karnataka, Andhra Pradesh, Tamil Nadu etc. Mulberry silkworm produces 
almost 95 per cent of the total commercial insect silk of India, popularly known as mulberry silk. It is fully domesticated 
and reared indoor throughout its whole life stages. It is famous for its lustrous look, light weight, unique colour and 
better dying character.  

2. Tasar Silkworm (Antheraea spp.): Tasar silk constitute around 90 per cent of the vanya silks produced in India. Tasar 
silkworms belong to genus Antheraea of family Saturniidae, order Lepidoptera. The cocoons produced by them are usually 
thick, bigger in size and pedunculate in nature. Tasar silkworm is wild in nature and grown in the wild form. Usually, 
two types of tasar silkworms are reared for commercial production of tasar silk.  

a. Tropical tasar silkworm (Antheraea mylitta): It is commonly found in the tropical regions of India, mainly 
grown in the states of Chhattisgarh, Jharkhand, Odisha etc. It is multivoltine in nature producing a number of 
generations in a year. It feeds on multiple number of plants, hence polyphagous in nature. It is primarily reared 
on arjun (Terminalia arjuna) and asan (Terminalia tomentosa) plants for commercial production of silk. The silk 
produced by tropical tasar silkworm is grey in colour. 
b. Temperate tasar silkworm (Antheraea proylei): It is grown in the temperate regions of the country, mainly 
in the north eastern Himalayan states. The species, Antheraea proylei is a hybrid between Chinese tasar 
silkworm, Antheraea pernyi and Indian tasar silkworm, Antheraea roylei. The temperate tasar silkworm feeds 
on the oak plants of genus Quercus. The cocoons produced by temperate silkworm are greyish white in colour. 
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3. Muga silkworm (Antheraea assama): The only semi-domesticated type of silkworm is muga silkworm which is partly 
grown in wild form and partly as indoor. It is confined to the Brahmaputra valley of north-eastern states of India, 
particularly regions of Assam. It is reared traditionally by the tribal people of Assam. It is multivoltine and polyphagous 
in nature. The primary food plants are som (Persea bombycina) and soalu (Litsea monopetala). Silk produced by muga 
silkworm is golden yellow in colour. India is the only country in the world to produce muga silk, hence enjoys monopoly 
in muga silk production.  

4. Eri silkworm (Phylosamia ricini): Eri silkworm is predominantly reared in the north-eastern states, Assam, Bihar, 
West Bengal and Odisha. It is multivoltine and polyphagous in nature. The primary host plant of eri silkworm is castor 
(Ricinus communis). It is a domesticated silkworm producing open ended cocoons. Hence the silk thread produced is 
discontinuous in nature. Mainly, eri culture is taken as a house hold activity. Apart from silk production, the pupae is 
used as a source of food in the tribal communities. The cocoons are non-reelable. The silk produced is white or brick-
red in colour depending on the colour of the cocoon. 

Conclusion 
Silk acts as the measure source of textile industry after cotton which provides employment opportunity to millions of 
people around the globe. Good quality silk production gains a good foreign return for India by exporting to different 
parts of the world. Hence, the importance of silk in day-to-day economy can be realised and attracts the views of policy 
makers. India, being the only country in the world to produce all types of insect silk, has the potential to recognise itself 
as a major silk producer in the global level. 

References 
1. Sericulture in India. https://vikaspedia.in/agriculture/farm-based-enterprises/sericulture/sericulture-in-india. 

28th April 2020. 
2. Wani, M. Y., Ganie, N. A., Rather, R. A., Rani, S. and Bhat, Z. A. (2018). Seri biodiversity: An important approach 

for improving quality of life. Journal of Entomology and Zoology Studies. 6(1): 1053-1056. 
3. Ganga, G. and Chetty, J. S. (2019). Introduction. In: An introduction to sericulture. CBS publishers and distributors 

Pvt. Ltd. pp. 1-3. 
  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
145 

Brief History and Uses of Silk 
Article ID: 30057 

Bhupen Kumar Sahu1, Ipsita Samal2 
1M.Sc. (Ag.) Department of Sericulture, Assam Agricultural University, Jorhat, Assam, India. 

2Ph.D. Scholar, Division of Entomology, Indian Agriculture Research Institute, New Delhi, India. 

 

Abstract 
Silk is the most elegant textile in the world, often known as the “Queen of Textiles”. It is known to mankind from time 
immemorial. Silk is believed to be originated from China and spread to the rest of the world during the course of time. 
Silks have been used in various forms. Its usage has developed in different forms due to the traditional evolution in 
different regions of the world.  
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Introduction 
Sericulture is the practice of silk culture from the ancient period. It is an age-old activity practised in China initially, 
later spread to different parts of the world. Silk is famous for its natural sheen, delicate touch, light weight, long 
durability and inherent affinity towards colourful dyes. It is the most elegant textile in the world, often known as the 
“Queen of Textiles”. China is the highest producer of silk in the world. India, on the other hand, is a novel country in 
sericultural sector as all types of silk viz., mulberry, tasar, muga and eri silk are produced here. India is the second 
largest producer of silk in the world. 

Global History of Silk 
The first formal reference to silk is dated back to 2200 BC in the Chronicles of the Chou King of China. The king was 
reported to the Empress XI Ling Shi who accidentally discovered the silk. During managing the worms of mulberry garden, 
she started to gather the cocoons. Accidentally, she dropped one cocoon into a bowl of hot tea. While trying to recover 
the cocoon form the bowl, she observed that a very long, fine, lustrous thread unwound itself from the cocoon. Thus, 
silk and the process of its extraction were first discovered by her and the silk industry came into being. From then, the 
art of silk production was kept secret for hundreds of years in the Chou-Tang district of China.  
The earliest examples of silk production outside China are from silk threads discovered from the Chanhudaro site in the 
Indus Valley Civilisation which are dated to 2450–2000 BC. From China, it first spread to Korea through Chinese immigrants 
and then to Japan. From China, the secret of sericulture spread to Tibet by the act of marriage in royal families. From, 
Tibet, silk was reported to be introduced to India. Silk was introduced to the European and other western countries 
through the silk road. It was a network of trade routes linking the Eastern civilization with the western civilization 
represented by Rome. Chinese silk was traded for gold, horses, wool, jade and glass of west. This route also took 
important role in exchanging the idea of Buddhist culture with the Nestorian Christianity of western part of the world. 
This fabled road went through many ups and downs during the interval of Roman empire till Mongols. India was also a 
part of this silk road era where Indians traded spices and indigo in exchange of silk from China. The road exists in the 
highways connecting Pakistan and Sinkiang regions in China. 

History of Silk in India 
In India, silk had got a prestigious place in the culture and commerce from the Pre-Vedic period. During 58 BC, raw silk 
was exported to Rome by Kanishka through the silk road. In the pre-British period, silk industry flourished in the states 
of Mysore, Bengal and Kashmir. Even now, the art of silk culture lives in India through traditional reputations for 
particular silk goods of ancient times in the form of different names like Kashmiri silk, Bengal silk, Mysore silk, 
Kanjeevaram silk, Banaras silk and many more. Each of this silk owned its unique methods of production, use of local 
indigenous silkworm races, traditional weaving styles and reeling techniques.  
The revival of Indian silk industry was done during the British Colonial era with the establishment of East India Company. 
The company initiated the trade of Indian silk in 1670 by taking immediate steps to promote the growth of silk industry. 
The company also took steps to introduce mechanization in silk industry by importing the reeling appliances from Italy 
and France. This innovation spread to the south India. It was Tipu Sultan who established the Mysore silk. At the 
meantime, Indian silk raised its demand in the global market due to the decline in European silk industry because of 
pebrine outbreak affecting the silkworm. At the end of second World War, Indian silk industry bloomed to a new height 
by creating a high demand for silk for parachute manufacture.  
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After independence, the Central Silk Board Bill was referred to the Selection Committee in 1948 for establishment of 
Central Silk Board. The Central Silk Board was established in 1949 by the Parliamentary Act. 

Uses of Silk 
Mainly, silk is used as a natural fibre for clothing purpose due to its soft, smooth and lustrous look. In India, mulberry 
silk is used for clothing purpose in textiles industry. Tasar silk fabrics are produced by handlooms and exported to Gicha-
noil and Tasar plain. Both muga and eri silk are used for dressing material and ethnic purpose. The coarse variety of 
these silks are used for making chaddar, quilts and shawls.  
Silk yarn is used as a package material in pencil industry. Silk of high denier is often used in tyre manufacture in France. 
Parachute is made form 13-15 denier silk.  
It is not only the silk but also the silk producers which are of great uses. The silk glands are used to make Silk Gut which 
is used in surgery for internal suturing. The proteins derived from silkworms are used in pharmaceutical industry for drug 
making. Silk grafts are useful to replace cut arteries. Silkworms are also used as the genetic tool and are mass cultured 
in any laboratories. Mulberry silkworm, Bombyx mori is extensively used as experimental animals among the insect 
species after fruit fly, Drosophilla. 

Conclusion 
Although there is a strong evidence of silk evolution from the time immemorial, it is yet to reach its heights of 
achievements for the benefit of mankind. Many prospects and directions of silk usage are yet to be explored. Biochemical 
and biotechnological approaches of silk and silkworm need to be addressed in a scientific way for exploring the hidden 
secrets of this tiny creature. Thus, the importance of history comes to play a huge role in collection of information 
regarding all aspects of silk culture. 
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Summary 
Soils act as sources and sinks for greenhouse gases (GHG) such as carbon dioxide (CO2), methane (CH4), and nitrous 
oxide (N2O). Since both storage and emission capacities may be large, cycling of GHG imparts a major role towards 
nutrient transformation in agricultural field.  In agricultural activities, the main greenhouse gases (GHG) are those 
related to C and N global cycles. The impact of agriculture on GHG emissions has become a key issue, especially when 
considering that natural C and N cycles are influenced by agricultural development. This article focuses on CO2 and N2O 
soil emissions in terrestrial ecosystems, with emphasis in agro-ecosystems around the world. The influence of land use 
and crop management practices on CO2 and N2O emissions is analyzed and some mitigation measures to reduce such 
emissions are also discussed here. More knowledge on the biological processes that promote of GHG emissions from soil 
will allow creating opportunities for agricultural development under friendly-environmental conditions, where soil can 
act as a reservoir and/or emitter of GHG, depending on the balance of inputs and outputs. 

Introduction 
The three major GHGs are CO2, CH4, and N2O. However, CH4 and N2O are more important greenhouse gases than CO2 
because of their global warming potential. The ability of CH4 and N2O molecules to absorb infrared radiation, more 
effective than CO2 as a greenhouse gas resulting in significant contribution to the radiative forcing of the atmosphere 
and associated global climate change. Microbes are involved in carbon, nitrogen, phosphorous and other elemental 
cycles. Microorganisms are also responsible for both the production and consumption of greenhouse gases. Soil microbes 
thus exhibit both positive and negative feedback to atmospheric GHGs. These microbial activities are also influenced by 
the climatic factors. The reason for this microbial response to climate change is due to the complex interaction of 
microbes with higher organisms and environment. This complex interaction is not clearly known making it difficult to 
accurately predict the response of microbes to climate change. It has been noted that human activities have increased 
the production of greenhouse gases originating from microbial community. The chapter aims to provide information on 
(1) the microbial processes regulating cycling of the CH4 and N2O in soil and (2) microbial strategies to mitigate GHG 
emission from agricultural soils. 

Flux and Feedback Cycling of CH4 
The production of CH4 by anaerobic methanogens includes reduction of methanol, CO2 and cleavage of acetate, as well 
as biosynthesis of methylated compounds (Angel et al., 2012). Methanogenic archaea are two types: acetoclastic and 
hydrogenotrophic. These two groups of methanogens play a vital role for all biogenically produced CH4 in anoxic habitats. 
Methane is produced under anaerobic conditions by the methanogens, but the net amount of CH4 reaching the 
atmosphere is influenced by many abiotic factors including soil temperature, pH, nutrient content and moisture. Plants 
regulate the flux of CH4 from wetlands by different processes. Plants can stimulate CH4 emissions by providing carbon 
substrates to the methanogens. These C compounds originate from plants as root exudates. Plants also help in the 
transport of CH4 from soil to atmosphere by acting as a conduit. Plants create oxidized condition in the rhizosphere that 
can influence CH4 oxidation. The relative significance of these processes varies among plant species. Amendment of rice 
straw to flooded paddy soil improves soil structure and soil organic carbon in the long term (Zhang et al., 2013). However, 
such practice potentially increases CH4 emission from soil into the atmosphere (Yuan et al., 2014). The decomposed 
organic matter acts as an electron source to reduce O2, NO3, Fe3+, Mn4+, SO4

2- and CO2 sequentially in the anaerobic soils. 
Methanogens respond differently to the incorporated organic residues. The abundance of the methanogenic communities 
increases during anoxic decomposition of rice straw (Yuan et al., 2014). 

Methane Oxidation and Consumption 
Although CH4 consumption occurs in a wide variety of upland soils, various agricultural factors regulate CH4 oxidation. 
Some of these factors are soil compaction, pH and fertilizer application, abandonment of agricultural land or even 
converting it to forest can potentially increase the atmospheric CH4 uptake to some extent. The first step of CH4 oxidation 
is catalyzed by the enzyme methane monooxygenase (MMO) (Lee et al., 2013). In a study, (Mohanty et al., 2017) two 
soil types (alluvial and vertisol) were simulated to undergo microbial Fe reduction and aerobic oxidation repeatedly by 
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natural wetting-drying cycle. Real time PCR quantification of methanotrophs (pmoA gene) confirmed that iron reduction 
oxidation cycle stimulated (p < 0.05) methanotroph abundance. The study highlights that iron reduction-oxidation cycles 
can significantly enhance CH4 oxidation in tropical soils (Mohanty et al., 2017). Surface area of Fe minerals is the gross 
indicator of the relative abundance of Fe3+ oxide surface available for microbial attachment (Tobler et al., 2007). This 
apparent dependence on surface area provides a functional explanation for the major differences in the microbial 
activity on various types of Fe3+ oxides (Roden and Zachara, 1996). A high surface area of Fe minerals may change the 
soil environment to more aerobic and nutrient rich supporting the microbial activity (Lee et al., 2013). It is hypothesized 
that low crystalline Fe minerals act as micro-environments for bacterial activity. Probably, these altered properties of 
Fe minerals result after iron reduction-oxidation cycling favored methanotrophs and stimulated CH4 oxidation. 

Nitrous Oxide (N2O) Cycling in Soil 
N2O is the most potent one. In terrestrial ecosystem it is produced from both natural and anthropogenic sources. Many 
other sources are there which produce significant amount of N2O, but they are not clearly understood and also difficult 
to measure. Therefore, there is a general agreement that the atmospheric sources and sinks of N2O are difficult to 
balance. Nitrous oxide is a long-lived trace gas, with its average mixing ratio of 330 ppbv (Arevalo-Martinez et al., 2013). 
The concentration of atmospheric N2O has increased by 19% since pre-industrial period but has increased by 0.77 ppb 
yr−1 during 2000–2009. It is a potential GHG with a 100-year global warming potential of 298 times higher than CO2. It 
contributes 6.24% to the overall global climate change (Huang et al., 2013). The dominant sources of N2O are the 
microbial processes in soils, sediments and water bodies. N2O emission from agricultural use of N fertilizer and manure 
management accounts for 4.3–5.8 Tg N2O–N yr−1. Its emission from natural soils ranges from 6–7 Tg N2O–N yr−1. Thus, N2O 
represents 56–70% of all global N2O sources (Reay et al., 2012). 

Nitrous Oxide Production from Nitrification and Denitrification 
Soil N2O emission varies spatio-temporarily and is also characterized by hot spots and timings. N2O fluxes from soil are 
not only restricted to the specific sites of N fertilization, but also owes to the volatilization, leaching, atmospheric 
deposition and erosion processes. In natural ecosystem N fertilization creates new hot spots for N2O emissions. However, 
it is challenging to integrate N2O flux originating from nitrification and/or denitrification which often occur in close 
vicinity. Because a substantial part of the NO3

− formed by nitrification diffuse into anaerobic zone where it is denitrified 
into N2. N2O production occurs from both nitrification and denitrification. N2O from nitrification and denitrification 
contribute approximately 70 % to the global N2O budget (Butterbach-Bahl et al., 2013). When NO2 is diffused into 
anaerobic regions of soil, it is denitrified to N2O. Both ammonia oxidizers and methanotrophs produce N2O during the 
oxidation of NH2OH to NO2

−. Certain ammonia-oxidizers reduce NO2
− to N2O and then to N2 under anoxic condition. Under 

strict anaerobiosis N2O is also produced by denitrifying organisms. N2O emission from soil is influenced by agricultural 
practices, climatic conditions and soil properties. Soil factors include soil moisture and temperature, aeration, 
ammonium, and nitrate concentration, and pH. Soil moisture content is one of the predominant factors regulating N2O 
emission from soils. However, it has been observed that alteration in the soil water content due to wetting events such 
as irrigation and rainfall can stimulate nitrification and denitrification, and promote N2O production. 

Organic Amendments to Modulate GHG 
Organic fertilizers have been shown to stimulate CH4 uptake from agricultural soils. Managing fertilizer application to 
maximize this effect and to minimize emission of other greenhouse gasses offers possibilities to increase sustainability 
of agriculture. CO2 fluxes were mostly dependent on the amount of organic residue that was used, while N2O fluxes were 
affected more by soil moisture. Most optimal GHG balance was obtained by compost amendments, which resulted in a 
similar overall GHG balance as compared to the un-amended soil (Brenzinger et al., 2018) However, compost is not very 
nutrient rich potentially leading to lower crop yield when applied as single fertilizer. Hence, the combination of compost 
with one of the more nutrient rich organic amendments provides a trade-off between maintaining crop yield and 
minimizing GHG emissions. Increase in microbial communities involved in GHG consumption in all amendments, with the 
strongest increase associated with cover crop residue mixtures.  Further well-aerated agricultural soils need to be 
investigated in their potential as a sink for CH4, especially in combination with organic fertilizers and the potential of 
rare earth metals in these organic amendments. Understanding the underlying mechanisms of how organic fertilizers 
influence and possibly decrease GHG would allow us to develop a strategy to reduce GHG emission from agricultural soils 
without affecting the plant yield. 

Conclusion 
To regulate GHG emission from agriculture, it is important to understand the microbial processes governing the flux and 
feedback of GHGs. CH4 and N2O are the two most important GHG emitted from agricultural soil. Several microbial 
processes are involved in GHG cycling like methanogenesis, methane oxidation, nitrification and denitrification. CH4 can 
be mitigated by promoting methanotrophs through soil biogeochemical process. One such intervention is alternate 
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flooding and drying and Fe cycling. N2O emission can be mitigated by exploring the microbial groups like N fixers with 
N2O reductase gene. It is concluded that apart from agricultural management strategies GHG emission from agriculture 
can be mitigated through biogeochemical processes and by using microbial groups with GHG metabolizing genes. 
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Introduction 
The occurrence of unfavorable environmental factors such as moisture deficit / excess, high radiation, low and high 
temperature, salinity of water and soil, nutrient deficiency or toxicity and pollution of atmosphere, soil and water are 
likely to affect the crop growth in terms of morphology (plant size, architecture, malformation of plant organs, growth 
(height, volume, weight), physiological and metabolic processes and yield of crop plants. 

Stress and Strain 
Any environmental factor potentially unfavorable to plant is termed as stress. The effect of stress on plant condition is 
called strain. According to Newton's law of motion, a force is always accompanied by a counterforce, for an action there 
is always equal and opposite reaction. Stress is the action and whereas strain is the reaction. 

Drought (Water Stress) 
Drought is defined as the deficiency of water severe enough to check the plant growth. Drought has been classified into 
two broad categories viz., soil drought and atmospheric drought. Soil drought leads to atmospheric drought. Atmospheric 
drought occurs due to low atmospheric humidity, high wind velocity and high temperature which cause a plant to lose 
most of its water. 

Physiological Changes Occur Due to Drought 
1. Functioning of stomata: In general, stomata lose their function and may die, because wilting after certain limit 
denatures the starch in the guard cells and also in the mesophyll cells. 

2.Carbohydrates metabolism in green leaves: starch disappears from the wilted leaves and sugar accumulates 
simultaneously 

3. Photosynthetic activity: CO2 diffusion into the leaf is prevented due to decrease in stomatal opening and there by 
reduces photosynthetic activity in green cells. 

4. Osmotic pressure: The reduced amount of water during drought causes an increase in the osmotic pressure of plant 
cell. This permits the plant to utilize better soil moisture. 

5. Permeability: The permeability to water and urea increases during drought. 

6. Biochemical effects: Water shortage alters the chemical composition. For example, starch is converted to sugar, 
besides this, there is a considerable increase in nitrate nitrogen and protein synthesis is adversely affected. 

Adaptation to Drought - Drought Resistance 
Drought resistance is defined as the capacity of plants to survive during the period of drought with little or no injury. 
There are three important categories of plants growing in the areas facing drought. They are ephemerals, succulents 
and non-succulent perennials. 
1. Ephemerals: These are short lived plants and they complete their life cycle within a short favourable period during 
rainy season. They pass dry periods in the form of seeds. They are called as drought escaping plants. 

2. Succulent plants: These plants accumulate large quantities of water and use it slowly during dry period. Thus, they 
pass dry periods or drought without facing it. Such plants develop several morphological adaptations for reducing 
transpiration such as thick cuticle, reduced leaf area, sunken stomata etc. 

3. Non succulent plants: These plants are in fact the real drought enduring (tolerant) plants. They tolerate drought 
without adapting any mechanism to ensure continuous supply of water. They develop many morphological adaptations 
which are collectively called xeromorphy. They develop, in general, greyish colour, reflecting surfaces, smaller leaves, 
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extensive root system, leaf fall during dry season, sunken stomata and thick cuticle etc. They develop an elaborated 
conducting system. 

Methods to Overcome Drought 
1. Selection of drought tolerant species 
2. Seed hardening with KCl, KH2PO4, CaCl2 or Thiourea 
3. Thinning of poorly established plants 
4. Mulching to minimize the evaporative loss 
5. Foliar spray of growth retardants such as CCC and MC 
6. Foliar spray of KCl 
7. Foliar spray of antitranspirants such as Kaolin, PMA, Waxes and Silicone oils. 

High Moisture Stress - Flooding / Water Logging 
Water logging refers to a condition when water is present in excess amount than its optimum requirement. It creates an 
anaerobic situation in the rhizosphere due to which the plant experiences the stress (O2 deficient stress). 

Plant Water Relations in Flooding Stress 
The flooding often induces stomatal closure mostly in C3 plants. This causes lower water flow in these plants. This also 
results in leaf dehydration because of reduced root  permeability. Occurrence of these changes in leaves, shoots or roots 
is due to the transfer of toxic substances (acetaldehyde / alcohol) produced under anaerobic conditions in the roots as 
well as the levels of PGRs transported from the roots to shoots via transpiration stream. 

Levels of Endogenous PGRs Under Flooding Stress 
Endogenous levels of PGRs such as GA and cytokinins (CK) are reduced in the roots. This has enhanced levels of ABA and 
ethylene in the shoots causing stomatal closure and early onset of senescence respectively. 

Effect of Flooding Stress on the Endogenous Levels of PGRs and their Effect on Plants 

Mitigation of High Moisture (Water logging) Stress 
1. Providing adequate drainage for draining excessive stagnating water around the root system. 
2. Spray of growth retardant of 500 ppm cycocel for arresting apical dominance and thereby promoting growth of laterals 
3. Foliar spray of 2% DAP + 1% KCl (MOP) 
4. Nipping terminal buds for arresting apical dominance and thus promoting growth sympodial branches (as in cotton) 

for increasing productivity 
5. Spray of 40 ppm NAA for controlling excessive pre-mature fall of flowering/buds/young developing fruits and pods 
6. Spray of 0.5 ppm brassinolide for increasing photosynthetic activity. 
7. Foliar spray of 100 ppm salicylic acid for increasing stem reserve utilization under high moisture stress 
8. Foliar spray of 0.3 % Boric acid + 0.5 % ZnSO4 + 0.5 % FeSO4 + 1.0 % urea during critical stages of the stress. 

Salt Stress 
Salt stress occurs due to excess salt accumulation in the soil. As a result, water potential of soil solution decreases and 
therefore exosmosis occurs. This leads to physiological drought causing wilting of plants. 

Classification of Plants 
1. Halophytes: Halophytes are the plants that grow under high salt concentrations. They are again divided into two types 
based on extreme of tolerance. 

Sl.No. Level of PGR in Plants Effects on plants under water logging 

01 Reduced Auxins Causes “Hypertrophy” (Swelling of stem base by collapse or 
enlargement of cells in cortex) 

02 Decreased GA Causes reduction in cell enlargement and stem elongation 

03 Decreased CK  Results in early on-set of senescence and reduced rate of 
assimilate partitioning to the sinks 

04 Increased ABA Cause stomatal closure with consequential decrease in the 
rate of gas exchanges during photosynthesis, respiration and 
transpiration; decrease the starch formation in the guard cells resulting in 
stomatal closure 
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Euhalophytes: can tolerate extreme salt stress 
Oligohalophytes: can tolerate moderate salt stress 

2. Glycophytes: Glycophytes are the plants that cannot grow under high salt concentration. 

Effect of Salt Stress on Plant Growth and Yield 
1. Seed germination: Salt stress delays seed germination due to the reduced activity of the enzyme, α- amylase 

2. Seedling growth: The early seedling growth is more sensitive. There is a significant reduction in root emergence, root 
growth and root length. 

3. Vegetative growth: When plants attain vegetative stage, salt injury is more severe only at high temperature and low 
humidity. Because under these conditions, the transpiration rate will be very high as a result uptake of salt is also high. 

4. Reproductive stage: Salinity affects panicle initiation, spikelet formation, fertilization and pollen grain germination. 

5. Photosynthesis: Salinity drastically declines photosynthetic process. 

Mechanism of Salt Tolerance 
1. Some plants are able to maintain high water potential by reducing the transpiration rate. 
2. Salts are accumulated in stem and older leaves in which metabolic processes take place in a slower rate. 
3. Na+ (sodium ion) toxicity is avoided by accumulating high amount of K+ ions. 
4. Accumulation of toxic ions in the vacuole but not in the cytoplasm. 
5. Accumulation of proline and ABA which are associated with tolerance of the plants to salt. 

Relative Salt Tolerant Crops 
1. Tolerant crops: Cotton, sugar cane, barley 

2. Semi tolerant crops: Rice, maize, wheat, oats, sunflower, soybean 

3. Sensitive crops: Cow pea, beans, groundnut and grams 

Mitigation of Salt Stress 
1. Seed hardening with NaCl (10 mM concentration) 
2.Split application of N&K fertilizers           
3. Application of gypsum @ 50% Gypsum Requirement (GR)  
4. Incorporation of dhaincha (6.25 t/ha) in soil before planting 5. Spray of 100 ppm salicylic acid 
6. Foliar spray of 0.5 ppm brassinolode for increasing photosynthetic activity 
7. Foliar spray of 2% DAP + 1% KCl (MOP) during critical stages 
8. Extra dose of nitrogen (25%) in excess of the recommended 
9. Seed treatment + soil application + foliar spray of Pink Pigmented Facultative Methnaotrops (PPFM) @ 106 as a source 
of cytokinins. 

Temperature Stress 
Temperature stress includes both high temperature stress and low temperature stress. Low temperature stress causes 
chilling injury and freezing injury. 

Low Temperature Stress 
1. Chilling injury: The tropical origin plants are injured when the temperature drops to some point close to 0°C. The 
injury which occurs due to low temperature but above 0°C centigrade is called chilling injury. 

2. Freezing injury: Freezing injury occurs when the temperature is 0°C or below. 

Effect of Freezing and Chilling Injury Plants 
1. The lipid molecules in cell membrane get solidified i.e. changed from liquid state to solid state.  
2. Inactivation of mitochondria 
3. Streaming of protoplasm is stopped 
4. Accumulation of respiratory metabolites which become highly toxic  
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5. Ice formation inside the cell occurs. 

Prevention of Cold Injury 
1. Some plants change the pattern of growth. The growth is completely arrested during this period. 
2. In cell membrane, unsaturated fatty acid content is increased.  
3. Intracellular ice formation is reduced. 
4. The quantity of free enzymes, sugars and proteins increases. 

High Temperature Stress 
The effect of high temperature is heat Injury. Heat Injury occurs when plant temperature is higher than that of 
environment (exceeds 35°C). 

General Effects of High Temperature 
1. Seedling growth and vigour 
2. Water and nutrient uptake 
3. Solute transport                     
4. Photosynthesis and respiration 
5. General metabolic processes 

Cellular Changes During Heat Stress 
When plants are exposed to temperatures higher than 450C it experiences heat stress. The cellular changes due to heat 
stress are: 
1. Disruption of cytoskeleton and microtubules. 
2. Fragmentation of golgi complex 
3. Increase in number of lysosomes 
4. Swelling of mitochondria thereby resulting in decreased respiration and oxidative phosphorylation. 
5. Disruption of normal protein synthesis. 
6. Disappearance of polysomes. 
7. Disruption of splicing of mRNA precursors. 
8. Cessation of pre-RNA processing. 
9. Decline in transcription by RNA polymerase I. 
10. Inhibition of chromatin assembly. 
11. Decline in DNA synthesis. 

Acclimation to High Temperature - Morphological Adaptations 
1. Reflective leaf hair 
2. Leaf waxes 
3. Leaf orientation 
4. Maximize conductive or convective loss of heat. 

Mitigation of Low Temperature Stress 
1. Seed hardening with 0.01% Ammonium molybdate and foliar spray of 0.1 % ammonium molybdate at critical stages of 
stress. 
2. Foliar spray of 2% calcium nitrate spray for membrane integrity. 
3. Foliar spray of 500 ppm cycocel for increasing root penetration in search of moisture for alleviation 
4. Spray of 100 ppm salicylic acid 
5. Brassinolide (0.5 ppm) for enhancing photosynthetic activity of plants. 

Mitigation of High Temperature Stress 
1. Seed hardening with 0.5% CaCl2 solution for arresting membrane damage due to high temperature stress. 
2. Split application of N and K fertilizers. 
3. Foliar spray of 3% Kaoline 
4. Spray of 40 ppm NAA for controlling pre-mature flower / fruit drops  
5. Foliar spray of 1% Urea + 2 % MgSO4 + 0.5 % ZnSO4 (for arresting chlorophyll degradation due to high temperature 
stress) 
6. Foliar spray of 2% calcium nitrate spray for membrane integrity 
7. Foliar spray of 0.5 ppm Brassinolide for increasing photosynthetic activity during stress 
8. Spray of 100 ppm salicylic acid for increase stem reserve utilization and increasing Harvest Index of crops under stress. 
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Low Light and UV Radiation Stresses 
1. Low Light Stress: In some places (e.g. Thanjavur), the light intensity might be even up to 60000 lux in the first season 
but it would be low up to 30000 lux in the second season causing very poor productivity. Light quality is also very poor 
by showing about 400-440nm instead of the normal 600-640nm. The abnormal light intensity and quality causes reduced 
yield in any crops. 

2. UV-Radiation Stress: 
UV radiation is divided into three categories: 

a. UV A: wavelength ranges from 320 to 400 nm and this is less lethal to the plants. 
b. UV B: wavelength ranges from 280 to 320 nm and this is lethal to the plants. 
c. UV C: wavelength is less than 280 nm and it is highly lethal to all biological systems. 

The UV radiations cause environmental stress as the cell constituents like proteins and nucleic acids absorb UV radiation 
in the range of 250-400 nm (UV A and UV B) and cause death of the tissues. In general, on the outer atmosphere of the 
earth, CO2, ozone and water vapour form a layer and this layer prevent the entry of UV radiation. However, ozone 
depletion causes easy entry of UV radiation. In general, 1% reduction in ozone (O3) causes 2% increase in UV radiation. 

UV Radiation and Plant Response 
1. UV radiation slows down the growth of plants 
2. Damage the process of photosynthesis 
3. Prevent maturation and ripening process 
4. Accelerate genetic mutation. 

Mitigation of Low Light Stress 
1. Foliar spray of 2% DAP + 1% KCl (MOP) 
2. Spray of 2% coconut water 
3. Spray of 40 ppm of NAA 
4. 0.5 ppm Brassinolide spray 
5. Split application of N and K fertilizers 
6. Spray of 100 ppm Salicylic acid 
7. Spray of 500 ppm CC for arresting excessive vegetative growth 
8. Foliar spray of 0.3 % Boric acid + 0.5 % Zinc sulphate. 
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Introduction 
Ashwagandha (Latin: Withania somnifera) is part of the Solanaceae, family (which also includes tomato, potato, 
eggplant, peppers). It is a xerophytic plant, found in the drier parts of India, Sri Lanka, Afghanistan, Baluchistan and 
Sind and is distributed in the Mediterranean regions (Uddin. Q et al; 2012).  Rajasthan, Punjab, Haryana, Uttar Pradesh, 
Gujarat, Maharashtra and Madhya Pradesh are the major Ashwagandha producing states of India (Uma devi.  et al; 2012). 
It is a woody shrub which grows to be about 2 feet in height. The flowers are small and green the fruit is orange red 
berry, which looks similar to a cherry tomato and also known as winter cherry or Indian ginseng (Kaur.N; et al 2013). 
Ashwagandha is treated as an annual in cultivation. Its seeds are sown at the beginning of the monsoon season and 
harvested 5 months later. In Unani system of medicine, roots of Withania somnifera commonly known as Asgand are used 
for the medicinal properties. However, leaves of the plant are also reported to be used medicinally (Anonymous, 1982).  
 
Withaniarefers to the plants primary extract and somnifera literally means “sleep-inducing” and the name 
ashwagandhais derived from the roots of the herb that smell like a horse. It is categorized in plant as rasayanas, it means 
“path” (ayana) of the “rasa” (fluid or juice) which slow the ageing process, increase longevity by augmenting defence 
against disease and by creating a sense of mental wellbeing. It is in use for a very long time for all age groups (Roy et. 
al., 2020). 

Biochemical Properties 
The biochemical composition of Withania Somnifera has been widely studied and researched. Some 35 compounds had 
been analyzed in the laboratory.  
1. Alkaloids: About 13 alkaloids are known as Isopelletierine, Anaferine, Cuseohygrine, Anahygrine, Tropine etc.  
2. Somniferin: It is a bitter alkaloid with some hypnotic activity.  
3. Steroidal Lactones: Withanolides, Withanoferins.  
4. Saponins: These are with an additional acyl group (Sitoindoside VII and VIII. 
5. Withanolides: With Carbon At 27th Position: Sitoindoside IX and X.  
6. Iron: (Umadeviet al; 2012). 
 
Though all parts of the plant are used, it is the root that provides the most pharmacological effect as the major extract 
- withanoloids (combination of steroidal akaloids and lactones) are contained  
therein. The primary withanoloids are withaferin A and withanolide D which have been studied in the areas of oncology, 
immunology, neuroregeneration, and neurodegeneration. Withanolides act upon hormones as a regulator. Researchers 
are studying under the premise that if there is a particular hormone in excess, the withanolides will occupy cell receptor 
sites so that the excess hormone cannot attach and have an effect. Depending on the amount of the excess hormone, 
the withanolides behave accordingly (Kulkarni et al 2008). 
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Dosage and Safety Profile 
There is no standard dose for administration of ashwagandha although 3-6 grams daily of the powder formula is cited 
most commonly. Systematic studies on the safety and toxicity of ashwagandha have not been reported. EBSCO, the 
online database, recommends it should not be used by pregnant or nursing women, young children, or those with severe 
kidney or liver disease.  It has the potential (based on one study), to raise thyroid hormone levels, so it should not be 
used by people with hyperthyroidism. EBSCO also cautions as ashwagandha is a sedative, interactions with sedative drugs 
may occur. 

Ashwagandha Benefits 
1. It has many medicinal properties anti-inflammatory, antitumor, anti-stress, antioxidant, mind-boosting, immune-
enhancing, and rejuvenating properties. A 2001 study in rodents showed ashwagandha had memory boosting ability. 

2. Anti-Oxidant: Ashwagandha used as an antioxidant, as studies have shown that it can eliminate free radicals from 
your immune system. Free radicals are the agents that cause the breakdown of your body’s tissue, alternatively known 
as aging. 

3. Protect Cardiovascular system against ischemic and reperfusion injury.  

4. Osteoarthritis:  In 2008, scientists tested Ashwagandha's effects on human cartilage and found that the herb may 
help protect against inflammation and cartilage damage associated with osteoarthritis. 

5. Anti-aging activity the rejuvenating properties of Ashwagandha make it very effective in treating insomnia. It calms 
the nervous system, eases stress and gets rid of sleeplessness. Traditionally, it is used as a powder mixed with honey 
and warm milk for calming vata and regulating your sleep and wake (M. Umadevi et al  2012) 

Ashwagandhais in the treatment neurodegenerative disorders such as dementia, multiple sclerosis, and Parkinson’s, 
Alzheimer’s, and Huntington’s diseases. Research in humans is extremely limited but there is a wealth of published 
animal studies pointing to the neuroprotective and neuroregenerative properties of Ashwagandha. 

Conclusions 
Ashwagandha (Withania somnifera) is a plant used in medicine from the time of Ayurveda, the ancient system of Indian 
medicine. Multiple health benefits featured from this which makes it as a perfect rejuvenator of physical and 
psychological health. It also helpful for their various pharmacological activities like antioxidant, anti-parkinsonian, anti-
inflammatory properties. Various other immunomodulation, hypo lipid emic, antibacterial, cardiovascular protection, 
sexual behavior. 
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Abstract 
Supply Chain Management (SCM) is the process of planning, implementing, and controlling the operations of the supply 
chain with the purpose to satisfy customer requirements as efficiently as possible. Supply chain management spans all 
movement and storage of raw materials, work-in-process inventory, and finished goods from point-of-origin to point-of-
consumption. Supply chain management involves coordinating and integrating these flows both within and among 
companies. Hence, supply chain management is defined as the design and operation of physical, management 
information and financial systems needed to transfer goods and services from point of production to point of consumption 
in an efficient and effective manner.  

Introduction 
The term supply chain management was coined by a consultant Keith Oliver, of strategy consulting firm Booz Allen 
Hamilton in 1982. Supply Chain Management (SCM) is the oversight of materials, information, and finances as they move 
in a process from supplier to wholesaler to retailer and to the consumer. The entire supply chain management process 
is a value chain where bottlenecks, value adding factors and liability factors are identified and addressed, thus enabling 
the retail organization to have an efficient supply chain. (Tolani and Hussain 2013). The supply is the part of retail 
operations that ensures that the right product is in the right place, at the right time and at the right cost. The supply 
chain perspective can help the retailers identify superior suppliers and distributors and help them to improve 
productivity, which ultimately brings down customers costs. Supply chain management plays an integral role in keeping 
business costs minimum and profitability as high as possible. There are many factors involved in supply chain 
management. Flow is the foremost element, the foundation for all aspects of the process. There are three main types 
of flow, such as the product flow, the information flow and the finances flow. The product flow includes the movement 
of goods from a supplier to a customer, as well as any customer returns or service needs. The information flow involves 
transmitting orders and updating the status of delivery. The challenge for us in supply chain management is to maintain 
all three flows and all three unique in an efficient manner, resulting in optimal results for farmers, growers, wholesalers 
and customers. 

Important Advantages of Supply Chain Management are 
1. Reduction product losses in transportation and storage 
2. Increasing of sales. 
3. Dissemination of technology, advanced techniques, capital and knowledge among chain        partners. 
4. Better Information about the flow of products, markets and technologies 
5. Tracking and tracing to the source 
6. Better control of product safety and quality 
7. Large investments and risks are shared among partners n the chain 
8. Increasing efficiencies and increasing the volume of trade 
9. Customer satisfaction. 

Types of Supply Chain Management 
1. Supply Based Supply Chain Management: This is observed in the Traditional Agricultural Markets. In this case farmers 
themselves plan to grow different crops according to their plans. Farmers consumes the part of production they grown 
and used to go through market for selling surplus production at prices prevailing in the market. The farmers have no 
control over prices prevailing in the market. They have to compromise with prevailing prices. Farmers may enjoy profits 
or suffer saviour losses. SCM in traditional markets are long, comprising lot of market intermediaries. Marketing margin 
is very high and producers share in consumer’s rupee is low in percentage. In case of supply based SCM consumers will 
have to pay higher price on one hand and producers get lower rate on other hand. 

2. Demand based supply chain management: It is observed in Modern agricultural markets, in this case farmers 
themselves do not plan to grow crops. Big commercial house plays a vital role in Modern agricultural markets. Big 
commercial houses estimate demand for particular crops by field level surveys on basis of different crop characteristics. 
Then big commercial house used to place the order of production to farmers directly or through agencies in advance. 
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They mention assured remunerative prices with a guarantee to produce number of products on which contract is made. 
Big Commercial House is bound to take the produce of the farmer and the farmers are bound to sale the produce to them 
only. Even when the farmers are aware of increased market prices have to sale the produce to the big commercial house 
at the fixed price.  Only big commercial house is only marketing intimidator in between producer and consumer. 
Marketing margin is very low and producers share in consumers rupee is high in percentage, hence consumer have to pay 
lower prices on one hand and producers get higher rate on other hand. 

Limitations: 
a. Switching to demand-based supply chain management may lead many market functionaries in the traditional 
marketing channel jobless. 
b. Rural agricultural market intermediaries will be jobless 
c. Sometimes, the big commercial house may not procure the produce from the farmer at the predetermined 
price. 

Suggestions 
Big commercial house is basically an organisation formed by skilled wholesaler and retailer. Thus, one way of employing 
the traditional market middleman would be: 
1. Inviting those who have knowledge in marketing activities to join them to expand and reach out to many more farmers.  
2. Training others to enhance skills and provide job opportunities in the big commercial house. 
3. Government needs to get involved into the contract agreement between the big commercial house and the farmer in 
order to control the monopoly of the big commercial house in being the sole purchaser of the products from farmers 
through contract. 
4. Farmers form co-operatives to protect against unfair business practices and any injustice from the big commercial 
house. Basically, under co-operatives self-help groups are formed with at least 10 members having equal social 
background, equal interest, and occupation producing same product. This help to negotiate the changing market price 
in market too. 

Conclusions 
Supply chain of traditional marketing channels is long and comprises of lots of intermediaries. Producers’ share in 
consumer’s rupee is generally low in terms of percentage. It can be observed that demand-based supply chain 
management is the way out to eliminate unfair practices in marketing process, reduction of marketing margin and to 
ensure fair prices to the producers and desired products to the consumer at reasonable price. Thus, switching to demand-
based supply chain management for marketing of agricultural commodities should be adopted. 
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Pseudomonas is a gram negative, having one or more polar flagella providing motility, aerobic, non–spore forming, 
catalase and oxidase positive bacterium. It is commonly present in water and soil. Pseudomonas is an omnipresent in 
ecosystem and it may be found in animal tissue, plant and other large members of ecological niches. In 1882, Gessard 
firstly discovered Pseudomonas, having a very low virulence. The genus pseudomonas contains more than 140 species, 
more than 20 species are related with humans. Some of them are harmful to human while some are beneficial. 
Pseudomonas is known to cause diseases in human are associated with opportunistic infections (Warghane et al., 2011). 
These species are found in water, soil, plant and animals. Pseudomonas aeruginosa is most recognized pathogen of 
pseudomonas family. It secretes pyoveridine, a fluorescent yellow-green siderophore under iron limiting conditions. 
Certain pseudomonas species may also produce additional types of siderophore, such as pyocyanin by Pseudomonas 
aeruginosa (Lau et al., 2004) and thioquinolobactin by Pseudomonas fluorescence. Pseudomonas plays a very 
multifaceted role on the earth; current article imparts the multiple roles of Pseudomonas in brief. 

Pseudomonas as an Animal Pathogen 
Pseudomonas aeruginosa is increasingly recognized as an emerging opportunistic pathogen of clinical relevance. P. 
aeruginosa is an opportunistic pathogen, meaning that it exploits break in host defence to initiate an infection. It causes 
urinary tract infection, respiratory system infection, dermatitis, soft tissue infection, bacteremia, bone and joint 
infection gastrointestinal infection and a variety of systemic infection particularly in a patient with a severe burn, in 
cancer and AIDS patient who are immunocompromised. P. aeruginosa infection is a serious problem in a cystic fibrosis 
and burnt patients. Pseudomonas is primarily a nosocomial pathogen, according to CDC, the overall incidence of P. 
aeruginosa infection in US hospital average about 0.4 percent (4 per 1000 discharge, the bacterium is the fourth most 
commonly isolated nosocomial pathogen. 

Pseudomonas as Plant Pathogen 
Few species of Pseudomonas show the deleterious effects on the plant. It includes P., syringae, 
P. cannabina, P. avellanae, P. amygdali, P. ficuserectae, P. savastanoi, P. tremae, P. meliae, P. viridiflava and 
P. caricapapayae. Presently, about 21 validly described plant pathogenic Pseudomonas species are known. P. syringae 
and P. viridiflava, which cause citrus blast and black pit disease, are pathogenic species to citrus plants. Blast is a disease 
of the leaves and twigs, and black pit is a disease of the fruit. P. syringae and P. viridiflava are widespread on citrus 
foliage. (Hofte and Vos 2007). 
P. syringae is among the first species in the top 10 plant pathogenic bacteria (Beiki et al., 2016). P. syringae is a Gram 
negative, flagellated rod shaped bacterium. It can infect a broad range of plant species, and exists as over 50 
different pathovars (Kreig and Holt., 1984). The most strain of P. syringae lives primarily on the surface of leaf epidermis, 
thus distinguishing P. syringae as an epiphytic bacterium. It shares its environment with other microorganisms as well, 
depending on the particular species of the host as well as weather conditions. Not all strains of P. syringae are 
pathogenic. The strains that are pathogenic cause disease on their hosts through the release of toxins and cell wall 
degrading enzymes. P. syringae shows the symptoms on the plant leaves, presence of lesions or, depending on the strain 
of P. syringae, spots that develop on leaf surfaces. P. syringae has the capability to kill both young and older trees (Fag 
et al., 2013). Systemic infection and demise of young trees is a perennial problem in nurseries, and canker development 
leading to the girdling and death of scaffold limbs and entire trees is a common event that can lead to the rapid demise 
of older orchards (Beiki et al., 2016). 

Pseudomonas as a Bio Control Agent 
Certain members of the Pseudomonas genus have been applied to cereal seeds or applied directly to soils as a way of 
preventing the growth of crop pathogens. This is generically referred to as biocontrol. The biocontrol properties of P. 
fluorescens strains (CHA0 or Pf-5) are currently best understood, although it is not clear exactly how the plant growth-
promoting properties of P. fluorescens are achieved. Other Pseudomonas species with biocontrol properties include P. 
chlororepes, which produces a phenazine-type antibiotic active agent against certain fungal plant pathogens. The closely 

http://en.wikipedia.org/wiki/Aerobic_organism
http://en.wikipedia.org/wiki/Sporulation
http://en.wikipedia.org/wiki/Catalase
http://en.wikipedia.org/wiki/Pyocyanin
http://en.wikipedia.org/wiki/Pseudomonas_aeruginosa
http://en.wikipedia.org/wiki/Pseudomonas_aeruginosa
http://en.wikipedia.org/wiki/Pseudomonas_fluorescens
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/Pathovar
http://en.wikipedia.org/wiki/Biocontrol
http://en.wikipedia.org/wiki/Pseudomonas_fluorescens
http://en.wikipedia.org/wiki/Pseudomonas_fluorescens
http://en.wikipedia.org/wiki/Antibiotic
http://en.wikipedia.org/wiki/Fungus


 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
160 

related species P. aurantiaca which produces di-2, 4-diacetylfluoroglucylmethane, a compound antibiotically active 
against Gram-positive organisms (Esipov et al., 1975). 

Pseudomonas as a Bioremediation Agent 
Some members of the genus Pseudomonas are able to metabolize chemical pollutants in the environment, and as a result 
can be used for bioremediation. Notable species demonstrated as suitable for use as bioremediation agents includes: P. 
alcaligenes, which can degrade polycyclic aromatic hydrocarbons (Shan et al., 2013). P. mendocina, which is able to 
degrade toluene (Yen. et al., 1997). P. pseudoalcaligenes is able to use cyanide as a nitrogen source (Huertas et al., 
2006). P. resinovorans can degrade carbazole. P. veronii has been shown to degrade a variety of simple aromatic organic 
compounds. P. putida has the ability to degrade organic solvents such as toluene. At least one strain of this bacterium 
is able to convert morphine in aqueous solution into the stronger and somewhat expensive to manufacture drug 
hydromorphone. Strain KC of P. stutzeri is able to degrade carbon tetrachloride. The Pseudomonas will be the potential 
bacterium that degrade plastic in the environment and help to reduce the pollution caused due to plastic and related 
products. 

Food Poisoning Agent 
As a result of their metabolic diversity, ability to grow at low temperatures and ubiquitous nature, many Pseudomonas 
sp. can cause food spoilage.  Examples include dairy spoilage by P. fragi. Mustiness in eggs caused by P. taetrolens and 

P. mudicolens, and P. lundensis, which causes spoilage of milk, cheese, meat and fish. 

Antibiotic Resistance 
Being Gram-negative bacteria, most Pseudomonas sp. are naturally resistant to penicillin and the mainstream of related 
beta-lactam antibiotics, but a number are sensitive to Piperacilin, Imipenem, Ticarcillin, Tobramycin, or Ciprofloxacin 
(Warghane et al., 2011, Ryan., 2008). The ability to live in harsh conditions is a result of their hardy cell wall that 
contains porins. Their resistance to most antibiotics is attributed to efflux pumps, which pumps out some antibiotics 
before the antibiotics are able to act. Several different epidemiological studies indicate antibiotic resistance is increasing 
in clinical sample (Van et al., 2003). In conclusion, the pseudomonas bacteria play an important and multifaceted role 
in our ecosystem. 
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Lac cultivation is one of the important secondary sources of income for villagers, with the objective of providing 
additional source of income to the tribal villagers. Lac is the natural resinous secretion of the lac insect, Laccifer lacca 
Kerr. Insects settle closely on the twigs of host plants and sucks the cell sap and grow, and secret the lac all around the 
body except mouth parts, breathing pores and rostrum. These insects are cultured and this technique is known as Lac-
culture. It involves proper care of host plants, regular pruning of host plants, propagation, collection and processing of 
lac. 

Types of Lac 
1. Ari lac: It is immature lac harvested from the host plants. 

2. Stick lac: It is matured lac harvested in the form of stick from host plants. 

3. Seed lac: It is obtained after removing and washing the lac from the stick. 

4. Dust lac: It is obtained after grinding seed lac. 

5. Shellac: It is prepared after heating the seed lac and dust lack. 

Distribution of Lac 
Lac insects thrive best on some tropical plants which are distributed in South East Asian countries. At present lac is 
produced in India, Myanmar, Thailand, Malaya, China and some other countries like Nepal, Japan, Srilanka, Africa, 
Australia, Brazil, France, West Germany, Turkey, USA, etc. In India, few years ago, cultivation of lac was carried out 
practically throughout the country. 
But changing socio-economic conditions have recently restri¬cted lac cultivation in some states only. Current major lac 
producing states are Jharkhand, Chhattisgarh, West Bengal, Bihar, Madhya Pradesh, Eastern Maharashtra and Northern 
Orissa. Some pockets of  lac cultivation also exist in Andhra Pradesh, Punjab, Rajasthan, Karnataka, Gujarat and Uttar 
Pradesh. 
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Why Lac Cultivation? 
1. A good source of livelihood resource for poor farmers. Avoids migration of rural population to urban areas. 
2. Assured source of income during drought years. 
3. Require meagre inputs (like water, pesticides etc.) 
4. Most suitably grown on marginal and degraded land. 
5. No competition with other horticultural, Agricultural crops for land and farm operation. 
6. Do not harm host tree health neither other flora and fauna 

Composition of Lac 
Lac is a complex substance and it also contains sugar, water and other alkaline substances along with large amounts of 
resins. The percentages of various constituents are as follows: 

Resin 68-90% 

Dye 2-10% 

Wax 6% 

Albuminous matter 5-10% 

Mineral matter  3-7% 

Water  3% 

Properties of Lac 
1. Lac is soluble in alcohol and weak alkalis but insoluble in water. 
2. It has capacity of forming uniform durable film. 
3. It possesses high scratch hardness. 
4. Heat soluble, at 80°C it melts. 
5. It is good adhesive in nature. 
6. Ability to form good sealers, undercoat primers. 
7. Lac has the capacity to allow quick rubbing with sandpaper without slicking or gumming. 
8. It is non-conductive and non-toxic. 

*No other single resin, both natural and synthetic, possesses so many desirable properties, and so lac is also termed as 
Multi-Purpose Resin. 

Economic Importance of Lac Culture 
1. Lac is used in preparing Bangles. 

2. Lac is used in preparation of toys. 

3. Lac is used for making ornamentals things. 

4. Lac is used in process of silvering the back of mirror. 

5. Industrial uses of Shellac: 
a. Food processing industry  
b. Cosmetics and toiletries industry  
c. Varnish and printing industry  
d. Coating of fruits and vegetables  
e. Electrical industry  
f. Leather industry  
g. Adhesive industry  
h. Pharmaceutical industry  
i. Miscellaneous applications 

6. Leather and Footwear Industry: 
a. Lac is used to produce a flexible, waterproof and glossy finish on leather 
b. Applied for final durable non-tacky and glossy finish  
c. Shoe polishes can be made with shellac wax 

7. Shellac for Pharmaceutical: 
a. Used to serve as a moisture barrier, protecting the co-ingredients as a enteric coating 
b. To control disintegration 
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c. It also used as a granulating agent 
d. As a finishing coat over wax prior to the printing of trade mark 

8. Confectionary Glazes & Fruit Coating: 
a. Shellac used for coating chocolate goods  
b. It enhances and protects the gloss 
c. Serves as a barrier to moisture either entering or leaving the confection 
d. Prevents blocking together 
e. Shellac extends shelf life of confectionary products 

9. Wood Finishing: 
a. Shellac is used for wood finishing and furniture polishing  
b. Used to produce a transparent finish to bring out natural beauty of the light-coloured wood  
c. Shellac is also used as sealer and undercoat. 

10. Printing Ink: 
a. Flexographic ink and water-proof ink contain shellac  
b. It enhances colour intensity and strength of print 
c. Shellac has a strong adhesion and excellent binding power for dyes pigments, superior flow, gloss, slip and 
good definition in printing  

11. Electrical Industry: 
a. Used as insulator for large electrical appliances  
b. Its freedom from tracking, good adhesion and thermoplastic properties are excellent electrical properties 
c. Other products are insulating varnishes and cements, laminators, paper boards, tubes and coated or 
impregnated paper, cloth and silk. 

12. Paper Varnish: 
a. Paper varnishes are used for glazing paper, for that shellac is an essential ingredient  
b. Glossy silky finish on superior quality playing cards is obtained by giving the blanks a coat of shellac  

13. Photographic Industry: Shellac varnish is used to protect negative and sound tracks on talky film  

14. Rubber Industry: It toughens the rubber and makes it more resistant to wear 

15. Lac Dye (Green, C. L. (1995): 
a. Lac dye is obtained during washing of seedlac  
b. used as a colouring matter of food and beverages. 
c. Lac dye is harmless to the living system   

16. Gramophone Records: Records of 78 r.p.m are still based on shellac. 

17. Cosmetic Industry:  
a. Use in hair spray and hair lacquer industry  
b. Shellac has a wide range of compatibility with other resins, plasticizers and softeners used in hair lacquers 
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c. The ability of shellac to hold the hair is an obvious basic requirement and its non-hygroscopic nature ensures 
that the hair keeps well-groomed in high humidity or when exposed to rain. 

 
Different Handicraft Products and Bangles of Lac 
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Physiological disorders refer to the breakdown of tissue that is not caused by either invasion by pathogens (disease-
causing organisms) or by mechanical damage. They may develop in response to an adverse preharvest and/or postharvest 
environment, especially temperature, or to a nutritional deficiency during growth and development. Physiological 
disorders are distinguished from plant diseases caused by pathogens, such as a virus or fungus. While the symptoms of 
physiological disorders may appear disease-like, they can usually be prevented by altering environmental conditions. 
However, once a plant shows symptoms of a physiological disorder it is likely that, that season’s growth or yield will be 
reduced. 
In India, solanaceous vegetables play a pivotal role in the total vegetable production scenario. Chilli, tomato and brinjal 
are the extensively grown tropical solanaceous vegetables which cover the largest area with the highest production. 
These crops are prone to a number of physiological disorders, which affect their productivity. Interplay of cultural 
practices, genetic and environmental factors result in physiological disorders which adversely affect the quality. 
Extensive research is required on the question of how to control the physiological disorders and to increase the market 
value of vegetables. The challenge would be the development of economically feasible systems that reduce physiological 
disorders, while maintaining adequate yield and quality of tropical solanaceous vegetables.  
Most physiological disorders of the Solanaceae result from a complexity of factors related to environmental conditions, 
nutrition and irrigation, although in many instances only one of these may be recognized as a major cause. In this section, 
physiological disorders that adversely affect fruit quality and yield of the final produce are presented. 

Physiological Disorders of Tomato 
1. Blossom end rot: Brown water-soaked discoloration appears at the blossom end of the fruit where the senescent 
petals are attached while the fruit is still green. The spots enlarge and darken rapidly and the affected portion of the 
fruit becomes sunken, leathery and dark coloured.  
This disorder may occur due to: i) Sudden change in the rate of transpiration specially in moisture stress condition, ii) 
Continuously high evapotranspiration regime and a large leaf area, iii) Increasing level of nitrogen content in the fruits. 
Nukaya et al. (1995) found that raising the K: Ca ratio in the nutrient solution increases the incidence of BER.  

Control:  
a. This disorder is decreased by increasing the frequency of irrigation 
b. Judicial fertilizer application. Increase in the level of phosphate fertilization application decline the incidence 
of this disorder. 
c. Liming decreases the incidence. 
d. Single foliar spray of 0.5% calcium chloride (CaCl2) at the time of fruit development. 

2. Fruit cracking: Fruit cracking in tomatoes is caused by a combination of several factors, mainly associated with the 
water balance of the fruit (Peet, 1995). Two types of fruit cracking are seen. Radial cracking, where surface of the 
mostly full ripe fruits cracks radially from the stem end of the fruit and concentric cracking, where surface of mostly 
mature green fruits cracks concentrically around the shoulder of the fruit.  Radial cracking is more common and causes 
greater loss than concentric cracking.  Cracking  may occur due to: 
i) Irrigation or rainfall after long dry spell, ii) Exposure of fruits to sun due to pruning and staking, iii) Boron deficiency, 
iv) Genetic factor which is reported to be inherited polygenically. 

Control: 
a. Irrigation at regular intervals. 
b. Pruning and staking during summer season should be avoided. 
c. Picking of fruits before fully ripe stage which reduces radial cracking. 
d. Spraying seedlings before transplanting with 0.3-0.4% borax solution and repeating the sprays at the time of 
fruiting, 15 days after second spray and at fruit ripening stage. 
e. Cracking can be minimised by growing resistant varieties and by adopting cultural practices which result in 
maintaining consistent soil moisture and reducing diurnal temperature variations (Masarirambi et al., 2009).  
Varieties like Sioux, Roma, Punjab chuhara, pusa ruby, Arka saurabh, Pant T1 etc. Possess resistance against 
fruit cracking of tomato. 
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3. Sun scald: Exposed portion of either green or nearly ripe fruits get blistered and water soaked due to extreme heat 
of scorching sunshine. Rapid desiccation in the blistered portion turns the  
sunken areas white or grey in green fruits and yellow in pink or red fruits. Sun scalding may cause inhibition of fruits 
softening, production of tough tissues and differential fruit ripening.  This problem is common in plants that have lost 
considerable foliage. For this reason, training and pruning in tomato aggravate this disorder because foliage cover over 
the fruit is reduced in these cultural practices. Cultivars with heavy foliage cover are least affected by this disorder. 

Control:  
a. Protection of plants from defoliation by diseases and insect pests. 
b. Training and pruning in summer months should be avoided. 

4. Puffiness: Outer wall of the grown-up fruits (two-third normal size) continues to develop  normally but growth of the 
remaining internal tissues (Placenta, mesocarp) is retarded resulting in partially filled fruit which is light in weight and 
lacks in firmness. Cross section of the affected fruit shows emptiness or pockets. The differential tissue growth leading 
to this disorder. It occurs due to - i) Non fertilization of ovules, ii) Embryo abortion after normal fertilization, iii) Necrosis 
of vascular and placental tissue after normal development of the fruit , iv) High temperature and high soil moisture are 
the primary factors responsible for this disorder. Application of boron reduces puffiness and improves fruit shape. 

Control: 
a. Over irrigation should be avoided. 
b. Less nitrogen should be applied. 
c. Boron should be applied by spraying 0.3-0.4% borax solution.  

5. Cat face: Distortion of the blossom end of the fruit gives rise to various ridges, furrows and  indentation in a localized 
area of the fruit. Catface is named due to these ridges and indentations. Abnormal growing conditions during formation 
of the blossoms appear to cause death of the cells of the blossom end of the ovary which turn dark to form a leathery 
blotch at the end of the fruit. Unlike blossom end rot, the patch does not progress and thus gives rise localized affected 
area. Dorais et al., (2004) reported that misshapened swollen, catfaced, and hollow fruits could occur due to the low 
light and non-optimal temperature conditions during the floral transition stage. Catface originates in the early stages of 
flower bud development. 

6. Unfruitfulness: Temperature particularly a night temperature has profound effect on fruit setting in tomato. High 
day temperature (above 32 degree C) and high night temperature (above 20 degree C) is not congenial to fruit set. On 
the other hand, fruits normally fail to set at or below 13-degree C. Both high and low temperature adversely affects 
fruit set mainly by reducing pollen viability and pollen germination on stigma. For this reason, low fruit set is a problem 
during summer cultivation in eastern India, especially in West Bengal where temperature remains above critical limit 
and during winter cultivation in northern India where temperature falls far below the critical level in winter. 

Control: 
a. Growing high temperature tolerant varieties like HS-102, Punjab Kesar, Punjab Chuhara, Hot set etc. 
b. Growing low temperature tolerant varieties like Pusa Sheetal, Cold set, Ostenkinskiz etc. 
c. Application of growth substances like parachlorophenoxy acetic acid (PCPA) 50 ppm at full bloom stage or 2,4 
D, 1-2 ppm prior to anthesis. 

7. Low temperature injury: Tomato is sensitive to frost. As the maturing fruits are exposed to near freezing temperature 
accumulation of the sugar in the fruit juice lowers the freezing point slightly. As a result, the fruits become soft, water 
soaked and dull coloured. Low temperature injured plants become darken, desciccated and wither. 

8. Delayed ripening and colour development: The rate of ripening and colour development are affected by temperature 
and it slows down with the approach of 25-26 degree C and development of red colour is suppressed above  30-degree 
C. Similarly, at temperature below 10 degree C, ripening and colour development get hindered. Hence, delayed ripening 
and colour development is a major problem during both high and  low temperature condition at the time of fruit ripening. 

Control: 
a. In spring summer and early autumn winter growing condition the plants should be sprayed with 250 ppm ethrel 
at turning stage of the fruits which ripening and gives early yield. 
b. In winter, when temperature is not favourable for ripening and colour development, the matured green fruits 
may be harvested and dipped in 500 ppm ethrel solution for  3-4 hours. After treatment, the fruits are heaped 
under straw covering which hastens ripening. 

9. Gold fleck: In the fruit surface around the calyx and fruit shoulder, tiny yellow spots often appear which are called 
gold flecks. These gold flecks appear due to deposition of calcium oxalate. With high incidence, fruits become non 
attractive and their shelf life also get reduced. The occurrence of gold specks depends also on genotypic differences 
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among cultivars (Ilker et al. 1977). In general, cultivars resistant to BER are more susceptible to the occurrence of gold 
spots and vice versa (Ho et al. 1999). 

 
Incidence of this disorder is increased due to: 
a. Higher supply of phosphatic fertilizers. 
b. Higher supply of calcium fertilizers. 
c. Increased magnesium concentration in the fruits 
d. Summer shading lowers the incidence of this disorder 

10. Silvering: This disorder affect stems, leaves and flowers. In the stem silvering, grey-green stripes of varying number 
and width appears. Discrete grey green patches of varying size also appear on the leaves. This disorder may be caused 
due to exposure of plants to low temperature (<21 degree C) for some time. 

11. Pithy stem: Large air spaces are formed in the pith accompanied by the increase in abscisic acid levels in the leaves. 
Water uptake is prevented due to this disorder. 

Following Types of Colour Variations Due to Ripening Disorders are Seen in Tomatoes 
1. Green back: It is hard green or yellow area surrounding the calyx when the rest of the fruit is ripe. It can be eliminated 
by controlling the rise of the day temperature, application of shading and use of resistant varieties. 

2. Blotch or blotchy ripening: Yellow, green or waxy areas occur at random over the surface of ripe fruits. This can be 
controlled by controlling the rise of temperature above 75-degree F and high levels of potash also eliminate this trouble. 
Dangler and Locascio (1990) found that an increase  in N application reduced the incidence of internal blotchy  
ripening. 

3. Bronzed fruit or bronzing: It occurs as a shock reaction to infection with TMV (Tobacco mosaic virus), but only fruit 
developing at the time of infection is affected. Greater the loss  
of quality. This can be eliminated by breeding varieties resistant to TMV. 

Physiological Disorders of Egg Plant 
1. Calyx withering: This disorder occurs between mid-February and mid - April. The affected fruits become reddish 
brown in colour and lacking in normal luster and thus marketability of fruits is hampered. The affected fruits have much 
higher calcium and nitrate content than healthy ones. 

2. Poor fruit set: In brinjal, four types of flower, according to length of style, are recognized irrespective of the variety 
namely, long styled, medium styled, pseudo short styled and short styled. Pseudo short and short styled flowers do not 
normally set fruit but their numbers in a plant are normally higher than long and medium styled of lower which produce 
fruits. In brinjal, flowers are normally borne solitarily as well as in clusters. The solitary flowers are mostly long or 
medium styled whereas mixtures of short styled, pseudo short-styled and medium /long styled flowers are found in the 
cluster. Obviously, ratio of short styled flowers to long/medium styled flowers in cluster in much high (3-4:1). So, fruit 
set depends on the plant. Natural drop is also a problem in brinjal which may be as high as 50%  in medium styled flower 
and 30% in long styled flower. 

Control: True short styled flowers are actually sterile flowers which cannot be induced to set fruits. However, 
application of growth substances on pseudo short styled, medium styled and long styled flowers produce higher 
percentage of fruit set.  
a. Spraying the plant with 2 ppm 2, 4,-D at flowering stage when few flower clusters appear.  
b. Spraying with 60 ppm NAA or 500 ppm PCPA at full bloom  stage. 

3. BER: Blossom-end rot also affects eggplant (Taylor and Locascio 2004), which usually begins as a small water-soaked 
area at the blossom-end of the fruit that subsequently develops into a dry rot. However, eggplant is appreciably less 
susceptible to BER than tomato or sweet pepper. 

4. Internal fruit rot: Internal fruit rot (IFR) is another physiological disorder that was reported to affect eggplant fruits 
(de Kreij, 1990). The early symptom of this disorder is the appearance of an uneven, wet area on the external fruit 
surface, which is localized mainly in the distal region (Savvas and Lenz, 1994). Below this uneven area, the fruit tissue 
appears wet, blackened and disintegrated, presumably as a result of cell bursting and disorganization. Internal fruit rot 
seems to be a calcium-related physiological disorder, caused by similar factors to those implicated in the occurrence of 
BER in tomato and pepper (de Kreij, 1990). 
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Physiological Disorders in Chilli and Sweet Pepper 
1. Blossom end rot: A disorder of sweet pepper where water-soaked spots first appear on the blossom end of fruit. The 
spots soon become light brown and papery as the lesions dry out. The causes and control measures are similar to tomato. 
i.e. for controlling the disorder, we should follow judicious and timely irrigation and the crop should be grown in the soil 
having good water holding capacity. 
De Kreij (1999) stated that the incidence of BER in pepper is primarily influenced by the cation ratios in the root 
environment, when the total ionic concentration is within the standard range for this crop species (EC 1-3 dS m-1). 

2. Sun scald: A disorder of sweet pepper, it occurs when the fruits are exposed to scorching sunlight. This disorder arises 
as a soft, light coloured area in fruit that becomes slightly wrinkled. Plants having enough foliage are less prone to this 
disorder. 

3. Skin cracking: A disorder of sweet pepper where cracking occurs around the shoulder of fruits. It is often associated 
with fluctuations in temperature and humidity. High day temperature and average RH increases the incidence of 
cracking. Restriction of night transpiration under low air temperatures and high RH, which increases cell turgor in the 
fruit pericarp, is generally implicated as the most prominent factor in the occurrence of fruit cracking in pepper (Aloni 
et al. 1998). 

4. Flower and fruit drop: It is one of the major constraints in chilli cultivation. Flower and fruit drop may occur due to: 
a. Low humidity and high temperature condition which result in excessive transpiration and water deficit in the 
plant and cause abscission of buds, flowers and small fruits. 
b. decreasing light intensity. 
c. Short day and high temperature. 
d. High temperature during early flowering stages. 

Mitigation Strategies Against Physiological Disorders in Sweet Pepper 
1. Irrigation at flowering and fruit set stage helps in reducing blossom end rot and fruit drop. 
2. Foliar application of 50 ppm NAA at full bloom set stage effectively controls the drop. 
3. Foliar application of 20 ppm NAA at first flower opening followed by two sprays at an interval of 30 days increases 
fruit set. 
4. Application of Triacontanol (vipul 1ml/ 2 litre of water) also markedly reduces flowers and fruit drop. 
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Introduction 
Purnea district is located between 250 21’00’’ and 260 05’26’’ north latitudes, and 860 59’30’’ and 870 51’18’’ east 
longitudes and fall under part of Survey of India Toposheat no. 72O and 72 N. Purnea district occupies an area of 3229 
sq. km. District is surrounded by Madhepura district in the west, Kishanganj in the east, Araria in the north and Katihar 
in south. The district is divided into 4 sub divisions, 14 Blocks, 251 Gram Panchayats, and 1296 villages. Kosi, Mahananda 
and their tributaries irrigate different parts of the district and the major crops cultivated include paddy, jute, wheat 
and maize. Rearing of livestock like goat, cow and pig is very popular in Purnea. The land use pattern of Purnea district 
shows that Gross cropped area is about 94.03% of the total geographical area where as net sawn area is 65%. About 
30.69% of cultivable land is double cropped area. The cropping intensity of the district is estimated at 150%. 

Irrigation Field 
The total cropped area of district is 260377 hectare and net sown area is 208302 hectares. The irrigation in the district 
is provided both by surface as well as ground water. Surface water irrigation is mainly through network of Eastern Kosi 
main canal. Irrigation Ground water is easily exploitable with the help of Bamboo boring and shallow tube 9 wells fitted 
mostly with diesel pumps. Shallow tube wells are restricted to a depth of 30- 40m. These wells are mostly privately 
owned. 

Rainfall 
About 80% of the total annual rainfall is received during the monsoon months of June to September. The average rainfall 
of Purnea district is 1411.5mm. January, the coldest month, has a mean daily minimum temperature of 5 to 10 °C and 
a mean daily maximum of 19.51°C. The temperature is highest in May – June when mercury shoots up to 41.3oC 

Soil 
The soils of the district area can be grouped under soil of active alluvial plain, recent alluvial plain and alluvial cone of 
river Kosi. The soil of active alluvial plain group is sandy to coarse loamy in nature. Soils of recent alluvial plain are fine 
loamy, sandy to coarse loamy soil. The soils of the district are very light to medium textured. Even the heavy textured 
soils under the influence of Kosi and Mahananda have sandy substratum below 40 to 100 cm depths. 

Water Level Fluctuation 
The post-monsoon water level generally varies from 1.7 to 3.42 m below ground level. The seasonal water level 
fluctuation from pre to post monsoon show rise of 0.97 to 2.51m. 

Ground Water Hydraulics 
The yield of heavy-duty tube wells constructed by State government ranges from 150- 210 m3/hr for a drawdown less 
than 2.5 m and yield of shallow tube wells ranges from 50- 70 m3/hr for a drawdown of about 2 m. 

Ground Water Development 
Presently, ground water for irrigation purpose is developed by 266659 shallow tube wells. Bamboo borings are generally 
15-20 m deep and give reasonable discharge. Shallow tubewells of 100mm dia. and having a depth of 30-40m, tapping 
10m thickness of granular zones can yield as high as 50 m3/hr .The aquifer systems in the district is favourable for 
installation of deep tube wells of 250mm dia., lowered to a depth of 80-100m and tapping 20-30 m of granular zone. The 
stage of ground water development is 43.5%. The stage of ground water development is highest in Dagarua (62.1%) and 
lowest in Baisa (35.3%). 

Dynamic Ground Water Resource of Purnia District 
Net Annual Ground Water Availability  90066 ha.m 

Existing Gross Ground Water Draft for Irrigation  34240 ha.m 

Existing Gross Ground Water Draft for Domestic and Industrial Water Supply  4966 ha.m 

Existing Gross Ground Water Draft for All Uses  39207 ha.m 
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Net Ground Water Availability for future irrigation development  47298 ha.m 

Conclusions 
The district contains of one of the most excellent aquifer systems in the Gangatic alluvium of North Bihar plain. It is 
found to occur continuously down to the depth of exploration of 80- 90 meter. The drinking water supply to the villagers 
of the arsenic affected area should be from the deep tube wells. Shallow tubewells of 100mm dia. and having a depth 
of 30-40m, tapping 10m thickness of granular zones can yield as high as 50 m3/hr .The aquifer systems in the district is 
favourable for installation of deep tube wells of 250mm dia., lowered to a depth of 80-100m and tapping 20-30 m of 
granular zone. 
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Cultivation systems such as tillage and management of crops and their residues have an important influence on the 
physical properties of the soil to a major extent, the nature and the extent of this influence depend on the tillage. Main 
physical properties that are usually affected by tillage are porosity, bulk density, shear resistance (soil cohesion), 
penetration resistance and water and solute transport etc. Aggregate size distribution and aggregate stability provide 
important information on the susceptibility of soils to sealing, crusting, erosion and soil aeration and respiration. 
Aggregate stability is highly affected by organic carbon and by C-management within agricultural systems. 

Aeration 
Aeration refers to free movement of gases between the soil and atmosphere which is often hindered by excess soil 
moisture, crusting and poor soil structure. Tillage increased gaseous exchange and thus affects the aeration status of 
soil. Hence a constant inflow of oxygen into and an outflow of respiratory gases from the soil are necessary for plant 
growth. 

Permeability and Infiltration Rate 
Surface permeability to rainfall or irrigation is increased by tillage especially when the soil surface is crusty. However, 
this improvement may be temporary. The increase in permeability reduces run off and control soil erosion. Moreover, 
sub-soil permeability is least affected by tillage. The infiltration rate of water into the soil determines the rapidity of 
this process and thus, the volume of water that will remain to run off over the soil surface. When the infiltration rate is 
low, moisture availability in the root zone can be limiting. The infiltration rate is conditioned by the state of the soil 
surface, the rate of transmission of the water through the soil profile, the soil moisture storage capacity and flow 
characteristics of the water. Cropping and tillage systems influence the eventual infiltration rate both through 
modification to the roughness and the cover of the soil surface and through changes to the structure, density and porosity 
of the soil. In high-residue situations, no-till systems have infiltration rates four to eight times greater than conventional 
tillage systems. 

Soil 
The soils of the district area can be grouped under soil of active alluvial plain, recent alluvial plain and alluvial cone of 
river Kosi. The soil of active alluvial plain group is sandy to coarse loamy in nature. Soils of recent alluvial plain are fine 
loamy, sandy to coarse loamy soil. The soils of the district are very light to medium textured. Even the heavy textured 
soils under the influence of Kosi and Mahananda have sandy substratum below 40 to 100 cm depths. 

Temperature 
Tillage influences soil thermal properties. Loosening a soil decreases the heat capacity because of a larger volume 
fraction of soil air. Thermal conductivity is decreased with decreasing volume fraction of solids and increased with 
increasing water contents. Loosening the soil often results in a larger difference between maximum and minimum 
temperatures but this may be comparatively less than air temperature. Tillage increased gaseous exchange in soil mass 
increases temperature regulation also. Low soil temperature is most critical to seed germination plant emergence and 
root growth but tillage helps in regulation of soil temperature. Most of the crop plants require a warm soil temperature 
of about 70-90°F contrary to this the surface pulverization during hot summer results in a lower and more uniform soil 
temperature. This is very easily obtained by stubble mulch tillage. 

Soil Strength 
Plant roots can exert tremendous forces in penetrating the soil. Pore rigidity as well as size will affect root penetration. 
Soil crusting can reduce seedling emergence. Even where seedlings rupture and lift a small block of crushed soil, 
population is apparently reduced. Soil crusts form when a puddle soil surface dry. Crusting is most severe on soils with 
low aggregate stability and where the surface has been smoothed and packed by tillage. High silt is conducive to high 
strength on drying. Crust strengths are reduced by water either due to dew or further rainfall and are likely to be 
weakened by successive wetting and drying. 
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Soil Structure and Aggregate Stability 
Soil structure is determined by the arrangement of the elementary particles (sand, silt and clay) into aggregates formed 
into certain structural models that necessarily include the pore space. Soils with crumby and granular clods are 
considered as soil with good soil structure. When the soil is subjected to tillage at optimum moisture, crumb structure 
is developed. So, the loss of soil by erosion is greatly reduced. Rain water is held in large pores between the aggregates 
and also in the micro pores of the aggregates. It is considered that soil aggregates of 1 to 5 mm in size are favorable for 
growth of plants. Smaller aggregates may clog the pores and larger ones may have large pore space between them and 
affect the development of rootlets of the young seedlings. Soil structure is destroyed when tillage is carried out at in 
appropriate soil moisture. The size and the stability of the aggregates can be indicative of the effects of the tillage 
system and of the crop on the soil structure. Well aggregated soils provide better moisture retention, adequate aeration, 
easy penetration for the roots and good permeability. 
The distribution of the aggregate sizes is one of the important factors in crop development. For the ideal size for the 
aggregates is between 0.50 and 2.00 mm in diameter. Larger aggregates restrict the soil volume explored by the roots 
and smaller aggregates give rise to very small pores which do not drain through the action of the forces of gravity. Break-
up of the soil aggregates are caused through the intense disturbance of the soil during tillage operations through a 
reduction in organic matter content and through the impact of rain droplets on an unprotected surface. 

Soil Moisture 
Tillage may have a marked influence on soil moisture through its effect on infiltration, run off, temporary surface 
storage, internal storage and availability to plants. When rain strikes a soil it either infiltrates or is retained on the 
surface or flows off. If soil material has been finely divided by tillage, a surface crust often will form quickly and the 
infiltration rate will be reduced. During rainfall, a soil surface with uneven micro-relief can store considerable water in 
the small depressions for later infiltration. Once water enters the soil its rate of movement will depend on the internal 
transmission characteristics of the profile. Increased porosity from tillage may act as an important reservoir for 
temporary storage of water during rains. 

Soil Density and Porosity 
The density and the porosity vary according to the type and the intensity of tillage; thus they are good indicators of the 
adequacy of various tillage systems, indicating serious or minor compaction which the tillage operations may have 
caused. Modifications to the soil physical properties due to tillage systems can give rise to an increase in soil density, 
greater resistance to root penetration and a reduction in soil porosity, characterized by a compacted layer below the 
cultivated horizon. This compacted layer affects the movement of the water and the development of the root system 
due to the mechanical impediment and the lack of air. Although tillage may temporarily loosen the surface soil, in the 
long-term intense tillage increases soil bulk density because it depletes soil organic matter and weakens soil structure. 
When the soil is loosened, the soil volume increases without any effect on weight. Therefore, bulk density of tilled soil 
is more than the untilled soil. 

Soil Color 
Tillage has significant effect on soil color. Organic matter is mainly responsible for the dark brown to dark grey color of 
the soil. Tillage increases oxidation and decomposition resulting in fading of color. 

Soil Penetration Resistance 
Soil penetration resistance is an important soil physical property that greatly affects the germination, emergence and 
growth of crop seedlings. Tillage has potential impact on soil penetration resistance. The penetration resistance of the 
soil ploughed with subsoiler was the least as compared to the other implements used. This is due to the more porosity 
of the soil. The soils ploughed with chisel and disk plough shows almost the same resistance. However, the soil ploughed 
with cultivator reflects high penetration resistance and shows about 5% more resistance than the resistance offered by 
the soil ploughed with subsoiler. 
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Introduction 
Phytoplasmas are obligate bacterial parasites of plant phloem tissue and of the insect vectors and in most cases, need 
both hosts for dispersal. They probably diverged from Gram-positive bacteria, and belong to the ‘Candidatus 
Phytoplasma’ genus and class Mollicutes. They lack a cell wall, making them pleomorphic or filamentous in nature; have 
diameters less than 1 micrometer, and very small genomes (680-1,600 kb). The cell is surrounded by triple-layer lipo-
protein plasma membrane. Phytoplasmas lack rigid cell wall so it is sensitive to tetracycline group. They are difficult to 
culture outside their hosts in cell-free artificial culture media, although, phytoplasmas have recently been reported to 
be grown in a specific artificial medium. Their genome reductions resulted in the loss of most metabolic pathways so; it 
has to obtain essential metabolites from their hosts, and hence will require these metabolites in their culture media as 
well. It is associated with over 700 plant diseases of several plant species, and cause serious economic losses in 
ornamental plants as well (Chaturvedi et al., 2010). 

Discovery 
Numerous yellows, dwarf and witches’ broom diseases were observed throughout the world. Initially, the causal agent 
of these diseases was thought to be a virus because of their insect transmissibility, virus-like symptoms and unable to 
culture in the artificial media. Later, Doi et al. (1967) discovered it as a plant pathogen related to bacteria, pleomorphic, 
wall-less prokaryotes and named as Mycoplasma-like organisms (MLOs) due to its morphological similarity to mycoplasmas 
and sensitivity to tetracycline antibiotics. In 1994, the organisms were renamed ‘phytoplasmas’ at the 10th Congress of 
the International Organization for Mycoplasmology. In 2004, phytoplasmas were proposed as a novel genus Candidatus 
Phytoplasma by IRPCM (International Research Programme on Comparative Mycoplasmology). 

Characterization 
1. Genome organization: The cells of phytoplasma contain one circular double-stranded DNA chromosome. It has 
genome with a low G+C content (23%) and have large numbers of transposon genes and insertion sequences that are 
unique to these organisms. They have extrachromosomal DNA (EC- DNA) such as plasmids, e.g. a short circular 
extrachromosomal DNAs (1.7–7.4 kb) or plasmids were found in all members of the aster yellows group (16SrI). Genes 
encoded in EC-DNAs such as plasmids are known to play important roles in the pathogenicity and virulence of many plant 
pathogenic bacteria. Phytoplasmas lack the phosphotransferase system to import sugars essential for glycolysis 
(Bertaccini and Duduk, 2009). 

2. Classification: The phytoplasmas classification scheme was based on restriction fragment length polymorphism (RFLP) 
analysis of polymerase chain reaction (PCR) of the amplified 16S rRNA (Lee et al., 1998). The system classifies 
phytoplasmas into 19 RFLP groups and more than 20 distinct ribosomal groups. 

Interaction with the Host 
1. Membrane proteins: Serological studies have recognized one or two abundant immuno-dominant proteins (highly 

antigenic) with trans-membrane domains that play an important role in the host-phytoplasma interactions. Three types 

of genes encoding the immunodominant proteins are immunodominant membrane protein (Imp), immunodominant 

membrane protein A (Idp A) and antigenic membrane protein (Amp). 

2. Translocation in plants: Phytoplasmas are transferred by insects to plant sieve elements from which they spread 

systemically through the plants using the sieve tube system, but they never settle in the meristems. Phytoplasmas are 

pleomorphic and sufficiently small to pass freely through the sieve pores, so they may be swept along with the assimilate 

flow from the leaves to sugar-consuming plant organs. Accordingly, phytoplasmas have been found in sink tissues such 

as immature leaves and roots, whereas source leaves remain uninfected. 
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3. Phytoplasma Diseases of Ornamental Plants: More than 42 ornamental plant species were reported as phytoplasmas 

infected so far. Phytoplasmas cause diseases in several commercial floricultural crops; premature germination of corms 

in gladiolus; chlorosis, dwarf and virescence in tulip; phyllody and virescence in Ranunculus; virescence of Hydrangea 

macrophylla and cyclamen; dieback, rose rosette, witches’ broom and bud proliferation in rose. In Callistephus 

chinensis, Tagetes patula, Helichrysum bracteatum, Limonium sinuatum, Gypsophilla paniculata, Bellis perennis, 

symptoms include general chlorosis, leaf bronzing or reddening and dieback, abnormal production of secondary shoots, 

upright habit of growth and flower malformation (Chaturvedi et al., 2010). In some cases, a phytoplasmas infected plants 

are useful for commercial production; poinsettia plants which have more than one and smaller flower due phytoplasmas 

infection easy to grow in pots. 

4. Phytoplasma Detection and Identification: Most of the phytoplasmas infecting ornamental plants are detected on 

the basis of observation of symptoms, insect or dodder/ graft transmission, DAPI staining, electron microscopy, 

serological techniques based on antibody-antigen reactions like immunofluorescence, immunosorbent electron 

microscopy, dot blot, ELISA and  PCR coupled with RFLP analysis.  

5. Symptoms: The most characteristic symptoms caused by phytoplasmas in ornamental plants are virescence/phyllody, 

sterility of flowers, reduced size of flowers, proliferation of axillary buds resulting in witches’ broom, abnormal 

internodes elongation and generalized stunting, yellowing of plants, little leaf, phloem necrosis, chlorosis, crinkling, 

shoots proliferation, leaf burn and in severe cases, death of the plant. 

6. Microscopy and staining technique: Earlier, DAPI staining and electron microscopy observation techniques were the 

most used methods to detect phytoplasmas. Although, DAPI (DNA-spe-cific-6-diaminido-2-phenylindole) fluorescence 

microscopy is the most sensitive technique, microscopic methods like TEM and light microscopy can also be used to 

detect phytoplasmas. Recently bio-imaging methods requiring sensitive, specific and non-toxic fluorescent dyes and the 

use of confocal or multiphoton microscopy have in application that have allowed the identification of phytoplasmas in 

living tissues. 

7. Molecular detection: This method allows the quick and reliable detection of phytoplasmas at early infection stages. 

Molecular detection methods, including dot and Southern blot hybridization and PCR technology have been in use for 

some years; however, both are currently replaced by PCR assays using universal primers. The PCR assays using primers 

based on cloned DNA fragments, specific to a given phytoplasma, provides sensitive as well as a specific means of 

phytoplasma detection. Nested PCR assay, designed to increase both sensitivity and specificity is performed by using a 

group-specific primer. It is capable of detection of dual or multiple phytoplasmas present in the infected tissues in case 

of mixed infection. RFLP analysis of PCR-amplified DNA sequences is done using a number of endonuclease restriction 

enzymes where phytoplasmas can be identified by comparing their patterns with the available RFLP patterns of known 

phytoplasmas. 

8. Phytoplasma Transmission: Till now 92 vectors have been confirmed. According to Weintraub and Beanland (2006), 

insect vectors of phytoplasmas are phloem feeders of the Order Hemiptera, mostly leafhoppers (Cicadellidae), 

planthoppers (Fulgoromorpha) and psyllids (Psyllidae). Phytoplasmas can also be spread via. vegetative propagation such 

as the grafting of a piece of infected plant onto a healthy plant, cutting, micropropagation or other ways to propagate 

plant germplasm avoiding sexual reproduction.  

9. Management Approaches: Control of epidemic outbreaks of phytoplasmas diseases can be carried out either by 

controlling the vector or by eliminating the pathogen from the infected plants. Controlling of insect vectors using 

pesticides is the tool for limiting outbreaks of phytoplasma diseases. Other different management strategies are using 

of clean propagation materials, rouging; weed control, mulching, inoculation of parasitoids / predators, use of biological 

vector control, micropropagation sometimes in combination with heat (hot water treatment, hot air treatment, aerated 

steam treatment) or antibiotic treatment etc. These approaches can be used singly or in an integrated form to fetch 

better results. Genetic engineering helps to exploit novel forms of resistance, i.e. the use of recombinant antibodies 

targeting plant pathogens. Sometimes, phytoplasma-diseased plants can still be found in fields after these treatments. 
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Therefore, a real way to control phytoplasma infection is to prevent the outbreaks by producing clean material or by 

finding phytoplasma resistant varieties. 
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Introduction 
Millets (thought to be one of the first grains cultivated by man) are a group of highly variable small seeded grasses, 
widely grown around the world for fodder and human food. They possess excellent nutritional quality and play a vital 
role in the food security and economy of less developed countries in the world. Mainly they are cultivated in semi-arid 
tropical areas like India, Africa and China with 97% of millet production in developing countries. The origin reports 
suggested that millets were first cultivated back to about 5,500 BC in China. It is very much clear that millets are 
comparable or superior to some commonly consumed cereals like wheat and rice (Table-1). Despite its superior 
nutritional quality, it has received less attention compared to the major cereals. In North America and Europe due to its 
gluten-free and hypoglycemic property they are consumed in highly commendable amount. 

Types of Millets 

Some Security Issues That Why Millets are Better Approach for Climate Smart Agriculture and for 
Healthy World? 
1. Food security: Millets are used as a sustainable food source to overcome hunger during climate change in the world. 
Millets are resistant to drought stress, pests and from many pathogens. 

2. Nutritional security: Better amino acid profile than other crops, rich in natural bioactive compounds like phenols and 
rich in micronutrients like calcium, iron and zinc (Table-1). 

3. Prevention from diseases: Millets are gluten free food, so they are better for people with celiac disease and have 
low glycemic index (GI) thus, suitable for diabetic patients along with this, it reduces cardiovascular diseases. 

4. Economic security: As millets are climate resilient crop so better income source for farmers as there is lesser 
investment needed for production and their value addition can lead to economic gains. 

 

 

MAJOR MILLETS 

1. Pearl millet 

2. Sorghum 

MINOR MILLETS 

1. Barnyard millet 

2. Foxtail millet 

3. Kodo millet 

4. Little millet 

5. Finger millet 
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Table 1: Showing why millets are superior or equal to major cereals: A comparison of different nutritional 
components. 

Procedure of Production of Different Millets-Based Products 

Health Benefits of Millets: Let Food Be the Medicine and Medicine Be the Food 
1. Beneficial in detoxifying body 
2. Lowers bad cholesterol level 
3. Prevents onset of breast cancer 
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4. Helps to prevent type 2 diabetes 
5. Effective in reducing blood pressure 
6. Treats coronary artery diseases 
7. Helps in slowing down muscle degradation 
8. Aids in sleep 
9. Good source of antioxidants 
10. Reduces risk of colon cancer 
11. Gluten free (good for patients suffering from celiac disease) 
12. Acts as a pre-biotic feeding micro-flora in inner ecosystem 

Conclusion 
Millets can easily thrive in extreme conditions like drought, flood areas thus better crop for sustainable agriculture and 
economic security of farmers. Millets are rich in extraordinary traits like antioxidants, micronutrients, low glycemic 
index and rich source of vitamin B complex thus prevent many diseases and improve the health of the community as a 
whole. The addition of different millets-based products in international, national and state level feeding programs might 
help to overcome the existing nutrient deficiencies in people so in near future we would be able to use millets just like 
cereals for betterment of health. 
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Introduction 
Fertilizers are inorganic materials, which can supply plant nutrients in available form, having a higher analytical value 
and definite composition and mostly they are industrial products. 

Complex Fertilizers 
Complex fertilizers are materials which supply more than one primary nutrient such as N, P and K. There are 2 types of 
complex fertilizers: 
1. Complete complex: They supply all the N, P and K. 

2. Incomplete complex: They supply two nutrients N and K, N and P (or) P and K etc. Eg. Ammonium phosphate, 
nitrophosphate. 

Examples for Complex Fertilizers 
Diammonium Phosphate (DAP), Urea Ammonium phosphate (UAP),Mono Ammonium Phosphate (MAP), Ammonium 
Phosphate Sulphate (APS),Nitrate Phosphate Potash (15:15:15),IFFCO complex (10:26:26). 

Advantage of Complex Fertilizers 
1. Complex fertilizers are a granulated one and maintains good physical condition during storage 
2. They contain high amount of plant nutrients. 
3. They provide N and P to the soil in available form. N is present both in ammoniacal and nitrate forms and P is present 
in water soluble form. 
4. They are non-hygroscopic and do not form cake 
5. Being granular, it is easy to apply by broadcasting. 

Disadvantage of Complex Fertilizers 
1. The complex fertilizers may not always supply balanced nutrients to the crop. 
2. Complex fertilizers contains NPK in certain proportions (or) grades. But the crop may need NPK is quite different 
proportion. The complex fertilizer is not always good for application to the crop. 
3. The complex fertilizers do not meet the need of the crop; straight fertilizer needs to be applied for ensuring a balanced 
fertilization. 
Commercial complex fertilizers are being manufactured in India in the following two groups. 

a. Nitrophosphate 
b. Ammonium phosphate 

Nitrophosphates 
Nitrophosphates contain N and P and sometimes K which are obtained by treating rock phosphate with nitric acid. 
Ammonium nitrate is the principal component of the product. 
It needs three raw materials viz., nitric acid, rock phosphate and ammonia to produce nitrophosphate. The rock 
phosphate is acidulated with nitric acid and ammonia. The resultant product contains calcium nitrate and phosphoric 
acid. The mixture may be granulated after ammoniation. 
Nitrophosphate is coated with a coating agent, which reduces the absorption of moisture by the fertilizer and prevent 
caking and also make them suitable for storage.  A stabilizer is added to this fertilizer during the process of its 
manufacture, which prevents reversion of citrate soluble phosphate to insoluble phosphate. All nitrophosphate have less 
acidic effect on soil as compared to other fertilizers. 

1. It is a citrate soluble phosphate 
2. P availability from nitrophosphate depends on Ca: P2O5 ratio. It inturn depends on 

a. Amount of calcium removed from rock phosphate by different methods  
b. Rock phosphate characteristics 
c. Quality and quantity of HNO3 used. 
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Steps Involved 
1. Acidulation of rock phosphate 
2. Ammoniation and carbonation. By this process Ca++ is fixed with phosphate. 

Based on the method of removal of excess Ca2+, the technologies are named as: 
1. Carbonitric process 
2. Modified ODDA process 
3. Sulphate recycle process 

Carbonitric Process 

3Ca3(PO4)2CaF2 + 20HNO3 10Ca(NO3)2+6H3PO4 + 2HF 

10Ca(NO3)2+6H3PO4+NH3+4CO2+4H2O 6CaHPO4 + 20NH4NO3 + 3CaCO3  

This process is an old method. In this reaction both ammoniation and carbonation takes place. Some amount of calcium 

is removed as CaCO3. The phosphate obtained from H3PO4 and calcium obtained from Ca(NO3)2 are combined together 

to form CaHPO4. 

Modified ODDA Process 

Here, a part of Ca(NO3)2 is converted into Ca(NO3)6H2O (crystals) 

Ca(NO3)2.6H2O Ca(NO3)2 + 6H2O 

Here excess calcium is removed by chilling in the ODDA process. 

Ammoniation and Carbonation 

Ca(NO3)2.6H2O + NH3                   NH4NO3 + Ca(H2PO4)2 +NH4H2PO4 

In this process high concentration of phosphate is introduced through triple super phosphate/DAP/H3PO4. The ammonium 
phosphate obtained through ODDA process is some extend water soluble besides citrate soluble. 

Sulphate Recycle Process 
In this process, before ammoniation a solution of ammonium sulphate is added to the chamber which reacts with calcium 

nitrate. 

Ca(NO3)2 + (NH4)2SO4 CaSO4 + 2NH4NO3 

 Then TSP (or) DAP (or) H3PO4 is added and we get CaHPO4, NH4NO3 and NH4H2PO4. 

Suphala – 20:20:0 
It  contains N as ammonium nitrate and ammonium phosphate. This fertilizer contains 54 per cent N as ammonium (NH4) 
and 46 per cent N as nitrate (NO3) form and P as citrate soluble phosphate. 

Suphala – 15:15:15 
It contains 15 per cent N, 15 per cent P2O5 and 15 per cent K2O. Out of the 15 per cent N, 8.2 per cent N as ammonium 
and 6.8 per cent as nitrate form. Out of 15 per cent P2O5, 10.5 per cent P2O5 as citrate soluble form and rest as water 
soluble salt. 

Ammonium Phosphate 
It contains 16 per cent N and 20 per cent P2O5. It is marketed in the trade name as Gramor, 28:28:0 in the form of 

granules having good storage capacity. 

1. Monoammonium phosphate (MAP): It contains 11 per cent N and 48 per cent P2O5. 
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2. Diammonium phosphate (DAP): It contains 18 per cent N and 46 per cent P2O5. It produces good result when applied 

in neutral and alkaline soils. It is suitable for application to light and heavy soils. It is an ideal fertilizer. It is to be 

applied at the time of sowing (or) transplanting of crops. 

Mixed Fertilizers 
Mixed fertilizers are one which contains three major plant nutrients namely N, P and K in suitable proportion.  It may be 
made either at home (or) factories by mixing the constituent fertilizer in correct proportion. It is available in market in 
a particular grade. The fertilizer grade refers to the minimum guarantee of plant nutrients in terms of total N, available 
P2O5 and water-soluble K. 

Types of Mixed Fertilizers 
1. Open type: Here kind and quantity of ingredients are known to the farmers. So that the farmers can select mixed 
fertilizers suitable for a particular crop (or) soil and climatic conditions. 

2. Closed type: Here the kind and quantity of ingredients are not known. 

Materials Used in Mixed Fertilizers 
1. Supplier of plant nutrients: The major ingredients of fertilizers, namely, N, P and K are supplied by nitrogenous 
fertilizers (eg. Ammonium sulphate, urea, ammonium sulphate nitrate, calcium ammonium nitrate etc.), phosphatic 
fertilizers (eg. single super phosphate, triple super phosphate etc.) and potassic fertilizers (potassium chloride, 
potassium sulphate etc.). 

2. Conditioners: Low grade organic materials are added at the rate of about 75 kg per tonne of fertilizer mixture to 
reduce caking and also keeping them in good drilling condition.  These materials are known as conditioners. Generally, 
paddy hulls, groundnut hulls and tobacco stems are used as conditioners. 

3. Neutralizer of residual acidity: The basic substances such as dolomite, lime stone etc. are added in the fertilizer 
mixture to neutralize the residual  acidity.  

4. Fillers: Filler is the lightweight materials added to a fertilizer mixture of mixed fertilizer.  It is added to make up the 
difference between the weights of the added ingredients required to supply the nutrient in a tonne of given analysis. 
Soil, sand, wood ash, coal ash etc. are the common fillers used in fertilizer mixture. 

Fertilizer Mixtures Are Generally Prepared by the Following Ways 
1. Homemade fertilizer mixture: This type of fertilizer mixture is prepared manually by the cultivators.   Without using 
special equipment, it is desirable to mix the fertilizer ingredient on the day of application (or) a day before to avoid 
caking.  If the fertilizer mixture is used immediately after preparation, there is no need of adding filler, otherwise, filler 
may be added to check the mixture from caking into hard mass. 

2. Factory made fertilizer mixtures: This type of fertilizer is prepared in fertilizer mixing plants, where machine mixing 
is advocated. The fertilizer mixing plants have started to manufacture fertilizer mixture in granulated form. The common 
granulated fertilizer mixture available in the market are IFFCO – 10:26:26, Gramor 45 - 35 - 14 and and Suphala 15 – 15 
– 15 etc. 

Conclusion 
Fertilizers containing ammonia (e.g. ammonium sulphate, ammonium nitrate) should not be mixed with basically reactive 
fertilizers (eg. Lime, basic slag, rock phosphate, calcium cyanamide) as losses of N may result through release of NH3. 
All water-soluble P fertilizers (super phosphate, triple super phosphate and ammonium phosphate) should not be mixed 
with those fertilizers that contain free lime, because this contains a portion of the soluble phosphate into an insoluble 
form. 
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Introduction 
The global population has increased by over 25% in the last two decades and is estimated to increase from 7.7 billion in 
2019 to around 10 billion by 2050. Supplying adequate amount of healthy and nutritious food to the burgeoning global 
population is the biggest challenge at present. Nevertheless, the rate of grain production does not seem to have kept 
pace with population growth across the globe. In addition to confined cultivable land and water resources, the global 
food production is also limited by insect pests and disease-causing pathogens. The yield of crop plants is threatened by 
pests which cause yield loss of 20-40%, while bacterial and fungal pathogens reduce crop yields by about 15% and viruses 
reduce yield by 3-7% (Oerke and Dehne, 2004). Yield losses due to plant viruses are not so great compared to that of 
bacterial and fungal diseases, but the outbreak of viral diseases may lead to several problems. Economic losses caused 
by viral diseases can reach USD 60-80 billion annually. It is so because the bacterial and fungal pathogens can be 
controlled by chemical pesticides whereas the same can't be done with viruses. In the present scenario, viral diseases 
can be controlled by applying pesticides and natural predators against the vectors or by using physical barriers, such as 
reflective mulches. Use of virus-resistant varieties in agricultural production is the most effective way to reduce losses 
caused by viral diseases. Conventional breeding plays a vital role in crop improvement for viral resistance but usually     
time-consuming and laborious process. Increasing knowledge about the molecular mechanism of plant-virus interactions 
and biotechnological advancement provides new opportunities for engineering plant resistance to viruses. 

Breeding Approaches 
1. Engineering RNA silencing-based resistance against plant viruses: RNA silencing, also referred to as RNA interference 
(RNAi), is activated by the presence of double-stranded RNA molecules (dsRNAs) and induces gene expression inhibition 
or suppression in a nucleotide sequence-specific manner. In plants, various key protein families are involved in RNA 
silencing, including dicer-like (DCL), argonautes (AGO) etc. DCL proteins, a type III RNase, process dsRNA or miRNA 
precursors into siRNA or miRNA, respectively, of 20 to 24-nt long with a two-base overhang at the 3' end. These siRNAs 

Figure 1: Schematic diagram depicting RNA silencing and CRISPR/Cas strategies to target plant viruses.  

(Source: Zhao et al., 2019) 
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or miRNAs are incorporated into the endonuclease AGO proteins to form RNA-induced silencing complex (RISC). RISC bind 
to target mRNA as directed by its siRNA/miRNA and then silence the expression of target gene by cleaving target RNA 
and inhibiting the transcription of the target gene. By now, gene silencing has been successfully exploited to target over 
60 species of economically important plant viruses, including Papaya ringspot virus (PRSV) (Bau et al., 2003 and Ye and 
Li, 2010), Banana bunchy top virus  (Elayabalan et al., 2013), and Citrus tristeza virus (Soler et al., 2012). Near about 30 
crop species have been engineered to stably express small RNAs targeting several viruses, dozens of which have been 
approved for commercial release in several countries, such as papaya resistant to Papaya ringspot virus (PRSV), squash 
resistant to Cucumber mosaic virus (CMV) and potato resistant to Potato leaf roll virus (PLRV) or Potato virus Y (PVY). 

2. Engineering ZFN or TALEN-based resistance against plant viruses: Zinc finger nucleases (ZFNs) and transcription 
activator-like effector nucleases (TALENs) were the first-generation tools of genome editing technology. Both ZFNs and 
TALENs are chimeric proteins generated by fusing a DNA-binding domain (DBD) to a non-specific cleavage domain of the 
enzyme FokI. The DBD determines a specific nucleotide recognition in the DNA target and the cleavage domain cleaves 
DNA to produce the double-strand breaks (DSB) in the targeted site. These genome editing techniques serve as a new 
weapon in the arsenal against plant viruses. The intergenic region (IR) of geminiviruses contains a stem-loop structure 
which is required for viral replication by an initiator protein (Rep) binding. The transgenic artificial zinc finger protein 
AZP efficiently binds the IR of Beet severe curly top virus (BSCTV), thus blocking the Rep binding and subsequently 
suppressing the infection of the virus (Sera, 2005). TALEs, lacking the nuclease domain compared to TALEN, were 
developed to target conserved motifs among begomoviruses. Tobacco plants expressing the TALEs showed resistance to 
TbCSV and partial resistance to Tomato leaf curl Yunnan virus (TLCYnV) was partial (Cheng et al., 2015). Applications of 
ZFNs and TALENs have expeditiously been outstriped by a new emerging genome editing system in plants.  

3. Engineering CRISPR/Cas-based resistance against plant viruses: The clustered regularly interspaced short 
palindromic repeats/ CRISPR-associated protein (CRISPR/Cas) system is based on an adaptive immune system that 
eliminates entry of foreign viral DNA via cleavage in bacteria and archaea (Bhaya et al., 2011). The system comprises an 
endonuclease Cas protein and a guide RNA. CRISPR/Cas system is a renowned for its simplicity, higher efficiency and 
affordability compared to ZFN and TALEN. Numerous efforts are going on to combat human as well as plant viruses using 
the CRISPR/Cas technique. Tobacco and Arabidopsis were reported for successful use of CRISPR/Cas9 to generate  
resistance against geminiviruses. sgRNAs were used to target the IR, Rep or CP loci, and they significantly reduced or 
abolished disease symptoms of several geminiviruses (Ali et al., 2015). Similar system was freshly used in barley and 
highly efficient resistance was established against Wheat dwarf virus (WDV) (Kis et al., 2019). CRISPR/Cas9 has also been 
shown to be effective in inhibiting the virulence of double stranded DNA virus like Cauliflower mosaic virus (CaMV) in 
Arabidopsis. 

Table 1: Comparison of the Strategies Used in Engineering Antiviral Plants (Source: Zhao Et Al., 
2019) 
Strategies Advantages Disadvantages 

RNA silencing High efficiency  Many viruses can encode VSRs to 
counter the defense of RNA silencing 

CRISPR/Cas targeting DNA The eukaryotic plant viruses have 
not evolved to possess the ability to 
counter this immune defense coming 
from prokaryote 

The targeted DNA viruses might be 
repaired and escape the engineered 
resistance 
 

CRISPR/Cas targeting RNA The targeted RNA is further 
degraded and has less chance to 
produce mutant viruses 

Off-target effect may affect the 
expression of some host genes, but 
will not change the plant genome 

Host factors editing The gene editing machinery can be 
removed by backcross, so it is able 
to engineer virus resistant plant 
which is transgenic-free 

Loss-of-function of some host factors 
may lead to lethality or impaired 
growth 

Conclusion 
Application of modern biotechnology has huge potential to overcome the limitations of conventional viral resistance 
breeding. Both RNAi and genome editing technologies are particularly applicable to crops with limited genome sequence 
information. These   technologies do not demand for crossing between different genotypes and further selection in the 
segregating generations. CRISPR/Cas9 system is an effective way to generate virus-resistant crops by destroying an 
essential host factor. Through several generations of backcross and screening, or even using DNA-free delivery of in vitro 
transcripts of CRISPR/Cas9 by particle bombardment (Liang et al., 2018), virus-resistant crops can be generated that are 
free from transgenes. Zinc finger nuclease and TALEN approaches are not widely used due to their weaknesses related 
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to affordability, simplicity and efficiency. Especially, with the rapid development of CRISPR technology, there are only 
a few examples of using these genome editing approaches to generate virus-resistant crops. Various biotechnological 
approaches have their own advantages and disadvantages (Table 1). The full potential of RNAi and CRISPR/Cas systems 
for engineering resistance against eukaryotic viruses is yet to be exploited. Intensive research is required to improve 
these systems. However, the combination of RNA silencing and CRISPR/Cas strategies has extraordinary potential in 
antiviral breeding. 
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Introduction 
This is an era of online marketing. There is no any large or small sector left which are untouched by online marketing 
like electronics, machinery, clothing, accessories, vehicles or household items. But very few online platforms are present 
for our horticultural sectors. Therefore, the online marketing can also be advocated in nursery plants successfully as 
there is broad reach of live greens. 
A nursery is part of agriculture where plants are propagated, nurtured, grown and sold out for home garden and 
commercial purpose. Online presence makes a task easy to consumers by providing varieties of plant at their door steps. 
Marketing can be plants of different kinds occupy most of the vacant space in the compound that’s why people prefer 
pot. 
It cater to a wide range of plants that will be indoor to outdoor plants and container to ground planting plants for 
example ornamental plants include foliage and flowers like croton, begonia, cycas, dracaena, fatsia, acalypha, 
pandanus, zinnia, calendula, kochia, portulaca, Gomphrena, cosmos, phlox petunia, chrysanthemum, dahlia etc. and 
fruits plants for nursery raising can be ber, mango, citrus, jamun, mulberry, guava, bael, strawberry, aonla, karonda, 
apple, pear, peach etc. and seeds of vegetable plants for nursery growing and planting include capsicum seeds, brinjal 
seeds, tomato seeds, okra seeds, tomato seeds, chilli seeds, and seeds of cucurbitaceous vegetable plants. Increasing 
disposal income and hobby drives interest among people in raising small gardens, backyard plantation and ornamental 
plant nursery. During the past decade, significant achievement has been made by plantation development and an area 
of 24916 thousand hactare has been brought under fruits, vegetables, spices, flowers, plantation crops, medicinal and 
aromatic plants. Online Plant Nursery Business has great business opportunity and market potential due to its convenient 
and home delivery factors; it attracts many consumers. 

Pre-requisite for online nursery marketing: 
1. Skilled workers 
2. Sufficient Raw Materials 
3. Business License 
4. Supply Chain and Logistics 
5. Online Presence 
6. Technical Experts. 

SWOT Analysis of Online Nursery Marketing 
Since every business has its own pro’s and con’s which may affect its various factors like its production, growth and 
development. Therefore, SWOT analysis should be known by every entrepreneur. 
1. Strength: 

a. High profitability and revenue. 
b. Low operational cost. 
c. Accessibility to the target markets. 

2. Weakness: 
a. Low capital-intensive industry attracts new entrants. 
b. Inadequate Technical Expertise. 

3. Opportunities: 
a. Growing market demand national as well as international level. 
b. Increasing usage of technology 

4. Threats: 
a. Competition by other business adversaries. 
b. Government regulation and pricing policies. 
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Start-Up Budget and Production Details Budget (INR) 
Budget includes pre-operative expenses, fixed capital, working capital, total investment, cost per unit, profitability. 
production details include working days, land requirement, area required, power requirement, water requirement, 
transportation and road access needed, requirement of manpower(skilled labour, executive employee). 

Types of Nursery 
Vegetable seeds nursery, fruit plant nursery, flower plant nursery, commercial plant nursery, ornamental plant nursery 
can be established and marketed online. 
Series of faculties involved in online marketing are - director, marketing executive, admin executive, operator, 
supervisor, plant executive(for process, product, store and for lab), driver, unskilled as well as skilled labourers. 

Legal Requirements 
Legal requirements will be GST, PAN, REGISTRATION AND SHOP ACT. 

Benefits of Online Marketing 
1. Reaching a global audience, thereby increasing sales opportunities. 
2. Reducing order processing cost. 
3. Using your online shop to showcase your products to existing customers. 
4. There is no geographical limitation. 
5. Eliminate travel time and cost. 
6. Provide comparison. 
7. Create Targeted Communication. 

Thus, online marketing of nursery plants has number of advantages over conventional form of selling or business-like 
minimal overhead that means an Internet business reduces or eliminates many of the overhead cost. Flexibility with an 
Internet business, we can enjoy maximum flexibility in our work life. The Internet is available around the clock, so you 
can create a work schedule that is convenient for you. It also can allow you to work full-time or part-time, so you can 
start a business while maintaining a full-time job if you prefer. If you own a laptop computer, you'll have the flexibility 
to work anywhere .The reach of the Internet is global, so the entire world is a potential market for your products or 
services. You'll also be able to target specific markets with relative ease. Low-Cost Marketing that means the Internet 
offers a variety of ways to market your business at little or no cost. You can create a blog or write articles that provide 
useful information about your field that can attract new customers. Another option is to use Google Adwords, where you 
create ads that people come across when they perform a keyword search that relates to your buiness. You also could 
purchase advertising space on other websites or exchange links for free. Ease of Transactions that is an Internet business 
allows for easy transactions. You can set up a secure page on your website where customers can pay for your products 
by credit card or through an online payment service like PayPal. This eliminates the need to send out paper bills by mail 
or handle cash, and you'll receive payments quickly. 
Abbreviation used: 

*INR- Indian Rupee 
*GST- Good and Services Tax 
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Pomegranate (Punica granatum L.) belongs to family punicaceae is an important commercial fruit crop in India. The 
economically important part is fruit and used to cure from different human diseases and nutrient deficiency due to its 
antioxidants properties and richest source of potassium (K), phosphorous (P), calcium (Ca), (Mg), iron (Fe) and vitamin 
A & C. It’s mainly grown in Maharashtra, Gujarat, Rajasthan, Karnataka, Andhra pradesh etc. states. In Rajasthan, it 
gained popularity among farmers of western parts and popularity graph of pomegranate has risen especially in desert 
districts like Barmer, Jodhpur, Jalore, and Nagaur (Meena et al., 2018). The most of the soil in pomegranate growing 
area of Rajasthan is sandy or sandy loam and it’s most favorable for different kinds of pest including plant parasitic 
nematodes. The pomegranate attacked by different nematodes like Meloidogyne spp., Rotylenchulus sp., Pratylenchus 
spp., Hoplolaimus sp., Helicotylenchus sp. Xiphinema spp. etc. Among them Meloidogyne nematode is a key pest of 
pomegranate production in all over the world. The severity of root-knot nematode is very high in the Rajasthan and the 
most frequent species are M. incognita and M. javanica (Singh et al., 2019). The most of plant parasitic nematodes are 
microscopic in nature and known as an unseen and hidden enemy of crops and the root-knot nematode produce galls on 
roots so it’s also called as a cancer disease of plants. 

Major Symptoms of Nematode Infection 
1. Lots of small and large size galls are formed on the roots and the root becomes tufted. 
2. All leaves of plant turn yellowish. 
3. The plants remain stunted. 
4. The plant remains wilted in day time even after regular irrigation. 
5. Lateral branches and buds do not emerge in the infested plants. 
6. Flowers fall down before the maturity. 
7. There is a huge reduction in the production of fruits. 

     Stunted plant                                                           Dead plant 

Management 
1. The soil of the plantation area should be examined for nematodes.  
2. Nematode management measures should be adopted along with the first crop. 
3. Fumigation is a very effective option for nematodes management in pomegranate before the plantation. Fumigation 
of prepared pits for planting of pomegranate can be done 15 days before plantation. Formalin or metham sodium or 
sodium tetra-thio carbamate at 30 ml per pit can be used for the fumigation. The pit should be moist with light irrigation 
then apply the fumigant and pit covered with a polyethylene sheet during fumigation and the all sides of polythene sheet 
should be pressed through the soil, due to which the poisonous fumes cannot out from the pits. Plantation should be 
done 15 days after treatment. 
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4. The nematodes population can be managed by improved the tolerance of plants against nematodes through the 
application of different organic amendments like FYM at 10 kg per plant or vermicompost/poultry manure at 5 kg per 
plant per year. It will be effective in the low nematode’s population level. 
5. Neem/karanj/mahua/mustard de-oiled cakes at 300-500 gm per plant (according to age of plants) found effective 
against nematodes. 
6. Different bio-agents viz., Trichoderma viride, Trichoderma harzianum, Paecilomyces lilacinus, Pochonia 
chlamydosporia, Pseudomonas fluorescens and Pasteuria penetrans can used against nematodes. The application 
methods are as follow: (a) Per plant: @ 20 g/ml formulation (2x106 cfu) of bio-agents. (b) Enrichment: Prepare a enriched 
mixture of FYM/Vermicompost/Neem cake at 100 kg FYM + 2 kg of each Pseudomonas fluorescens + Trichoderma 
harzianum + Paecilomyces lilacinus. Application of 500 g of enriched mixture per plant at the time of planting or in the 
established plants. 
Where the initial nematode population is high used the Fluopyrum 34.48% SC at 625 ml per hectare through both drip 
irrigation and drenching. We can also use the spot application of Carbofuran 3G at 1 kg a.i. per hectare or Fluensulfone 
2G at 10g per dripper. 

     Yellowing                                                                Root galls 

Conclusion 
Pomegranate is a very valuable commercial crop and richest source of minerals and vitamins. It has a place in the daily 
diet of many people suffered from the nutrient deficiency. Pomegranate infected by different pests and diseases in the 
field and plant parasitic nematodes are one of them. The nematodes problem gradually increased day by day in many 
regions due to lack of awareness and monocroping. In pomegranate orchards of Rajasthan, it’s spared due to favorable 
conditions, regular host availability and sandy soil. This article helps to farmers for prevention of crop from nematodes 
and their management by a suitable option in the given practices. 
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Introduction 
Human race is at an alarming pace destroying the natural ecosystems. About 100 million hectares of tropical forest were 
felled between 1980 and 2000, and more than 85 per cent of wetlands have been lost since the beginning of the industrial 
period. In doing so, we placed human beings, sometimes in poor health, in contact with wild animals that are reservoirs 
for disease normally limited to areas where humans are almost entirely absent or live in small, isolated populations. The 
incidence of disease outbreaks has been gradually growing. There were 12,012 reported outbreaks between 1980 and 
2013, comprising 44 million individual cases and affecting every country in the world. A number of developments have 
led to this increase, including high rates of global travel, trade and connectivity, and high density living, but most striking 
are the ties to climate change and biodiversity. Some information on the relation between climate change, loss of 
biodiversity and animal-to-human diseases (zoonosis) are provided here. 

What is Zoonosis? 
A zoonosis is an infectious disease which is transmitted to humans from animals. Animals, such as viruses, bacteria, 
fungi, and parasites, may bear dangerous germs. Then, these are exchanged with humans and cause diseases. Zoonotic 
diseases range from a mild short-term illness to a severe life-changing illness. Some can even cause death. Typical 
zoonotic diseases include Rabies, Lyme disease, Dengue, Malaria, Chikungunya, Salmonella and E. coli infections, HIV, 
Avian flu, West Nile virus, Zika, Swine flu and Corona virus. 

Deforestation and Zoonosis 
Deforestation has gradually risen over the past two decades and is correlated with 31 per cent of outbreaks such as 
Ebola, and Zika and Nipah viruses. Deforestation pushes animals out of their natural habitats and closer to human 
populations, generating a greater risk for zoonotic diseases. 80 per cent of Earth's land animals and plants live in forests, 
and species are threatened with deforestation. Multiple scientific studies show a correlation between deforestation and 
increased zoonosis risk. Destruction of the forests results in increased interaction between humans and wild animals. 
Unregulated trade in wildlife and direct interaction with animal parts are exposing humans to viruses and other pathogens 
hosted by those species. 

Amazon Forest Fires Impact on Biodiversity Loss 
The Amazon rainforest, often referred to as the Earth's lungs, occupies an area of approximately 5.7 million square 
kilometres, and is the highest biodiversity in the world. It is home to about 30 percent of the known species in the world, 
as well as 390 billion trees (more than 50 times the number of humans on Earth) belonging to more than 16,000 different 
species. Multitudes of insects, frogs, fungi, mammals, birds, and epiphytes live on and around the trees. Not only is the 
number of victims unknown but it is unconceivable. A combination of dryer conditions caused by deforestation and 
climate change and its natural history leave this new, engineered inferno to the defenseless Amazon. Research indicates 
that it produced 3 per cent more malaria cases for every 10 per cent of the forest the Amazon lost between 2003 and 
2015. 

Climate Change Boosted Australia Bush Fires 
A feature of climate change is the fact of Australian forest fires. Australia suffered from record-breaking hottest day on 
18 December 2019 hitting a national average temperature of 41.9 degrees Celsius. It was the hottest, driest year on 
record in the region. Extreme heat and drought make fuel fires more tinder. Such severe conditions are so unpredictable 
and create the kinds of intensity and early-season burning that we usually don't see in Australia. The increased severity 
and frequency of wildfires fit into the forecasts of scientists for a warming planet. 
According to one study from the University of Sydney, more than 1 billion mammals, birds, and reptiles undoubtedly lost 
their lives in the blazes. On Kangaroo Island about 25,000 koalas were presumed dead and about 30 percent of the koalas' 
habitat was also wiped out. The mainland is home to 244 species not found elsewhere. The field also has the highest 
extinction rate of indigenous mammals in the last 200 years. 
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Endangering Humana Health 
Since the 1950s, infectious diseases have increased, with a growing number of them originating from animals-a disease 
type called zoonosis. The Center for Disease Control and Prevention states that in humans three out of four emerging 
infectious diseases emerge from animals. In our lifetimes we have seen reports of endemic zoonotic diseases, such as 
Ebola, SARS, H1N1 and COVID-19. 

Pandemic Preparedness 
Pandemics are expected to be more prevalent in the coming decades. Innovative developments are important when it 
comes to discovering new vaccines. Effective drug production is not only about advanced synthetic biology-there is also 
a link to nature-based approaches and biodiversity, as researchers are constantly searching for new therapeutic 
strategies to return to nature. An estimated 50,000 to 70,000 plant species are harvested for conventional or modern 
medicine, while about 50 percent of new medicines are produced from natural products threatened by loss of 
biodiversity. 

Conclusion 
As humans encroach and destroy habitats, like the Amazon rainforest where more than 20 percent of the rainforest has 
been cleared for agriculture, forestry and more living space, close contact with wildlife and all the diseases they bring 
would be created. And besides making pandemics more likely, deforestation also contributes around 10 per cent of global 
emissions, making it a major contributor to climate change. New diseases are likely to arise, as climate change raises 
the risk of both zoonosis and vector-borne diseases as some animals migrate out of their habitats as earth warms and 
seasons shift, while others breed earlier in the year. We can reduce the conditions that cause pandemics if we take 
appropriate climate action, prevent deforestation and maintain healthy biodiversity. 
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As per Blackman law of “optima and limiting factors” micronutrients are just as important as macronutrients, but the 
amount required is very small. Micronutrients utilized by plants is less than a kilogram per hectare and in spite of this 
low requirement, critical plant functions are limited if not available in required quantity thereby causing plant 
abnormalities, reduced growth and lower yields. 

Introduction 
For plants to grow it need 16 essential elements which are supplied by air and water like carbon (C), hydrogen (H) and 
oxygen (O2), and rest through fertilizers as macronutrients comprising nitrogen (N), phosphorous (P) and potassium (K), 
secondary nutrients comprising calcium (Ca), magnesium (Mg) and Sulphur (S) and micronutrients comprising boron (B), 
chlorine (Cl), copper (Cu), iron (Fe), manganese (Mn), molybdenum (Mo) and zinc (Zn) with nickel (Ni) recently added in 
the late 20th century.  
Crop yields are continually increasing due to genetic improvements in stress tolerance and disease resistance, 
incorporation of insect resistance traits, use of seed treatments and other crop protection products leaving more 
extraction of micronutrients by each harvest. 
In order to top grain production and combating increased commodity prices and crop input costs, all potential barriers 
including micronutrient deficiencies have to be prioritised. Major available micronutrients include zinc, manganese, 
boron and iron and are either soil applied in bands or foliar applied. These micronutrient deficiencies can be detected 
by visual symptoms on crops and by testing soils but plant tissue analysis is more reliable except for Mo and Cl.  
Major seven micronutrients are sufficient in most soils to meet crop needs. However, certain sandy soils and other low-
organic matter soils are naturally deficient in micronutrients, and high pH soils may make some micronutrients less 
available and therefore deficient. Moreover, the complex chemical reactions within the soil, micronutrient availability 
is ultimately controlled by the equilibrium between the soil solution, soil organic matter, cation exchange sites, and 
insoluble compounds of micronutrients. Soil acidity or alkalinity has a major effect on the tie-up of micronutrients or 
their availability to plants making most micronutrients available in acid soils and often unavailable at high pH. 

Reduced organic matter in soil is of major concern as it serves as a reservoir for essential plant nutrients continuously 
supplying as it decomposes over time. This reservoir is especially important for anions such as boron, which do not bind 
to soil particles and are therefore subject to leaching losses. Soils receiving regular additions of organic residues show 
less micronutrient deficiencies. 

Detecting Micronutrient Deficiencies 
Micronutrient deficiencies can be detected by visual symptoms on crops and by testing soils and plant tissues. To 
understand visual symptoms, it is useful to know the role each micronutrient plays in plant growth and development. 
Except for Mo, the micronutrients are considered weakly mobile or immobile in plants and deficiency symptoms appear 
on newest plant tissues while for molybdenum, deficiency symptoms appear first on oldest plant tissues. 

1. Boron: Boron (plant uptake - H2BO-3) one of the most important micronutrients affecting membrane stability, B 
supports the structural and functional integrity of plant cell membranes. Boron deficiency symptoms first appear at the 
growing points. Application of borax or boric acid 0.50 to 2 kg/ha is recommended. 

2. Copper: Copper (plant uptake - Cu2+) activates enzymes and catalyzes reactions in several plant growth processes. 
The presence of copper is closely linked to Vitamin A production, and it helps ensure successful protein synthesis. 
Application of CuSO4 @ 2 to 10 kg/ha is recommended. 

3. Iron: Iron (plant uptake - Fe2+/3+) is a component of many enzymes associated with energy transfer, nitrogen 
reduction and fixation, and lignin formation. Foliar spray of 3 to 4 % FeSO4 for 500 litres/ha is recommended 

4. Manganese: Manganese (plant uptake - Mn2+) functions primarily as part of enzyme systems in plants. It activates 
several important metabolic reactions and plays a direct role in photosynthesis. Manganese accelerates germination and 
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maturity while increasing the availability of phosphorus (P) and calcium (Ca). Application of MnSO4 @ 2 to 20 kg/ha is 
recommended. 

5. Molybdenum: Molybdenum (plant uptake - MoO4-2) is a trace element found in the soil, and is required for the 
synthesis and activity of the enzyme nitrate reductase. Molybdenum is vital for the process of symbiotic nitrogen (N) 
fixation by Rhizobia bacteria in legume root modules.  

6. Zinc: Zinc (Plant uptake - Zn2+) first micronutrients recognized as essential for plants and the one most commonly 
limiting yield. Application rate 1 to 10 kg/ha or 0.50% foliar application is recommended. 
Chlorine: Chlorine (plant uptake - Cl-) plays active role in energy reactions in the plant. Most Cl in soils comes from salt 
trapped in parent materials, marine aerosols and volcanic emissions.  

7. Nickel: Nickel is important in plant N metabolism because it is a component of the urease enzyme. Without the 
presence of Ni, urea conversion is impossible. It is required in very small amounts (critical level - 1.1 ppm). 

Many plant symptoms associated with micronutrient deficiencies, including stunting and chlorosis, may have a variety of 
causes, including disease, insect or herbicide damage, or environmental conditions. Therefore, soil and plant analysis 
are both useful in determining if the cause is truly nutritional. Timely actions need to be taken and most research has 
shown that once a micronutrient deficiency is detected, the plant has already suffered irreversible yield loss. 

Conclusion 
Micronutrient play a vital crop in crop production and deficiencies need to be addressed to prevent yield losses. 
Micronutrients can be soil applied most preferably mixed with NPK fertilizers by incorporating, mixing, blending in 
granular or liquid forms to reduce costs for separate application. Similarly, Foliar applications are another suitable form 
of application as rates of application are less than soil application and immediate results can be expected. Application 
should be based on plant or soil analysis as excess application causes toxicity. 
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Abstract 
Today, the latest technology made tremendous progress and various devices and methods can be utilized in smart 
farming. In order to increase productivity, efficiency, worldwide market and decrease manual intervention, cost and 
time, it is necessary to transfer modern technology called IoT. The Internet of Things is the best network of devices that 
can communicate important info without human participation. Therefore, in order to obtain a high yield. The Internet 
of Things works synergy with farming to attain modern agriculture. This article focuses on the impact of the Internet of 
Things in agriculture development, which leads to intelligent agriculture.            

Keywords: Smart Farming, IoT, Productivity. 

Introduction 
Due to the tremendous development of new technology, agriculture has become increasingly popular and important. 
There are many modern techniques and tools presented for agriculture development. According to the FAO, so as to feed 
the increasing population of the planet, the world will require 70% more food production by 2050 (Ayaz, Ammad-Uddin, 
Sharif, Mansour, & Aggoune, 2019). To fill this demand, the agricultural department, companies and growers are 
training to the IoT to analyze and improve production capacity (McNabb, 2019). The IoT can play an important role in 
enhancing agricultural production, gaining a massive worldwide market and awareness regarding current trends in 
farming crops. The Internet of Things is a system of interconnected tools that can proficiently convey information without 
human intervention    
Nowadays, several farming industries utilize the Internet of Things system intelligent agriculture to improve productivity, 
markets, efficiency and other functions including time and cost, least human involvement. Developments in new 
technology ensure which the devices are receiving lighter, sophisticated and more economical. These networks system 
can easily be available on a worldwide scale, so that they can completely implement smart agriculture. Concentrating 
on encouraging agricultural innovation, modern agriculture is the response of the present difficulties facing in the 
industry. All of this can be complete utilizing the Internet of Things and smartphone technologies. Growers can obtain 
any essential information, and they can also monitor their farming area. 

Internet of Things 
The internet of Things is an effective and essential technology for developing challenges solutions. The internet of Things 
has evolved various structure blocks, such as software, many sensors, network modules. It also creates information more 
efficiently. The Internet of Things can exchange information through the network system without human interference.  
In IoT, we can express ideas in a natural direction, simply like ordinary people, drivers of vehicles, modern sensors, etc. 
The Things is designated an IP statement so that it can communicate information through the network. According to a 
description produced via Garner, in 2016, the figure of linked gadgets will increase by 30% from 2015. He further stated 
that by the end of 2020, this figure will rise to 26 billion (Chase, 2013). Internet of Things machinery is effective for 
subsequent explanations:        
1. Worldwide connection via any devices  
2. Minimum manpower  
3. Quicker access 
4. Time efficiency  
5. Effective communication. 

Smart Agriculture Using Internet of Thongs 
Agriculture is the most important pillar of the Pakistan economy. The most significant obstacle in traditional agriculture 
is the weather change. The influences of climate change consist of heavy precipitation, the strongest storms, waves of 
heat and less precipitation. For these reasons, productivity is greatly reduced. Climate change can also cause ecological 
effects, for instance changes of seasonal in plant life cycles. In order to reduce obstacles and improve productivity in 
the agriculture sector, modern technologies known as the IoT are needed (Hassan, 2018). Nowadays the IoT is 
transmuting into the industry of agriculture and supporting growers to cope with the huge obstacles they face. Growers 
can use the IoT to obtain a lot of knowledge and information regarding the latest technology and trends. 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
194 

Figure 1: Internet of Things in Farming 
By 2022, the modern agriculture production market is projected to reach around 18.45 billion dollars, with a compound 
annual growth rate of 13.8%. Bl calculations that by end 2020, 75 million Internet of Things devices will be utilized for 
smart farming purposes, with a compound annual growth rate of 20%. The Internet of Things gadgets can greatly ease 
increase the production and output of the farming sector, because these technologies can be utilized to monitor 
temperature, soil acidity crops management, etc. in addition, modern farming will also sport monitor productivity and 
health of livestock. Internet of Things can deliver growers with the best information regarding crop productions, disease 
and pests, rainfall and nutrition of soil, which are essential for the production and provide accurate information that 
can be utilized to enhance agricultural technology over the period. The IoT has characteristics of real-time, sharing and 
accuracy, which will bring huge variations to the farming supply chain and deliver key machinery for creating the smooth 
flow of farming logistics (Wang & Liu, 2014). 

The crucial benefits of utilizing the Internet of Things to boost agriculture are as ensues: 
1. Using the Internet of Things can efficiently complete water management without wasting sensor water. 
2. The Internet of Things helps to continuously observe the land in order to take preventive measures as soon as possible. 
3. It improves farming efficiency, reduces the time, manual labor and improve agriculture productivity. 
4. It can easily monitor the crops to examine the growth of crops. 
5. It can easily detect the management of soil such as moisture content, PH value, etc. so that growers can plant 
according to the level of the soil.  
6. RFID chips and sensors help identify diseases that occur in the agriculture area. RFID point delivers the data to readers 
and shares them on internet technology. Growers and researchers can access this data from distant areas and take 
essential actions to automatically keep crops from infections. 
7. The sales of crops in the worldwide market will be rise. Growers can easily connect to the world market being 
restricted by and geographic region. 

Conclusion 
In the next few years, agriculture will play a very impotent role in the countryside. Therefore, smart agriculture is 
required. IoT will support boost modern agriculture. Internet of Things works in different areas of agriculture to improve 
the management of water, time efficiency, management of soil, crop monitoring, control of insecticide and pesticides, 
as well reduces human workload, make easier smart farming practices and supports to obtain smart agriculture. In 
addition to these functions, intelligent agriculture can help them expand the grower's market with a single click and 
minimal efforts. 
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Generation has generated the coolest wing to accomplish the toughest job. Lashing out emotions, practicality has norms 
to solve problem with easiest pick. Needless to say, science have butt into sky and land simultaneously, its one hand 
muddling the space and the other digging beyond the sea. Development and automation have scaled much above to be 
a part of ultra-modern society. Science and technology have been slaying every odd, may it be industrial, social, life 
style, or food security etc. Act alike of human, Humanoids are the greatest harvest of technology, definitely employed 
at every sector of work. 
Robots have started spreading its roots deep beneath the soil, becoming a new member to farming community, 
technologically skilled and a hardcore labor to human society. No doubt it has shifted agriculture from manpower to 
machine power. In developing countries as agrarian economy had bowed before industries for its contribution. The base 
of every industry has pan fried agricultural products to save its lineage. Drastically changing the mode of agriculture in 
America was due to its hiked industrialization. Introduction of machine has played a pivotal role in revolution of mankind. 
Eli Whitney was the pioneer to merge machine with agriculture. Cotton gin machine during 1974 marked a record for its 
potentiality to isolate the cotton seed from the cotton fibre.  Agribot or agbot has its history flagging from 1920. Agribots 
are like family to farmers learning their paucity and harnessing best. 

Implication of Robots in Agriculture 
Agribots are fully equipped with most specialized, end effectors and other tools to sort at every agricultural operation. 
Automisation and professionalism are gleam attracting its use. 
Precision farming is not any technique or cultural operation rather a concept for sustainable and advanced agriculture 
involving GPS, GIS, remote sensing, artificial intelligence etc. Agribots following the technique of precision agriculture 
are used to regulate and analyze the soil respiration, photosynthetic activities and microbial studies autonomously. It 
has been guardian for animals in livestock monitoring their food and health. 
Nursery is the playschool of crop where they are cultured, nurtured and harden. Minute skip of attention may lead to 
unhealthy saplings. Farmers engaged need higher focus and perfection. To culminate the task with ease human minds, 
have poked technology to fullest. Companies like HETO Agrotechnics and Harvest automation are lending services like 
seeding, watering, warehouses and transplanting in with automated method in nurseries where saplings and seedlings 
are prepared to plant outside. 
Geo-mapping will generate information on properties of soil like, density, texture, moisture content , chemical 
properties etc. and the agribot mechanized with seeders would  likely follow the best instruction for seeding the seeds 
at proper depth and appropriate methods for better chance of growth. Smaller seeds require finer seed bed for efficient 
germination. The depth of seed sown and moisture content perfectly flourishes in the field.   
Robotic hardware and analysis software are a combo offered to farmers by Precision Hawk, a drone manufacturing 
company that would aid farmers to utilize those in their vast field for monitoring the soil and crop status through drones 
and smart take up by the robots. 

BoniRob a ground-based robot has keen observation over crop for detailing the requirement and status of crops every 
now and then. Traditionally, irrigation and fertilization of crop need to be done with most precision. Involving agribots 
reduce wastage of water by targeting water requirement of particular plants. It smoothly explores the unreachable areas 
of the field and help in fertilizer application at required depth and zone with appropriate amount minimizing its loss. 
Weeds grow at a rate higher than crops. Manual weeding and herbicide application may not be useful in hectares land 
with minimum labor. AG BOT 11 is solar operated micro-spraying herbicide sprayer. It is target specific avoiding crop 
loss and minimizing the use of the herbicides and is ill effects on environment. Robo Crop automatically sprays water to 
the space between the plants to uproot the weeds. It aids weeding operation without any use of chemicals. 
Thinning and pruning are important cultural operation carried out to maintain the shape and size of the tree and divert 
proper nourishment to fruits. Regular thinning and pruning retain heavy crop load and enhance the quantity and quality 
of yield. Operation carried out mechanically reduces stress on farmers as bots on work are pre-loaded with the 
information about the height and thickness of the crop to slash it off. Lettuce Bot is a thinning robot using vision of 
computer for selectively removing the lettuce plant. Wall-Ye is the pruning robot having the ability to prune the 
grapevines and blueberries. It has been of immense importance for brewery industry. 
Harvesting of crops is the wittiest task to reap the investment. But adversities like lockdown due to global pandemic 
may affect the harvesting due to inadequate labor force allowing the produce to rot and waste in field itself. EU funded 
project ‘clever robots’ are certain agribots used by progressive farmers for harvesting of fruits like apple, oranges, pears 
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etc. Sequential harvesting of certain cash crops like tea, or fruits, is the toughest task carried out by robots effortlessly. 
Soft fruits require manual skill for plucking, which is automatically harvested with peer care by bots. Automated combine 
harvesters have been used for harvesting crops like corn, wheat, rice barley etc. 
Burgeoning population has highly pressurized the land and the farmers feeding them. Mechanization of labor force has 
easily met the need of global population. 

Advantages of Agribots 
1. Dependency on man power or labor force reduces increasing the independency of the farmer owing to activity of 
robots. 
2. All agricultural operations will be carried out precisely on due time with minimum wastage as conveyed by computers. 
3. Reductions of pesticides and fertilizer application will help in maintaining soil health. 
4. Consumption of water can easily be monitored and conserved 
5. Drastic increase in crop productivity will enhance economic strength of farmer. 
6. Youngster will happily get involved in farming as it won’t be tough and boring task and even will ignite fresh mind to 
explore more. 

Disadvantages 
1. Costlier and sometimes unaffordable for common farmers. 
2. Need of highly skilled controllers to avoid complexity and field level 
3. It may snatch away the income opportunity of labors. 

Duly coin own two different sides but when minted has higher economic value. Technology has cursed mankind when 
exploited but has also blessed when explored with kindness. Robot in agriculture is like cherry on scope of ice-cream, 
which will glint until technology does not vandalize the very niche of agriculture. Not being into affordable to all farmers 
will never halt cultivation. Terminating the use of upgraded techno will surely sue the farmers. Not only inventories but 
a greater will power is required to touch every inch of filed with agbots that would smoothen the cultural practices. 
Government should be fascinated about these bots and help farmers at every level to operate it. Companies and 
individuals involved in manufacturing of agribots should be highly encouraged both by government and private 
institutions, as well said; the strength of a country lies in broader smile of its farmers. 
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Abstract 
The organic livestock is a vital role in rural area, it has high impacts due to the growing demand for animal products, 
there should be need to design of new livestock production system that allow the combination of food security. This 
popular article aims to fill the knowledge gap which provides strategies and insights that will help to improve organic 
livestock farming and also to high the organic sector for whole food system. 

Introduction 
Organic farming is a method of crop and livestock production that involves much more than choosing not to use 
pesticides, fertilizers, genetically modified organisms, antibiotics and growth hormones. Organic livestock farming is a 
land-based activity. In order to avoid environmental pollution, particularly natural sources such as the soil and water, 
organic production of livestock must in principle provide for a close relationship between such production and the land. 
Biological diversity should be encouraged and preference should be given to breeds adaptable to local conditions. 
Genetically modified organisms and products derived are not compatible with organic production. Organic livestock 
should be fed on organically produced grass, fodder and other feed stuffs. Animals living in extensive systems provide 
meat, milk, and fibre. Wild ruminants provide recreational opportunities like hunting and viewing, and domestic 
ruminants represent a fundamental source of power and transportation in many undeveloped countries. 

Animal and Organic Farming System 
The sustainability and the productivity of the farming system depend on the internal flow of nutrients as represented by 
feed and manure, which implicates that health and welfare of organic livestock, cannot be seen isolated from the whole 
system. The importance of livestock to the success of organic farming is often a source of major discussion which 
essentially revolves around whether grass is seen as critical for generating nitrogen in the farm system or whether a truly 
stockless system based on green manures and grain legumes is possible. 

Ideal Organic Livestock Farm 
The basic standards of organic farming are suited to reduce environmental pollution and nutrient losses on the farm level 
markedly. Organic livestock farming can only fulfil the criteria for sustainability if all requirements on animal health and 
welfare, together with product quality and ecological soundness, are strongly considered and controlled. Sustainability 
lies at the heart of organic farming and is one of the major factors determining the acceptability or otherwise specific 
production practices". It is even suggested that sustainable is a polite word for organic farming. 

Fig.1. Flowchart showing the pattern of livestock 

Organic 
Livestock 
Farming



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
198 

Management Practices 
Human-animal relationship in organic livestock production lies in 'systematic operations which lead to stress, harm, 
disease or of the suffering of animals during the production, handling, transport and slaughtering stages should be 
reduced to the minimum'. A good human-animal relationship is a key factor in the determination of the animals' fear of 
humans. However, a good and close human-animal relationship makes it possible for the livestock farmers to determine 
earlier deviations in the animal's behaviour, which might express the first disease symptoms. 
The basic requirement is more a farmland than the cows or buffaloes. Organic farming regards in every standard as a 
land-based system and landless animal husbandry system is forbidden in organic livestock farming. So, landless livestock 
farmers are not eligible for organic farming unless they go for land leasing. Land which is ecologically rich fallow land or 
arable land, which is not under rotation and not heavily manure grass lands such as moor land or dry land is suitable for 
organic farming. 

Animal Nutrition 
Animal nutrition constitutes an important pillar of organic livestock production. The nutritional needs of farm animals 
with respect to energy, protein, minerals and vitamins have long been known, and these have been refined in recent 
decades. Various requirement determination systems exist in different countries for ruminants and non-ruminants, which 
were originally designed to assess the nutritional and productive consequences of different feeds for the animal once 
intake was known. However, a considerable body of work exists associated with the dynamics of digestion, and feed 
intake and animal performance can now be predicted in many livestock species with high accuracy. 
Climate change may have impacts not only on the distribution of disease vectors. Some diseases are associated with 
water, which may be exacerbated by flooding and complicated by inadequate water access. Droughts may force people 
and their livestock to move, potentially exposing them to environments with health risks to which they have not 
previously been exposed. 

Environmental Changes 
Improvements in animal welfare will lead to significant improvements in production as well as in the efficiency at which 
animals modify the landscapes they inhabit, such as weed control, vegetation of landscapes and nutrient cycling. New 
monitoring methods have the potential to identify production, health and welfare problems more quickly and in a more 
efficient way, where challenges include thermal stress, water balance, and animal distribution in the landscape, toxic 
plants, predation, health, neonatal mortality and transport. 

 

Fig.2. Environmental and various impacts due to Livestock 

Implications 
1. There is considerable pressure on livestock production to deliver, under changing environmental conditions, on an 
ever-increasing demand for protein in human diets. 
2. Delivery on the increase in demand will not be possible without drastic changes to both extensive and intensive 
production. 
3. These adaptations/changes should contain mitigation components, which will enable the industry to deliver on the 
production and environmental demands; however, these changes will come at a monetary cost to producers and 
consumers. 
4. Conceptual frameworks used to assess and understand animal welfare in intensive systems can be applied to extensive 
systems. 
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Encourages Biodiversity 
Increased use of fertilisers, increased stocking densities and increased nutrient inputs through supplementary feeding - 
Due to these increases in fertilisers, stocking densities and nutrients there has been an increase in pollution of rivers 
leading to loss of biodiversity. 

 

Conclusion 
Organic Livestock may be a useful strategy to overcome to the challenges of the agricultural sector while matching with 
animal welfare, health and environmental protection. Organic livestock farming also an interesting strategy for the rural 
development farms. The organic products are not the solution for consumers to access their sustainable products. The 
trend of adopting organic livestock foods is increasing awareness and health consciousness of people. Organic livestock 
farming is a best way to make the farmers self-sufficient. This type of farming is not only profitable for farmers but also 
it has benefits for consumers, environment and to society also. 
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Silk is a fabric which was once synonymous with luxury. Rightfully so, for there could be no material as smooth, 
comfortable, pretty and shiny as silk. And you can wear it during all sorts of weather! It is also one of the most potent 
natural fibre. It finds it use in parachutes, blanked filling, surgical sutures and even bicycle tires! It could easily be said 
that silk became one of the links which brought Ancient China and the world together. 
The world was just as big as it is now (with slight differences because the only constant is change itself). Though now, 
there are various ways of consorting with people from other nationalities and ethnicity. Namely, the gadget you are 
reading this article. But anyway, once the world was too difficult to navigate easily. In such a world Silk Road emerged 
as a form of the global economy. It stretched from China to Korea and Japan in the East, China to Central Asia to India 
in the South and to Turkey and Italy in the West. The concept of the Silk Road was given by German geologist Baron 
Ferdinand von Richthofen. The word is now almost a metaphor for the cultural exchange between Europe and Asia. 

Do You Know What Sericulture is? 
Sericulture is the process of silk farming or cultivation of silkworms to produce silk. Silk was first produced in China from 
where it spread all over the world. Now, along with China, India is one of the leading producers of Silk. In India, silk 
plays a vital role in not just day to day life but also culture 
Since the ancient Chinese were possessive over the secret of Silk, many wars were fought over it. You can guess the 
importance of silk in those times and even now! Ottoman Turks, Persians, English and French. Every culture added 
something to it. You could find bandannas made from Indian silk around the necks of American cowboys in the west. Just 
imagine the impact. 
Wild silk’s traces have discovered at two sites near the Indus river. Harappa and Chanhu-Daro. Historians or archaeologist 
claims them to be as old as 2450-2000 BC. 
India produces all five types of silk. Namely, mulberry silk, tropical Tasar silk, oak Tasar silk, Eri silk and Muga silk. Muga 
silk is characteristic of India. Unique and pretty to look at. The type which makes you wonder if heaven exists. Because 
most of the religion in India (namely, Hinduism, Jainism and Buddhism) does not allow for the murder of any animal, the 
moths are allowed to hatch. It makes the material shorter and coarser than its Chinese counterpart. Thus, silk produced 
for commercial and religious purposes is of two different types 
Silk came in demand in ancient India. Much of the credit goes to the royal families and temples of India as well as the 
merchants coming to India. The old centres of silk trading and making are situated in Gujrat, Malwa, Delhi, Lahore, Agra, 
Fatehpur Sikri, Varanasi, Mau, Azamgarh and Murshidabad. Akbar, the then emperor of India, brought Gujrati weavers 
to the royal workshops. He also took an active role in the development of the textile industry. Thus, he cited a significant 
transformation in the weaving industry. The result was the beautiful and an extravagant fusion of Persian and Indian 
design. Because silk is more absorbent than other clothing material and wraps around the body well, is fire resistant, is 
more flexible than nylon, rot-resistant and is comfortable, it is used as a material for a sari in India. 

Silk comes from the cocoons of silkworms, the larval stage of moths whose scientific name is Bombyx Mori. To derive silk 
from these creatures, they are killed by steaming or boiled in hot water. All of this happens when they are about ten 
years. All before they can undergo the process of metamorphosis. Because of this or to be precise, because of the 
sacrifice of silkworms, Silk is thought to be a symbol of purity. It is often used for religious purposes like burial shrouds 
to lay the graves of Sufis in the Muslim culture. 
Sericulture also provides employment and is a massive source of income for Indians. A farmer can sell the cocoons in the 
market for about rupees 300 a kilo. The price of raw material for silk is high, too. It could be sold from rupees 2,400 to 
2,800. It would not be an understatement to say that silk production has become a vital pathway out of Poverty. NGOs 
such as P.R.A.D.A.N. (Professional Assistance for Development Action) provide income and training to women and men. 
They teach those curious minds about advance techniques and ways to rear and sell silk as well as silkworms. For farmers, 
silk is a brilliant prospect. It eliminates the uncertainty of whether the weather would allow crops to grow and develop. 
If any natural calamities or anthropogenic disaster would jeopardise their only source of income. 

Multipurpose Use of Sericulture 
Apart from silk, there are several other bye-products from sericulture. The mulberry fruits are rich in minerals and 
vitamins and from the roots, barks and mulberry leaves several ayurvedic and herbal medicines are prepared. Some of 
the woody mulberry trees provide timber which are resistant to termites and the timber is used for making sports items, 
toys etc. The mulberry branches after silkworm feeding are generally dried and used as fuel particularly in the villages. 
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The foliage of mulberry is used as a fodder for cattle. The mulberry trees are also planted in the embarkment area for 
protection of the soil to prevent soil erosion, and mulberry trees are planted as avenue trees. The silkworm pupae are 
rich in oil content and pupal oil is used in cosmetic industry and the remaining pupal cake is a rich source of protein 
suitable for poultry and fisheries. In some tribal population, the people eat eri pupa as a source of protein and 
nourishment. The silkworm litter is used for bio-gas production and used as a fuel for cooking in the rural area. Thus, 
sericulture not only provides silk for fashionable clothing, it also provides several very useful bye products to the human 
society. Therefore, sericulture development provides opportunities to improve the living standards of people in the rural 
area in developing countries. 

Future Demand for Silk 
The present global silk production is fluctuating around 70, 000 to 90, 000 M.T. and the demand for silk is annually 
increasing by 5%. With the increase in population and also with the increased demand for fashionable clothing items due 
to fast changing fashion designs in developed countries, the demand for silk is bound to increase even more. For 
increasing the silk production, we require highly productive mulberry varieties and silkworm races and also silkworm 
races tolerant to adverse climatic conditions and diseases which can come mainly from the sericulture germplasm 
resources and also from the wild relatives of Bombyx available in the natural habitats. 

Sericulture Comes Under the Ministry of Textiles in India – It Recently Took the Initiative to 
Promote It - These are Stated as Below: 
1. Sericulture has been included in agriculture, under RKVY. It enables the people involved in it to derive benefits from 
all the schemes from all the sericulture activities till reeling. 
2. To bring up the quality standards of silkworm production, the government created the CSB Amendment act and 
amended the rules and regulations. 
3. Forest Conservation Act has also been amended to treat that sericulture which is not mulberry. This enables silkworm 
farmers to take wild silk or Vanya silkworm rearing in the natural host plantation in forests. 
4. A huge turning point is an Anti-Dumping Duty on Chinese Silk. The Director-General of Anti-dumping and Allied Duties 
(abbreviated as DGAD), New Delhi, suggested imposition of antidumping on Chinese raw silk of 3A Grade and Below in 
the form of a fixed duty of 1.85 dollars per kilogram on the landed cost of imported silk vide notification no. 14/17/2014 
DGAD dated 4/12/2015. This promotes Swadeshi goods. 
5. CDP-MGMREGA convergence guidelines have been finalised and issued jointly by MOT and MORD. These guidelines will 
help sericulture farmers avail assistance from MGNREGA scheme. 
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Introduction 
India accounts for 2.45% of land area where 4% of water resources of the world that represents 16% of the world 

population where total utilizable water resource in the country has been estimated to be about 1123 BCM that is 690 

BCM from surface and 433 BCM from ground where 85% (688 BCM) of water usage is being diverted for irrigation but it 

may increase to 1072 BCM by 2050 whereas the  annual groundwater recharge is about 433 BCM in which 212.5 BCM used 

for irrigation and 18.1 BCM for domestic and industrial use (CGWB, 2011) there for the water availability for irrigation is 

expected to reduce to 162.3 BCM while total annual ground water draft in India is only 22.72 BCM for domestic and 

industrial purposes against 222.36 BCM for irrigation (Central Ground Water Board, 2014) and the present population 

growth-rate is 1.9% per year and it is  expected to cross the 1.5 billion mark by 2050 there we should be think an alternate 

way for efficient water resource management through enhanced water use efficiency and water recycling. So waste 

water treatment and recycle is an alternative way for replacing this demand for irrigation purpose and reduce the crucial 

demand of freshwater in domestic purpose. 

Fig-1:  Projected water demand by different sectors (CWC, 2010) 

Waste Water Production and Treatment Status in India 
As per CPCB estimates that the total wastewater generation from Class I cities (498) and Class II (410) towns in the 

country is around 35,558 and 2,696 MLD specially the states of Maharashtra, Delhi, Uttar Pradesh, West Bengal and 

Gujarat are the major contributors of wastewater that is 63% (CPCB, 2007a) which is also reported by UNESCO and WWAP 

(2006,Van-Rooijen et al., 2008) whereas apart from domestic sewage  about 13468 MLD of wastewater is generated by 

industries of which only 60% is treated. So waste water recycle and quality treatment are now being the most important 

and alternative way of irrigation water in towards sustainability in Irrigation purpose for higher crop productivity. 
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Fig-2: Sewage generation and treatment capacity in 498 Class I cities and 410 class II towns in India. (CPCB, 2009) 

Some of the Widely Used Indigenous Methods of Waste Water Treatment are: 
1. Bio-refineries wastewater treatment: It is the anaerobic biological treatment of bio-refinery effluents are widely 
applied as an effective step to removing 90% of the Chemical Oxygen Demand (COD) in the effluent stream and during 
this stage, 80–90% BOD removal takes place and biochemical energy recovered is 85–90% as biogas but this   treatment 
processes alone are not sufficient to meet tightening environmental regulations there for the tertiary treatment can 
further reduce color and residual COD. 

2. Waste water treatment using constructed wetlands: A good design constructed wetland should be able to maintain 
the wetland hydraulics which are namely the hydraulic loading rates (HLR) and the hydraulic retention time (HRT) which 
affects the treatment performance of a wetland but one of the major constraints to field-scale constructed wetland 
systems in developing countries like India is the requirement of a relatively large land area that is not readily available. 

3. Bio accumulator: The plant having high rate transpiring trees like sisal, mahogany, Eucalyptus, poplar, bamboo, neem 
(Azadirachta indica), shisham (Dalbergia sissoo) they are mostly for non-edible products like fuel and timber are planted 
near the developing green belts around the cities can be another approach to overcome health hazards, which have their 
high transpiration capacity remove the heavy metal and some some of the pesticide elements are the good source of 
waste water treatments. 

4. Wastewater treatment using low cost activated carbons: A variety of low cost activated carbons were developed 
from agricultural waste materials viz., coconut shell, coconut shell fibers and rice husk were fully characterized and 
utilized for the remediation of various pollutants viz., chemical oxygen demand (COD), heavy metals, anions, etc., from 
industrial wastewater because of carrying out the process s to be endothermic and exothermic, respectively where the 
kinetics of COD adsorption was also carried out at different temperatures to establish the sorption mechanism and it is 
reported that COD removal was 47–72% by coconut shell fiber carbon (ATFAC), 50–74% by coconut shell carbon (ATSAC) 
and 45–73% by rice husk carbon are to be most effective methods for waste water treatment. 

Recent Status of Wastewater Treatment and its Successful Application are: 
1. Cereals: Along 10 km stretch of the Musi River (Hyderabad, Andhra Pradesh) where wastewater from Hyderabad is 
disposed-off, 2100 ha land is irrigated with waste water to cultivate paddy and wheat in Ahmadabad and Kanpur. 

2. Vegetables: In New Delhi, various vegetables are cultivated on 1700 ha land irrigated with wastewater in area where 
they cultivate the vegetables like Cucurbits, eggplant, okra, and coriander in the summers and  Spinach, mustard, 
cauliflower, and cabbage in the winters are grown at these place  

3. Flowers: Farmers in Kanpur start to grow roses and marigold with wastewater and Hyderabad, the farmers cultivating 
Jasmine through wastewater  

4. Agro forestry: Hubli-Dharwar in Karnataka the plantation trees viz., sapota, guava, coconut, mango, arecanut, teak, 
neem, banana, ramphal, curry leaf, pomegranate, lemon, galimara, mulberry are cultivated  with waste water. 
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Conclusion 
It is here by conclude that waste water treatment and recycle with the indigenous through methods of sustainability to 
the environment are the most utilizable for coming generation towards of our food security and reduced the demand or 
pressure of ground water an alternative way for economy boasting with the scope of some employment generation for 
the skill youth are the greatest source for coming generation and govt should come forward with some scheme and make 
some experimental laboratory and provide research funding in the university level. 
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Monsoon is one of the prime factors influencing Indian agriculture hence the economy. Monsoon comprises four months; 
i.e. June, July, August, and September. These four months contributes 75% of the country’s annual rainfall. Last year, 
the IMD (India Meteorological Department) said in April that the monsoon would be “near normal” or little below normal. 
But India received excess rainfall in the last quarter of the season as the Indian Ocean showed rapid warming. Massive 
low-pressure zone over the Indian sub-continent creates a havoc wind flow from the Indian Ocean, Arabian Sea, and the 
Bay of Bengal. This wind flow magnifies when the sea surface temperature exceeds 27°C over a significant period. The 
prediction of the onset of monsoon becomes critical for farmers and agricultural planners. The Onset of monsoon varies 
from year to year as global circulations like El-Nino, Indian Ocean Dipole have their impression on Indian Monsoon. Not 
only the onset those global phenomena actually control the amount of rainfall.  
As a general, IMD has issued the normal monsoon onset and withdrawal dates are based on records of only a few stations 

(149 stations) during the period 1901-1940. (IMD) now revises the normal onset dates based on data from 1961-2019 and 

normal dates of withdrawal based on data from 1971-2019.  

According to IMD, this year's onset of monsoon over Kerala remains the same on 1st June.  The advances of monsoon 

along the west coast show a delay of 1-7 days up to Bhuj, Gujrat where the onset of monsoon is predicted to be on 30th 

June instead of 21st June. Interestingly extreme northwestern part of Indian such as Jaisalmer, Rajasthan is predicted 

with early onset of monsoon; i.e. 8th July instead of 15th July. However, new monsoon advance dates over the states 

like Maharashtra, Gujarat, Madhya Pradesh, Chattisgarh, Telangana, Andhra Pradesh, Odisha, Jharkhand, Bihar, and 

parts of Uttar Pradesh are delayed by 3-7 days compared to existing normal dates. In north-eastern India, the onset of 

monsoon is on time and is delayed by a few days in some patches. 

In Kolkata the Onset of monsoon is on 11th June this year, delayed by one day than normal onset date. While Jalpaiguri 

and Siliguri are predicted with the prior onset of monsoon; i.e. 7th & 8th June respectively instead of 9th June. 

Alike onset dates appreciable changes can be seen in withdraw dates also. Monsoon withdraws from the north-west (for 

example, the withdrawal date will be 17th September instead of 1st September) India almost 7-14 days later from the 

existing dates. However eastern and north-eastern India especially West Bengal and Sikkim may experience 2-5 days 

early withdrawal. There is no change in the final withdrawal date over south India, i.e., 15th October.  

Though it is a tough job to crack the exact onset and withdrawal dates of monsoon, IMD is working hard and their 

predictions are best in the Indian subcontinent. 
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The life of desert lives only by virtue of adapting itself to the conditions of desert. Among those adaptable mammalian 

species; camel holds a unique place adapted to hot and arid environment. The camel so called “Ship of desert” is an 

important species uniquely adapted to hot and arid environments. Camels (Camelus dromedarius) have been 

domesticated by humans for about 5000 years for multipurpose uses like for riding  to carry things, but now a days  their 

demands goes increasing  for meat, milk and wool production. Camel belongs to genus Camelus having two species: 1. 

Camelus dromedarius   Dromedary or one humped camel which are generally found in Africa, Arabia, Iran, Afghanistan 

and India. Another variant is Camelus bactrianus Bactrian or two humped camel- found in Central Asia reaching up to 

Mongolia and western parts of China. Camel milk is gaining importance rapidly due to its unique therapeutic property, 

which is attributed to the fact that camels browse on various plant species to feed in scattered vegetation in desert. 

The active agents on those plant species possesing inherent therapeutic properties which in turn secreted into the milk 

of camels. On an average well-fed camel yields 10-15 litre milk per day. Camel milk is not only used for direct 

consumption but also used for making various products like yogurt, kurth, butter, ghee, rabri and khoa. 

Meat, hides and hair are useful by-products of camel. In compare to bovine milk nutrition profile of camel milk is very 

high. Camel milk is a rich source of antioxidants; where vitamin C content is thrice than the cow’s milk, while iron 

content is in tenfold. The milk is generally consumed in raw form; either fresh or naturally fermented. The demand for 

camel milk among urban consumer is driven by perceived superior quality compared to cow milk in both flavor as and 

medicinal value. Camel milk fat mainly consists of polyunsaturated fatty acids that are completely homogenized and 

gives the milk a smooth white appearance. Lactose is present in concentrations of 2.91-4.1% (Khaskheli et al., 2005). 

This milk sugar is easily metabolized by persons suffering from lactose intolerance (Cardoso et al., 2010). Camel milk 

protein contains no β-lacto globulin and a different β-casein – the two components in cow milk that are responsible for 

allergies. 

Camel milk contains a number of immunoglobulin’s that are compatible to human milk. Camel milk is also rich in vitamin 

C, calcium and iron (Sawaya et al., 1984). 

Usually, camel milk is freshly consumed and preferred for consumption when slightly sour or strongly soured. Generally, 

the colour of camels' milk is opaque white, with a distinct sweet and sharp taste, but sometimes saltiness also perceived. 

The changes in taste are caused by the type of fodder and the availability of drinking water. 
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Table 1: General Composition of Camel Milk in India 

S. No. Parameter Range (%) 

1 Fat 3.78 

2 SNF 9.59 

3 Protein 4.0 

4 Lactose 4.9 

5 Ash 0.95 

6 Density 1.03-1.04 

7 Water 87.5 – 88.5 

Source: http://www.fao.org/3/X6528E/X6528E03.htm 

Table 2: Comparison of Camel Milk with Other Mulching Animals 

Source: Alhdrami et al.,2016 

Anti-Diabetic Properties 
Camel milk insulin are comparatively easily gets absorbed in blood circulation than other mammalian milk or highly resist 
to proteolysis and these property is exploited in encapsulation of insulin in lipid vesicles in nanoparticles form  that 
facilitates  its easier passage through the stomach linings  to reach the circulation portal, while other elements claimed 
to make it anti-diabetic are the sequencing of its insulin and their predicted digestion pattern do not suggest 
differentiability to overcome the mucosal barriers prior to  degradation and reaching to blood stream (Ejtahed et al., 
2015). However, possibility cannot be excluded that insulin in camel milk is present in nanoparticles, capable of 
transporting this hormone into the bloodstream. Although, much more probable is that camel milk contains ‘insulin-like’ 
small molecule substances that mimic insulin interaction with its receptors. 

Anti-Food Allergen: In Neonate 
One of the serious concerns among growing children is food allergies which can lead to anaphylactic reactions.  

Investigations have been carried out and reported the effect of camel milk in several children with severe food (mainly 

milk) allergies (Shabo et al.,2005). It appears that camel milk has a positive effect in children with severe food allergies 

by increasing the reaction rate and time and probably this effect was exerted owing to its unique composition. 

Physiologically also camel milk composition is vastly different from other ruminants which may accounts for this distinct 

pattern (Singh et al., 2017).Though, the unique healing mechanism behind this is still debatable. 

Constiuents (%) Camel Cow Ewe Goat 

Moisture 86.9 87.0 80.8 87.7 

Protein 3.4 3.5 5.5 3.3 

Fat 4.1 3.9 5.3 4.1 

Lactose 3.7 4.9 4.5 3.9 

Soid-not-Fat 8.9 9.1 11.8 8.2 

Ash 0.7 0.7 0.9 0.8 

http://www.fao.org/3/X6528E/X6528E03.htm
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Anti-Carcinogenic Effects 
Camel milk is claimed to be anti-carcinogenic by local healers who widely exploit it in admixture with urine and treated 

a number cancer ailments, including breast, nasopharyngeal, lung and others (Gader et al.,2016) This, in addition to the 

difficulties faced by modern medicine, prompted the current flurry of studies attempting to find evidence to support 

these claimed anti-cancenrous actions of camel milk and urine and eventually succeed in identifying the anti-malignant 

potency in camel milk or urine that could ultimately lead to the discovery of an effective anticancer drug. 

Chronic Hepatitis and Hepatitis C Infection 
Camel milk contains various proteins, mainly enzymes which exert antibacterial and immunological properties. Iron 

saturated lactoferrin (LF) is one of the milk components which is supposed to suppress the undesirable microbial growth 

in hepatic cells.  Camel milk lactoferrin markedly inhibits hepatitis C virus genotype for infection of human peripheral 

blood leukocytes and incubation of human leucocytes with camel LF followed by their infection with Hepatitis C Virus 

prevented the entry of the virus into the cells (Redwan et al., 2007). It can be concluded that the direct interaction 

between the HCV and camel lactoferrin led to complete inhibition of virus entry into the cells. In this respect camel 

lactoferrin proved to be a more potent anti-viral agent than bovine and human lactoferrins. 

Immunity Enhancing Attributes 
Camel milk shares some of the same immune-protecting substances as human milk and can be consider an effective 

supplement to breast milk for the same reason It contains high levels of antibacterial and immune bosting beneficial 

enzymes like lysozyme, lactoperoxidase and Immunoglobulin A, which are quite potent to fight against infections in 

human body. 

Camel Milk Against Gastrointestinal Disorders 
A high concentration of anti-inflammatory proteins is found in camel milk which have a positive health effect on the 

stomach and intestinal disorders. While the high proportion of fatty acids composition like mono and polyunsaturated 

fatty acids in combination with higher vitamin content improves carbohydrate metabolism. Moreover, it was found that 

fermented camel milk has an enzyme, which facilitates the digestion of the milk proteins (Alhaj et al., 2018). Recent 

reports suggests that upon application of camel milk for the health of the digestive system showed that camel milk has 

anti-diarrheal properties and all children, who have taken camel milk with the 20 bouts of diarrhoea per day are cured 

with normal bowel movements .Camel milk can also be used in treating infants suffered from food borne diarrhoea 

caused by rotavirus, as it is rich in anti-rotavirus antibodies. 

Reduction of High Cholesterol in the Blood 
Elevated levels of cholesterol in the blood is a major risk factor for heart disease. Hypocholesterolemic effects of 

fermented camel milk is proven in rats upon administration of fermented camel milk.  Different hypothesis are there to 

prove hypocholesterol mechanism including: the interaction between bioactive peptides from camel milk and cholesterol 

levels, which lead to cholesterol lowering and the presence of orotic acid in camel milk (arises as an intermediate in the 

metabolism of the nucleic acids), which is considered responsible for the lowering of cholesterol levels in rats and in 

humans (Rao et al., 1981). 

Conclusion 
Besides providing basic nutrition bioactive components of camel milk draws attention of researcher across the world in 

its utilization as a functional foods Current scientific evidence for the therapeutic actions of camel milk continues to 

unfold, and efforts are underway to more precisely identify the therapeutic constituents. Hence it can be concluded 

that research upon camel milk may be proven ‘a goldmine’ for researchers. 
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Introduction 
Insect pheromones are volatile organic molecules of low molecular weight that elicit a behavioural response from 
individuals of the same species and can be used to communicate between members of the same or the opposite sex. 
Pheromones are generally produced by specialized exocrine glands associated with the cuticle. Term pheromone was 
introduced by Peter Karlson and Martin luscher and is based on the Greek pherein (to transport) and hormon (to 
stimulate) is a chemical that triggers a natural behavioral response in another member of the same species. There are 
alarm pheromones, food trail pheromones, sex pheromones, and many others that affect behavior or physiology. Their 
use among insects has been particularly well documented, although many vertebrates and plants also communicate using 
pheromones. 
“Pheromones are chemicals released by an organism into its environment enabling it to communicate with other members 
of its own species”. Karlson and Martin Luscher proposed the term to describe chemical signals from conspecifics which 
elicit innate behaviors soon after butenandt characterized the first such chemical.  Pheromones may be divided into two 
categories viz. releasers which induce an immediate behavioral change and primer which initiate changes in development 
such as sexual maturation, and so do not result in immediate behavioral changes, but predispose to them. 

Types of Pheromones 
Pheromones are categorized according to the function they perform viz. sex pheromones, aggregation pheromones, 
alarm pheromones, trail pheromones and host marking pheromones. 
Sex Pheromones: these substances are often produced by female to attract male for mating but they may also produce 
by male to attract female. They seem to be the most highly developed in Lepidoptera and are frequently produced by 
eversible gland a tip of abdomen. The release of sex pheromone is a complex physiological process, often associated 
with sexual maturity and environmental stimuli such as photoperiod and light intensity. Female sex pheromones are 
usually received by sensory sensillae on male antennae and male search upwind following the odor corridor of the female.   

a. Example of female sex pheromomes: 
i. Bombykol: this pheromone is produced by female silkmoth, Bombyx mori. The chemical compound is 
named 10,12- hexadecadienol. 
ii. Gyplure: this pheromone is produced by female of gypsy moth, Porthetria dispar. The chemical 
compound is called 10-acetoxy-cis-7- hexa-decnol. 
iii. Gossyplure: this pheromone is produced by female of pink bollworm, Pectinophora gossypiella. The 
chemical compound is 10- propyl-trans-5,9- tridecadienyl. 
iv. Looplure: This pheromone is produced by female cabbage looper, Trichoplusia ni. Which is chemically 
cis-7-dodecenyl acetate? 
v. Helilure: This pheromone is produced by female American bollworm, Helicoverpa armigera. The 
chemical compound is named (Z)-11- hexadecenal and (Z)-9- hexadecenal. 
vi. Queen substance:  This substance is produced by the mendibular gland of the queen of honeybee. 
For the drones, it acts as a sex attractant but for the worker bees in colony, act as an ovarian inhibitor, 
not allowing the ovaries mature. Chemically it is 9-oxo-2-decenoic acid.  

b. Example of male sex pheromone: Sex pheromone produed by the male insect only facilitate mating by 
lowering female resistance to mating.  

i. Pheromonal component of the males of queen butterfly, Danaus gilippus berenice is an alkaloidal 
ketone,2,3-dihydro-7-methyl-1H- pyrrolizin-1-one and of the males of   the cabbage looper, Trichoplusia 
ni is 2-phenylethanol.  
ii. The sex pheromone of the male boll weevil, Anthonomus grandis was found to contain two terpene 
alcohols and two terpene aldehydes and male of Ceratitis capitata contained methyl-6-nonenote and 
methyl -6-nonenol. 

Alarm Pheromones 
A substance produced by an insect to repel and disperse other insect in the area. This pheromone are reported in 
Homoptera, Isoptera and Hymenoptera and are released by organ such as mandibular, anal, Dufour and poison gland in 
ants, cephalic gland in termite, sting apparatus and mandibular gland of worker bee and cornicals in aphid.  Some species 
release a volatile substance when attacked by a predator that can trigger flight (in aphids) or aggression (in bees) in 
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members of the same species. When an ant is disturbed, it releases a pheromone that can be detected by other ants 
several centimeters away. They are attracted by low concentrations of the pheromone and begin to move toward the 
region of increasing concentration. As they get nearer to their disturbed nestmate, their response changes to one of 
alarm. The higher concentration causes them to run about as they work to remedy the disturbance. This ensures that 
once the emergency is over, the ants return quietly to their former occupations. Chemical nature of some alarm 
pheromones is terpenes (aphid), aldehydes (Hemiptera), alkyl and alkenyl acetate (honey bee sting gland), 2- heptanone 
(honey bee mandibular gland), ethyl and mrthyl ketones and formic acid (ants) and monoterpene hydrocarbons (termite 
soldiers). 

1. Aggregation Pheromones: They are produced by one or the other sex, these pheromones attract individuals of both 
sexes to aggregate or congregate at food site, reproduction habitat and hibernation sites. (Tinzaara et al., 2002). For 
example, aggregation pheromones released by some species of bark beetles (Scolytidae: Coleoptera) result in the 
recruitment of other individuals of either sex to the feeding site (Blomquist et al., 2010). Some common examples of 
aggregation pheromone are frontalin (Dendroctonus), ipsenol (Ips confusus), periplanone (Periplaneta), dimethyldecanol 
(Tribolium) etc. 

2. Trail pheromones: These chemicals are produced by foraging ants and termite to indicate source of requisites to the 
other member of the colony. The trail pheromones are thus used to find mates, or to utilise food resources more 
efficiently. In the case of social or migrating insects, this pheromone also maintains the cohesion and social integration 
of the colony. Organs producing trail pheromones are again very, variable e.g., sternal gland in termites, Dufour's gland, 
Pavan's gland, poison gland, rectal gland and tibial gland in ants depending on the species and labial glands in caterpillars 
that produce this pheromone. As a general rule, trail pheromones originate close to the body part that applies them to 
the substratum e.g., in ants the glands open near the base of the sting along which the pheromone comes down to be 
drawn on the ground like the nib of a pen drawing a line. Trail pheromones like most other pheromones are 
multicomponent pheromdnes. The chemical nature of some of these pheromones such as caproic acid are (Zootermopsis 
spp.), 3, 6, 8- dodecatrienol, (Reticulitermes spp.), hexanoic, hepatanoic, decanoic, nonanic acids etc. (and some 
formicine ants) which are all combined with other components  known in many cases. 

Host-Marking Pheromones 
Host marking, spacing or epidietic pheromones elicit dispersal away from potentially crowded food sources, thereby 
reducing numbers. These pheromones reduce intraspecific competition by disrupting landing, feeding or oviposition of 
pests on their host plants. They are thus one of the few pheromones that serve to repel rather than attract the insects. 
They are known from a number of insect orders, viz. Coleoptera, Lepidoptera, Diptera, Homoptera, Orthoptera and 
Hymenoptera. The females of apple maggot, Rhagoletis pomonella (Walsh) and cherry fruit fly, R. cerasi (Linnaeus), 
ovipositing in fruit, mark the surface to deter other females. Mating deterrent pheromones are known from a number of 
insects including tsetse flies, house flies and other Diptera. There is also exploitation of prey host marking and sex 
pheromones by parasitoids, which use signal persistence of these intraspecific cues to find their hosts. The host-marking 
pheromones of the bark beetles, Dendroctonus spp., such as verbenone for D. frontalis Zimmermann and 3,2-
methylcyclohexane (MCH) for D. pseudotsugae Hopkins, are well known. The beetles that have successfully colonized a 
host release these pheromones. These compounds, in combination wilica3gmatipaprpTiTones, tend to keep beetle 
densities within an optimal range (6-8 per 1000 cm2 of bark surface). 

Uses of pheromones 
Pest management with sex pheromones, in insect pest management, sex pheromones are used in 2 ways: 
1. Population survey  
2. Behaviour manipulation 

Population Survey 
Synthetic sex pheromones of a large number of insect pests are used to know the population density in an area. This will 
help: 
1. To know whether the pest population level has reached ETL for making pest management decisions. 
2. To know the time of pest build up and the correct time for the adoption of control measures. 
3. To know the suitable mode of control. 

Behaviour Manipulation 
The two strategies available to manipulate insect behaviour are: 
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1. Stimulation of normal approach response: The normal response of an insect to sex pheromone is attraction. This 
attraction is used to kill the insects in the following ways: 

a. Use of pheromone baited traps: Pheromone baited traps are placed at suitable points.  When the pests have 
gathered in large number they can be killed by insecticides. This  technique is also called as male annihilation 
technique. 
b. Orientation to a source of chemosterilant or insecticide: By the use of pheromones, the insects could be 
guided to a source of chemosterilant or insecticides to be  sterilized or get killed.  
c. Orientation to a combination of light and pheromone: Pheromone and light arc together used to attract a 
large number of nocturnal insects. The large number of males attracted can be killed by insecticides. 

2. Disruption of chemical communication: Synthetic pheromones are introduced in the environment to mask the natural 
pheromone and this disrupt the normal pheromonal communication between pest species. This will result in failure to 
locate their mates and there by prevent mating. 

Use of Pheromone in Insect Pest Management 
Pheromones are used for various purposes such as: 
1. Monitoring: Pheromone baited traps are used to detect both the presence and density of the pest species. Insect 
populations can thus be estimated and new areas of infestation can be detected at a very early stage. The trap catches 
are correlated with weather parameters to develop forewarning models. 

2. Mass trapping: A large number of pheromone baited traps are used in the field to capture males of the newly emerged 
moths and reduce the number of adults for mating. Modifications of mass trapping is lure and kill technique where 
instead of being trapped, the responding insects come in contact with an insecticide. 

3. Mating disruption: Pheromones are used for suppressing mating by confusing male insects. Slow release pheromone 
formulations permeate the air with relatively high levels of pheromone so as to achieve sensory adaptation and 
habituation or provide numerous discrete point sources so as to mask trail following or to create false trail. With the 
disruption of mating, egg lying is prevented and thus the pest population level is reduced. Ex : Mating disruption 
technique for the management of pink bollworm (Pectiphora gossypiella) in cotton by using PB Rope L (Sex pheromone 
based commercial product) dispensers @ 200 / ha. 

Advantages 
1. Minute quqntitites of pheromones are needed to attract canneaudikilidarge number of insects and so they economical. 
2. They are non-pollutant and ecologically acceptable. 
3. They are species specific, so non-targets are spared. 
4. Pheromonal method is labour saving since large number of insects could be brought from long distances right at the 
door for being destroyed. 
5. They offer an easy means to monitor the build-up of pest populations. 
6. Are the only means to keep a surveillance on foreign pest entry into a country through its ports and airports with the 
help of which development of new pest problems could be checked at the point of entry itself (in pursuance of the adage 
: prevention is better than cure). 

Disadvantages 
1. Pheromones for all the numerous pests are not yet known 
2. Sex pheromone can attract only one sex, the other sex could still be there to do the damage 
3. The pheromonal control method demands knowledge and expertise which are not within reach of our farmers; only 
Govt. agencies can provide them. 
4. Quick results cannot be obtained from pheromones, so they cannot be employed in short term control measures; they 
suit best in IPM (integrated pest management programmes). 

Conclusion 
Pheromones can provide a means of monitoring and controlling insects which is non-toxic to animals and plants and 

specific for the target pest. The exploitation of pheromone technology is a need of hour. Even though, the lack of 

awareness among farmers, slow pace of research on identification of pheromones of insects’ pests of India and 

insufficient investment in popularizing pheromone technology are some major constraints. However, the efficient 

technologies will always in forefront. 
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Measuring nematodes and calculating the ratios necessary for describing new species or studying their morphology by 
traditional methods can be time-consuming and laborious. Errors are likely during the measuring, tabulating and 
calculating of the large number of values involved. The equipment used was a digitising tablet and multi-button cursor 
linked to a microcomputer (c. £10,000) and a microscope with a drawing arm (Fig. l).  
The system was developed as a subset of the GDS1 Quantitative Analysis systems of Graphics Information Systems Ltd* 
from whom copies of the programme can be obtained (c. £ 1,000). The programme initially requires that a micrometer 
scale be measured using the different objectives on the microscope so that subsequent measurements of nematodes by 
these lenses can be automatically corrected to give measurements in either mm or /~m. This information for each 
objective is entered into the computer using numbered buttons on the cursor which relate to the different microscope 
lenses (see Fig. 2). 
These measurements of the micrometer scale need only be lodged in the computer memory once at the beginning of the 
operation, all subsequent measurements of nematodes being related back to this initial set for conversion to mm or /~m. 
if the eyepiece in the drawing arm of the microscope needs to be altered then the micrometer scale must again be 
premeasured before further specimens are measured. 

How it Works? 
1. Following entry of the scale, the operator responds to commands 
from the computer by identifying the species, slide number. 
2. The operator is then required to measure the different parameters 
of the nematode in a set order, e.g. overall length, maximum body 
width etc. 
3. Measurements are made by observing the specimen and moving the 
superimposed image of the cursor on the digitising tablet.  
4. To measure a given parameter, e.g. the total length of a nematode, 
the cross wires of the cursor are placed over the head of the nematode 
and the appropriate numbered button (relating to the lens used) 
depressed. 
5. Keeping the button depressed the outline of the nematode would 

be followed by moving 
the cursor over the 
digitising tablet 
following the body of 
the nematode until the 
tail of the nematode is 
reached. 
6. Then the black button (visible just behind the cross wires on the cursor) 
is depressed to indicate that the measurement has been completed.  
7. Once the set of measurements has been completed the computer 
automatically calculates the required ratios and prints out the 
information on the visual display unit screen. 
8. A printed copy of the data can then be requested or the data can be 
stored and produced later.  
9. Subsequent statistical analysis of data from many specimens is then 
possible, including mean measurements, standard deviations. 
10. When measurements of long or delicate objects are desired, however, 
the usual methods of measuring with an ocular micrometer or after 
drawing with a camera Lucida or projection apparatus are described here 

Fig. 1. Measurement of nematodes by 

digitising tablet and microcomputer. 

Fig. 2. Simulated photograph of the 

cursor on the digitising tablet 

superimposed on an image of the 

nematode Longidorus elongatus as 

Viewed in the microscope. 
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has been mentioned previously, but the description appears to have been inadequate. 
11. The object to be measured is mounted under a cover slip in either a temporary or permanent type medium.  
12. Marks made on the slide permit subsequent identification of individual specimens.  
13. The slides are taken to a darkroom where, under a safelight, they can be arranged on the emulsion side of an 
orthochromatic photographic plate or sheet film. 
14. The emulsion is then exposed to white light projected through the mount from directly above for one-half to one 
second.   
15. The slides are then removed and the plate or film developed and fixed in the usual manner. 
16. An exact scale for measurement of the object is obtained by placing a stage micrometer or haemocytometers side 
in contact with the photographic emulsion, exposing and treating as above. 

Short and straight measurements such as stylet length, body width can be made using an ocular micrometer scale inserted 
into the iris. The ocular scale must be calibrated for each objective of the micrometer using a stage micrometer.ex-if 
38 ocular coincides with 10µ of stage then 1 division of ocular =100/38 i.e. 2.63µ. 
Suitably mounted specimen is drawn on a paper using camera Lucida these contained a mirror and a prism which is fitted 
to the one of the microscopes and project the image via inclined mirror unto a drawing area to one side of microscope. 
The light intensity from both the sources needs carefully adjustments so that the object and drawn image are distinct 
and free from uncomfortable glare. 

Measurement Formulae: Given by De Man (1880) 
L = total body length 
a = L/ greatest body width 
b = L/distance from the anterior end to oesophagus-intestinal junction  
b’ = L/distance from the anterior end to gland overlapping 
c = L/tail length 
c’ = tail length /body width at anus 
B = distance of vulva from anterior end /L×100 
T = distance from cloaca to testis/L×100 
G1 = length of anterior gonad/L×100 
G2 = length of post gonad/L×100 
R = no of body annules 
Rb = no of annules from vulva to tail terminus 
Ran = no of annules from anus to tail terminus 
Rvan = no of annules between vulva and anus 

Mounting Nematode Head for End-On View or Enface View 
Procedure: 
1. Place a drop of lacto phenol or glycerol on a glass slide. A pot plex slide is often better as it rotates the age of the 
blade. 
2. Transfer the desired processed nematode to the drop. When viewing under a stereoscopic microscope, behead the 
nematode using a sharp blade. 
3. Place a small piece of hard glycerine jelly on the centre of another glass slide. Meet the jelly carefully over a small 
flame and spread the drop thinly and evenly with a steel needle or scapel.  
4. Cut off a small piece of camel hair from a painting brush and place it on the jelly. Gently melt the centre of the drop 
by using a warm needle and push the hair into act as a pointer. 
5. Again melt the jelly closed to the tip of the hair pointer. Transfer and place the nematode head in the melted area. 
Carefully bring the head into an upright position.  
6. Place a cover slips on the drop and if necessary, move the cover slip with a gentle lateral place. So that the head is 
brought a perfectly upright position and seal the cover slip with jet. 

Preparation of Glycerine Jelly 
Soak 20gm gelatine in 40ml of distilled water for 24hrs add 50ml of glycerine and 1ml of phenol warm in a hot water 
bath for 10-15mins and stir until the mixture is homogenous. 

Preparation of Vulval Cone 
Structure of vulva fenestra and general shape of cyst used for identification of nematodes. 
Procedure: 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
215 

1. Soak the dry cysts in water for 24hrs. place the moist cysts on a slide preferably on a one cut off post fenestral area 
with a sharp blade while viewing under a stereoscopic microscope if necessary clean the portion of nematode.  
2. Clean the internal content with a fine bristle. Wash the clean cones in water and pass them in graded alcohol of 70%-
90%-100% and finally to clove oil.  
3. Hens allow the cones to clear for some time. Mount such cones in Canada balsam. Use of Canada balsam is necessary 
as the materials do not become hand suddenly but gradually becomes hand. 
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Abstract 
Abiotic and biotic stress is major concern for  plants and ultimately causing large losses in yield. Conventional breeding 
approaches have been adopted by plant breeders for managing these stresses. Although wide usage of conventional 
breeding, it has some constraints such as large generation interval and significant genotype by environment interaction 
Furthermore, targeting individual gene with conventional breeding was difficult, but with advancements in molecular 
markers in 1980’s, field of plant breeding get a new life. Marker assisted selection is routinely performed by plant 
breeders for making selection, resulting in higher accuracy for selection. However, marker assisted selection cannot 
create new variation, but just make selection on prior variations. Hence new tools like zinc finger nuclease (ZFN), 
transcription activator like effecter nuclease (TALEN), RNA interference and clustered regularly interspaced short 
palindromic repeats (CRISPR)are adopted because of their gene editing efficiency. Recent advancements in CRISPR have 
demonstrated the huge potential for editing genes even in complex species and herein, we are talking about use of 
CRISPR for stress management in plants. are largely adopted by plant breeders. 
 
Keywords: Abiotic stress, biotic stress, conventional breeding, clustered regularly interspaced short palindromic repeats 
(CRISPR/CAS9). 

Introduction 
Plants face various abiotic and biotic stresses such as drought, heat, and damage from insect, pest and other living 
organisms, resulting in more than 50%major crops damage  every year (Pandley et. al., 2017). Abiotic stresses are 
controlled by complex quantitative (Bhat et. al.,  2016). Furthermore, climatic changes give more favorable 
environments to survive biotic stress and its expected this might diminish the crop  yield upto20% by 2050 (Vaughan et. 
al.,  2012).Stress damages varies among crops such as 14% in wheat, 11% in rice and 9% in maize (Kole et. al.,  2015). To 
tackle these stresses, several tools used by breeders include conventional breeding, marker assisted breeding, genome 
wide association studies, genomic selection, high throughput phenomics and genetic engineering. Conventionally genetic 
engineering method involve transfer of new genes from another organism, which was criticized because of ethical and 
religious concern (Nemudryi et. al.,  2014).Therefore, plants scientists focused more on identifying consumer friendly 
gene editing tools like zinc finger nuclease (ZFN), transcription activator like effectors nuclease (TALEN), RNA 
interference and clustered regularly interspaced palindromic repeats(CRISPR).Genome editing is efficient tool for 
knocking out our gene of interest without need of other organism DNA(Georges and Ray, 2017). In addition, genome 
editing is a powerful tool in which no other or foreign DNA need, among all these tools, CRISPR is most efficient and 
precisely cut our gene of interest using guide RNA with minimal off-site changes. In this review, our focus is on reviewing 
use of CRISPR for improving plant growth by overcoming a biotic stress and biotic stress responses. 

Role of CRISPER / CAS9 on the Abiotic and Biotic Stress 
CRISPR/Cas9 system relies on simple RNA/DNA hybrids that confer sequence specificity, and can manipulate nearly any 
sequence in the genome(Sander and Joung, 2014). in it, sequence specific nuclease through direct genome modification 
break the double stranded DNA and generate the target gene interest. hence generate the desired DNA genome mutation 
without incorporation of any other genes. Current research in the field of genome modification/editing has 
revolutionized almost every aspect of biological sciences including plant science. It has the potential to develop climate-
resilient crop varieties for meeting the food demand of increasing global population (Ma et. al.,  2017).CRISPR/Cas9 
framework has been created in various model plants such as Arabidopsis, rice and tobacco, and has been widely utilized 
in other crop species, such as sorghum , wheat, maize, soybean, tomato and woody plants such as apple and poplar 
(Osakabe and Osakabe, 2017).Furthermore, Osakabe et. al.,  (2016) successfully demonstrated the use of CRISPER-Cas9 
technique for modifying abiotic response in plants. Hence, for understanding the molecular basis of abiotic stress-
tolerance in crop plants, CRISPR-Cas system can be effectively employed to generate point mutations, insertions or 
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deletions, forward genetic screens or transcriptional regulation (Jain, 2015).: DNA target specificity can easily be 
changed by programming the sgRNA sequence and multiple sgRNAs can work simultaneously with the same Cas9 protein 
on different targets (Wu et. al., 2014). CRISPRCas9 system is now routinely used to modify plant genomes through 
targeted modification of specific genes 

Application 
It has been successfully used for editing endogenous genes of many crop plants governing the phenotypic expression of 
various traits viz., amylose content in rice (Sun et. al.,  2017), stress responsiveness in wheat (Kim et. al.,  2018), hairy-
roots in soybean (Jacobs et. al., 2015), parthenocarpy in tomato (Ueta et. al.,  2017), powdery mildew in grape and fire 
blight in apple (Malnoy et. al., 2016).Since the advent of CRISPR-Cas9 system, genome editing has come a long way and 
achieved enormous success. CRISPR-Cas9 RNA-guided approach is now being utilized routinely for crop improvement. Shi 
et. al., (2017) have reported a strain of corn altered with CRISPR to be more tolerant to drought. In this study, they 
demonstrated that CRISPR-cas9 induced ARGOS8 variations showed improved maize grain yield under field dry spell 
conditions.  Similarly, in another study a powerful CRISPR/Cas9 system using true-gRNAs and Cas9 driven by a tissue 
specific promoter AtEF1 has been reported to cause mutations in abiotic responsive genes (OST2/AHA1 ) with no off-
target effects (Osakabe and Osakabe, 2017). The novel alleles for OST2/AHA1 mutant was generated by the streamlining 
of CRISPR/Cas9 exhibited enhanced stomatal responses in Arabidopsis. Hence, the results from these studies opens 
opportunities of CRISPR/Cas9 mediated genome engineering toboost plant growth and abiotic stress tolerance in crop 
plants (Mushtaq et. al., 2018). 

Conclusion 
In overwhelming population, we need to improve crop plants yield. Yield is a complex trait that is controlled by several 
genes and influenced by the environment. We need to control the other limiting factor that is responsible for yield 
losses. Crop plants yield mainly decreased by the abiotic and biotic stress that is highly influenced by the environment. 
In past conventional breeding efforts was very successful to overcome the abiotic and biotic stress, but conventional 
breeding approach is mainly based on phenotype that is comes interaction between genotype × phenotype. In addition, 
phenotype influenced by the environment factor in which genotypic data will not be give actual performance. there are 
many stresses as discussed above, need control, so genome editing tools such as CRISPR/CAS9 is very successful to control 
the abiotic and biotic stress. 
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Introduction 
Orchids are considered as the most beautiful flowering plants for the exquisite beauty of the flowers, variety of 

fragrance, brilliance in colour, unusual shapes, variation in form and attractive growth habits. There are about 24,000 

species and 32,000 hybrids of orchid. Development of new hybrids and commercial production of cut flowers in orchids 

are expanding rapidly in the U.S.A. Europe, Thailand, Malaysia and Singapore. There is immense scope for improving 

orchids in India, because large numbers of species are native to this country and many of them have already proved to 

be important parent plants and contributed in the production of several outstanding hybrids in the world. Due to the 

diversity of environmental condition in India, it is possible to grow all types of orchids in suitable places without the 

control of environment. Forest is the natural habitat of orchids. More or less similar environment can be created by 

growing the plants in greenhouse and protecting them from direct scorching sun, dry wind and by maintaining high 

humidity. 

Warm Climate Orchids 
Orchids which suit warm climate condition and can be successfully grown in ordinary greenhouse include the numerous 

hybrids of Cattleya, Dendrobium, Onicidium, Phalaenopsis, Rhynchostylis and Vanda, Orchid species producing beautiful 

flowers e.g. Aerides longicornu, A. multiflorum, Arachnis crispum, A. maculosum, A. odoratum, Anoectochilus 

roxburghii, Arachnanthe catchcartii, Arundinia bambusaefolia, Calanthe densiflora, C. masuca, Coelogyne flaccida, C. 

ochracea, Dendrobium aggregatum, D.densiflorium, D.devonianum, Phaius macutatus, P.wllichii, Phalaenonsis manii, 

P. parishii, Pleione maculata, Renanthers imschootiana, Rhynchostylis retusa, Saccolobium ampullaceum S. dasypagon, 

S. trichromum, Thunia alba, Vanda coerulea, V.coerulescens, V. cristata, V. teres and many others grow and flower well 

in the above environment. 

Orchid House and its Management 
A free standing flat-roof orchid house shaded by spit bamboo or wooden batten is recommended for housing of orchids 
suitable for warm climate. The temperature range suitable for most of those orchids is 65 to 850F. For satisfactory 
growth of orchids, atmospheric humidity should not be less than 30 per cent at night and 70 to 80 per cent during the 
daytime. Monopodial orchids like Vanda, Phalaenopsis require high humidity, whereas sympodial type e.g. Cattleya, 
Laelia or those with leathery leaves need less humidity. The atmospheric humidity will increase if small tanks or lily 
pools are located inside the orchid house and the floor space is covered with sand, soil, cinder, etc. instead of concrete. 
Free circulation of air is needed for the orchids to grow and flower and light intensity ranging between 1500 to 2000 feet 
candle in midday is good enough for most of the orchids. 

Seed Sowing and Care of Seedlings 
Seedpod of orchid grow after fertilization, and ripens in six months to one year. After ripening the seeds are collected 
and stored in a cool and dry place or in a desiccator. Millions of powdery seeds are released from each pod and they 
contain little or no food to nourish the embryo. Seeds of orchids are germinated and seedlings grown in culture media 
containing agar, inorganic nutrients and sugar. Disinfected seeds are sown in sterilized flasks containing agar-nutrient 
media and the seedlings grow for 8 to 12 months before they are transferred. 
The seedlings are removed from the flask and planted in the community pots, 7 to10 cm in diameter which hold about 
20 to 25 small plants. The compost used for seedlings in the community pot is a mixture of equal parts of the finely 
chopped tree fern and dust-free crushed bark or moss. A shady but well aerated location in the greenhouse will promote 
the growth of seedlings. In the community pot, the seedlings are watered daily and during the summer months they may 
be sprayed with water two to three times a day. With the increase in size and vigour, each plant is transferred in a small 
pot, using the same compost recommended for larger plants, but at this stage they benefit by feeding with the weaker 
concentration of fertilizer solution. 
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Vegetative Propagation 
Besides multiplication by seeds, commercial method of vegetative propagation of hybrids of Cymbidium, Phalaenopsis 
and Cattleya is done by meristern culture and large number of plantlets develop from a small piece of growing apex. 
Amateurs, however, propagate their plants by offsets, air layering, cuttings and division. Offsets develop from 
Dendrobium and some Epdiendrum, which can be detached and planted in small pots. Air layering is practised on the 
monopodial types like Vanda. A slant cut is given halfway in the stem and wrapped with sphagnum moss. When roots are 
noticed in the moss, the upper portion of the plant with roots is detached and potted. In Arachnis, Renanthera and to a 
lesser degree in Vanda propagation is done by cutting. As these large-sized plants produce adventitious roots, the stem 
is cut in section 3 to 4 nodes, placed in a cool and dry place for healing of wound and allowed to root in moist sand or 
damp sphagnum moss. Plants of many genera such as Cattleya, dendrobium, etc., produce new growth from a lead and 
they can be propagated by division at the time of repotting. 

Potting and Compost 
A vigorous and healthy root system often indicates good vegetative growth of the plants, which largely depends on the 
pot compost. Ideal rooting media will provide high degree of porosity and ensure adequate oxygen for root respiration. 
Water should drain out freely through the media and it should be resistant to rapid decomposition and decay. Depending 
on the growth habit, i.e. terrestrial or epiphytic, orchids are potted in a wide variety of media and compost. Epiphytes 
like Cattleya, Epidendrum, Phalaenopsis Vanda, Dendrobium, Rhynchostylis, etc., are planted on a very light rooting 
media, consisting of various kinds of tree fern fibre or on larger pieces of hard charcoal. Terrestrial orchids like Phaius, 
Calanthe, Thunia, etc., thrive best in the mixture of leafmould, loamy soil, sliversand, dried cowdung manure, charcoal 
and chopped tree fern fibre. Epiphytic orchids are best grown in speciality designed orchid pots with holes at the bottom 
and slits or perforations on the sides. Monopodial epiphytes like Aerides, Phalaenopsis, Vanda, etc., are particularly 
suited to basket culture because of the large aerial roots produced from these plants and straight growing habit. Many 
orchids are conveniently grown on the branches of the trees, charred wooden slabs or tree fern blocks. Orchids grow 
better if undisturbed, Phalenopsis, Vanda, Laelia and some species of Dendrobium should not be repotted unless it is 
absolutely necessary. Cattleya and many Dendrobium species and hybrid need repotting when roots become pot-bound. 

Watering and Spraying 
As orchids are grown in a light and porous compost, watering is very important. Atmospheric humidity influences 
evaporation of moisture from the compost and orchids, in general, prefer high relative humidity. In a dry and will-
ventilated atmosphere, damping down of the floor of the greenhouse, frequent overhead sprinkling of water will increase 
the humidity. But in high humid atmosphere watering should be less frequent. Alkaline water is injurious to orchids and 
slight acidic water or at pH up to 7 should be used. Newly potted plants should not be watered very frequently but the 
compost is kept moist by fine spraying. As new root emerges and growth starts, the plants need more frequent watering 
and it should be decreased again after flowering. Fine spraying of water is also very beneficial to plants during the period 
of growth or on warm dry days. 

Nutrients 
It has been observed that growth and flowering or orchids are improved markedly by the application of fertilizers in 
liquid form and a number of prepared fertilizers are available in the orchid-growing countries. A balanced feed on 
nitrogen, phosphate and potash in the ratio of 10:12:10 and very small amount of magnesium, calcium, manganese, iron, 
boron and zinc has been found very effective on a large number of species and hybrids. For mature and flowering plants. 
Two table spoonsful of the above fertilizers mixed in 10 litres of water is sprayed once a week, while a more dilute 
solution is used on seedlings. Leaves and rooting media should be thoroughly sprayed with the fertilizer solution. 

Diseases and Pests 
Orchids are less subjected to the attack of pests and disease. Scale insects, mealy bugs, green fly, thrips, red spider and 
snails may cause considerable damage, fly, thrips, red spider and snails may cause considerable damage, if they are not 
controlled in time. Application of Rogor or Malathion is very effective to keep the orchids free from pests. Die-back is a 
serious disease in orchids which starts in rhizome and if left unattended, it spreads to other plants in the orchid house. 
Orthocide 50 and Cossan are recommended for controlling fungus diseases on orchids. Virus infection is also common in 
several species and varieties of orchids. Sometimes black spots appear on leaves and flowers turn yellow and drop off. 
This is not caused by fungus but due to faulty culture like over-watering insufficient ventilation, too much of light or 
very dry atmosphere. Cleanliness of the greenhouse and regular attention to the plants are very important to keep the 
plants free from diseases and pests. 
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Integrated pest management (IPM) uses a range of preventive measures to control pests and significantly reduces the 
need to use chemicals while providing protection, probably at a better level. Frequent and reliable monitoring of pest 
populations is one of the most critical components of integrated pest management (IPM) program. One of such tools of 
IPM is the use of physical traps which are employed in place of pesticides. Insect traps are either used to monitor and or 
to directly reduce populations of insect pests. Visual lures use light, colors and shapes to attract pests. The ability to 
attract specific insect species to the traps depends on the type of trapping equipment. Placement of traps is essential-
they must be placed in such a manner that pests, if present, are likely to come into contact with them. Equally essential 
are an adequate number of traps for effective monitoring (Tea research association). Development of non-chemical, 
eco-friendly methods of pest control-as a component of IPM tactics is a priority area of research today. With the reported 
development of multiple resistances in larval stages against recommended insecticides, spoiling of crop ecosystems with 
toxic chemicals and consequent health hazards, the best alternatives are to control the pest in adult stage before they 
reproduce. Use of light traps is one of such potential methods of control against the species known to be positively 
phototropic behaviour in adult stage. 
Use of light trap in combination with pheromone traps is a part of “Adult oriented strategy of IPM” recently proposed 
and discussed by Vaishampayan (2002). Many of the insect species, mostly nocturnal, are known to be positively 
phototropic and attracted towards artificial light in large numbers. Entomologists have used this phenomenon since long 
to capture night flying insects in a device called light trap. Gardeners may utilize this phenomenon to capture night 
flying insects (looper moths, red slug moths, green hoppers etc.) by this device. While insects are attracted in a lesser 
degree to open fire, oil lamps, paraffin lamps, kerosene lamps and other light sources, the most effective lamps are 
those with a high emittance in the UV part of the spectrum (350 nm to 550 nm). The lamps which normally come within 
this range of spectrum are Actinic BL light, mercury vapour lamps, black light lamps and fluorescent tubes. 

Types of Light Traps 
There are two types of insect light traps viz., box type and funnel type. An outer wall containing a light source consists 
of two panes of glass sloping to a narrow horizontal aperture in case of box type traps. As the insect enters into chamber, 
there is little opportunity to escape. In case of funnel shaped trap, a light source is suspended over a funnel which 
tappers into a chamber beneath it. As the insect enters into the chamber through funnel, it cannot escape. Funnel 
shaped trap was initially devised for the collection of moths but its use is common for insect collection now a days. 
Recently various types of light traps are developed for insect catch and monitoring. There some important light traps 
used in agricultural ecosystems are mentioned below; 

Different types of light traps according to their designs 
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1. NCIPM Light Trap: National Centre for Integrated Pest Management (NCIPM), ICAR, New Delhi has developed an aerial-
insect trap, which can be used to monitor the population of airborne or flying insects in the field; more particularly it is 
used to monitor the populations of insect pests and their insect natural enemies in agro-ecosystems. This device for 
beneficial insects has been designed for conservation and enhancement of the population of beneficial insects i.e., larval 
parasitoid wasps in the crop fields. It is an important tool of IPM and provides sustainable pest control. The precise 
advantages of this aerial-insect trap are: 

a. This trap can be used for quantitative and qualitative estimation of flying insects in the field. 
b. Since there is no kind of lure in the trap, the collection will represent the unbiased natural population of 
insects in the area where it is used. 
c. Observations can be made at any time interval with any frequency as per requirement or convenience 
d. The trap catches both harmful (pests) and useful insects (parasites and predators) in the field. The insect 
collector is designed in such a way (small perforation on the wall) that small parasites and predators can escape 
form the trap. 
e. Use one trap per hectare. 

NCIPM Light Trap 

2. SPECTRUM Insect Flasher: Insect Flasher is a flying insect flashing system. This uses corrosion-resistant aluminum 
casting in the fabrication of Insect Flasher and is 100% powder coated. The lamps used in SPECTRUM Insect Flashers, 
radiate primarily between 350-400 nm, and the UV output is approximately 2.8W and the entire energy is being utilized 
for insect trapping. The transformers & capacitor circuitry are heavy duty type and are designed for continuous 
operation. The transformer circuit is optimally matched with the power grid, and hence flashing is instantaneous. We 
can use one trap per hectare. 

Spectrum Insect Flasher 
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3. TRA fabricated Light Traps: The Tea Research Association (TTRI, Jorhat) has fabricated a few low-cost light traps 
specifically meant for tea plantations. Since electricity is a major issue in tea plantations, these traps have been 
developed for use with rechargeable batteries. Where electricity is not available one can use 1 kw portable genset for 
using a set of 50 Actinic lights. When electricity is not available ordinary petromax lamps can also be used in light traps. 

           TRA low cost CFL light trap             TRA low cost petromax light trap         TRA fabricated black light trap 

Light Sources and Wavelength of Light Used in Light Traps 
Light traps utilizing electric lamps as the attractants can be classified into three groups viz. Electric grid, Suction or fan 
type and Mechanical or gravity trap. The first and second type requires 110 V electric supplies while the third type 
operated directly at 110 V. However, very few are powered by dry cells or storage batteries. Insect species differ in the 
attractiveness and depends upon the specific wave length of light. The ultraviolet and mercury light attracts the pink 
bollworm moth. Certain insects extend the range of responses into the UV region or more precisely below 300 nm. 
However, many insects show peak response in the UV region at about 365 nm. Other insects show a peak response in the 
range between 490 to 520 nm. The range of wavelength of light is the major factor of attraction of insects towards the 
light. 

Type of light sources, which can be used in light trap where electricity is available: 
1. Incandescent Tungsten filament lamp 100 to 150 watts. 
2. Latest Energy saver, compact fluorescent lamp (FL) 
3. High Intensity discharge Lamps M.V. lamps and sodium lamps. 
4. Black light or ultra violet lamps 15 to 20-watt UV lamps. 
5. Mercury vapour (M.V.) lamps 80 watt, 125 watt and 160 watt, emitting energy in all the wavelength bands covering 
insects vision spectrum ranging from 350 to 700 nm, followed by 15 watt Ultra Violet (U.V.) TL lamps are the best light 
sources for attracting majority of noxious insect pest species including Lepidopterous and Coleopterous insects. 
Incandescent bulbs emitting yellow radiation are a poor source for noctuid but a good source for leafhoppers, gall midges 
and paddy hoppers/bugs. 

Where regular electric supply is not available electric lamps can used with  
1. Portable generators (Diesel/ Petrol operated) 
2. Solar photovoltaic generators 
3. Non-Electrical sources 
4. Light trap can be operated using following non-electrical sources producing visible light: 
5. Kerosene lamps/Petromax 
6. LPG gas lamps 
7. Carbide (Acetylene) gas lamps 
8. Oil torches using waste mobile oil 

Factors Affecting Light Trap Catches 
Total species richness and abundance of trapped moths may be influenced by several factors such as night temperature, 
humidity and lamp type. For field work, however, the choice of lamp type is more often determined by the actual field 
conditions than purely by scientific considerations. If there is access to electricity or if a portable generator is available, 
mercury vapour lamps, black-light lamps or Actinic BL light lamps are the best choice because their emittance in the UV 
range is higher than that of standard household light bulbs (tungsten bulbs). Success of light trap as IPM tool depends 
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solely upon its trapping efficiency and retention of collected specimen in good condition. Design of light trap and light 
source used are important factors. If trapping is insufficient it would aggravate the problem by inviting more adults in 
the trap area. Weather extremes and bright moon light adversely affect the size of the trap catch. 
The size of a total catch in light trap or net trapping efficiency (numbers trapped/total present) is determined by three 
principal factors viz.  
1. Number of adults (population) actually present in the environment in the trap area. 
2. Behavioural response of insects towards light source influenced by: 

a. Type of flight movement 
b. Bright moon light 
c. Design of trap used and light source used (spectral quality) 

Conclusion 
Light trapping systems for insects are important components in integrated pest management programs. Light trap 
sampling is commonly used in insect biodiversity studies. A wide variety of light traps with different light designs are 
being used. Numerous light sources have been used to access the photo response of the different insect species since 
last forty years. However, not all the light sources proved efficient to attract and collect all the nocturnal insect species 
insects in a particular habitat. The success of light traps is affected by a wide variety of factors like environmental 
conditions, trap design, height of the light source, attraction radius of a light source, surrounding anthropogenic lights, 
wave length, intensity of light source, timing and duration of light trap, all of these affects the success of light trap. 
These traps became important tools to the entomologist community to assess the seasonal abundance and the time of 
appearance of important insect pest species. 
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Definition 
Antinutrients (ANs) are the compounds or substances which act to reduce nutrient intake, digestion, absorption and 
utilization and may produce other adverse effects. They are found at some level in almost all foods. Many ANs are in 
contained in grains, legumes, beans , nuts etc. 

Why they are Produced? 
Antinutrients are produced by plants as a part of their defense mechanism. Plants needed to protect their seeds from 
consumption and destruction by other organisms. So, the ANs evolved as poisons making the ingestor sick, or block the 
digestion of the seeds so they are excreted undamaged, in which case the animal has helped spread the seeds. 

How they Exert their Effects? 
They exert their toxic effects by causing nutritional deficiencies, interfering with the functioning and utilization of 
nutrients and by interfering with food components before intake, during digestion in the gastrointestinal tract, and after 
absorption in the body. 

Types of Antinutrients 
Type A: substances primarily interfering with the digestion of proteins or the absorption and utilization of amino acids 
(antiproteins). 
Type B: substances interfering with the absorption or metabolic utilization of minerals. (antiminerals). 
Type C: substances that inactivate or destroy vitamins or otherwise increase the need for vitamins. (antivitamins). 

Examples of Antinutrients 
1. Phytates: It has a strong binding affinity to minerals such as calcium, magnesium, iron, copper, and zinc. This results 
in precipitation, making the minerals unavailable for absorption in the intestines. Phytic acids are common in the nuts, 
seeds and grains. 

2. Oxalates: They are present in many plants, particularly in members of the spinach family and soybeans. Oxalates bind 
to calcium and prevent its absorption in the human body and can cause kidney stones. 

3. Protease Inhibitors: They are the substances that inhibit the actions of trypsin, pepsin and other proteases in the 
gut, preventing the digestion and subsequent absorption of protein. For example, Bowman-Birk trypsin inhibitor is found 
in soybeans. 

4. Lipase Inhibitors: They interfere with enzymes, such as pancreatic lipase, that catalyze the hydrolysis of some lipids, 
including fats. For example, Anti-obesity drug orlistat causes a percentage of fat to pass through the digestive tract 
undigested. 

5. Lectins: Lectins are the proteins that have highly specific binding sites for carbohydrates. The majority of the lectins 
are glycoproteins are found in the plants like legumes such as peanut, soybean, etc and in potato, banana, mango, and 
wheat germ. They disrupt small intestinal metabolism and damage small intestinal villi via the ability of lectins to bind 
with brush border surfaces in the distal part of small intestine. 

6. Ascorbic Acid Oxidase: It is a copper-containing enzyme that mediates oxidation of free ascorbic acid and commonly 
found in fruits and vegetables such as cucumbers, pumpkins, lettuce, bananas, tomatoes, potatoes, carrots, and green 
beans. Being an enzyme, ascorbic acid oxidase can be inhibited effectively by blanching of fruits and vegetables. 

7. Tannins: Tannins are a heterogeneous group of broadly distributed substances of plant origin. Two types of tannins 
can be distinguished on the basis of degradation behavior and botanical distribution, namely hydrolyzable tannins and 
condensed tannins. The hydrolyzable tannins are gallic, digallic, and ellagic acid esters of glucose or quinic acid. For 
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example, tannic acid reported to cause acute liver injury, i.e., liver necrosis and fatty liver. The condensed tannins are 
flavonoids.  The contribution of the tannins in tea, coffee, and cocoa to the total tannin intake by humans is of particular 
importance. Tea has the highest tannin content. Other important sources of tannins are grapes, grape juice, and wines. 

8. Sapnins: Saponins are a heterogeneous group of naturally occurring foam-producing triterpene or steroidal glycosides 
that occur in a wide range of plants, including pulses and oil seeds such as kidney bean, chickpea, soybean, groundnut, 
and sunflower. They affect metabolism in a number of ways like erythrocyte haemolysis, reduction of blood and liver 
cholesterol, depression of growth rate. 

9. Cyanogenic Glycosides: Some legumes like linseed, lima bean, kidney bean and the red gram contain cyanogenic 
glycosides from which Hydrogen Cyanide may be released by hydrolysis. HCN is very toxic at low concentration to animals. 
It can cause dysfunction of the central nervous system, respiratory failure and cardiac arrest. 

Elimination of Anti-Nutritional Substances by Various Technological Treatments 
A number of treatments of food material are able to eliminate some bioactive substances partially including soaking, 
dry and moist heat treatment, filtration, germination, fermentation and enzymatic treatments. Following are some ways 
to eliminate the, from our food: 
1. Heat treatment: Heat processing is widely accepted as an effective means of inactivating the thermolabile 
antinutritional factors in food material. This improves protein quality by inactivating antiphysiological factors, 
particularly trypsin inhibitor and haemagglutinins and by unfolding the protein structure. Heat treatment process 
includes boiling, autoclaving, pressure cooking, extrusion cooking. Cooking for 60 minutes at 1000C was sufficient to 
inactivate over 90% of the trypsin inhibitor activity in food materials. Extrusion cooking means the cooking process takes 
place within the extruder where the product produces its own friction and heat due to the pressure generated (10–20 
bars). The process can induce both protein denaturation and starch gelatinization, complete inactivation of 
haemagglutinins in food materials. 

2. Soaking: Soaking could be one of the processes to remove soluble antinutritional factors, seeds were soaked in water 
at 22oC for 18 h to decreases in trypsin inhibitor activity in the food. Beans and other legumes are often soaked in water 
overnight to improve their nutritional value. Since many antinutrients are water-soluble, they simply dissolve when foods 
are soaked. In legumes, soaking has been found to decrease phytate, protease inhibitors, lectins, tannins and calcium 
oxalate. For example, a 12-hour soak reduced the phytate content of peas by up to 9%. 

3. Germination (Sprouting): Germination has been documented to be an effective treatment to remove some anti-
nutritional factors in legumes by mobilizing secondary metabolic compounds which are thought to function as reserve 
nutrients. Germination can lower the phytate content in legume seeds depending upon the type of bean and germinating 
conditions. This process increases the availability of nutrients in seeds, grains and legumes. During sprouting, changes 
take place within the seed that lead to the degradation of antinutrients such as phytate and protease inhibitors. Sprouting 
has been shown to reduce phytate by 37-81% in various types of grains and legumes. 

Conclusion: We Need to be More Intuitive About Our Eating Patterns 
Antinutritional factors in our daily foods are highly responsible for the hazardous effects that are related to the 
absorption of nutrients and micronutrients as they can further interfere with the functioning of our certain body organs. 
So, the presence of above mentioned all the antinutritional factors induce undesirable effects in humans if their 
consumption exceeds an upper limit as they are obtained mainly from the plant sources which are the vital part of our 
daily diet. On the other hand, some antinutritional factors as well as their breakdown products may possess beneficial 
health effects if they are present in small amounts. By considering all the processes of eliminating these factors we 
would be able to get rid of the toxic effects of them and will be able to consume all our plants originated diets by 
overcoming  the deleterious effects of these antinutritional factors. 
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Introduction 
1. India is the major legume producing country in the world . 
2. Legume crops continue to occupy an important place from nutrition point of view in daily diets of the people in the 
country.  
3. Underutilized legumes are important group of crops which has special significance in subsistence farming and 
nutritional security of resource poor masses in developing countries.  
4. Among underutilized legumes, horse gram  is one of the minor or lesser known neglected legume mainly cultivated in 
Asian and African countries as a dual-purpose crop.  
5. In traditional ayurvedic cuisine, horse gram is considered a food with medicinal qualities. 

Origin and Production Status 
1. Origin and distribution Horse gram (Macrotyloma uniflorum) is distributed throughout the tropics and is reported to 
be cultivated in India, Myanmar, Nepal, Malaya, Mauritius, Transvaal and West Indies.  
2. It has been under cultivation in India since pre-historic times. 
3. India is its primary centre of origin. But out of 240 species that are related to horse gram, only 23 are found in India 
and remaining species are located in Africa. 

Antinutritional Factors in Horse Gram 
1. Antinutritional factors: Reduce the bioavailability of nutrients .  
2. Horse gram flour contains some antinutritional factors such as tannin, trypsin inhibitor, phytic acid, polyphenols, 
lectins, hemagglutinins, chymotrypsin and oligosaccharides.  
3. The utilization of horse gram as human food is restricted due to presence of high level of these antinutritional factors 
compared to the other legumes. which can be reduced  through processing. 
4. Conventional processing methods such as dehusking, germination, cooking, and roasting have been shown to produce 
beneficial effects by decreasing the content of undesirable components which results in enhanced acceptability and 
nutritional quality in. 
5. Addition to optimal utilization of horse gram as human food. 
6. Some of the commonly considered antinutritional compounds like phytic acid, phenols, tannins are now being 
considered as potential antioxidants having health promoting effects.  
7. The phytic acid has now been shown to possess rich antioxidant, anticarcinogenic and hypoglycaemic activities. 

Total Free Phenolics and Tannins 
1. Phenolic compounds are known to interact with proteins forming complexes which in turn, decrease the solubility of 
proteins and make protein complexes less susceptible to proteolytic attack.  
2. Tannins are structurally more complex and wide spread phenolic compounds that contribute astringency and bitterness 
to plants as well as has the property to precipitate proteins. 
3. These compounds are appreciated for imparting health benefits for humans. 
4. Phenolics and tannins are water soluble which are concentrated to seed coat. 
5. Soaking and cooking process cause leaching of tannins and beneficial impact on nutritional value and marked reduction 
in tannin.  
6. Phenolics have attracted the attention of food and health scientists in recent times due to antioxidant properties and 
their uses in health care. 

Phytic Acid 
1. Phytic acid (known as phytate when in salt form) acts as the primary phosphorus reservoir accounting for up to 85% 
of total phosphorus in cereals and legumes.  
2. Has the ability to bind minerals, proteins and starch and forms complexes consequently lowers the bioavailability of 
minerals (zinc, iron, calcium, magnesium, manganese and copper) as well as inhibit enzymatic digestion of both proteins 
and starch. 
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3. it exhibits beneficial health effects as it has a positive role as an antioxidant and in protection against a variety of 
cancer and coronary heart disease, diabetes mellitus and renal stones. 

Protease Inhibitors 
1. Horse gram invariably contain inhibitors of proteases that cause decreased digestibility of dietary proteins by 
formation of irreversible trypsin enzyme and trypsin inhibitor complex in the intestine.  
2. The presence of protease inhibitors in food decreases the apparent nutritional quality of proteins in the diet by 
affecting the ability of body digestive enzymes to degrade dietary protein. 

Trypsin Inhibitor 
1. A trypsin inhibitor is a type of  protease inhibitor that reduces the biological activity of trypsin. 
2. Trypsin is an enzyme involved in the breakdown of many different proteins  including as part of digestion in humans 
and other animals. 

Nutraceutical Value of Horse Gram 
Horse gram benefits diabetes: 
1. Research has found that horse gram delays digestion of carbohydrates & has anti-diabetic potential.  
2. It possesses ability to reduce blood sugar and also help reduce insulin resistance in type 2 diabetes.  
3. While horse gram sprout benefits on diabetes are traditionally known, research at Indian Institute of Chemical 
Technology suggests horse gram seeds offer equal or greater benefits in reducing blood sugar.  
4. Inclusion of horse gram recipes diet of a diabetic person should be helpful. 

Reduction of Cholesterol 
1. Studies have demonstrated that Horse gram extracts also has the ability to reduce cholesterol in the body and helps 
reducing obesity.  
2. It also contains high amount of dietary fibers which helps in elimination of cholesterol in the intestine. 

Horse Gram for Kidney Stone 
1. Horse gram has diuretic properties that help in dissolving kidney stone.  
2. Horse gram is soaked overnight in water and drinking this horse gram water is recommended as a home remedy for a 
kidney stone. 

Horse Gram for Cough 
1. Paste of boiled horse gram along with pepper works as a balm for cold and cough.  
2. horse gram soup with pepper as home remedy for sore throat. 

Horse Gram and Wound Dressing Material 
1. Along with fish scale collagen, physiologically clotted fibrin and horse gram plant extract, biocomposite films have 
been successfully tested for treating wounds.  
2. Horse gram offers mechanical strength, antimicrobial properties while ensuring biocompatibility. 

Horse Gram for Gastro Intestinal Problems 
1. Its polyphenols are considered to be effective in treating intestinal parasites worms.  
2. It is believed to aid in digestion and reduce gastro intestinal problems.  
3. it is considered beneficial for reducing flatulence. Horse gram water can reduce flatulence. 

Horse Gram for Gastro Intestinal Problems 
1. Horsegram has long history as traditional medicine to cure many diseases, still it is neglected for its remedial potential.  
2. The seed of horsegram are useful for the cure of piles, hiccup, abdominal lump, bronchial asthma, in causing and 
regulating perspiration 
3. It is widely used in Ayurvedic medicine for treating numerous health disorders including rheumatism, worm, 
conjunctivitis and piles. 
4. They have astringent and diuretic properties. 
5. They are believed to be helpful for keeping the body warm during winter. 
6. Controlling fever is another health benefit of Horse Gram. 
7. The phenol content of the seeds helps to reduce excessive weight. 
8. According to some studies, the lipid extracts of Horse Gram are beneficial for treating peptic ulcer. 
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9. These legumes help to control various menstrual problems. 
10. Horse Gram water is prescribed for treating jaundice in Andhra Pradesh. 
11. Applying a paste of powdered Horse Gram along with some water on the skin helps to control boils and skin rashes. 

Effect of Germination 
1. Germination improves the nutritive value of horse gram by inducing the formation of enzymes, including a-
galactosidase, which reduce the antinutritional undigestible factors. 
2. The hydrolysis of protein during germination probably accounts for the better digestibility of protein. 
3. Polyphenols content decreased during germination. 
4. Phytic acid, hemagglutinin also decreased as germination time increases. 

Effect of Roasting 
1. Uses dry heat for short period of time. 
2. Traditional roasting of grains is used primarily to enhance flavor. 
3. Roasting  helps in reduction  of antinutritional factors and extension of storage life. 
4. It generally improves the digestibility of food. 
5. Roasting increases the digestibility of protein as heating cause inactivation of antinutrients present which inhibit the 
digestibility of protein. 

Conclusion 
1. After critical assessment of nutritional and therapeutic aspect of horse gram, it can now be concluded that-it is a rich 
source of nutrient and antinutrient content. 
2. The nutritional value of horse gram is comparable with other pulse crop.  
3. Horse gram has high levels of antioxidant  in addition to their traditional role of providing proteins and carbohydrates.  
4. It has rich source of various natural bioactive substances such as phytic acid, fiber, phenolic acid etc. These bioactive 
substances have immense potential for curing varieties of diseases such as common cold, throat infection, fever, urinary 
stones, asthma, bronchitis, leucoderma, etc.  
5. The proteinase inhibitors have been identified to treat anti-inflammatory, obesity and several degenerative and 
autoimmune diseases.  
6. Thus, considering its immense potential as health benefit it needs to exploit as a source of nutraceutical and food 
industries. 
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Summary 
Rural India has a population of 83.3 crore and agriculture still remains the backbone of our country as 56.4 % of people 
pursue agriculture and allied activities. But farmers are quitting their age-old occupation and improper agri-produce 
management being one of the most important causes. The problems faced by the farmers are lack of adequate and 
scientific storage, inadequate knowledge and facilities for processing, strict government policies for contract farming, 
faulty marketing system, etc. These problems can be sorted out through various management practices. There are lots 
of opportunities for the farmers to raise their income and synchronise their steps with the pace of development of our 
country. 

Introduction 
India is an agricultural society which is strictly rural as more than 68% of the population dwell in rural areas. Rural India 
has a population of 83.3 crore spreading across 6,38,000 villages and agriculture still remains the backbone of our country 
as 56.4 % of people pursue agriculture and allied activities. But let’s take a pause in this antediluvian thought. As per a 
report, 1 lakh farmers quit agriculture in 5 years in Maharashtra and it is the scenario of all the states in India where the 
farmers abandon their age-old practice. A lot of reasons could be cited in this context but one of the main reasons is 
definitely less profit due to poor marketing of the output i.e the agricultural produce.  
In 2017, an unfortunate incidence occurred in Keonjhar district of Odisha that shattered the government. Though farmers 
in the district expected fetching profit out of their bumper harvest of tomatoes in the year, distress sale had sadly 
shattered the hopes the farming community in the district. Getting frustrated over the distress sale in absence of storage 
facilities, the farmers staged protest outside the district collectorate in an innovative way by dumping quintals of 
vegetables on road. Farmers of Mahadeipada and Baradapala villages under Sadar block of Keonjhar expressed their 
anguish in such a manner to draw attention of district administration. They alleged the traders are reluctant to give 
even Re 1 per kg, which is very meager to meet the expenditure they have incurred on plucking. The trader has also 
abundant amount of tomatoes to sell so couldn’t afford to buy more. Such circumstances have put the vegetable growers 
in serious trouble over loan recovery. This is a wakeup call not only for Odisha but for whole India. 

A brief analysis of the above case interprets the problems faced by the farmers and a number of solutions could be 
suggested regarding and are provided as follows: 
1. Storage: A storage function is the utmost need as the production and consumption time doesn’t match always. The 
Central Warehousing Corporation and State Warehousing which constitute the top tier in public warehousing in our 
country have not extended their networks to rural India. Due to lack of adequate and scientific storage a lot of farmers 
suffer even after surpassing the optimum level of production. Most of the problems relating to the marketing of fruits 
and vegetables can be traced to their perishability. Perishability is responsible for high marketing costs, market gluts, 
price fluctuations and other similar problems. At low temperature, perishability is considerably reduced and the shelf 
life is increased and thus the importance of cold storage or refrigeration. 
In India more than 90 types of individual fruits & vegetables are being produced by utilizing its varied agro climatic 
condition. India has now emerged as the largest producer of fruits relegating Brazil and 2nd largest producer of 
vegetables next to China. The estimated annual production of fruits and vegetables in the country is about 130 million 
tonnes. This accounts for 18% of our agricultural output. Although, there is a vast scope for increasing the production, 
the lack of cold storage and cold chain facilities are becoming major bottlenecks in tapping the potential. The cold 
storage facilities now available are mostly for a single commodity like potato, orange, apple, grapes, pomegranates, 
flowers, etc. which results in poor capacity utilization. 
Currently, India has 6300 cold storage facilities with an installed capacity of 30.11 million metric tonne unevenly spread 
across the country with more than 50% concentrated in Uttar Pradesh and West Bengal. While other states still face a 
challenge with investments from the government and private operators. But initiatives are being taken by the 
government like providing 25 to33.3% subsidies on the cold storage project cost, establishment of Nation Centre for Cold 
Chain Development, etc. Hoping that these initiatives become fruitful because a cold storage facility accessible to them 
will go a long way in removing the risk of distress sale to ensure better returns.  
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2. Value-addition: Though India produces large quantity of horticultural produce in the world, per capita consumption 
is very low for our altitudinous population. Major portion i.e. 20-30% of the produce is being wasted at various stages of 
production till it reaches end –user and it is mainly due to inadequate knowledge and facilities for processing. Delay in 
the use of harvested produce will affect its freshness, palatability, appeal, shelf life,  nutritive value, etc.   
People generally prefer fresh fruits and vegetables in India due to abundance of seasonal fruits throughout the year 
available at low price. The production of pickles and chutneys has traditionally been rural level cottage industrial 
activity. However, in the recent years, processed foods in the form of canned fruits such as pineapple, mango slices and 
pulps, grapes, apple, peaches etc have increased considerably. The uses of fruits in the form of concentrated juice, dry 
powder, sauce, jam and jelly have also increased. The food processing sector in India has gained importance due to 
consumer preferences for ready to cook (RTC), ready to serve (RTS) and ready to eat (RTE) foods and drinks , besides 
increased demand for snack foods and beverages. As much as 42 per cent of the food industry is in the organized sector 
and 33 per cent in the small scale, tiny and cottage sectors. The farmers of rural areas should be acquainted with 
preparation, storage and marketing of the value-added products. Cooperative societies and self-help groups (SHGs) can 
be symbiotic with farmers in this regard and extend their help in proper marketing.  

3. Contract Farming: The process of Contract Farming in India Rural Economy is a new concept. The process of contract 
farming involves cultivating and harvesting for and on behalf of big business establishments or Government agencies and 
forwarding the produce at a pre-determined price. In return, the contracted farmers are offered high price against their 
farm produce. The role of contract farming in India rural economy is becoming more and more important, since organized 
farming practice has become the need of the hour in the world of rapid industrialization. The rapid industrialization 
process in India has created shortage of farmland, which in turn has necessitated organized farming practice in India.  
The process of contract farming in India involves, engaging rural Indian farmers for the cultivation of agricultural produce 
under strict government policies. Small time farmers practicing primitive agricultural methods for cultivation and 
harvesting of crops dominate the Indian agriculture sector. But, with the liberalization of India economy, there has been 
a sudden spurt in contract farming in India. Moreover, today more and more established business houses are taking 
interest in the business of contract farming in India. This has happened as a result of rapid growth of retail industry in 
India. The growth of retail industry in India has propelled the growth of farm retail in India, which caters fresh vegetables 
and fruits from the farms to the Indian mass. The role of Contract Farming in India Rural Economy involves government 
and private participation along with the rural workers. Further, it engages a good number of farmers and other rural 
workers to discharge other agriculture related activities. The farmers of rural India can achieve immense benefits by 
adopting contract farming. Hence this approach should be adapted in all the villages for different crops basing on the 
agro climatic zones. 
The main Agricultural Products of India like Foodgrains (Rice, Wheat, Maize, Sorghum, Chickpea, etc), Fruits (Bananas, 
Beans, Cherry, etc), Vegetables (Pumpkin, cauliflower, Potato, etc), Spices (Black Pepper, Chilly, Cinnamon, etc), Dry 
fruits ( Cashew, Groundnut, Almonds,etc), tea, coffee  and tobacco are under the process of contract farming. 
The Indian institutes like Karnataka State Agricultural Marketing Board, Orissa State Agricultural Marketing Board, 
Bhubaneswar, Domestic & Export Market Intelligence Cell,etc are engaged for marketing agricultural products under 
contract marketing. 
There are many acts and rules like Agricultural Produce (Grading and Marking) Act, 1937 as amended in 1986 , Agricultural 
Produce Grading and Marking Act, 1937, General Grading and Marking Rules, 1988, etc which governs the process of 
Contract Farming in India Rural Economy. 

4. Marketing: Rural marketing is as old as the civilization. Surplus of agro-produce are exchanged in earlier days in the 
barter system. The introduction of currency, transport and communication has increased the scope of rural market. 
Rural market is mostly dominated by the middlemen for whom the actual farmer gets a meager amount of profit. 
Government is playing an important role in strengthening the agricultural marketing system in the country. Mandi price 
information is disseminated through DD Kisan channel and Kisan Call Centers. New innovations have been introduced for 
dissemination of market data through Agri market and Kisan Suvidha Mobile APPs and through SMS by IFFCO Kisan Sanchar 
Ltd. etc at grass root level. The state Agricultural department, and other agro based institutions like Krishi Vigyan 
Kendras (KVKs), Agricultural Technology Management Agency (ATMA), Block Technology Team (BTT), Farmers Training 
Centre (FTC), National Institute of Agricultural Extension Management (MANAGE), National Skill Development Agency 
(NSDA)  are also providing better information regarding farming to individual farmers through SMS. The Agmarknet portal 
and National Agricultural Market Atlas portals have been revamped and hosted with better look and user-friendly format. 
More over establishment of large number of agrozootechnical centres functioning under state agricultural universities 
like OUAT, ANGRAU, etc, has played a key role in strengthening of technical manpower in agriculture and allied sectors 
at field level by producing agro technicians, who can directly assist and guide the farmers by providing technical 
knowledge (use of right type of pesticide based on feeding habit of pest, correct method of pesticide application, exact 
time of pesticide application, recommended dose of pesticide, etc.) which will ultimately help the farmers in improving 
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their crop productivity. But fact is that all these benefits are not extended to all parts of our country so majority of 
farmers get devoid of such facilities. 

Conclusion 
The demand of agriculture and agriproduct is at sky-high. The industry sector, service sector, etc are obtaining huge 
benefits from the agriculture of our country but the farmer due to whom everything is possible stays behind the screens. 
The scenario of Agriculture is changing so the farmers should change accordingly. There are lots of opportunities for the 
farmers so they should be aware of this and should not fail to grab. It is also our duty i.e. all the state officials, scientists 
and other extension workers out there in the field of Agriculture, to make out the possible outreach of modern 
technologies, ideas, good schemes, etc to the farmers. The zeal of upgrading agriculture should spontaneously emerge 
from us so that no farmer shall dare to throw his earnings and it could be a small but effective step in transforming rural 
India. 
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Introduction 
Predominantly India is the agriculture dependent country, around 48% of the population of all the ages engaged full time 
in the agriculture. Green revolution has made the country self-sufficient in food production and brought the prosperity 
status. In spite of five-fold increase in food grains production, currently country facing the problem of hunger due to 
deficiency of quality food mainly because of ever increasing population (four-fold increase). Further, there exists a lot 
of disparity with respect to farmer’s income among the different states of the country as small, marginal and large 
farmers over the years. On other side, we are also challenging the second generation problems like, declining per capita 
productivity, reducing factor productivity, decline in soil health, loss of soil organic carbon, surface and ground water 
pollution, decreasing fresh water availability, increasing incidence of pests and diseases, increased cost of cultivation 
and reduced use efficiency of farm inputs in the face of climate change impact.  
Therefore, in view of the current challenges facing by the Indian agriculture, union government has called the “Farmers 
Income Doubling Programme” during 2015-16 and the target year set was 2021-22 (Six years). The main objective was to 
double the overall farm income by fixing the sustainable development goals. The possible ways to achieve the target 
are, enhancing the production per unit area and time, enhancing resource use efficiency, improvement of both farm and 
non-farm sources, reducing the expenditures on non-renewable resources and efficient support price. The targeted 
income sectors include both agricultural as well as allied activities and it could be achieved through the implementation 
of innovative technologies, improved mechanisms and adaptation of the existing practices with little modification can 
lead the way through the task of doubling farmers. Hence, we are discussing mainly on the efficient utilization of land, 
water and nutrients, harvest and post-harvest easiness and marketing efficiency.  

Keywords: Doubling farmer’s income, land usage, water use efficiency, nutrients use, farm machinery and marketing. 

Land Use Efficiency 
Agricultural production involves collection of different resources like land, finance, and other natural resources. If we 
consider small and marginal farmers of India, the land is a primary constraint for cultivation of crops. Such a precious 
resource (land) is being underutilized by farmers. Further, poor land utilization may cause a number of serious problems 
in crop production such as wastage of soil moisture, nutrients, and light. It is also responsible for the higher cost of 
production and lack of sustainability in farm income. This let to migration of small and marginal farmers to urban areas 
for their survival. Further, Indian farming is facing shrinking of farm size due to competition from commercial sectors 
such as industries, real estate business and mining activities. Therefore, the practice of intercropping and mixed cropping 
can be a better solution to increase the land use efficiency and doubling income of small and marginal farmers (Fig. 1). 

 

Row intercropping; Maize + beans Mixed intercropping; cool season 

vegetables 
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Fig. 1 Popular intercropping systems to enhance land productivity 

How Intercropping Principles Works to Enhance the Land Use Efficiency 
Intercropping will increase land use efficiency, revenue, total grain production and provides product diversity. 
Intercropping is a concept of growing crops with varied growth nature, for example intercropping of beans or peas in 
widely spaced rows (1 meter) of maize. In this system, the competition is almost nullified by the staggered maturity of 
maize and peas or beans. Further, peas or beans can utilize the stalks of matured maize to climb and both crops can be 
handpicked after the maturity. Similarly, a dominant intercropping system of India is sorghum + pigeon pea; on this 
system also pigeon pea is a slow growing crop therefore the maturity and peak nutrient requirement time is entirely 
different. This type of combination may encourage the mutual benefit in intercropping system. Likewise, differences in 
the rooting depth also a selection strategy for effective utilization of moisture and nutrients from different soil depth. 
A common and more prevalent example for this type of intercropping is coconut + clack-pepper + pineapple and coconut 
+ pineapple + turmeric. All these crops are having varying plant height, rooting pattern and during to utilize the space 
(vertical) available. 

Water Use Efficiency 
Irrigation is the major consumer of groundwater; globally it uses 70-80% of available freshwater. Uneven and erratic 
distribution of rainfall, overexploitation and faulty irrigation practices coupled with increased competition from other 
sectors, water becoming scarce day by day. Conversely, the unregulated irrigation causing many problems such as 
waterlogging, secondary Stalinization and alkalinization, leaching of nutrients and increased load of pests. Hence, India 
must prudently manage water resources to meet the future food demand by evolving strategies to improve the WUE and 
are the need of the hour. We can adapt many practices to save the water and improve its utilization efficiency are; 
regulated irrigation, in-situ moisture conservation (tillage, mulching, etc,), cultivars and nutrient management. 
1. Regulated irrigation: Irrigation scheduling at field capacity (FC); 0.5 to 0.9 produced higher and similar grain yield. 
However, the higher net return was recorded in irrigation at 0.5 FC mainly due to less water use. Similarly, the higher 
WUE was observed in every furrow irrigation. In the case of corn or cereals, during irrigation shortage we can skip 
irrigation at the vegetative stage without compromising the yield to a large extent for efficient use of water. Similarly, 
the fresh yield of silage maize was higher with irrigation at 100% of crop water requirement. Likewise, irrigation at 100% 
FC recorded a similar yield as compared irrigation at mild depletion by saving 60% water.  

2. In-situ moisture conservation practices: No-tillage performed better than conventional tillage at a different level of 
irrigation in intercropping sole crops. Higher net return in no-tillage mainly associated with reduced cost on tillage 
practices, also higher land equivalent ratio recorded in no-tillage due to better soil moisture storage. Mulching of black 
polythene recorded higher grain yield (4539 kg ha-1) over other mulches, this might be due to reduced evaporation loss 
from the topsoil layer. No-tillage recorded higher grain yield and WUE (0.94 kg m-3) over stubble mulch and disk tillage. 
Whereas, mulching of paddy straw (6 t ha-1) recorded higher soil water storage, yield, WUE and net return. 

Nutrient Use Efficiency (NUE) 
The average fertilizer usage in India is 144 kg ha-1 and it varies from 47.3 to 153 kg ha-1 in rainfed and irrigated 
ecosystems respectively. Though the consumption of chemical fertilizers is increased, but the partial factor productivity 
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and use efficiency of applied fertilizers awfully low (40-50 % for N, 20-25 % for P and 2-5 % for Zn, Fe & Cu) owing to 
different nutrient losses. It unnecessarily increasing the fertilizer cost, hindering the farmer’s income and other 
environmental problems. Hence this has become a matter of great concern and a challenge to be addressed on priority. 
It is crucial time to cope with the energy crises by adopting efficient and feasible techniques to improve NUE as well as 
food security, which helps to produce more crops per unit of applied nutrient.  
There are many ways to improve the NUE are mainly, integrated use of fertilizers and manures, suitable source, method 
and time of application in supplementation with other crop management practices. For instance, the combined 
application of fertilizer+FYM (1:1) gave the higher grain yield of wheat (5.13 t ha-1) in sandy clay loam soil. Higher grain 
yield might be due to better availability of water and nutrients at all the critical growth stages. Application of gypsum 
(62.5 kg ha-1 per irrigation) along with a recommended dose of fertilizers produced higher grain yield, this might be due 
to reduced sodicity effect on crop led to improved nutrient availability. Likewise, higher yield of wheat was obtained 
with higher N application, this might be due to the high demand for wheat crop. Also, application of 80 kg N ha-1 recoded 
higher N use efficiency and it might be associated with improved availability of moisture and nutrients. Whereas, the 
increased P supply might increase the water use efficiency of wheat plants. The higher sink strength and optimum source 
strength was recorded with 100% recommended doses of fertilizers (RDF) which responsible for higher grain yield in rice. 
Similarly, higher grain yield was recorded with 100% RDF through drip fertigation with water-soluble fertilizer. The higher 
grain yield may be associated with higher uptake of nutrients in turn production of higher dry matter. 

Harvesting Efficiency 
Harvesting is the operation of cutting, picking, plucking and digging or a combination of these operations for removing 
the crop from under the ground or above the ground or removing the useful part or fruits from plants. Harvesting costs 
make up to 30% of overall in-field machinery costs. In addition to this, indirect machinery costs may be incurred through 
timeliness effects, i.e., reduction in crop yield and quality caused by inefficient scheduling of machinery operations. In 
developing countries, harvesting was done manually and often done by using simple hand tools such as sickles, knives, 
etc. These equipment’s have very low efficiency. Usually, manual harvesting of wheat and paddy are required 170 to 
180 man-hours per hectare. The availability and cost of labour during harvesting season are the serious problem. The 
shortage of labour during harvesting season may cause greater loss to the farmers. Therefore, the use of mechanized 
machines in harvesting operations increases the output in terms of crops harvested per unit time and the quality of the 
final product. Harvesting machines are designed to suit operations at different scales (small, medium and large-scale 
machines), including the combine harvesters. The use of more efficient harvesting machines contributes to the timely 
harvesting and reduction of postharvest losses which ultimately reduces the production cost. 

Harvesting Efficiency Can Be Achieved by 
1. A sickle with a serrated surface gives better performance than a plain one with shearing force at the cutting edge. 
2. Crop should be established from transplanting and drill method compared seeding broadcasting because broadcasted 
crops tended to lodge more often than crops established from other methods. 
3. Harvesting of a crop at optimum moisture content.  
4. Designed of machine should be ergonomically so that it can easily operate and prevent operator fatigue.  
5. Lack of mechanical failures of machine parts is one of the most important factors affecting overall harvesting 
efficiency.  
6. Operating machine at recommended speed given by the manufacture for achieving higher efficiency.  
7. Operating harvesting machine along the length rather than width for minimizing time loses. 
8. Selection of machineries must be based on the characteristics of each individual farm. 
Using efficient harvesting machines will help to farmers to get maximum output with minimum input. Ultimately it will 
increase income of the farmers and reduce the production cost of the farm output. 

Storage Efficiency 
An estimated post-harvest loss in India is about ₹. 92,651 crore per annum, which is mainly due to poor storage and 
transportation facility. Quality storage place for food grains and perishable commodities are as important as production 
and protection of crops. As we all agree that market is a place where farmers can see the monetary output for his 
produce thus timely reaching their farm produce will ensure the maximum monetary benefits. Greater facility of 
transportation and storage is even more critical in case of perishable fruits and vegetables. Storage efficiency can be 
increased by, strengthening of traditional storage facilities through modern and cheaper storage structures, development 
of scientific storage protocols for maintaining the available storage facilities and providing good transportation facilities 
with proper storage conditions like cold storage for perishable commodities to minimize deterioration. 

Marketing Efficiency 
Markets are physical retail place for farmers where both selling and purchasing takes place in consolidated manner 
between farmers and consumers. The main purpose of these operations is to fulfill the requirement of individuals. The 
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markets where such transactions are done at the lowest cost and consistently as per the services desires, it can be called 
efficient market. In such market’s farmers can efficiently sell their products and get proper net profits. The markets can 
be made efficient by proper regulations by the government. Marketing systems plays an important role in servicing a link 
mechanism, for producers with consumers and allows price discovery mechanism to be transparent. 
Market efficiency can be achieved by: 
1. Minimizing the reduction in price of farmers produces by better physical infrastructures, and improved price.  
2. Improved marketing policies to ensure transparency and on time payment to famers. 
3. Reduction in monopolistic and oligopolistic operations. 
4. Minimizing the supply chain can helps to reduce the dilution of price value within the middle components and farmers 
will get maximum of the value of their farm products. 
5. Maintaining proper balance in demand and supply in the market. 
6. Irregular fluctuation in prices is also not good for farmers because it can reduce the next season production of the 
particular commodities and it can also support to the businessmen to store the commodities for selling when prices will 
rise.    
Making markets efficient will help to farmers to get maximum value from consumers for their commodities. As the 
production is sufficient but farmers get very less price for their products because of inefficient markets, so it’s very 
important to increasing the efficiency of the markets to increase farmers’ income. 

Conclusion 
Most of the afore mentioned problems have arrised mainly due to faulty agricultural practices like intensive agriculture, 
indiscriminate use of agricultural chemicals, water, nutrients, reduced use of on-farm resources and lack of post-harvest 
management practices. In this regard farmers must adapt the integrated and sustainable practices in order to overcome 
the current distress in the farming sector. However, efficient usage of land and judicious use of water and nutrients in 
supplementation with post-harvest care and market knowledge, the income of the farmers could be obviously improved 
over a period of time. 
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Introduction 
Precision agriculture is one of the modern farming practices of farm management using specialized equipment, software, 
sensors and IT services. It ensures profitability, efficiency, sustainability and protection of the environment through 
proper and efficient utilization and management of input resources. Similarly, precision processing of agricultural 
produce is necessary to reduce losses, enhance shelf life, quality control, increase profit and proper utilization of energy 
in every steps of processing operation. This leads to the intervention of new technologies including artificial intelligence 
to bring the operation automated using knowledge of computer science, electronics, sensors, big data etc. The main 
target of automation is to improve productivity, product quality and profitability (Fig.1). Automation not only provide 
competitive success but also provide viability of the manufacturing plants. Involving of machineries, automation and 
robotics in food processing reduced the cost of processed food drastically compare to the conventional method of food 
production. 

Fig 1. Target of automation (Adapted from Jijo and Kumar, 2014; Sani and Aziz, 2013) 

Automation in food industries is of concern nowadays in order to address the required levels of production speed, quality 
control, labor shortages and overall profitability. Automation will not replace people, but will improve the skills workers 
that need to keep up with the pace of change. New demands in the skill sets of food processing workers will require a 
higher level of training to meet the machinery production capabilities. Food industries are traditionally lagged behind 
and are still at nascent stages for adopting automation and technological advances. However, it has been improving and 
rank among the top ten industries in using machine vision technology. Food processing systems are mostly isolated that 
target in specific task and usually of batch type. The system must be integrated into overall manufacturing system design 
and provide on-line, continuous control in order to have a successful automation.  

The sophisticated control system in automation enable to operate the system with high precision and accuracy.  
Automation solutions and IT equipment enable the industry to become leaner and more agile. Also, automation in 
traceability has become a basic requirement. It has been reported that the Distributed Control System (DSC) automation 
is more preferable than the centralized one as it provides more flexibility over the whole operating range, low 
implementing cost, scalability, easy maintenance and configurability. Fieldbus technology is preferred in DSC technology 
and provides a good basis for distributed real-time control implementation which is essential in food processing, handling, 
packaging and plant automation (Mahalik, 2014). 

Importance / Need of Automation 
Automation in food industries is the need of the hour in order to fulfill the demand, produce quality products and after 
all increase the profitability. The need of automation in food industries are discussed below.  
1. Improved productivity: Productivity may be defined as the quantity of the products produce per unit of the operating 
parameters and hence it is related to the efficient utilization of the input resources in converting into the end products. 
Automation could increase the speed of production and thereby increase in handling output per unit time. On the other 
hand, it allows efficient scheduling of work flow and labour use and thus effective allocation of resources. It has been 
reported that 30 per cent increased in plant productivity could achieve through automation (Gunasekaran, 2009).  Thus, 
automation builds in higher capacity of production than operating manually.  
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2. Quality Control: Quality of the product is the primary concern for both food producers and consumers. The most 
important goal of any food industry is the quality assurance of the product. This is also one of the bases for success in 
the highly competitive food industry.  The traditional method of quality assessment of food products involved human 
inspection that are tedious, laborious, time-consuming, and inconsistent. Automation becomes a prime importance for 
quality assurance and quality control to meet the par of increased production. (Gunasekaran, 2009).  Defects in the 
operational line can be noticed and isolated more easily when processing and packaging are automated. This helps to 
ensure faulty products not to enter the marketplace and underlying manufacturing faults can be corrected. 

3. Improved Profitability: Automation helps to improve productivity and quality control that contributes directly to the 
profitability of the plant. Automation provides a big role in food industries regarding food safety as it records and control 
in every steps of operation. Thus, it could identify the area of concern during the process of manufacturing and hence 
the information can be used to maintain product quality, improved productivity and overall profitability. Real time 
monitoring can be made through the records and accordingly the system configuration can be changed as per the need.  

4. Improved Safety: A more fine observation and precise control can be made in every step-in food processing when 
automation and machine vision work together. Manufacturers can adapt more quickly to changes in safety standards and 
thus any change in one process will not introduce unexpected consequences in other areas. Moreover, the risk of health 
hazardous of the workers reduces due to automation and replaced by the robots through possible intervention.  

5. End to End Traceability: Traceability is a growing concern in many industries. Companies can capture better quality, 
safety, and profitability when product are traced. Food producers can also cut down the regulatory compliance costs 
based on the result of traceability and can continuously improve key processes. 

6. Brand Protection: Brand reputation is also one of the important parameters for the food producers to maintain a 
good relationship with the end consumer. Disease outbreak from a particular product or any remarks in the standard 
quality that results in the chaos of customers’ life is enough to shutter a business. In other way, automation means brand 
protection. 

Uniqueness of Food Industries / Challenges in Automation 
Food processing is highly labour-intensive. Reducing labour cost and improving productivity will therefore have a 
significant contribution on profitability. The challenges in automation of food manufacturing industries are discussed 
below (Gunasekaran, 2009). 
1. There is a huge variation in size, shape, and homogeneity of the raw materials. For. eg. Automation in milk processing 
plant is easy as it can be handled easily in bulk compared to other agriculture produce. However, agricultural produce 
such as fruits, vegetables, meat etc. need to be handled on a more individual unit basis resulting in difficulty in 
automation during processing and handling. 

2. There is lack of information of complete physical and chemical characterization of food. Knowing the properties of 
raw materials, the end product can be formulated or changed as desired to gain market share. 

3. Microbiological and biochemical concern of food provides restrictions during handling and processing.  Moreover, 
mechanical, thermal, and sensory properties of food materials are also of equal concern in order to meet quality and 
rheological behavior of the food. All these properties of food provide constraints in automation process.   

4. Agricultural produce that are not well defined in size or shape are often presented in a random, unconstrained 
orientation. Moreover, they are of biological materials that continuously respire and thus they should handle carefully 
to prevent damage. This challenge the capabilities of the technologies. 

Advantages 
The main advantages of automation in food industries are listed below.  
1. Higher production rates and increased productivity by using raw materials efficiently and less scrap 
2. Better product quality, improved safety, and reduced factory lead times.  
3. Better control of the process and the system than the manual work providing consistency in product quality. 
4. Better safety of the workers and protect their well-being as automation replaced the workers by robotics in working 
at the hazardous site of the factory. 
5. Reduction in the number of total working hours as the time required to process a typical production reduces with 
reduced with automation. 
6. Automating production lines can make them more flexible, able to retool and adapt quickly to changing needs. 
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Present Trends 
The application of automation in food industries becomes the need of the hour mainly due to increase in demand of 
production, higher cost and quality concern. Nowadays, automation can be seen in process line of agricultural produce 
starting from harvesting till it reaches to the consumers. Application of robot is the best example of automation in food 
industries. The different types of robots that are commonly used in food industries given by Iqbal et al., 2017 are as 
follows. 
1. Pick and place: The major trend to deploy robots in food industry is mostly in practice in the food handling category. 
These types of robots are designed for high-capacity collating, picking and placing of products onto trays, cartons or 
feeding of other machinery.  

2. Packing and palletizing robots: These types of robots are used for Palletizing and stacking of cookies, beverages, 
pasta, sweets and other items. The decisions are made based on the payload specifications and the range of speeds 
available. This results in completing the work at faster rate and minimize the freight costs.  

3. Serving robots: One of the newest approaches in food serving industries is the use of serving robots. These types of 
robot directly deal with retail and consumers and thus requires the concept of human system integration. An example 
of automated food lines is in making Sushi in Japan. 

The manual labour has been replacing by robotics through automation. For example, smart ovens can even have cameras 
inside for monitoring food as well as remote activation and even automatic temperature setting based on what’s placed 
inside of it.  Automatic guided vehicles are being used in food processing plants and warehouses for transporting raw 
materials and finished products. Instead of sitting and investigation in the process line, the workers or the operators stay 
in the control room and ensure the smooth working of the system.  Jijo and Kumar (2014) developed automation in 
cooking process of Parota, an Indian food, in order to meet the demand which cannot be fulfilled by manual production. 
This reduced the material wastage of manual handling. Gupta (2015) also developed an Automatic Cooking Machine 
(ACM) that could process and prepare the food and eliminate the dependency on the processing individual(s). This 
Automatic Cooking Machine (ACM) at domestic level make the food ready for final consumption at domestic level and 
eliminate the complex process of large-scale production. 

Challenges and Opportunities 
A very recent trends in any fields is the application of the concept of Cyber Physical System (CPS) in which food industry 
is not an exception. Connecting the physical and virtual system CPS has potential to streamline end-to-end supply chain 
in food sector through Internet of Things (IoTs). It could play a major role in food safety.  
 Agricultural food processing and its related industries are one of the listed sectors where CPS is anticipated to have 
significant impact in future. The short-term milestones for CPS in food sector includes: 
1. Improved food safety 
2. Hygienic assistance using autonomous machines 
3. Precision processing of the produce 
4. Traceability of the product.   

There are three primary elements of CPS-based system for food manufacturing viz. field device process, production 
machine process, and manufacturing control process. CPS hardware systems include robots, Programmable Logic 
Controllers (PLC), actuators, sensors, networks whereas software systems include Artificial Intelligence (AI), neural 
networks, fuzzy logic and other machine learning paradigms. 

Conclusions 
Automation is an integration of various discipline to bring specific solution. It provides promising signs in the area of the 
food processing. Automation in food industries is the need of the hour to combat the ever-increasing demand in 
production with safety and quality assurance. The main advantages of automation in food industry are high productivity, 
maintenance of quality and overall profitability. CPS is a recent trend consisting of both hardware and software that 
aims to optimize the process. 
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Introduction 
DNA barcoding is basically a taxonomic method that uses a short genetic marker (DNA sequence signature) in an 
organism's DNA to identify it as belonging to a particular species. So, this DNA sequence signature is basically the identity 
of that particular pathogen. Although the DNA sequences of related species are generally very similar, there are 
differences to be found. The part of the DNA sequence that is different is specific to that particular organism and forms 
a unique and specific molecular DNA barcode.  
DNA barcoding is very important nowadays to have a molecular signature to have proper identification of plant 
pathogens. Molecular signature is important because there are many closely related plants pathogens and to differentiate 
them from each other it is very hard to distinguish them with certain conventional technologies. So, that is why DNA 
barcoding has been developed to separate each other from the closely associated plant pathogens. 

Example: One or several specific DNA barcodes are made for each quarantine organism and that is how we are now able 
to regulate the quarantine pathogens. 

DNA Barcoding - The Necessity 
DNA barcoding is the necessity of today and development of accurate identification tools for plant pathogens and pests 
is vital to support Plant Health Policies to manage plant diseases in a broader way.  
Challenges: 
1. Increase number of plants being traded worldwide 
2. Chance of harmful organisms spreading is enhanced 
3. Taxonomic knowledge on harmful quarantine organisms is not adequately available 

So, these are few challenges and that is why there is a necessity of DNA barcoding for proper identification of the 
pathogens. The economic damage is significant: Both when a harmful quarantine organism is not identified and as well 
as when an organism is incorrectly diagnosed as a quarantine organism. In the European Union (EU) alone there are some 
275 quarantine organisms for which protective measures against introduction into and their spread within the Community 
needs to be taken care of. 

Plant Pathogen Barcode (PPB) 
It is to facilitate the rapid and accurate identification of plant pathogens; a new database is developed that firmly link 
names and associated meta-data to a rapidly developing new standard in biology. DNA barcoding is an emerging gold-
standard for species recognition. This development has already shown itself to have unprecedented power for clarifying 
species identities and limits, uncovering new and often cryptic species. So, it has been very useful to even identify new 
or even cryptic species. In response to the growing number of researchers who are using barcoding, data standards for 
barcode records have been developed, and an open access database has been created. The Consortium of barcode of 
Life, in short it is known as (CBOL) has engaged more than 125 Member Organizations from 40 countries. 

QBOL (www.qbol.org) 
QBOL is an European Union (EU) project on DNA barcoding, that started in 2009 to generate DNA barcoding data of 
quarantine organisms and their taxonomically relatives to support plant health diagnostics. The data are included in a 
database, called Q-bank (www.Q-bank.eu), which now consists of a dynamic open-access database of quarantine plant 
pests and look-alikes, linked to curated and publicly accessible reference collections. It contains sequence and 
morphological data including photographs, nomenclatural and diagnostic data of specimens available in reference 
collections for the benefit of the users. QBOL made DNA barcoding available to plant health diagnostics and focused on 
strengthening the link between traditional and molecular taxonomy as a sustainable diagnostic resource. Within QBOL, 
collections harboring plant pathogenic Q-organisms were made available. Informative genes from selected species on 
the EU Directive and European Plant Protection Organisation (EPPO) lists have been DNA barcoded from vouchered 
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specimens and the sequences, together with taxonomic features and have been included in a new internet-based 
database system i.e. Q-bank: www.qbank.eu. 

DNA Barcoding of Fungi 
DNA barcoding of fungi, in case of fungi it was mostly the ITS amplification and sequencing was done, but it was helpful 
to segregate some of the plant pathogenic fungi nut in certain cases ITS alone was not sufficient and for that other 
signature genes has been sequenced and DNA barcode has been developed accordingly. For, example in case of Didymella 
ligulicola it is the ACT that is required for DNA barcoding whereas in certain cases it is the TEF, TUB, or it the COI. These 
serve as DNA barcode for segregating these pathogens in a unique way from other related species. 

DNA Barcoding for Bacteria 
Similarly, DNA barcoding for bacteria, DNA extraction was done and it was followed by 16S rRNA sequencing and it gave 
us segregation of species like Clavibactor, Rolstonia, Xanthomonas, Xylella. But for other specific identification one has 
to go for GyrB, Muts, Gyrb and Muts and that gave us different signatures for certain other bacterial species and they 
were differentiated from the closely related ones.   

DNA Barcoding for Nematode 
DNA barcoding for nematodes also, it was the ribosomal DNA that was sequenced and it was able to differentiate 
nematodes from each other from different geographical areas. 

DNA Barcode Library / Database / Informatics 
All these information’s had been deposited in the Q-bank and it has served as a library and database for other informatics 
applications. So, DNA barcode library, database and informatics is again a very useful source for identification of 
quarantine pathogens and it has been now made available to all the uses so that the global communities benefitted out 
of this database. The database was developed within the Dutch FES project during 2006–2010 and has been further 
developed during the QBOL project. Six databases were created: i.e. for fungi, arthropods, bacteria, nematodes, viruses 
and phytoplasmas. The total database Q-bank is freely accessible via internet (www.q-bank.eu) and a software module 
to export to and import from Genbank (and therefore EMBL) has also been implemented. The Internet-based software is 
continuously improved to comply with the needs of the end-users. So, filling of the databases has been made significantly 
during last stages of the QBOL project. So, it has been initiated and then it has been improved and now it is a very strong 
and powerful database for identification of quarantine pathogens.  
So, once the database is publishing it helped internet visitors to regularly use the system. Websites are therefore not 
restricted to the users participating in the QBOL project anymore. Usage  of the different databases are monitored by 
Google Analytics and that is how one can presence the importance and significance of the database by looking into the 
number of users. The bioinformatics and databases of Q-bank are based on the BioloMICS software (BioAware, Belgium). 
This tool allows specialized and scientific biological databases to be created to fit the specific needs of researchers 
working on any organisms for example arthropods, bacteria, fungi, nematodes, phytoplasma and plants viruses. It is used 
by broad base users such as taxonomists, ecologists, human, plant pathologists, molecular biologists, pharmacists, 
industrial researchers, and so on. This again shows the significance and importance of database. The database is thus 
helping to identify quarantine pathogens and taking adequate measures to contain them. 

Conclusions 
So, we have seen that how DNA barcoding is helping pathogens to be detected, For that, we have to go for specific 
molecular signature and it has been assigned to a specific pathogenic microorganism and the information needs to be 
deposited in a public domain so that it can be accessed by all potential users and they can contain and again identify 
the quarantine pathogens and various levels and contain them and take adequate necessary measures. 
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Introduction 
Sunflower (Helianthus annuus var. macrocarpus (DC)  Cockerell) is an important edible oil seed crop. It belongs to the 
family Asteraceae. The sunflower head is composed of about 1000-2000 individual flowers. The fertile disc florets bear 
the seed which is white, black or striped grey and black. The seeds contain 40-50% oil and 50-55% meal, which contain 
high protein (35%), calcium, phosphorus, iron, potassium and vitamin E. The sunflower is a native of North America, 
where it is used in dyes, food preparations and medicines. 
A large array of phathogenic fungi in or on the seed are associated with sunflower which induce pre- and post-emergence 
mortalities in field. Several pathogens viz.  Alternaria, Fusarium, Macrophomina and Plasmopara are seed transmitted 
and can cause loss of seedlings. The developing plants of sunflower are prone to infection by Alternaria blight, Downy 
mildew, Rust and a large array of foliage damaging pathogens like Phoma exiqua, A. alternata, A. zinniae, Cercospora 
helianthi, Septoria helianthi, etc. Amongst stem and root diseases, charcoal rot or dry root rot (Macrophomina 
phaseolina) and stem or collar rot (Sclerotium rolfsii) are damaging in patches in many areas. Head rot (Rhizopus sp.) 
has been commonly observed in Punjab, Haryana and U.P. on spring sown crop. Currently sunflower is known to be 
infected by Pseudomonas solanacearum, Cladosporium blight, phoma blight, Fusarium wilt and a mosaic virus. These 
are sporadic at present but could be serious in future. Although exact estimates of yield losses due to diseases of 
sunflower have not been investigated, it has been reported that diseases account to the tune of 30% reduction during 
Kharif and about 5-10% during post Kharif seasons. 

Causal Organism - Plasmopara Helianthi 
Systemic position (Acc. To Krik et al 2008) 

Phylum Oomycota 

Class Oomycetes 

Order Pernosporales 

Family Pernosporaceae 

Genus Plasmopara 

Species helianthi 

In 1985, it has been reported to occur in a serious form in Maharashtra.  
The causal fungus Plasmopara helianthi is considered to be of North American origin. It has been distributed rapidly by 
seed trade. 

Symptoms 
1. Symptoms of the disease are evident as seedling damping off, systemic infection, local foliar lesions and basal root or 
stem galls.  
2. First symptoms are yellowing of the first pair of true leaves. Sunflower plants carrying systemic infection are severely 
stunted and leaves are entirely Chlorotic.  
3. Affected plants bear abnormally thick, downward curled leaves showing prominent yellow and green mottling. The 
stem becomes brittle. 

Epidemiology 
1. Basal gall symptoms occur independently of systemic infection.  
2. In root infection may result in formation of galls on primary roots at the base of plants.  
3. Such plants are less vigorous and subject to lodging.  
4. Oospores of the fungus are observed in all affected tissues, but more oospores are found in affected roots than in any 
other organ.  
5. The pathogen survives through oospores in the residue of the preceding sunflower crop or through oospores on seeds 
in systemically infected plants.  
6. Seed transmission has been clearly demonstrated.  
7. Germinating oospores produce zoospores mostly under wet conditions.  
8. Zoospores cause infection.  
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9. Seed borne infection usually results in low percentage of systemically infected plants.  
10. The outbreak of the disease in severe form is to a large extent due to soil borne inoculum. 
11. Rain in the early phases of growth and age of seedlings at the time of infection are important factors in this context. 
12. Heavy soils with poor drainage are more conducive to infection. 

Control 
1. Use of resistant varieties offers the best control.  
2. Seed treatment with metalaxyl at the rate of 3 g per kg of seed has been found to give effective control.  
3. Choice of planting sites and disposal of infected crop residues, also give a fairly good control over the disease. 
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Agriculture is always the backbone of many developing countries because 60 per cent of the population depending on it 
for their livelihood (Brock et al., 2011). At present world population is almost equal to 7.3 billion which is expected to 
be 9.1 billion by 2050 and the total food consumption may increase by 50-70 per cent (Jaggard et al., 2010). To meet 
this demand there is a need to increase the food production. Fertilizers have an axial role in enhancing the food 
production (35 to 40 %) in developing countries. But excess applications of nitrogenous and phosphatic fertilizers pollute 
the ground water and also lead to eutrophication in aquatic ecosystems. To overcome these drawbacks different 
amendments are being using, among different amendments zeolites plays an important role in agriculture. 
It has several applications in agriculture as an amendment, slow release fertilizer carrier and improvement in nutrient 
use efficiency, water use efficiency, crop yield and soil physico-chemical properties. 

Zeolite 
ʻʻZeolite may be a crystalline, hydrated aluminosilicate with a 4-connected tetrahedral framework structure enclosing 
cavities occupied by large ions and water molecules both of which have considerable freedom of movement permitting 
ion exchange and reversible dehydration.’’ Zeolites belong to the “tectosilicate” class of minerals. Aluminium, silicon, 
and oxygen are arranged during a regular structure of [SiO4] - and [AlO4] - tetrahedral units that form a framework with 
small pores (also called tunnels, channels, or cavities) of about 0.4-1 nm. 

General Formula of Zeolite: M2/n: Al2O3:xSiO2:yH2O 
Where, M: Charge balancing ion, n: Charge of ion and y: Water present in the voids of zeolites. 

Properties of Zeolites 
1. Ion Exchange: Silicon replaced by aluminium, so there is a creation of one negative charge this created negative 
charge is counter balanced by some other ions like sodium, ammonium and potassium.  

2. Molecular sieving: Zeolite sieves the particles which are smaller than its pore size. 

3. Catalyst: Zeolites act as catalysts in many of the petrochemical and other industries. It helps in break done of the 
molecule. For example - When hexane molecule is passed through the pores of the zeolites their formation of the product 
called ethane, ethylene, propane and C4 isomers, this type of the reaction is called catalytic cracking. 

Composition of Zeolites 
Chemical composition (%) 

SiO2 64.9 

Al2O3 12.4 

MgO 0.8 

CaO 0.6 

Na2O 5.9 

K2O 1.9 

H2O 13.5 

Total 100.0 

Control 
1. Use of resistant varieties offers the best control.  
2. Seed treatment with metalaxyl at the rate of 3 g per kg of seed has been found to give effective control.  
3. Choice of planting sites and disposal of infected crop residues, also give a fairly good control over the disease. 

Why We Use Zeolite in Agriculture 
Use of zeolite in agriculture is due to their special cation exchange properties and molecular sieving (Glisic and Milosevic, 
2008; Hecl and Toth, 2009) and also have the ability to lose and gain water reversibly, without the change of crystal 
structure, they could be used as fertilizers, stabilizers and chelators. 
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Agricultural Applications of Zeolites 
1. Improving soil physico-chemical properties: 

a. To control soil pH and to improve ammonium retention  
b.  Used to improve soil physical environment, particularly in sandy and clay poor soil  
c.  CEC of soil may be increased by using zeolites as soil amendments  

2. Enhancing nutrient use efficiency: 
a. The main use of zeolites in agriculture is for nitrogen capture, storage and slow release.  
b. Ammonium-charged zeolites have the ability to increase the solubilization of phosphate minerals, leading to 
improved phosphorus uptake and yields of crops.  

3. As a slowly releasing carrier of fertilizer  

4. Enhanced organic manure efficiency  

5. Zeolites, with their specific selectivity for ammonium (NH4+), can take up this specific cation from farmyard manure, 
composts, or ammonium-bearing fertilizers, thereby reducing losses of nitrogen to the environment. 

6. Improving water use efficiency  

7. Zeolites possess high water holding capacities without reducing air filled pore space 

8. Improving crop yields 

9. Remediation of heavy metal contaminated soils: Natural and artificial zeolites increase ion-exchange sites in soils 
additionally to offering absorption sites for little molecules, thanks to their porous structure. Consequently, zeolites are 
able to retain heavy metals in soil. 

10. Wastewater treatment: Clinoptilolite is known for its ability to remove ammonium from polluted waters. They hold 
great potential to remove cationic heavy metal species from industrial wastewater. 
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Introduction 
Crop cultivation is affected with number of different fungal, bacterial and viral diseases. Plant pathogenic fungi must 
be controlled due to increasing consumer demand in developed countries for premium quality and diverse food; while 
high quality cereals, fruits and vegetables are indicator of economic growth in developing countries. Commercial 
agriculture is heavily dependent on high inputs of chemical pesticides to protect crops against pathogens and pests. 
After the introduction of fungicides in 1940, the use of fungicides increased highly for controlling diseases.  
Due to hap hazardous use of chemicals against diseases posed danger to living system killing not only the target harmful 
microorganism but also beneficial living organisms. The resistance of pests and plant pathogens against pesticides and 
fungicides is rapidly becoming a serious problem. To preserve biodiversity, it is becoming necessary to strengthen our 
strategies and achieve disease management by alternate approaches such as nanotechnology (Patel et al., 2014).  
Nanotechnology deals with manufacturing, study and manipulation of matter at nano-scale (or atomic scale) in the size 
range of 1-100 nm which can be called as nanoparticles (Rajan, 2004).  
“Nanotechnology is the manipulation of matter at the level of individual atoms and molecules, as well as at the 
“supramolecular” level (size of 1 to 100 nm) to create materials, devices & systems having new properties due to their 
small size.” 

Need of Nanotechnology in Plant Pathology 
There are many devastating diseases present all over the countries and the losses due to these diseases are about 30 per 
cent at global level (Kumar, 2013). In India, crop losses due to different plant diseases like blast, rust, powdery mildew 
etc. are about 26 per cent. Several pesticides sprayed on crops for removal of the pathogens and pests. Among all these 
pesticides only 0.1% pesticides reach their site of action in plants and kill the pathogens and pests.  
Some pathogens are highly variable in nature and easily exhibit resistance against all the chemicals used to protect the 
crops. Due to excessive use of chemicals results in residual problem, environmental degradation and also affects other 
living organisms. To overcome these problems, we need to have an alternate strategy. By keeping the properties of 
nanoparticles in mind, nanotechnology is the best possible way to overcome these problems. 

Role of Nanotechnology in Plant Pathology 
Plant pathologists are working very hard to find a solution to protect food and agriculture products from bacteria, fungal 
and viral agents. Nanomaterials are being developed that offer the opportunity to administer pesticides, herbicides and 
fertilizers more efficiently and safely by controlling precisely when and where they are released. For example, an eco-
friendly fungicide in its development stage uses nanomaterials to liberate its pathogen-killing properties only when it is 
inside the targeted pathogen (Alghuthaymi et al., 2014). 
There are mainly two roles of nanotechnology in plant pathology. Firstly, it is used in disease detection through nano 
biosensors, a bio barcoded DNA, quantum dots and second in disease control. For controlling several diseases 
nanoparticles are directly used as antimicrobial agents, by target drug delivery to pathogens through nanotubes by 
improving resistance in plants etc.  
Quantum dots are very small (nm) fluorescent semiconductor particles, stimulated by an excitation light source. Due to 
their small size and other important properties they are used in detection of a specific biological marker in medical field 
with greater accuracy. They are also used in cell labeling, cell tracking, in vivo imaging and DNA detection (Sharon et 
al., 2010). A bio-barcode DNA is an ultrasensitive method of amplification and detection of proteins or nucleic acids. 
Bio-barcode assay is unique and a potential alternative to the PCR technique.  
Gonzalez-Melendi et al., (2008) used carbon-coated Fe nanoparticles for delivering substances in Cucurbita pepo and 
showed the possibility and potential of nanoparticles in delivery of substances inhibitory to various plant pathogens. 

Conclusion 
Nanotechnology is capable of being used at target site of plant, reduces the uses of nanoparticles at greater amount as 
compared to chemical pesticides being used at huge amount to manage the diseases & hence reduces the cost of 
cultivation. Its long-term stability, high effectivity & eco-friendly nature & its ease in use detection of pathogen is 
encouraging the pathologists to use nanoparticles for identification & management of different pathogens. 
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The diseases associated with an imbalance in the input of dietary nutrients and output is metabolic disorders. Nutrients 
deficit animals become susceptible to several metabolic diseases/ disorders. Metabolic disorders occur shortly after 
calving including milk fever. Milk fever occurs in high producing due to hypocalcaemia within a few hours after calving. 
In this disease milk production low or stop and animal undergoes paralysis. Milk fever can be cured by strategic nutrition 
before after the calving. The proper nutrition increases the productivity of animal, reduces the incidence of diseases 
and so increases the profit of farm production. 

Introduction 
Calcium is the 5th most abundant element in the earth crust and the most abundant mineral invertebrate body. The 
concentration of calcium in blood and ECF are usually maintained at 1 -2 mmol/L. An increased need for calcium (Ca) to 
satisfy demands created by physiological changes such as pregnancy and lactation and to maintain the calcium blood 
concentration at a level compatible with health creates dramatic changes in calcium metabolism. In some cows, the 
mammary drain of calcium causes blood Ca concentration to decline drastically (from 9 to 10mg/dl to <5mg/dl) resulting 
in the clinical syndrome called milk fever. However, milk fever is easy to treat, but there is growing proof that animals 
that had milk fever are more prone to other problems like mastitis (mostly coliform), retained placenta, displaced 
abomasum and ketosis. It is reported that nearly 67% of all mature cattle are hypocalcemic during the calving. 

Normal Calcium Distribution in the Body 

 

Homeostasis of Calcium During the Transition Period 
The transition or periparturient period 3 weeks prepartum and 3 weeks postpartum is associated with the highly increased 
occurrence of various metabolic disorders. Because this period is dominated several adaptations to the requirement of 
lactation, a process called as homoerotic. The Homeorhetic process is the long-term physiological adaptations to changes 
in state, i.e from dry to lactating and involve changes in body metabolism that thus allow an animal to adapt to the 
challenges of the altered state.  Since colostrum is very is a rich source of calcium so in high producing animals most of 
the calcium oozing out through colostrum. The disordered homeorhetic change causes several disorders in animals that 
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include hypocalcaemia, hypomagnesaemia, downer cow syndrome ketosis, udder oedema, displacement of the 
abomasum, metritis that results in poor poor fertility of animals. 

Milk Fever 
Milk fever characterized by low blood calcium level. It usually observed within the 40 hours of calving. The body 
temperature may be depressed and this developed high producing animals. Aged cow more suffers as compared to young 
cows.  It is mainly due to parathyroid gland fail to mobilize the calcium from bone during the parturition. High calcium 
diet before also responsible because parathyroid become less active due to prolonged high calcium dietary supply. The 
occurrence of hypocalcaemia (milk fever) in the field usually ranges from 0–10 per cent, but it may exceed 25 per cent 
of the cows during calving. Age increases the incidence of milk fever by approximately 9 per cent per lactation. The low 
calcium level in blood accompanied by low blood phosphorus level and high, potassium and magnesium level in blood. 

Blood calcium level in cattle and buffalo during milk fever: 
Normal lactating animal:   8.4-10.2 mg/dl 
At calving:     6.8-8.6 mg/dl 
Slight milk fever:    4.9-7.5 mg/dl 
Moderate milk fever:    4.2-6.8mg/dl 
Severe milk fever:     3.5-5.7 mg/dl 

Milk Fever Prevention 
There are two concepts to prevent hypocalcemia just after calving, one is to give a low level of calcium diet during last 
few weeks of pregnancy it increases the parathyroid hormone (PTH) level in blood which mobilise the calcium from bone 
and helps in the synthesis of vitamin D which is responsible for more absorption of calcium from the intestine and less 
excretion from kidney, the Second one is fed negative DCAD diet before calving it make the blood pH acidic and mobilizes 
Buffers including Ca phosphate and bicarbonate from bone and improve Ca homeostasis.  Approximately 90 gram per day 
anionic mixture is recommended before 3 weeks of calving to animals. Daily intake of Ca in diet before calving is 150 
g/day, Calcium concentration ranges  1.1 -15 per cent of dry matter with DCAD of approximately 15 mEq/100 g DM. Mg 
and P also play an important role in Ca homeostasis. Mg has a role for the release of parathyroid hormone and in the 
synthesis of 1,25 (OH)2D3 hormone. In hypomagnesaemic animals, bone and kidney are less responsive to parathyroid 
hormone.  Phosphorus also has a role in the genesis of milk fever, as increasing concentration of phosphorus increasing 
incidence of milk fever. In animals, a prepartum diet high in Phosphorus can harm Calcium homeostasis. More recently, 
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the significance of the dietary cation-anion difference (DCAD) in the prevention of hypocalcemia has been noticed. A 
negative DCAD diet before calving can minimize the risk of milk fever. 

Conclusion 
The proper nutrition before the calving has a significant role in controlling the various metabolic diseases in transition 
animals. Through the prevention of metabolic diseases in animals, we can improve the productivity of animals and farm 
economics. 
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Introduction 
After the introduction of Green Revolution in India, no doubt that country has observed an increased in production of 
various field crops, horticulture crops,  fodder crops, cash crops etc. but side by side due to lack of awareness or concern 
regarding soil and fertility and injudicious use of fertilizers in long run, led to the decrease in fertility of soil. The 
continuous use of chemical fertilizer and less use of organic matter, not only decreases the organic carbon content but 
also disturbs the carbon-nitrogen ratio which affects the microbial activity and their decomposition rate in soil which 
later affect the soil nutrient availability and nutrient uptake results in decrease in production of crops, and adds costs 
to the farmer. In India organic cultural practices are studies and carried out from ancient Vedic period. In Rishi-Krishi, 
various “Fermented Soil Recipes” are described along with their composition and preparation methods. Even now 
government also had taken initiatives and scientists from different agriculture universities are also showing interests and 
researches are also carried out by using organic or Integrated Nutrient Management practices along with these fermented 
soil recipes at different concentrations. Most popular fermented soil recipes among farmers are Panchagavya, Jeevamrut 
and Amritpani. 

Ingredients and Flow Chart Preparation of Panchagavya 
Ingredients Quantity 

Cow ghee 1kg 

milk 2L 

Curd 2kg 

Dung 1kg 

Urine 1L 

Coconut 1 fruit 

Banana 1 dozen 

Sugarcane Juice 2L 

Jaggery 2kg 

For soil drenching the 5L is diluted in 100 L of water. 

Preparation of Panchagavya 
Step1: Fresh cow dung and ghee are added and thoroughly mixed. 

Step2: Incubate the mixture for 2 days. 

Step3: after that cow urine is added. 

Step4: Stir the mixture properly twice a day for one week. 

Step5: After one week add jaggery and sugarcane juice in it 

Step6: Stir the mixture properly twice a day for 3 weeks 

Step7: After 3 weeks Panchagavya is ready for soil drenching. 

Ingredients and Flow Chart Preparation of Jeevamrut 
Ingredients Quantity 

Cow Dung 1kg 

Urine 1L 

Pulse floor 2kg 

Jaggery 2kg 

Live Soil 1kg 
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Water 200L 

For soil drenching the 5L is diluted in 100 L of water. 

Preparation of Jeevamrut 
Step1: Fresh cow dung and ghee are added and thoroughly mixed. 

Step2: After that Pulse floor, Jaggery and Live Soil which is collected from near the root zone of banyan tree is added 
in water. 

Step3: Stir the mixture properly and regularly twice a day. 

Step4: On fifth day, filter the solution with any piece of cloth and solution is ready for soil drenching. 

Ingredients and Flow Chart Preparation of Amritpani 
Ingredients Quantity 

Cow Ghee 250g 

Dung 10kg 

Honey 500g 

Water 200L 

For soil drenching the 5L is diluted in 100 L of water. 

Preparation of Amritpani 
Step1: Prepare a mixture of Cow Ghee and Honey, kept aside. 

Step2: Make a mixture of Cow Dung in Water along with already prepared mixture of Cow ghee and Honey.  

Step3: Stir the mixture properly and regularly twice a day. 

Step4: On fifth day, filter the solution with any piece of cloth and solution is ready for soil drenching. 

Advantages of Fermented Soil Recipes’ 
1. These fermented organic liquids can be applied as soil drenching as well as foliar spray at different concentrations. 
2. It increases microbial biomass and microbial activity in soil. 
3. It helps in increases the organic carbon content by accelerating the microbial degradation and decomposition which 
is due to increased microbial biomass. 
4. It helps in maintain C:N ratio. 
5. It helps in increasing the various enzymatic activities like Urease, Dehydrogenase and Phosphatase in soil. 
6. It increases the nutrient uptake by making them available in soil which was resulted due to increase breakdown of 
complexes in soil. 
7. Activity of microbes like lactic acid bacteria, yeasts, actinomycetes etc also supplies various plant growth promoters 
like auxins, cytokinin and Gibberellic acids which helps in enhancing various growth parameters like plant height, root 
length, plant biomass, yield etc. 
8. It increases the growth of shoot, lateral branches, number of flowers, fruit number, fruit yield, fruit weight etc. 
9. It increases the availability of macro and micro nutrients in soil. 
10. It also enhances the fertilizer use efficiency and increases the nutrient uptake which later results in increase in fruit 
quality parameters like protein content, fruit shape index, TSS, Ascorbic acids etc. 
11. Raw material is easily available at farmers’ farm so the cost of preparation is very low which cuts the farmers extra 
cost input and increases benefit cost ratio especially for small and marginal farmers. 
12. Using fermented liquid manures along with manure/chemical fertilizers or Integrated method also increases their 
efficiency and results in good production. 
13. It also helps the plant to with stand in adverse condition and other environmental stresses. 

Constraints 
1. Lack of interest and awareness among farmers, till today farmers prefers chemical/conventional method over organic 
cultivation practices. 
2. Misconception among farmers of low production regarding manures and organic management practices. 
3. It is time consuming as it requires 20-25 days minimum for complete preparation of liquid formulations and on other 
hand chemicals are ready made and easy to use. 
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Conclusion 
In order to maintain soil health and enhancement in productivity of land, these organic management activities and 
formulations not only boosts soil conditions and soil ecological viability but also helps farmers, especially small and 
marginal farmers in cutting down their cost of cultivation and increases the overall benefit by increasing quality and 
quantity production as compare to conventional farming practices which results in increasing farmers income from 
his/her unit area cultivation. 
  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
255 

Impact of Alpha Cypermethrin on Non-Target Aquatic Fauna: A Short Note 
Article ID: 30098 

Nandini Pal1, Shamik Dey2 
1&2Post Graduate Department of Zoology, Bidhannagar College, EB-2, Sector-1, Salt Lake City, Kolkata and 

Department of Agricultural Entomology, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West 
Bengal. 

 

Summary of the Article 
Alpha Cypermethrin is a synthetic pyrethroid insecticide widely used in agriculture to curb the insect pest problem. But 
due to having its adverse impact on diverse aquatic fauna and leads to tremendous declination of aquatic biodiversity, 
appropriate measurement should be taken in respect to its application in agricultural field to maintenance the 
biodiversity and conserve the aquatic faunal community. 

Introduction 
Alpha cypermethrin is a synthetic pyrethroid, which is synthesized from naturally occurring pyrethrum flower 
(Chrysanthemum cinerariaefolium), mainly composed of two active compounds viz. Pyrethrin I and Pyrethrin II. The 
insecticidal property of pyrethrin is acquired from Ketoalcoholic ester of Chrysanthemic acid and Pyrethroic acid. These 
acids are strongly lipophilic in nature and easily penetrate many insect pests and paralysed their nervous system (Bacci 
et al., 1987). This synthetic insecticide used globally in rice field to manage the  Yellow stem borer and Leaf folder, 
bringal fruit and shoot borer (BFSB), cotton boll worm, diamond back moth (DBM), okra fruit borer, sugarcane early shoot 
borer, bihar hairy caterpillar of sunflower (BHC). 
Day by day farmers are solely dependent on enormous application of different types of chemical fertilizer and pesticides 
for huge production of crops and vegetables. Many non-target beneficial organisms (vertebrates and invertebrates) like 
fishes, crabs, snails, shrimps, bees, butterfly etc are severely affected by the indiscriminate use of pesticides (Magare, 
1993). This chemical fertilizer and pesticides are reported as extremely toxic to aquatic and terrestrial life. The alpha 
cypermethrin strongly affects in aquatic organisms due to its potential piscicidic nature, may cause long and short-term 
adverse effects in the whole aquatic environment. 

Mode of Action of Alpha Cypermethrin 
1. Alpha cypermethrin mainly acts on the nervous system in invertebrate and vertebrate organisms and it also acts on 
stomach and contact poison (Jin and Webster, 1998). 
2. Alpha cypermethrin acts on pre-synaptic neurons of the nervous system of organisms where it inhibits the transmission 
of nerve impulses through the axon by blocking the passage of sodium ions across the channels in nerve fibres (Yordanova 
et al., 2009). 
3. Alpha cypermethrin prohibit ATPase enzymes which is involving the movement of ions against a concentration gradient 
which are regulated by active transport. 

Effect of Alpha Cypermethrin on Aquatic Fauna 
Indiscriminate use of Alpha Cypermethrin in agricultural field leads to obstruct the aquatic life and create an imbalance 
in aquatic biodiversity.  
1. Effect on Bellamya bengalensis: Bellamya bengalensis is a species of fresh water snail, aquatic gastropod molluscs 
in the family Viviparidae, commonly found in lowland water body, stagnant water, pond, marches, wetland, and rice 
fields. Its distribution is mainly confined within the tropical country like India, Nepal, Srilanka, Pakistan, and Bangladesh. 
B. bengalensis is very popular due to having high nutritive value, carry vast amount of protein (17.20%), carbohydrate 
(13.12%) and lipid (4.83%)  and high medicinal value which can be utilized in maintenance of shape of cells, cell adhesion, 
cells replication, cellular communication, immune response, catalysis of metabolisms of human being (Khalua and 
Tripathya, 2014).   
The acute and chronic effects of alpha cypermethrin to Bellamya bengalensis are very high and lead to different 
morphological and physiological change. Due to exposure acute toxicity modification takes place in their natural 
behavioural response like mucus secretion, avoidance reaction and floating behaviour and impact of chronic toxicity is 
reflected by the cell adhesion, cell aggregation  and haemocytic morphology of Bellamya bengalensis (Pal and Bej, 2019). 

2. Effect on Branchiura sowerbyi: Branchiura sowerbyi is a benthic, aquatic oligochaete worm (Class: Oligochaeta; 
Family: Tubificidae), considered as an important live food material to freshwater intensive aquaculture throughout the 
world because of its high caloric value. 
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This oigochaete worm is very susceptible to Cypermethrin toxicity and due to continuous exposure to Alpha cypermethrin; 
abnormality in clamping tendency, reduction in movement and excessive mucus secretion with high wrinkling tendency 
can be observed (Bej et al., 2015; Sarkar and Saha, 2017).  

3. Effect on Lebio rohita: Common edible carp (Lebio rohita), a well-known popular aquatic fauna which is consumed 
throughout the globe due to having high nutritive food value especially rich in  protein and also having high economic 
value. 
Cypermethrin, being a potential piscicide adversely affect the behavioural patterns, impede the production of energy 
by curbing the procedure of ATP synthesis, and convert the aerobic respiration towards the anaerobic pathway (Tiwari 
et al., 2011).  

4. Effect on Oreochromis niloticus: The Nile tilapia, Oreochromis niloticus (Class- Actinopterygii, Family- Cichlidae) is 
a species of tilapia, very popular fish food having high amounted of protein, nutrients and essential fatty acids specially 
omega -3 fatty acids. 
Like other aquatic fauna, deadly impact of cypermethrin can be reflected in the population of Nile tilapia. The acute 
toxicity is recognized by changing the different morphological and physiological behaviours including gill flailing, loss of 
buoyancy, development of hyper activity and inability to remain upright (Edwards et al., 1986). 

Concluding Remarks 
Alpha cypermethrin is a very promising insecticide which is used in agricultural field for minimizing the insect pest 
population due to its very good knock down property. Besides it is consider as a potential piscicide, keeping this view in 
mind we must focus on the judicious application of the toxic chemical in agricultural field as well as in environment for 
the sake of conservation, protection and maintenance of aquatic diversity for achieving the stable and healthy 
environment for long term perspective. 
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Introduction 
Buckwheat or black wheat is a natural food with many nutritional benefits and excellent health properties. Although 
wheat is probably one of the most consumed cereals for centuries, right from the time when humans began to grow 
plants and began using agriculture for a living to feed and survive, it is possible to meet what is known as nutritionally 
as pseudocereals. It consists of broad-leaf plants that do not belong to the family of cereals, but nevertheless called 
because its uses and properties are actually very similar to these. Although it is not a cereal conceived in itself, 
buckwheat can be considered in fact as such, mainly because it resembles in its nutritional values. It is also popularly 
known by the names of black wheat or buckwheat. Color in black wheat is due to anthocyanins (140 ppm) that develop 
naturally in the field at the time of grain filling. Anthocyanins are the naturally occurring antioxidants that give wheat 
goodness of fruits like blueberries and jamun and come under the list of healthy nutraceuticals. According to RDA for 
Indians (2010) the anthocyanins are anti-oxidants that prevent oxidative damage and help in delaying ageing, reducing 
cancer, cardiovascular diseases, diabetes and other disorders. Epidemiological studies suggest that the increased 
consumption of anthocyanins lowers the risk of Type 2 diabetes mellitus (Guo and Ling, 2015). Healthy whole black wheat 
is rich in anthocyanins, proteins, dietary fiber, vitamins and minerals. It has higher iron and zinc than normal wheat. 
Black wheat is a healthier product for children and adults. 

Black Wheat or Buckwheat Nutritional Benefits 
The black wheat or buckwheat is a very rich delicious food from a nutritional point of view. Particularly remarkable for 
providing the following essential nutrients: 
1. Unsaturated fatty acids: Nutritionally speaking ideals lipids to be useful in the prevention of cardiovascular diseases. 

2. Vitamins: Especially B vitamins, among which we can mention the B1, B2, B3, B5, B6 and B9 (or folic acid). 

3. Minerals: Especially selenium, magnesium, manganese, zinc, calcium, iron, copper, potassium and phosphorus. 

4. Fiber: 100 grams of black wheat provide 10 grams fiber. 
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5. Essential amino acids: The black wheat or buckwheat provides all the essential amino acids. 

In addition, it is a pseudocereal that contains no gluten, so it becomes a natural food ideal for those who have celiac 
disease and, ultimately, are intolerant to gluten. As regards its nutritional information, we must bear in mind that 100 
grams of black wheat also provide 13 grams protein, 3.40 grams fat, 71 grams carbohydrates and 10 grams fiber. 

Health Benefits 
1. Reduces obesity: Black wheat bread (Roti) is also helpful in reducing weight and eating black wheat bread (Roti) 
helps to stay fit. Actually, eating black bread (Roti) does not cause hunger and in this case, we eat less food and due to 
which we are saved from overeating. Lack of over-eating causes weight loss. 

2. Diabetes is controlled: If the diabetic patients eat black wheat bread (Roti), the sugar level in their blood is correct 
and diabetes is controlled. Apart from this, people who eat this bread (Roti) daily are very less at risk of getting diabetes 
and they are protected from this disease. 

3. Low blood pressure: Black wheat bread (Roti) proves to be effective for high blood pressure patients as well and 
eating it reduces high blood pressure. Therefore, it is said that if blood pressure patients eat these bread (Roti) every 
day, then their blood pressure does not increase and they get relief from high blood pressure disease. 

4. Reduce stress: In today's time, almost every person is more or less suffering from stress. While medications left severe 
side effects in the body, black wheat has brought a ray of hope to end this terrible disease. 

5. Cholesterol level does not increase: Several researches on black wheat bread (Roti) have proved that eating it does 
not increase cholesterol level and keeps the heart-healthy. People who consume this bread (Roti) every day, their levels 
of bad cholesterol in the body start decreasing and the level of good cholesterol starts increasing. Actually, unsaturated 
fatty acids are found inside this bread (Roti) and unsaturated fatty acids are healthy for the heart. 

6. Removes constipation: Black wheat bread (Roti) is considered beneficial for the digestive system and eating black 
bread (Roti) cures many diseases related to the digestive system. Not only this, people who have more complaints of 
constipation, if they eat black bread (Roti), then you give get relief and the stomach remains clean. Therefore, people 
suffering from constipation problem should include black bread (Roti) in their diet and eat this roti daily. 
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India is second largest producer of fruits and vegetables in the world. The total area under horticulture in India is 25870 
thousand hectare and total production is 314671 thousand MT (Anon, 2018-19). India is largest producer of mango, 
banana, coconut, cashew, papaya, pomegranate and ranks first in productivity of grapes, banana, cassava, peas, papaya 
etc. India is largest producer and exporter of spices. Hence, adaption of mechanisation in Indian horticulture for seeding, 
transplanting, weeding, spraying and harvesting will enhance the production, productivity and quality of horticulture 
produce.  

There are two types of mechanization. The first type is industrial automation and second type is high-tech 
mechanization. Industrial Automation replaces human activity and it is purely mechanical system, not contain many 
sensors and intelligence. Robotics or high-tech mechanization is re-programmable, uses many sensors and contains a 
considerable amount of intelligence (E.J. van Henten, 2006). 

Driving Forces for Mechanization in Horticulture 
1. Increase in area and production of horticulture,  
2. Labour costs are increasing 
3. Availability of skilled labour is reducing 
4. To improve the product quality, 
5. To meet the food safety characteristics 
6. Increasing competition in the national and international market. 
7. Reduce crop losses by harvesting at proper time 
8. Skill availability when it is needed 

The machines used in horticulture for various operations are manure spreader, centrifugal fertilizer spreader, plastic 
mulch and drip line laying machine, pit hole digger or auger, trencher, seed drill or planter, seedling transplanter, power 
weeder, air blast sprayer or mist bower, pruner and harvesters. 

Manure Spreader 
Manure spreader or Muck spreader or Honey wagon is a machine used to spread manure over a field. It consists of a 
trailer towed behind a tractor with a rotating mechanism driven by the tractor's power take off (PTO). In recent years 
hydraulic and power take off (PTO) driven units are developed to offer variable application rates. Several models are 
also designed with removable rotating mechanisms (beaters) and attachable side extensions. 

Centrifugal Fertilizer Spreader 
Broadcast seeder or Broadcast spreader or Centrifugal fertilizer spreader is commonly used for spreading seed, fertilizer 
and sand. The small one is operating via hand cranking with a hopper of several litres. A bit larger are push units with 
the spinning disk powered by gearing to the wheels. The larger one is towed behind a garden tractor and ideal for 
landscape and small property maintenance. The broadcast seeders that are mounted to a three-point hitch of tractor 
are powered by a power take-off (P.T.O.) shaft from the tractor. 

Plastic Mulch and Drip Line Laying Machine 
The functions of plastic mulch and drip line laying machine are bed preparation, mulch film laying, hole punching and 
drip pipes laying. 

Pit Hole Digger or Auger 
An auger is a drilling device that usually includes a rotating helical screw blade. The rotation of the blade causes the 
material to move out of the hole being drilled. The auger can be operating manually or powered by an electric motor or 
internal-combustion engine or attached to a tractor. Mainly used for fruit orchard establishment and in garden planting. 
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Trencher 
Trencher is used to dig trenches, especially for laying pipes and for establishing drainage. Trenchers vary in size from 
walk-behind models to attachments for a tractor. A tractor mount trencher needs a creeping gear tractor to operate. 
The tractor should be able to go as slowly as the trencher's trenching speed. 

Seeding 
Seeding is used to sow the seeds and it consists of tray washer, tray de-stacker, tray filling machine, seeding machine, 
watering machine and tray stacking machine. 

Seed Drill or Planter 
The drill that handle larger seeds are called planters and one that handle smaller seeds called seed drills or grain drills 
or seeders. The seed drill sows the seeds at equal distance with proper depth, ensuring that the seeds get covered with 
soil and are saved from being eaten by birds. 

Seedling Transplanter 
Transplanter is used for transplanting the seedlings to the field. It reduces the time taken to transplant the seedlings 
compared to manual transplanting, thus allowing more time for harvesting. 

Power Weeder 
Rotary power weeder consists of high-speed motors, tiling depth ranges from 10-15cm. The blade helps in cutting of 
weeds and mulching of soil. 

Air Blast Sprayer or Mist Bower 
These sprayers can be trailed by tractors. Air Blast technology is used in these sprayers to provide sufficient air output 
to produce mist of fine droplets of prepared chemicals. 

Pruner 
Pruners are used in high density orchards of fruit crops for pruning of unproductive, diseased, damaged and overcrowded 
shoots. Use of pruners will help in labour cost reduction, efficient pest and disease management, large amount of area 
can be pruned in short time and high cost benefit ratio as compared to manual pruning. 

Criteria for Mechanical Harvesting of Fruits 
Mechanical harvesting of fruits occurs when plant characteristics and machine designs are integrated in to a compatible 
system. The uniform fruit maturity, firm fruit and compact growth habit of plants are the cultivar characteristics that 
facilitate machine harvesting (Peterson, 2005). The harvest rates of tree with compatible training systems for machine 
harvesting is two to three times higher than harvest rates of tree with incompatible tree training systems (Peterson et. 
al., 2003). 

Mechanical Harvester 
Mechanical harvesting methods are limb shaking, air blasting, canopy shaking and trunk shaking. 

Limb Shaker 
Limb shaker have the lower removal rate in earlier and mid of harvesting season. The main disadvantage is the fruit 
damage due to fall, foliage and immature fruit removal. 

Air Blast 
The fruits are harvested by applying force generated by air blast. Fruit removal was maximized by the oscillation rate. 
The performance was dependent on factors like tree structure, size and weight of fruits. 

Canopy Shaker 
Manual workers are needed to collect the fruits after the harvest. Shaking frequency and stroke are important factors in 
the performance of this type of harvester. 

Trunk Shaker 
Trunk shaker was used to remove deciduous fruits and nuts but difficult to apply this technique on citrus fruit removal. 
Defoliation was high at high shaking frequency and bark damage will be there. 
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Conclusion 
The adaption of mechanisation in Indian horticulture for various operations viz. seeding, transplanting, weeding, spraying 
and harvesting will reduce the time taken for actual operation. Mechanization creates the need for new approaches to 
cultural practices, necessitates the development of new varieties adapted to once-over machine harvesting and demands 
a product with different handling and processing qualities (Poole, 1968). 
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Introduction 
Soil organic matter consists of decomposed plant and animal residues. In addition, they contain living and dead microbial 
cells, microbially synthesized compounds and a number of derivatives produced as a result of microbial activity. It is the 
store house of all the essential plant nutrients. 

Origin of Soil Organic Matter 
Soil organic matter originates from the plant tissue. Leaves and roots of trees, shrubs, grasses and other plants etc 
usually supply large quantities of organic materials to the soil. These plant constituents form the primary material both 
for the food of the soil organisms and for the production of soil organic matter. 
Animals are generally considered as secondary sources of soil organic matter. As they breakdown the original plant 
tissues, they contribute waste products and leave their own bodies after death. Certain forms of animal life, particularly 
earthworm, centipedes, insects and ants also play an important role in the turnover of plant residues. 

Ways and Means to Improve the Soil Organic Matter Status 
1. Application of any one of the organic manures such as FYM, compost, nontoxic industrial wastes like press mud, 
composted coir pith for every cropping season will improve the soil organic matter status. 
2. In the cropping system, inclusion of green manure for at least one season will increase the organic matter build up. 
3. Application of organic residues with narrow C:N ratio may increase the population and activities of soil microbes which 
play a significant role in the decomposition and build-up of organic matter. 

Role of Organic Matter on Soil Fertility and Productivity 
The importance of soil organic matter in relation to soil fertility and physical condition is widely recognized.  However, 
organic matter contributes to the fertility or productivity of the soil through its positive effects on the physical, chemical 
and biological properties of the soil. 
The role of organic matter in maintaining soil fertility and productivity are discussed hereunder. 
1. Physical properties: 

a. Organic matter binds the soil particles and form soil aggregates. These aggregates help to maintain porous, 
open and granular condition. Hence, organic matter has a profound effect on the improvement of soil structure 
and maintains favourable condition of aeration and permeability. 
b. Due to presence of adequate amount of organic matter in soil, the colour will be brown to dark brown or 
black. 
c. The rate of infiltration and percolation of water is enhanced by the application of organic matter in the soil. 
Drainage condition of soils can also be improved with the addition of organic matter. 
d. The amount of available water in sandy and loamy soil increases with the application of organic matter. 
e. Organic matter reduces plasticity, cohesion, stickiness etc. in soils containing appreciable amount of clay. 
f. Organic matter affects the bulk density of soil which inturn influences the soil porosity favourably. 
g. The presence of coarse organic matter on the soil surface provides mulching and thereby lower soil 
temperature during summer season and keep the soil warmer in winter season.  It also acts as an insulator, 
retarding heat movement between the atmosphere and the soil. 

2. Chemical properties: 
a. Organic matter has two to thirty times more cation exchange capacity than that of mineral soil colloids.  
b. Organic matter also acts as a buffering agent.  Due to such buffering effect, it reduces the likelihood of 
damage to plant roots from excessive acids, alkalies or salts and maintains soil pH. 
c. Organic matter has solubilizing effect on some mineral compounds present in the soil. The simplest form of 
action of organic substances on the mineral part of the soil is the dissolution of mineral compounds by the root 
exudates (CO2 and organic acids) and by various products derived from microbial activity which ultimately bring 
about the conversion of a chemical element into forms available to plants. 
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d. Organic matter is the source of 90-95 per cent of the Nitrogen in unfertilized soils. It also supplies available 
P, S and some other micronutrients like Fe, Mn, Zn and Cu etc. to the soil and thereby increases the nutrient 
regime and improves the soil health. 
e. Organic matter acts as a chelate. A chelate in any organic compound that can bind to a metal (Fe, Mn, Zn, Cu 
etc.) by coordinate bond and form a ring or cyclic structures by that bonding. The soluble chelates probably help 
to mobilize these micronutrients, increasing their availability to plants and mobility in soils. 
f. Various organic substances like vitamins, antibiotics and growth-promoting substances namely auxin is 
produced by different microorganisms during decomposition of various organic matter. Auxins enhance the 
growth of plants by influencing seed germination, root growth etc. 

3. Biological properties: Organic matter serves as a source of energy for both macro and microorganisms and helps in 
performing various beneficial functions in soil (eg. N fixation, mineralization etc.). 

Conclusion 
For achieving maximum benefit, organic matter must be decomposed and continuously replenished with the addition of 
fresh organic materials to the soil. After the active decomposition, organic residues are collectively called humus . Most 
dominant micro-organisms are involved in the decomposition of organic matter namely, bacteria, fungi and 
actinomycetes.  Different soil enzymes produced by these microorganisms are directly responsible for the decomposition. 
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Introduction 
Ratoon cropping is generally growing a fresh crop from the stubbles or suckers of the plant crop without replanting. It is 
also referred as stubble cropping, re-harvesting or second crop. Ratoon cropping is generally used extensively in 
sugarcane, banana, plantains, pineapple and to a limited extent in rice. For getting benefits of ratoon cropping one 
needs to take proper care and maintenance of the follower crop which is most of the time neglected by faulty 
intercultural practices and ignorance of farmers. 

Ratooning in Banana 
1. In general ratooning is practised at least for two to three crop cycle including the main crop. 
2. For ratooning one healthy side sucker is allowed after the emergence of bunch and there by the duration of ratoon 
crop can be shorter up to at least 3-4 months as compared to the main crop. 
3. Ratooning should be avoided in areas of high nematode infestations or where severe incidence of pests like corm 
weevil, pesudostem borer and diseases like fusarium wilt, banana streak virus, banana bract mosaic virus is found. 

Advantages of Ratooning 
1. It is a cost-effective practice as it saves seed material and to some extent labour and inputs. 
2. It  also helps in improving agricultural productivity. 
3. It always makes efficient use of growing seasons and facilitates crop infestifaction.  
4. It can be used in breeding programme in order to maintain the same plant of a clone through several seasons. 

Disadvantages of Ratooning 
1. Since the sucker grow under the shade of the mother plant, they tend to grow more taller thus it becomes difficult in 
maintenance of the plants.   
2. This method cannot be used endlessly as the yield of the ratoon crop decreases after each cycle. 
3. Sometimes neglected cultivation makes ratoon crop more prone to diseases like fusarium wilt, bunchytop etc and also 
pests like rhizome weevil. 

Intercultural Operation for Banana Ratoon Crop Management in Banana 
1. Mattocking: 

a. After the harvest of bunch, the plant stem should be cut in stages at least after 30 to 45 days to facilitate 
mobilization of the nutrients from the mother to the developing ratoon plant.  
b. However, in recent years the incidence of pseudostem weevil and corn borers is more severe in places where 
the stump is allowed to remain after harvest of bunch. 
c. The proper treatment is to remove the entire old tree at the root and to chop it up so that the pieces may 
dry quickly and thus kill any borers within. 
d. This will also improve the grade of the succeeding crop of ratoon bananas and the ratoons will have a better 
hold on the ground and be more resistant to drought and hurricane. 

2. Desuckering: 
a. Removal of unwanted sucker is called desukering. 
b. They are to be periodically removed otherwise they compete with the mother plant for nutrients, resulting in 
lower bunch weight and yield.  
c. Desuckering serves three main purposes: 

i. Selecting the best follower suckers and preventing competition. 
ii. Conserving the homogeneity of  plant layout in the field. 
iii. Maintaining the same number of plants per hectare. 

 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
265 

Fig 1- Desuckering in banana 

Nutrient Management      
1. In general the nutrient requirement of banana grown from conventional suckers is 150-200:30-40:200-300g NPK per 
plant while tissue culture grown banana with its well-established root and shoot system and owing to its efficiency to 
yield heavy bunch requires 300:50:400g NPK per plant. 
2. The effects of proper fertilization of banana are increase of the crop yield by the improvement in weight of bunch, 
reduction in crop duration and by increasing the number of marketable good quality bunches per hectare.  
3. The fertilizers should be applied in basins dug around the plants at 45 cm,60cm and 75cm at 3rd, 5th and 7th month 
after planting. 
4. For banana if 25% nitrogen is applied in organic farm and remaining amount is applied through inorganic fertilizers 
that increases the yield.  
5. Application of 1 kilo neem cake as an inorganic nitrogen source for banana not only increases the yield and quality 
but also reduces the nematode problem considerably.  
6. Application of nitrogen at flowering and fruiting stage not only stops the leaf dropping but also increases the weight 
of the bunch. 

Fertigation 
1. In order to avoid loss of nutrients from conventional fertilizers i.e. loss of N through leaching, volatilization, 
evaporation and loss of P and K by fixation in the soil, application of water soluble or liquid fertilizers through fertigation 
is encouraged.  
2. The fertilizers may be supplied into the system either on daily basis or weekly basis and it may be stopped 10-15 days 
prior to harvest of bunches. 

Fig 2- Fertigation in banana 

Water Management 
1. Maintaining optimum moisture at all stages of growth is very critical and providing good drainage facility to drain out 
excess water from the root zone is equally important  to promote better growth and enhance the productivity.  
2. In general, irrigation of  the banana plantations every 3-4 days during  hot period and at 7-8 days interval during cool 
weather is recommended. 
3. In general flood, trench or drip irrigation is highly recommended.  
4. It is also estimated that for every one rupee invested on drip irrigation of banana there will be additional income of 
seven rupees. 
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Weed Management 
1. The luxurious weed growth in any banana fields will reduce the yield by way of reduction of bunch weight, grade of 
bunches, etc.  
2. Hence in banana plantations, periodical weeding  must be taken up to have a clean cultivation. 

Mulching 
1. Mulching is useful in conserving the soil moisture. It has been proved that mulching increases the number of feeder 
roots. 
2. It also improves the nutrient and water use efficiency suppression of weed growth.  
3. Enhances the banana yield by 30-40%. 

Trimming of Leaves and Care of Banana Bunches 
1. Leaf trimming is an important operation for controlling certain leaf diseases and for promoting light penetration.  
2. Leaf removal may be done throughout the growing season. By keeping the plantation clean, lighter and heat are 
available for promoting plant growth. 

Propping of Plants 
1. Banana must be protected from strong winds by planting  windbreak with tall trees on the windward side. 
2. Bamboo poles are given as support to the  bunches to avoid uprooting of plants or specially designed poly urethane 
ropes are tied to a peg and supported from one plant to another. 

Fig 3- Propping in banana 

Earthing Up 
Earthing up should be done during the rainy season to provide drainage, and to avoid waterlogging at the base. This will 
also help prevent Banana plants from falling due to severe wind. 

Conclusion 
The banana crop cycle comprises of 3 crops in 2 years i.e. main crop of about 12 months duration 2nd and 3rd crops at 18 
and 24th month respectively (ratoon). If we consider the cost of cultivation for main crop per acre is about 90,000 and 
2nd and 3rd crop @Rs.40,000 each. Expected return from all the three crops is about Rs. 3.6 Lakhs. So, by deducting all 
these, the total profit out of all the three crops will be about Rs.1.90 lakhs which will be act as a boon to strengthen 
economic condition of farmers. 
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Introduction 
Phosphate Solubilizing Bacteria (PSB) are beneficial bacteria capable of solubilizing inorganic phosphorous from insoluble 
compounds. P- solublization ability of rhizosphere micro-organisms is considered to be one of the most important traits 
associated with plant phosphate nutrition. It is generally accepted that the mechanism of mineral phosphate 
solubilization by PSB strains is associated with the release of molecular weight organic acid, through which their hydroxyl 
and carboxyl group chelate the cations bound to phosphate, thereby converting it into soluble forms. 

Ratooning in Banana 
Soil was collected from rice field and was put it into plastic bag and brought to laboratory for isolation of bacteria from 
it. 
1. Serial dilution of soil sample about 1 gm of composite soil was taken from plastic bag & soil was diluted to 10ml water 
in a test tube as stock solution.  
2. Remaining 9 test tubes filled with 9 ml of water.  
3. Transferring of 1 ml of water from the stock solution to 9 ml of sterilized distilled water with the help of pipettes  
yielded 10-1 dilutions and the series continued up to 10-9 dilutions.  
4. Sterility is the hallmark of any bacteriological isolation so the entire process was carried in the laminar air flow. 
 

Bacterial Colony Identification and External Morphology Study 
1. Using spread plate technique the bacterial colony identification was studied for which NA media was prepared. 
2. NA media was autoclaved & poured in four petriplates which were sterilized by autoclave.  
3. Then 0.1ml of culture was transferred from each serially diluted test tube & spread on petriplates. Then petriplates 
were incubated for 37°C for 24 hours. 

Preparation of Media of PSB as Starter Culture 
1. The bacterial strains were transferred from pure culture to the liquid broth which was production media and starter 
culture for growth of cells.  
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2. In PSB both Bacillus and Pseudomonas strains were grown in pikovaskyas production media. 
3. Thus  a  100ml  of conical  flasks were  taken  & PVK media was  prepared after  ph  adjustments  and  autoclaved.  
4. Then inside  the  laminar  airflow  the  pure  cultures marked  in the  pure culture  slants  were transferred  to  the  
PVK  production  media conical flasks  by  the  help  of  sterilized  inoculatinon loop.  
5. Then  the  conical  flasks were  put  in  the  rotary  B.O.D  shaker  for  1 week or  7  days. The  viable  cell  counts  in  
the production  media  or  the  liquid  broth  was found  to  come  up  to  109  cfu/ml.  
6. Then  for the  mass  production  of  PSB  bio-fertilizer  the inoculums  from these  starter  cultures  were transferred 
to larger flasks. 

Mass Production of PSB and Preparation of Inoculum 
1. The Phosphate solubilising bacterial strains in the starter cultures were needed to be grown in large scale for which  
their mass production was required. 
2. So larger conical flasks of 1000 ml were taken and then again starter cultures were transferred to these larger conical 
flaks containing the appropriate growth media in aseptic conditions for small scale production and for large scale 
production again 1 liter of the starter cultures were put into the fermenter.  
3. Finally continuous agitation and proper aeration was done for about 1 week. The flasks were checked for time to time 
for the growth of the cell mass and that they were free of any contamination.  
4. After 1 week the cell population increased up to 109 cells/ml or 109 cfu/ml load in the larger conical flasks.  
5. Then the conical flasks were stored in cool temperatures so that they can be mixed with proper carrier materials. 
6. Moreover it is not advisable to keep the conical flasks for long time in storage because of the loss of cell load. 
 

Preparation of Inoculum with Carrier Material (Mixing)      
1. The mass-produced bacterial cell cultures of both Bacillus spp. and Pseudomonas spp. were taken out of storage and 
then the cell cultures were mixed with the sterilized carrier materials in individual beakers.  
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2. The mixing of the carrier materials and the production media were in the ratio 2:1 where 1 part of production media 
was mixed with 2 parts of carrier material or in other words 30:60 ratio of both.  
3. It was done manually and under aseptic conditions.  
4. The cell count of that carrier mixed culture was found to be 108 CFU/gm.  
5. The bio-fertilizers were packed in polythene bags which are advised to be of 250 gm.  
6. Then the packets were left in room temperature for curing. 

 

Storage and Packing 
The polythene packets containing bio-fertilizers were stored in cool place away from direct sunlight.  
The bio-fertilizers were then sent to the hilly  regions  for application on the proper fields of bio-fertilizer plots. 

Halozone formation of PSB Bacteria 

Advantages 
1. The effective strain of Phosphate Solubilized Bacteria used, increase the level of available P2O5 in the soil.  
2. With the increase in available P2O5 level, overall plant growth can be increased.  
3. In certain condition they also exhibit anti-fungal activities and thereby fungal diseases may be controlled indirectly.  
4. About 10 to 15% increase of crop yield can be achieved with the use of this culture. 

Doses 
1. Seed Treatment (for One Acre) : 250 Gms. / 10 Kg.  
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2. Seeds Seedling Treatment (for One Acre) : 250 Gms. 

Packing 
250 Gms. / 1.0 Kg. / 25 Kg. 
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Introduction 
The Green Revolution with its emphasis on high yielding variety seeds, fertilizers, pesticides and better methods of 
farming, swept like a wave into the Indian countryside. It has us from being deficient in food grains to being self-
sufficient. But the increase in agricultural yield has to keep increasing with the growing population. To remain self-
sufficient in food grains, we need another green revolution, or rather, a greener, revolution. Innovative agro practices 
need be adopted towards transformation of Indian agriculture Plasticulture is one of the innovative application of plastics 
it is the combination of two words, plastics and agriculture. Per capita consumption of plastic (2015) in India is 9.7 
kg/person which is far below world average of 45 kg/person. So, the application of plastics in agriculture makes huge 
opportunity of modernizing Indian agriculture. It is defined as the use of plastics in plant and animal agriculture. 
Plasticulture is the use of plastics in agriculture, horticulture, water-management, food grains storage and related areas. 
Many kinds of plastics materials and end products are deployed in plasticulture applications - for water conservation, 
irrigation efficiency, crop and environment protection, as well as end product storage and transportation. 

Plasticulture applications have become the most important indirect agriculture input which results in moisture 
conservation, water saving, reduction in fertilizer consumption, helps in precise application is economically viable, plant 
protection by the use of nets and use of innovative packaging solutions help in increasing shelf-life and during collection, 
storage and transportation of fruits and vegetables. Plastics can play a major role in energy conservation. They require 
least energy in production and conversion to finished products. Plastics have definite advantages over conventional 
materials because it has several properties: Higher strength / weight ratio, Superior electrical properties, Superior 
thermal insulation properties, Excellent Corrosion resistance, Superior flexibility, Impermeability to water and water, 
Resistance to chemicals, Less friction due to smoother surface. 
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Major Plasticulture Technologies Applications Areas are as Follows 
Water management: 

 
1. Lining of canals, ponds & reservoirs with plastics 
film 

 
3. PVC & HDPE pipes used for water conveyance 

 
2. Drip & Sprinkler Irrigation 

 
4. Sub-surface Drainage 

Role of Plasticulture Technologies in Agriculture Production 
Polyhouse, Shade net structures low tunnel and mulching technology: Improved Polyhouse, shade net structure design 
and mulching techniques developed in this scheme have direct and indirect impact on overall agricultural production 
due to following advantages: 
1. Intensive cropping on small land area – higher productivity per unit of natural resources used (land and water)  
2. Less input requirement - more input use efficiency labour and soil solarization.  
3. Environment friendly - Excessive uses of inputs (fertilizers and pesticides) are avoided.  
4. High quality produce - free of pesticide residues for human consumption.  
5. Easy to relocate and dismantled in case of low tunnel with low cost of operation. 

Nursery Management 

Plastics Mulching Nursery bags, Pro-trays, Plastic plugs, Coco-pits, Hanging 
baskets, Trays etc. 
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Soil Solarisation 
 

 

Controlled Environment Agriculture 
1. Greenhouses 
2. Shade net houses 
3. Low tunnels 
4. Plant Protection nets 

Post-Harvest Management      
1. Plastics crates, bins, boxes, leno bags, unit packaging products etc 
2. Controlled Atmospheric Packaging(CAP) & Modified Atmospheric Packaging (MAP) 

Major Application of Controlled Environment Structures 
1. Offseason cultivation of vegetables crops, flowers and high value crops  
2. Nursery and seedling raising 
3. In the area of aquaculture 
 
Table: Yield performance of different crops under protected cultivation 

Crop Av. Yield in open 
condition (t/ha) 

Expected yield in poly 
house/ Net house (t/ha) 

Remark 

Tomato 40  70 About 1.5 times the yield 

Capsicum 20 40 About 2 times in yield 

Chilli 25 30 About 1.5 times in yield 

Bittergourd 20 30 About 1.5 times in yield 

Cucumber 20 45 About 2.5 times in yield 

Role of Plasticulture Technologies in Post-Harvest Management 
Plasticulture technologies have major role in area of 
postharvest management. Plastics properties described 
earlier made them best contender in post-harvest 
management from filed to the consumer basket. Major areas 
of plasticulture technologies application in post-harvest 
management are drying, short term storage and long-term 
storage, material handling and transportation of 
agricultural produce. 

1. Drying of agriculture produce. 
2. Storage and Packaging, transportation of agriculture 
produces. 

 

 

 Fig- Shrink wrapped 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
274 

Commodity Storage life 

Shrink wrapped Unwrapped 

Kinnow 27 13 

Tomato 19 10 

Capsicum 25 4 

Conclusion 
Plasticulture has been proved effective for enhancing Agricultural production all over the world. In India, it is gaining 
importance in area of for improving agriculture production and post-harvest management in preventing transportation 
and storage loss. Still, the real benefits of the plasticulture are not being realized at farmer’s level due to lack of 
information, standardized designs and package of practices, local level services, and availability of affordable 
technologies 
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Abstract 
Soil-based cultivation is presently confronting dire challenges to the lack of land availability, massive escalation rate of 
industrialization and intense urbanization. Land-related agriculture is at stake due to irrepressible climate vicissitudes, 
relentless soil degradation, unbefitting management practices and other adversative effects. The settings are further 
exacerbated by the increment in population with respect to diminutive land availability to cultivate. Hence, soilless 
media culture would make ways as an auspicious auxiliary in current pressing scenario. Proper management practices 
and technological advancements can utterly exploit the soilless substrates effectively and efficiently. Optimization of 
yield pertaining to incorporation of soilless media can also result in superior quality and growth performance in relevance 
to less agricultural inputs being consumed. 

Keywords: Soilless culture, burnt rice husk, peat moss, coir dust, perlite, vermiculite. 

Introduction 
Soilless agriculture offers a way to overcome the shortage of the normal amount of water needed to grow plants. 
Agriculture without soil, in fact, historically dates back to several hundred years BC since the civilization of ancient 
Egyptian, the Chinese and other cultures. The Aztecs started a method of suspended gardens based on hydroponics at 
Lake Tenochtitlan during the 10th and 11th centuries. 

There are various techniques of soilless agricultures have been recently used. Such techniques are including Hydroponics, 
Aquaponics, Aeroponics as well as agriculture using supportive mediators. The soilless agricultures can be accessed on 
various kinds of places such as balconies, roofs, greenhouses and lands unsuitable for cultivation. Such kinds of 
agriculture operate under control conditions in order to obtain higher productivity and higher incomes. Despite the rise 
within the constituent cost of soilless culture, however the massive quantity of production offset this value in an 
exceedingly short time. 

Types of Soilless Cultures 
1. Hydro agriculture (Hydroponics): Hydroponics (i.e., “water working”) is simply the growing of plants without soil. 
Plants don’t need soil, but they do need the vitamins and minerals that soil can provide for them. Plants also need light, 
water, carbon dioxide and oxygen at the root zone. In hydroponics, plants are grown in an inert medium such as rocks 
or coco coir fiber, and they are fed a solution containing a perfected mix of primary, secondary and micro-nutrients. 
Almost any kind of plant can be grown hydroponically, including veggies, herbs, fruits and flowers. Hydroponics is world 
widely used by farmers and growers. 
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2. Wick System: The wick system is the simplest of all types of hydroponic systems. That’s because traditionally it 
doesn’t have any moving parts, thus it doesn’t use any pumps or electricity. However, the wick is the connecting part 
between the potted plant and food solution in the existing reservoir. Because it doesn’t need electricity to work, it’s 
also quite useful in places where electricity can’t be uses, or is unreliable. 

3. Nutrient film technique (NFT): The nutrient film technique is recirculated design to run highly oxygenated dissolved 
nutrients continuously over the roots of plants through a set of channels, typically grown in baskets hanging in a PVC 
pipe. The solution is pumped from a holding tank, through irrigators at the top of every sloping pipe and the run-off from 
the bottom of the channels is returned to the tank. Thus, the nutrient solution is continuously recycled. It is possible to 
make the angle of the pipe smaller and add an overflow pipe similar to what’s in an off and flow system. This would 
serve to provide a reservoir of nutrients that would remain in the event of a power or pump failure. 

4. Water culture or deep-water culture (DWC): Water culture or deep-water culture is the straightforward form of 
hydroponics systems. Plants are floating by float platform on a bath of hydroponic nutrient solution. Oxygen is supplied 
by an air pump that runs continuously. A water culture system can easily be set up in glass basins, (fish ponds), plastic 
boxes, ice boxes, Concrete basins or in engraved basins covered with polypropylene sheets. Since the plants are floating 
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and continuously in contact with the nutrient solution, there is no risk of damage to plants in the event of a power 
outage or stop the air pump. The most convenient plants in this system are Lettuce, strawberries, and herbs grow 
particularly well in this system. 

5. Aeroponic systems: The aeroponics system is belong to closed soilless culture system is probably the most high-tech 
type of hydroponics system. In this system sealed root chambers used as reservoir for nutrient solution and the plants 
above the reservoir cover (polystyrene or other material) must be supported or hanged through holes in the expanded 
cover, hence the roots hang in the air under the reservoir cover and are misted with nutrient solution found in the 
reservoir by stressful pump to cover all area around the root with nutrient solution mist. The misting is usually done 
every few minutes around the hanged roots. Because the roots are exposed to the air, the roots will dry out rapidly if 
the misting cycles are interrupted. 

6. Substrate culture (Growth medium): Growth medium is the substitute for soil in soilless culture systems. In this 
system, a solid medium provides support for the plants. The functions of growth medium are to provide the roots with 
oxygen bring the water and dissolved nutrients in contact with roots via irrigation system through the media, allowed to 
run to waste to recirculate the solution through the system and to steady the plants as supportive mediators so that they 
do not fall over. 

Advantages of Soilless Cultures 
1. Production augmentation 
2. Water control 
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3. Monitor of plant nutrition 
4. Purge practices 
5. Monitor root surroundings 
6. Crop diversity  
7. Agriculture of land inappropriate 
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Introduction 
The lemon, Citrus limon (L.) Osbeck, is a species of small evergreen tree in the flowering plant family  Rutaceae, native 
to Asia. The tree's ellipsoidal yellow fruit is used for culinary and non-culinary purposes throughout the world, primarily 
for its juice, which has both culinary and cleaning uses. The pulp and rind (zest) are also used in cooking and baking. 
The juice of the lemon is about 5% to 6% citric acid, with a pH of around 2.2, giving it a sour taste. The distinctive sour 
taste of lemon juice makes it a key ingredient in drinks and foods such as lemonade and lemon meringue pie. 
Citrus canker is a significant bacterial disease impacting citrus crops around the world, including the US, Mexico, 
Argentina, Brazil, India and several other countries throughout Asia and the Middle East.  The bacterial pathogen is 
Xanthomonas axonopodis pv. citri, which was mainly restricted to Southeast Asia and India until the early part of the 
20th century.  
The pathogen is primarily dispersed by wind-driven rain, but also via contaminated clothing, equipment, tools, vehicles, 
etc. and the movement of plant materials.  Although eradication efforts in the past have occasionally shown some 
success, the significant spread of the pathogen and increase in the incidence of disease in certain areas has led to the 
use of management controls instead of eradication, including planting windbreaks, controlling Asian leaf miner, 
quarantines for fresh fruit and plant materials, planting resistant varieties, and use of copper sprays.  
There are significant economic impacts associated with citrus canker, including costs of eradication and management, 
loss of acreage devoted to citrus production, loss of markets for fresh fruit in certain quarantine situations, and increased 
packing costs due to quarantine regulations. 

Citrus canker is a bacterial disease that causes lesions on the leaves, stems, and fruit of plants including citrus and other 
plants in the citrus family. While not harmful to humans, the disease affects the health of infected citrus trees and the 
marketability of infected fruit. There is no cure for citrus canker. Prevention is the best option to protect against citrus 
canker. Canker causes the citrus tree to continually decline in health and fruit production until the tree produces no 
fruit at all. Citrus canker is highly contagious and can be spread rapidly by: 
1. Wind-driven rain 
2. Lawnmowers and other landscaping or farm equipment 
3. People carrying the infection on their hands, clothing or equipment 
4. Moving infected or exposed plants or plant parts (fruit, leaves or stems). 

Suitable Management Strategies 
Six-year-old, healthy acid lime plants variety Kagji Nembo were sprayed with Bordeaux Mixture ( 1 % ), Fytolon (3%), 
Streptocycline (200 ppm) , Bordeaux Mixture+ Streptocycline ( 1 % + 200 ppm) , Fytolon + Streptocycline ( 0.3% + 200 
ppm) . The Chemical were applied as aqous solution spray on the tree starting from July to December at 30 days interval. 
Total four sprays were given. Prior to spraying the disease incidence was recorded in four randomly selected branches 
of four direction and every application disease incidence was recorded  suspension with the help of spray machine with 
a pressure of 1.1 Kg cm-2.  

With four application of aqueous solution of Bordeaux mixture ( 1 Percent) amended with Streptocycline ( 200 ppm) the 
incidence of canker on leaves was minimum ( 4 percent) as compared to check where 39 percent infection was recorded. 
The found effective on the development in disease incidence was only 8 percent. The synergistic effect of antibiotic and 
fungicide was recorded in the field. There was a maximum development of the disease during July to September as in 
rainy season the discrimination of the bacterium was maximum as indicted by the infection of leaves 15 percent in July 
increased by 25 percent in September. 

Discussion 
Asiatic citrus canker induced by X. axonopodis pv. citri has re-emerged as potential threat to citrus plantation throughout 
the world (Gotwald et al., 2001). The citrus cultivars previously known to be resistant to this pathogen have now become 
susceptible. Once this disease becomes endemic in an area, it is very difficult to manage with commercially acceptable 
methods under favorable conditions for disease development (Das, 2003) one component of integrated disease 
management is the use of chemicals for bacterial plant pathogens. Worldwide use of copper based bactericides is 
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considered like Bordeaux mixture to be the standard control measure for citrus canker (Koizumi, 1985; Leite & Mohan, 
1990). Bordeaux mixture, Streptocycline and both combinations were application as multiple doses reduced the bacterial 
population on the leaf surfaces on the susceptible host (Stall et al., 1980). 

Conclusion 
With four applications of quos solution of copper sulphate preparation as Bordeaux mixture 1 percent amended with 
Streptecycline 200 ppm the incidence of citrus canker was recorded. The effect of chemical on the development and 
citrus canker incidence within the orchards was significant. 
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Introduction 
Global development raises new challenges, especially in the field of environmental protection. The demand for a 
country’s economic agricultural and industrial development outweighs the demand for a safe, pure & natural 
environment; therefore, it is the industrial, economic and agricultural developments are often linked to polluting 
environment. Controlled and uncontrolled disposal of waste, accidental and process spillage, mining and smelting of 
metalliferous ores, sewage sludge application to agricultural soils are responsible for the migration of contaminants into 
non-contaminated sites in the form of dust or leachates and contribute towards contamination of our ecosystem (Ghosh 
and Singh, 2005). A large number of traditional technologies have proven to be useful in cleaning up of contaminated 
soil and water. Phytoremediation is a cost-effective, eco friendly technology based on the use of plants to remove, 
metabolize, assimilate, or adsorb hazardous materials in soil (Wu et al., 2015). In this technique plants act as 
hyperaccumulators of heavy metal contanimants. Hyperaccumulators are those plant species which tend to actively take 
up exceedingly large amounts of heavy metals from the soil, and translocate them to shoots rather them retaining them 
in the roots and rhizosphere. In the shoots especially the leaf organs are harnessed as storage organs and accumulate at 
concentrations 100-1000 times more than the non-hyperaccumulating species without showing any symptoms of 
phytotoxicity (Rascioa and Izzo, 2011). Although several research work on phytoremediation technology is on progress 
but use of ornamental plants is still in nascent stage. 

Significance of Ornamental Plants in Phytoremediation 
Ornamental plants in addition to beautifying the surroundings possess significant role to remediate contaminant soil as 
well as water bodies. Such phytoremediation techniques have been found to be effective for Pb, Cr and Cd contaminated 
soils (Cui, Li, and Zhao 2010). Few research studies have elaborated the importance of ornamentals as one of the key 
non-edible producers in the food chain that cleanse the environment, maintain nutrient balance and accumulate heavy 
metals much efficiently than the contemporary edible hyperaccumulators (Ciu et al., 2013) Such novel characters make 
them fit for evaluation studies and many plant species have been exploited and evaluated (Taheri et al., 2014). The 
range of ornamentals included across the gymnosperms, angiosperms and pteridiophytes to bryophytes. Pulford and 
Watson (2003) reviewed about the utilization of ornamental trees as the potential phytoremediants. There they detailed 
about the establishment and heavy metal accumulation capacities of Salix, Acer, Alnus, Poplar and Betula. Most of these 
studies were focussed primarily in metal uptake, distribution within the plant and tolerance mechanisms, for the 
purposes of phytoremediation, most attention has been paid to fast growing species, such as willow due to some positive 
features such as ability to grow on nutrient poor soil, having deep root system, faster growth rate etc. Chineese brake 
fern (Pteris vittata) was found to be extremely extremely efficient in extracting highly contaminant arsenic from soils 
and translocates it into its above-ground biomass (Ma et al., 2001). Apart from these, ornamental hydrophytes also 
effective in adapted in scavenging BOD (biological oxygen demand), COD (chemical oxygen demand), total nitrogen, 
total phosphorus and heavy metals (Cr, Pb, Cd) in the wastewater.  Iris pseudacorus L. and Acorus gramineus are good 
choices for treatment of composite-polluted urban wastewater (Zang, 2007). 

Aquatic Plants Involved in Phytoremediation (Siti et al., 2013) 
Plant species Metals 

Thlaspica erulescens Zn, Cd 

Ipomea alpine Cu 

Sebertia acuminate Ni 

Haumania strumrobertii Co 

Astragalus racemosus Se 

Arabidopsis thaliana Zn, Cu, Pb, Mn, P 

Thlaspigo esingens Ni 

Brassica oleracea Cd 

Arabidopsis halleri Zn, Cd 

Sonchus asper Pb, Zn 

Corydalis pterygopetala Zn, Cd 

Alyssum bertolonii Ni 
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Astragalus bisulcatus Se 

Stackhousi atryonii Ni 

Hemidesmus indicus Pb 

Salsola kali Cd 

Sedum alfredii Pb, Zn 

Pteris vittata As 

Helianthus annus Cd, Cr, Ni 

Conclusion 
One of the major environmental concerns is contamination of soil as well as water bodies due to dispersal of industrial 
and urban wastes generated by controlled and uncontrolled disposal of waste, sewage sludge application to agricultural 
soils, intensive application of pesticides in agriculture field which leads to leaching of potential heavy metals into our 
ecosystem.  Use of ornamental plants in remediating heavy metal contaminants is an excellent alternative and has 
fetched attention by scientist across the globe. Ornamental plants tend to accumulate pollutants in their nonfood 
biomasses, which is a significant boost to their economic and ecological value. Besides being a potential 
phytoremediants, ornamentals also play a crucial role in beautifying the surrounding making this particular technique a 
holistic and inclusive way for making the world a better place to live in. However more research work should be focussed 
on the molecular mechanisms of contaminant tolerance and accumulation/degradation by ornamental plants and on its 
practical application, as most of the available literature is mostly laboratory based. 

References 
1. Adriano, D.C. 2001. Trace elements in terrestrial environments, 2nd edition, Springer- Verlag New York Inc., NY, 

867p. 
2. Cui S, Li P, Zhao SL. 2010. Effects of NTA and NH4Cl on Pb-accumulation in an ornamental plant. Fresenius Environ 

Bull., 8:1629–1633. 
3. Cui, Shuang, Tingan, Zhang, Zhao, Shanlin, Li, Ping, Zhou, Qixing, Zhang, Qianru and Han,Qing. 2013: Evaluation of 

three ornamental plants for phytoremediation of pbcontamined soil, International Journal of Phytoremediation, 
15(4): 299-306 

4. Ghosh, M. and Singh, S.P. 2005. A Review on Phytoremediation of Heavy Metals and Utilization of It’s by Products. 
As. J. Energy Env., 6(04), 214-231 

5. Ma, Lena Q., Kenneth. M. Komar, Cong Tu, Weihua Zhang, Yong Cai, Elizabeth D. Kennelley. 200. Nature, 409:579.  
6. Pulford, I.D., and  Watson, C. 2003. Phytoremediation of heavy metal-contaminated land by trees—a review. 

Environment International,29: 529 – 540 
7. Rascioa, Nicoletta, Izzo, Flavia Navari. 2011. Heavy metal hyperaccumulating plants: How and why do they do it? 

And what makes them so interesting? Plant Science, 180:169–181 
8. Siti Zubaidah Abu Kasim and Nik Ismail Azlan Abd. Rahman. 2013.  Application of Selected Phytoremediators as Green 

Technology Treatment in Polluted Urban Lakes Ecology, Proceedings of Global Engineering, Science and Technology 
Conference 3-4 October 2013, Bay View Hotel, Singapore.   

9. Taheri Mehdi, Madadi Reza, Jafari Sajad, Mortazavi Najmedin. 2014. Evaluation some ornamental species cultivated 
in Tehran, in terms of refining ability heavy metals from soil.  International Journal of Biosciences. 4(9): 26-33 Wu, 
Z., Banuelos, G.S., Lin, Z.Q., Liu, Y., [10]. Yuan, L., Yin, X., and Li, M. 2015. Biofortification and phytoremediation 
of selenium in China. Front. Plant Sci., 6(6): 136. 

10. Zhang Xiao-bin , Liu Peng , Yang Yue-suo, Chen . (2007). Phytoremediation of urban    wastewater by model wetlands 
with ornamental hydrophytes. Journal of Environmental Sciences, 19:902–909. 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
283 

Boka Chaul: Rice of Assam Belongs Magical Figure 
Article ID: 30108 

Osman Ali1 
1Department of Agronomy, Bidhan Chandra Krishi Vishwavidyalaya, Mohanpur, Nadia, 741252. 

 

Introduction 
Boka Chaul, a rice variety grown in Nalbari, Barpeta, Goalpara, Kamrup, Darrang, Dhubri, Chirang, Bongaiagoan, 
Kokrajhar and Baksa areas in the Indian State of Assam, which dates back to 17th Century and requires no cooking but 
just soaking the rice in cold water for about an hour to swell to eat. Accordingly, it is recognized as instant or soft rice, 
and as there is no need for cooking involving fuel usage, it is also known as zero fuel rice. 
But this Magic Rice of Assam aka Boka Chaul is not to be confused with the MAGIC rice or soft rice because, MAGIC 
(Multiparent Advanced Generation Inter Cross) descended from eight high-yielding rice cultivars in Japan using 
haplotype-based allele mining (HAM) is called the Japan-MAGIC (JAM) (Ogawa et al., 2018a) and now an instant rice 
which is available in Assam is called Komal Chaul or instant soft rice, which is similar to parboiled rice. Komal Chaul is 
prepared using Bora or Chokuwa varieties of rice (Anonymous, 2017). 

Area and Cultivation 
Nalbari has around 70,000 hectares of agricultural land of which 3,500 hectares (about 5%) is dedicated to the cultivation 
of boka chaul. Around one ton of boka chaul or 1.2-1.3 tons of other rice are cultivated in a hectare.  In parts of lower 
Assam, especially during the ‘xaali’ season (the hottest, most strenuous period of paddy farming that starts in June and 
ends in December), farmers subsist, almost entirely, on a specific kind of indigenous rice: boka saul/chaul, or ‘mud rice’. 

Historical Importance 
Back in the 17th century, it was the fuel for the Ahom soldiers fighting the Mughal army. Today, it’s fuel for the hundreds 
of farmers who toil in the fields of Assam every day, for whom it’s become a staple. 

Nutritional Values 
Boka chaul is highly nutritious in terms of protein and fibre content. According to a study by the Guwahati University's 
Biotechnology Department (2018b), Boka chaul has 10.73% fibre and 6.8% protein and it also cools down the body. Apart 
from this, this rice is very healthy as it is organic by default and plant will die with adding of chemical fertilizer. In terms 
of market value, the price in local market is Rs. 60-80 per kg whereas across town the price generally ranges between 
Rs. 100-150 /kg (Aman Vats, 2018c). 

Preparation and Used 
Just after soaking the rice in (cold) water for one hour at room temperature, and when it swells up like a charm then 
water should have to filter out and it is ready to eat. When cooked, it is mixed with jaggery, banana, curd and sometimes 
cream, served to guests on special occasions and eaten at home, too. It can also eat with raw chopped vegetables. 
However, it is mostly used in the preparation of traditional Assamese food items or cuisines called Lalpaan where Boka 
Chaul is generally eaten with curd/milk and jaggery/sugar along with other ingredients. 

Achievement of GI Tag 
In 2016, Lotus Progressive Centre (LPC) of Nalbari and Centre for Environment Education (CEE) of Guwahati, had applied 
for Geographical Indication (GI) tag for Assam’s BOKA CHAUL rice variety. In September 2017, Boka Chaul entered the 
examination stage where the applicants were asked to furnish scientific details pertaining to the rice’s unique quality 
and the geo-climatic factors responsible for its characteristics and finally, on 30th July, 2018, Boko rice received a 
Geographical Indication (GI) tag by the government of India’s Intellectual Property India (IPI) body. This is the only 
product after Muga silk, Joha rice and Tezpur litchi which earned GI tag in Assam (Anonymous, 2018d). 

Future Prospects 
This is one of the most underrated products of Assam and the urban populace hasn’t really caught on yet, although, it 
contains high nutrient values and it is easy to cook, no need any fuel with having an immense potential for marketing 
and commercial processing. Besides this, the rice can work well as a “disaster management” food as well as supplement 
for soldiers in high-altitude frontier areas and During floods, this is a great ‘emergency food’ for obvious reasons. So, it 
needs more promotion Govt. should take care to attract and boost this product in the domestic market as well as 
international market and this will be open a big market for Indian farmers. 
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However, Over the last four years, the scientific tests and analyses for boka saul has been doing in consultation with 
Assam Agricultural University, Indian Council of Agricultural Research, Assam Science Technology and Environment 
Council and Guwahati University’s Biotechnology Department. 

        Fig: - Prepared Boka Chaul   Fig: - Fresh Boka Chaul 
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Under biotic stresses insect pests and diseases play an important role in realizing high yield potential. The world wide 
crop losses due to biotic stresses are reported to the tune of 26.4% in soybean. Soybean crop has soft and succulent 
foliage with the luxuriant growth in nature which may invite many insect-pest species. About 380 species of insects have 
been reported on soybean crop from many parts of the world. About a dozen minor insect pests in soybean in India have 
been reported during early seventies, this number has increased to 270 insect species out of these, 14 species attack 
seed, seedling and roots, 10 stem, 126 foliage, 6 devour flowers and pods, 72 suck the cell sap and 6 invade stored 
soybean, besides 1 mite, 2 millipedes, 10 vertebrates and 1 snail. In India, 20 insect species have been recorded major 
pests infesting soybean crop. 

Pest Scientific name Family & order Status 

stem fly  Ophiomyia phaseoli (Tryon) 
Melanagromyza sojae Zehntner 

(Diptera: Agromyzidae) National Importance 

Girdle beetle  Oberea brevis Swed (Coleoptera: Cerambycidae) National Importance 

Jassids Empoasca spp. (Hemiptera: Cicadellidae) National Importance 

Whitefly Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) National Importance 

Common 
cutworm 

Spodoptera litura (Fab.) (Lepidoptera: Noctuidae) National Importance 

Semilooper 
Complex 

Thysanoplusia orichalcea (Fab); 
Gesonia gemma (Swinhoe); 
Chrysodeixis acuta;  
C. eriosoma;  

(Lepidoptera: Noctuidae) National/Regional 
Importance 

Pod borer Helicoverpa armigera (Hub.) (Lepidoptera: Noctuidae) National Importance 

Bihar hairy 
caterpillar 

Spilosoma (Diacrisia) obliqua 
(Walker) 

(Lepidoptera: Arctiidae) Regional 
importance(tarai region 
of Uttarkhand; Western 
MP & Rajasthan) 

Blue beetle Cneorane spp. Jacoby (Coleoptera: Chrysomelidae) Western MP/Karnataka 

Leaf miner Aproaerema modicella Deventer (Lepidoptera: Gelechiidae)  Maharashtra, Karnataka, 
Rajasthan 

Pink pod borer Cydiaptychora spp. Meyr  Northern Karnataka 

Leaf folder Omiodes indicata(Fabricius) (Lepidoptera: Crambidae)  Karnataka,  UP, 
Maharashtra, Rajasthan 

Defoliator Spodoptera exiguaHübner (Lepidoptera: Noctuidae) Central and Western 
MP/Rajasthan 

Grey weevil Myllocerus spp. (Coleoptera:Curculionidae) Southern Rajasthan 

Whitefly: Bemisia Tabaci (Genn.) (Aleyrodidae: Hemiptera) 

   

https://en.wikipedia.org/wiki/Curculionidae
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Whitefly adults Yellow Vein Mosaic (YMV) 
infected plant 

It is a polyphagous pest causing severe damage to the crop by sucking the sap and also indirect damage by transmitting 
the Yellow Vein Mosaic Virus (YVMV). The whitefly prefers mostly lower surface of the leaves and makes injury in soybean 
crop due to the sucking of sap from leaves by the nymphs and adults. An affected leaf shows yellow colour mixed with 
green patches and in severe conditions complete yellowing is visible. Whitefly secretes honey dew which invites dark 
sooty mold fungus and inhibits the photo synthesis in the crop. In case of severe damage, the plants can get stunted 
growth with reduced number of pods, seed set and size which ultimately reduce the quality and yield of soybean.   

Management: Removal and destruction of infested plant parts; Installation of yellow sticky traps; Seed treatment with 
Thiamethoxam 30 FS @ 10 ml/kg seed or Imidacloprid 600 FS @ 1.25 ml/kg seed. Spray Thiomethoxam 25 WG @ 100 
g/500 lit.water/ha. 

Stem Fly: Melanagromyza sojae (Zehntner) (Agromycidae; Diptera) 
Other species: M.obtusa Malloch; Ophiomyia phaseoli (Tryon) 

In India, Melenogromyza sojae (Zehntner) and Ophiomyia phaseoli Tryon is the two main stem fly species have been 
reported in soybean. The maggot of the fly enters the into leaf tissue and mines the towards midvein and enters stem 
through the leaf petiole which makes bores both upward and downward makes zig-zag reddish coloured tunnel. Maggot 
feeds on both xylem and phloem which leads to recued plant growth by gradual withering in the upper portion of the 
leaves in the early stage of the crop. Exit holes for adult emergence are observed in the attacked plants. Significantly 
reduces the plant height, stem diameter, distance from internodes, a thickening at the base of the stem, number of 
branches/plants, number of trifoliate leaves, number of pods is reduced, leaf area / plant and dry matter accumulation.  

Management: Optimum seed rate; Crop rotation should be followed; Avoid excess nitrogenous fertilizers; Removal and 
destruction of infested plant parts;  Seed treatment with Thiamethoxam 30 FS @ 10 ml/kg seed or Imidacloprid 600 FS 
@ 1.25 ml/kg seed. 

 

Girdle Beetle: Oberea brevis Swed. (Cerambycidae; Coleoptera) and Other Species: Nupserha 
bicolor (Thompson) 
Girdle beetle is an important pest and the pest infestation ranges from 19.5% to 26.5 %. The early stage infestation of 
the pest is even more disastrous. Dark orange and black coloured adult females’ beetles lay eggs by girdles the stem 
twice and makes punctures before inserting a single egg. This oviposition injury causes the dropping of the upper part 
of the stem. Larva enters stem tunnels move upwards and downwards which feeds inside the stem pith and make the 
stem hollow and a single larva can wither the whole plant.   

Management: Planting time on the onset of monsoon; Optimum seed rate; Crop rotation should be followed; Avoid 
excess nitrogenous fertilizers; Removal and destruction of infested plant parts; Due to the presence of larvae inside the 
soybean stem, its control is possible during egg laying and early instars. One or two sprays of Dimethoate 30 EC @ 1.0 
lit/ha or Thiachloprid 21.7 SC @ 0.65 lit./ha. 
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Semilooper Complex 
Out of 20 major insect species, of which semilooper complex are important in soybean crop. Semilooper species complex 
comprising of Gesonia gemma, Chrysodeixis acuta, Diachrysia orichalcea and Mocis undata are generally noticed on 
soybean. The semilooper complex also included Trichoplusia ni (Hubner), Chrysodeixis includens (Walker), Chrysodeixis 
chalcites (Esper), Amyna axis (Guenee) and Amyna natalis. Among them, semiloopers are serious, devastating pests in 
which immature stages larvae feed on the vegetative and reproductive stages which results in complete defoliation and 
in case of severe infestation, complete devastation of soybean crop occurs.  The semi-loopers are in the final stage they 
do most of the damage, consuming 85% of the total leaf area eaten during the caterpillar stage. Late instar larvae are 
the most voracious feeders and eat the entire leaf but may avoid the mid-rib or other large veins. 

  
Leaf damage Field damage of soybean by semi-loopers and other defoliators 

Management: Use of bio-pesticides like, Beauveria bassiana @1.0 kg/ha, or Bacillus thuringiensis @ 1.0 kg/ha or 
Nomureae rileyi or Insecticides like Indoxacarb 14.5 SC @ 300 mll/ha/Chlorantraniliprole 18.5SC @ 125 ml/ha. 

Spodoptera Spp 

Spodoptera litura is known as common cutworm considered as one of the most important polyphagous pests of soybean 
and also occurs on other economically important agricultural crops across the globe. Initially young larvae gregariously 
feed by scrapping from the lower surface of the leaves and as the larvae grows disperse and move widespread feeds on 
the foliage results into complete defoliation of the soybean crop. This species has been reported to attack over 112 
cultivated plant species, of which 60 are from India, including cotton, tobacco, mungbean, groundnut, eggplant, castor, 
okra, rice, cabbage, leafy vegetables and soybean.   
A newly emerged larva feeds gregariously on the leaves and skeletanization takes place in early stage, in case of higher 
defoliation leads to heavy losses of the soybean crop due to reducing the photosynthetic activity of the crop. Last instar 
larvae mostly feed voraciously on the leaves during at night and usually larvae hide inside the soil during the day at the 
base of the soybean plants. Larvae also damage the young parts which lead to the damage in the younger pods. 
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Egg mass covered with hairy scales on soybean leaves and emergence of 1st instars larvae from the 

egg masses 

                             
Larvae of tobacco caterpillar Pupa 

                                                                                
Adults of Spodoptera litura 

Management: Deep summer ploughing; early sowing to escape from pest damage; planting castor plants as trap crop for 
egg laying and destroying eggs or first stage larvae; installation of light traps; Installation of pheromone traps; 
mechanical weeding at 15-20 days after sowing; biologically by Trichogramma chilonis, Telenomus remus (Nixon), or 
spraying SLNPV @ 250 LE/ha, insect pathogenic fungus, Nomuraea rileyi (Farlow); insecticides. Quinolphos 25 EC (1.5 
lit./ha); Indoxacarb 14.5 SC @ 300 ml/ha; Chlorantraniliprole 18.5 SC @ 150 ml/ha. 

Spodoptera exigua 
The beet armyworm, Spodoptera exigua (Hubner) is native to Southeast Asia 
as the adult moth is extremely mobile it expanded its geographic range leads 
to the worldwide introduction and almost found anywhere becoming an 
invasive pest. It is one of the most common and destructive insect pests of 
more than 90 plant species in at least 18 families around the world. This pest 
has wide host range which includes soybean, onion, sugar beet, cabbage, 
cauliflower, brussel sprouts, tomato, maize, cotton, lettuce, peanut, alfalfa, 
shallot, pastures crops, and various wild hosts.  
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Young larvae of S. exigua feeds on the terminal clusters of the leaves atseedlings stage and stems of host crops, and 
leaves gets skeletonized and almost completely consumed.This pest occurs in the initial stage damages seedlings and 
causes damage continuously up to the vegetative stage of the crop. The area of soybean has been greatly expanded in 
the Southern region of Rajasthan recently the infestation of this pest has been in increasing trend in soybean crop which 
makes the S. exigua to become an important pest of soybean in near future. The larva makes galleries on the young 
terminal leaves and causes skeletonization of the leaves. During the initial damage, a newly emerged larvae scrapping 
the inner layer of the leaves and later on the larvae feeds gregariously and resulting in skeletonization. Later stage 
larvae feed voraciously on the leaves produce irregular holes on the leaves. 

Pod Borer: Helicoverpa armigera 
Among the different defoliators, pod borer, Helicoverpa armigera (Hubner) is one of the important polyphagous pests 
which causes significant losses in soybean production in different parts of the world. This pest attacks on important crops 
in many parts of the world and is reported to infest 60 cultivated plant species and other 67 plant species belonging to 
more than 47 families (such as soybean, cotton, sorghum, maize, sunflower, groundnuts, cowpea, tomato and green 
pepper.  
The H. armigera infestation occurs at the initial stage i.e. vegetative and defoliation takes place in the crop. Young 
larvae are feed on vegetative terminals, young leaves and flowers before starts attacking pods. 
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Bihar Hairy Caterpillar: Spilosoma (Diacrisia) oblique (Walker); (Arctiidae; Lepidoptera) 
This is a sporadic and most voracious polyphagous pests in many pulse and oil seed crops especially, black gram, cowpea, 
ground nut, castor, sesame, mustard etc. Initially, gregarious early instar larvae feed voraciously on the lower surface 
leaves resulting in skeletonization of leaves leaving only the veins which looks like net or web like appearance of leaves. 
After that, the mid and late instar larvae feeds as a solitary phase on foliage leaving the stems.  

Management: Deep ploughing; removal and destruction of alternate wild hosts; setting up bonfires on field bunds during 
night; collect and destroying infested plant parts, egg masses and young larvae; Quinalphos 25 EC @ 1.5 lit/ha. 
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Introduction: What is a Mushroom? 
Mushrooms are the fruiting bodies produced by some fungi. Not all fruit bodies are true mushrooms. Puffballs and morels 
are edible fruit bodies that are sometimes called "mushrooms". The function of this visible part of some fungi is to 
produce and disperse the largest possible number of spores in the shortest possible time. They consist of a stalk topped 
by a flat or cup-shaped cap. Their spores are produced on special cells called basidia, located on the underside of the 
cap. The class of fungi whose spores are produced by basidia are called Basidiomycetes. Mushrooms offer unique nutrition 
and health benefits, quite different to those provided by fruit and Many genera of mushrooms are edible and are rich in 
essential nutrients such as carbohydrates, proteins, vitamins, mineral, fat, fibres and various amino acids (Okwulehie 
and Odunze, 2004).Most people eat mushrooms, mostly because of its flavour, meaty taste and medicinal value (Moore 
and Chiu, 2001) Investigations also revealed that they had significant antimutagenic and anticarcinogenic activities three 
mushrooms have been studied for their ability to trigger the immune system to be on the alert for incoming antigens. 

Historical Importance of Mushrooms 
Mycophagy, the act of consuming mushrooms, dates to ancient times. Mushrooms have been valued throughout the world 
as both food and medicine for thousands of years. Medicinal Values Are Known for Over 5000 years. Likewise, for over 
3,000 years the Chinese have used and revered many fungi for their health-giving properties, especially tonics for the 
immune system (Bo and Yun-sun, 1980; Yun-Chang, 1985).The oldest written record of mushrooms as medicinal is in an 
Indian medical treatise from 3000 BC. A few drugs developed ie. specifically, beta glucans for cancer and immunity 
system. Commercial Cultivation  Started in China & Japan 1970 -Taiwan 1980 –  Malaysia1983 the term “Nutraceutical” 
was coined from “Nutrition” & “Pharmaceutical” in 1989 by Stephen De Felice. At present, pharmaceutical and 
nutraceutical products from mushrooms may be worth more than 1.2 billion dollars U.S.  Europeans have always 
appreciated the gastronomic value of wild mushrooms. Although Americans are aware of only edible button mushrooms 
(Agaricus bisporus) sold in supermarkets. 

Important Properties of Mushrooms 
1. Nutritional properties 
2. Medicinal properties 

Nutritional Properties 
1. Energy: 

a. A modest, practical serve of mushrooms is 100 grams serve a day to their diet they would be adding 103 kJ 
(24 Cals), about 1% of the energy requirements of a moderately active adult  
b. There is mounting evidence that mushroom consumption attenuates subsequent energy intake, so including 
l00g of mushrooms may cause an overfill decrease in energy consumption due to their satiation effect. When 
mushrooms replaced meat in a series of test meals, subjects ate an average of 1550 KJs less each day over four 
days (Cheskin 2008).  

 
2. Vitamins: 

a. The l00g serve of mushrooms will provide a significant amount of B group vitamins and essential minerals.  
b. For example, l00g will provide one third of the daily needs of riboflavin and biotin, and a quarter of the daily 
needs of niacin and pantothenic acid, making mushrooms a good source of those B vitamins. Tables 1 and 2 below 
give an indication of the potential nutritional benefits of a serve of mushrooms.  
c. The mushroom being a major source of vitamin D. The action of sunlight on mushrooms increases their vitamin 
D to a level that has significant human nutritional benefits (Jasinghe 2005, Mau 1998). 

Table1. Average vitamin content of mushroom 

Nutrient  Average /100g Recommended Dietary Intake / Adequate Intake 
% RDI/ % AI 

Thiamin (B1) mg  0.02 1.2 mg men; 1.1 mg women  
2% RDI for men & women  

Riboflavin (B2) mg 0.37 1.3 mg men; 1.1 mg women  
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28% RDI men; 34% RDI women  

Niacin equivalent (B3) mg  3.7 16 mg men; 14 mg women  
23% RDI men; 26% RDI women  

Folate mcg  18 400 mcg  
4.5% RDI men & women 

Pantothenic acid mg  1.15 6 mg men; 4 mg women 
19% AI men; 29% AI women 

Biotin mcg  8.9 30 mcg men; 25 mcg women 
30 AI men; 36% AI women  

* % RDI= Percentage of the recommended dietary intake each day 
* % AI= Percentage of the adequate intake each day (as an RDI has not been established)  
* mg = milligram; mcg = microgram  
Sources: Nutrient reference value for Australia & New Zealand 2006; NUTTAB 2006 

3. Minerals: 
a. Mushrooms are also a significant contributor to our essential minerals.  
b. A serve of mushrooms will provide a quarter of the daily needs of selenium and copper, while providing a 
modest amount of phosphorus and potassium. (Table 2).  
c. The banana is often quoted as a good source of potassium, with 342 mg per medium (100g) banana, yet the 
mushroom is also a significant potassium source, with 310 mg in a l00g serve. 

Table 2. Average mineral content of mushrooms 

Nutrient Mushroom 100g Recommended Dietary Intake/ Adequate Intake 

Copper (mcg) 342 1.7 mg men;1.2 mg women 
20% AI men; 28% AI women 

Selenium (mcg) 15.4 70 mcg men; 60 mcg women  
22% RDI men: 26% RDI women 

Phosphorus (mg) 110 1000 mg , 10 % RDI men & women  

Potassium (mg) 310 3800 mg men; 2800 women  
8% RDI men; 11% RDI women 

Magnesium (mg) 10 420 mg men; 320 mg women  
2% RDI men; 3% RDI women 

* % RDI= Percentage of the recommended dietary intake each day 
* % AI= Percentage of the adequate intake each day (as an RDI has not been established)  
* mg = milligram; mcg = microgram  
Sources: Nutrient reference value for Australia & New Zealand 2006; NUTTAB 2006. 

4. Fiber: 
a. Fresh mushrooms contain both soluble and insoluble fibre.The soluble fiber is mainly beta-glucans and 
chitosans, which are components of the cell walls.(Sadler M. 2003)  
b. Soluble fibre has been shown to help prevent and manage cardiovascular disease by lowering total and LDL 
cholesterol levels. It also helps regulate blood sugar levels.(Chandalia M.and Garg A. 2000) 
c. Recommendations for fiber generally fall in the range of 25 to 35 grams per day. For children older than 2 
years of age, their ‘age plus 5 grams’ is a guide to how much fiber they should get per day. 

Table 3. Average Fiber content of mushrooms 

*Based on 25 grams. 

5. Bioactive compounds: 
a. Mushrooms are particularly high in antioxidant activity (Savoie 2008), being placed in the top five when compared to 
vegetables (Pellegrini 2003) and being exceptionally high in the antioxidant ergothioneine (Dubost 2006,2007).  

Mushroom Fiber per 100 g serving % DV(17) 

White button, uncooked 1 4% 

Crimini, uncooked 1 2% 

Shiitake,, cooked 2 8% 

Portabella, uncooked 1 6% 

Enoki, uncooked 3 11% 

Oyster, uncooked 2 9% 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
293 

b. In summary, a 100g serve of mushrooms will provide at least 10% of the RDI for phosphorus and potassium, and around 
25% of the RDI for riboflavin, niacin, pantothenic acid, biotin, copper and selenium — eight essential nutrients in all. It 
is quite unique for a fresh food to provide such a range of essential nutrients, particularly at these levels.  
6. Other nutritional considerations: Mushrooms have virtually no sodium, cholesterol or fat. The GI of the mushroom 
cannot be determined because of its low carbohydrate content. 

Medicinal Properties 
Not only do mushrooms have nutrition value but they also have valuable medicinal value. One of the greatest medicinal 
values of mushrooms is the essential sugars they provide.   These sugars give the immune system a boost. Penicillin may 
have been discovered in bread mold but other natural antibiotic substances are contained in many mushrooms. 
1. Essential sugar which benefits the immune system. 
2. Supports cardiovascular health. 

Table 4. Medicinal properties of mushrooms stated below: 

*Research underway regarding properties of cancer reducing benefit. 

Maitake mushrooms have been used to treat intestinal and stomach conditions and also as a blood sugar level stabilizer.  
Shiitake has been used in the treatment of nutritional deficiencies and to treat liver conditions. Reishit has been utilized 
to improve respiratory health. Japanese products containing a polysaccharide-rich extract from the shiitake mushroom 
and similar extracts from mistake are currently undergoing trials in Japan and the U.S. to test their effectiveness in 
treating various forms of cancer.  Important compounds discovered to date include polysaccharides (long chains of sugar-
like molecules), beta-D-glucans, and proteoglycans. 
1. Cholesterol-lowering 
2. Antifungal 
3. Antibacterial properties      
4. Antioxidant activity. 

Mushrooms are known to contain various types of antioxidant compounds. Chemical analysis has shown that a specific 
antioxidant found in some mushrooms like Flammulina velutipes and Agaricus bisporus is ergothioneine. 

Conclusion 
1. The reports suggest that consumption of mushrooms provide health benefits such as reducing the possibility of 
cardiovascular diseases, preventing the occurrences of cancer and alleviating inflammatory conditions. 
2. Mushrooms are the only non-animal fresh food source of vitamin D, so vegetarian peoples can preferably consume 
them for vitamin D. 

Antitumor properties  Antiviral 

Symptom/condition Species Symptom/condition Species 

Cancer (breast) Chaga,shiitake,coriolus Viral infection  Shiitake,Coriolis,birch 
polypore  

Cancer  (esophagal) Artist’conk, coriolus HIV Enokitake, chaga, lion`mane 

Cancer  (gastric) Spit gill, coriolus Hepatitis Reishi, hoelen, shiitake, 
coriolus 

Cancer  (skin) stinkhorn Cold and flu  shiitake 

Cancer  (liver) coriolus Immune properties 

Cancer   
(preventative) 

Red-belted 
polypore.shiitake,Coriolis.maitake 

Immunostimulating Trametes versicolor, Reishi  

Cancer  (uterine) Chaga, coriolus Immunomodulating Shiitake  

Antihypertensive Gastronomic properties 

High blood pressure Maitake,shiitake,reishi    Gastritis Honey mushroom, chaga 

Diabetes Coriolis, Maitake,shiitake,reishi    Indigetion True tinder polypore 

Insomnia Reishu, Honey mushroom   

Inflammatory properties 

Bronchial 
inflammation 

 sheitake  Eye inflammation Tremella 
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3. Mushrooms like Ganoderma lucidum, Phellinus rimosus, Pleurotus florida and Pleurotus pulmonaris possessed 
profound antioxidant and antitumor activities. This indicated that these mushrooms would be valuable natural sources 
of antioxidant and antitumor compounds. 
4. Above study also showed that they had significant antimutagenic and anticarcinogenic activities. However, intensive 
and extensive investigations are needed to exploit their valuable therapeutic use. 
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Introduction 
Biopesticides based on microorganisms play an important role in crop protection because of their safety to humans and 
non-target organisms. These biopesticides have been used by farmers from time immemorial. There are various kinds of 
biopesticide having different active ingredients, each having specific mode of action and can be formulated in a variety 
of products. Biological products are highly target-specific, but they are difficult to develop. The reason for this is that, 
apart from the required good physical properties and convenience in use and the formulated product must have good 
shelf life. Inorder to avoid the problems relating to their efficacy and degradation  during handling and application 
different biopesticidal formulations are introduced by various manufacturers. 

Biopesticide Formulations 
Based on their physical properties, they are classified into liquid and dry formulations 
1. Liquid formulations: It can be water based, oil based, polymer based or combinations. It requires adding of  various 
inert materials like stickers, stabilizers, surfactants, coloring agents, antifreeze compounds, and additional nutrients. 
Examples of liquid formulations 

a. Suspension concentrates(SC): It is a mixture of a finely ground active ingredient dispersed in a liquid medium, 
usually water. They are produced by a wet grinding process and have a particle size ranging from 1-10 μm. The 
solid particles are not dissolved in liquid medium, so constant agitation is required before application to evenly 
distribution of particles. 
b. Oil dispersions (OD): Solid active ingredients are dispersed in oil, usually plant oil to improve retention, 
spreading and penetration properties. It can be used to deliver water sensitive active ingredients. 
c. Suspo-emulsions (SE): It is a combination of suspension concentrate and emulsion. The product is very difficult 
to formulate because it requires to develop both  homogenious emulsion component and  a particle suspension 
component to make a stable final formulation. 
d. Capsule suspensions (CS): is a stable suspension of micro-encapsulated active ingredient in an aqueous 
medium. It should be diluted with water before use. Bio-agent is encapsulated in capsules (coating) 
manufactured from gelatin, starch, cellulose and different polymers shield it from extreme environmental 
conditions like temperature, rain, UV radiations etc 
e. Ultra-low volume liquids (UL): these are the formulations having very high concentration/ amount of active 
ingredient which is soluble in crop-compatible liquid (ultra-low volume liquid). There is no need for dilution with 
water before use and  it  also consists of surface-active agents and drift control additives. They are easy for use 
and transport because of low bulkiness. 

2. Dry formulations: They are produced by various technologies, such as spray drying, freeze drying, or air drying either 
with or without the use of fluidized bed. These kinds of formulations are manufactured by adding dispersant, binder, 
wetting agents, etc.  
Examples of  dry formulations: 

a. Dusts (DP): these  are formulated by sorption of an active ingredient on finely ground, solid mineral powder  
like talc, clay, etc with particle size ranging from 50-100 μm. Concentration of ai in dust is about10%. It can be 
applied either mechanically or manually. 
b. Seed dressing (DS): are formulated by mixing an active ingredient, powder carrier and accompanying inert 
to facilitate product adherence to seed coats. This formulation is applied to seeds by tumbling seeds with the 
product.  
c. Granules(GR): Similar to dust formulations except particle size. Size of coarse particles ranges from 100-1000 
microns and micron particles ranges from 100-600 microns. Concentration of active ingredient in granules ranges 
from 5-20%. 
d. Wettable powders (WP): These are dry, finely ground formulations to be applied after adding water. These 
are manufactured by combining active ingredient with surfactant, wetting and dispersing agents and inert fillers, 
followed by powdering to a particle size of nearly 5 microns. 
e. Water dispersible granules (WG): Water dispersible granules are suspended in water to form uniform 
suspension similar to that formed by a wettable powder. The products are a mix of wetting agent and a dispersing 
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agent, but the dispersing agent is added at higher concentration. Water dispersible granules can be formulated 
using various techniques like extrusion granulation, spray drying, fluid bed granulation etc. 

Conclusion 
Biopesticide formulations are very convenient for the users as it allows the use the same equipment for different 
treatments. The viability of these bioagents should be maintained at appropriate levels during the formulation process 
and storage. At the time of application, the organisms must revive from their inactive state to an active stage. 
Formulating biopesticide products requires fundamental understanding of the processes causing the loss of viability. The 
formulation process should lead to a final product by mixing the microbial component with different carriers and 
adjuvants for better protection from environmental conditions, greater survival of the biological agent, controlled rates, 
as well as improved bioactivity and storage stability. 
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Cold plasma a non-thermal food processing technique getting popularity all over the globe due to its beneficial effect. 
It is emerging as an effective alternative for regularly used thermal food processing techniques that cause nutritional 
losses of food. It is mainly used for electronics, printing, textiles, glasses, paper industry and also increase the surface 
energy of materials which helps in better adhesion of the polymers. Recently this technique has been introduced in food 
industry and can be exploited for various application. Various researchers have been proved that cold plasma (CP) 
technology is very effective and useful tool for microbial decontamination in food industry. It provides sufficient reactive 
oxygen species which is highly profitable for preventing spoilage and microbial growth in food products.  In processing 
industries, it is beneficial to improve the barrier properties and antimicrobial activities of packaging materials. This 
technology can also be used for the functional modification of food components and degradation of pesticide residues. 
As a non-thermal method of processing, it has great potential to exploit in different areas of food industry. 

How Can We? 
Confined thermodynamic equilibrium is not a necessity for cold plasma production rather needs lower energy and 
pressures that why named as cold plasma. 

Plasma Generated at Atmospheric Pressure 
Dielectric barrier discharges (DBD), gliding arc discharge, corona discharge, and radio frequency plasma come under this 
group and produced by alternating current using a dielectric material (plastic, quartz or ceramic). 

Plasma Generated at Reduced Pressure 
It is generated under low pressure by electromagnetic waves. Microwave powered plasma comes under this group. 
Several factors affect the usefulness of this non thermal technology such as types of plasma, methods used for their 
generation, individual properties of plasma etc. Efficacy of its application depends on the nature of gases used for the 
treatment, inherent characteristics of the microorganism, relative humidity, pH and nature of sample. 

How it Works? 
As we know processing operations involve processes like heating products at higher temperature, manual handling and 
also involve many equipment during product preparation. These processes cause nutritional and sensory losses and can 
also be an entry point for toxic or microbial contamination. Cold plasma needs low temperature for processing which 
reduces nutrient destruction and maintains sensorial properties. As manual interference is restricted which prevents the 
invasion of pathogens and toxic by-products. It generates UV photons, free radicals, reactive oxygen species (singlet 
oxygen, hydroxyl ions) etc. UV photons has lethal impact as it causes DNA alteration of pathogens which arrests cell 
division and leads to microbial death. Hydroxyl ions result in denaturation of microbial membrane proteins. Plasma gas 
causes surface lesions on microbial cells by heavy bombardment of free radicals which leads to death of harmful 
microbes. As it is advantageous for microbial inactivation but does not affect food quality in terms of changes in visual 
or sensory qualities. 

Applications in Food Processing 
Nowadays consumers are very much health conscious and demand for nutritionally rich and safer food. It is a challenging 
task for food industries to deliver a product which should be nutritious, having longer keeping quality and free from 
microbial contamination. Cold plasma provides an opportunity to tackle with this problem.  
1. Various studies show that cold plasma effectively destroys microbial spoilage in meat. eg. Listeria inoculum was killed 
up to 1.6 ± 0.5 log cfu/g in ready-to-eat meat.  

2. Cold plasma provides an opportunity to make desirable changes in intrinsic food ingredients for example modify 
swelling power, improves pasting characteristics, water absorption capacity, susceptibility towards enzymes, solubility 
and changes in compositional, structural and thermal properties. Reactive species produce in this process are able to 
alter the structure of starch molecules by adding reactive groups, cross linking of monomers, depolymerization and 
change in hydrophilic nature. 
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3. Cooking time can be reduced by this non-equilibrium plasma. It also helps in improving the cooking properties and 
surface characteristics of cereals.  

4. Another way of its application is plasma assisted processing of intermediate products obtained by grains (flour, pellets 
etc.). For example, basmati rice flour shows higher water absorption capacity as plasma power and exposure time 
increase. Plasma treatment enhances water holding capacity and phenolic contents of parboiled rice flour while reduces 
amylose content from 30.34 to 27.89%. 

5. It can be a good preventive method for the treatment of chemical residues present in food products. In a recent study 
it was found that application of DBD generated cold plasma in blueberry fruits was able to degrade Imidacloprid and 
Boscalid by 75.62% and 80.18%, respectively without any damage. 

6. In the area of packaging, application of cold plasma is done for treatment of packaging surfaces. It improves the 
functionality, cleaning, and degradation of packages.  Cold plasma links specific reactive groups on the packaging 
material surfaces which enhances antimicrobial and mechanical properties like glossiness, printing, stickiness, 
sealability, etc.  

7. This technology effectively maintains the sealing properties of polymer foils or laminates. It acts as a deposition 
barrier and helps in better coatings on the polymer surface. This quality of plasma reduces gaseous permeability and 
undesirable by-products into packages with no residues. 

Future Aspects 
Importance and usefulness of cold plasma in food industry needs a great awareness, acceptability and further research 
to promote this technology. Recently its application has been explored in different areas of food such as production of 
trans-free edible oils from vegetable oils, removal of naturally occurring toxic components, mitigation of food allergen, 
alteration in seed germination percentage of cereals and management of liquid discharge from industries etc. 

Table 1: CP inactivation of microorganisms in vitro 

Microorganisms Plasma source Treatment time Log reductions 

Carrots Plasma needle (8.06 kV) 5 min <0.5 of E. coli 

Tomato Plasma needle (12.83 kV) 10 min About 0.5 of E. coli 

Lettuce <0.5 of E. coli 

Lettuce Cold oxygen plasma 5 min 5 of A. hydrophila 

Red pepper powder Microwave-CP system 20 min 2.5 of A.flavus 
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Introduction 
GC/MS is a combination of two different analytical techniques, Gas Chromatography (GC) and Mass Spectrometry (MS) 
to analyze complex organic and biochemical mixtures. GC can separate volatile and semi-volatile compounds with great 
resolution, but it cannot identify them. MS can provide detailed structural information on most compounds such that 
they can be exactly identified and quantified, but it cannot readily separate them. Therefore, the combination of the 
two techniques was suggested. Gas chromatography and mass spectrometry are, in many ways, highly compatible 
techniques. In both techniques, the sample is in the vapor phase, and both techniques deal with about the same amount 
of sample (typically less than 1 ng). The most commonly used mass spectrometers in gas chromatography are systems 
based on quadrupole analysers. Other analysers used in GC/MS are ion traps. The GC works on the principle that a 
mixture will separate into individual substances when heated. The heated gases are carried through a column with an 
inert gas (such as helium, neon). As the separated substances emerge from the column opening, they flow into the MS. 
Both the analysers use same principle. Four poles are connected into the electrical circuit that generates radiofrequency 
(RF) field. Change of this electrical field enables to generate scanning in time. Fragments coming from ion source through 
ion optics enters the analyser. The ions separation is accomplished by applying alternating RF frequency and DC voltage 
to diagonally opposite ends of the quadrupole, which in turn allows a specific mass fragment to pass through the 
quadrupole filter. 

Time of Flight Analyzer (TOF) 
Time of Flight analyser separates ions on different principle to quadrupole system. TOF instruments utilize the times 
taken by ions to pass (fly) along an evacuated tube as a means of measuring m/z values and therefore of obtaining a 
mass spectrum. 
1. All ions leaving “starting line” at the same time 
2. The ions separation process is rather like a sprint race 
3. The ions arrive at the detector in procession and strictly in the order of increasing m/z values 
4. Ions of the smallest m/z values arrive first, followed successively by others of increasing m/z value 

Methodology 
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Advantages of TOF GC/MS Systems 
1. Flight times are extremely short for all of the ions 
2. The acquisition (NO “SCANNING”) of the total mass spectrum from m/z 4 to 1,024 is instantaneous on a human time 
scale 
3. Because GC/MS-TOF spectra are obtained in such a short time frame, in one second it is possible to accumulate several 
thousand mass spectra 
4. GC/MS-TOF rapid accumulation of spectra leads to excellent reproducibility and better signal-to-noise characteristics, 
and makes full use of small quantities of sample. 

        Quadrupole analyser                   Time of Flight analyser 
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Introduction 
The progress of civilization is relying upon the continuous supply of energy. From transportation sector to most of 
industries’ production process uses fossil fuels like, petroleum, diesel etc. as source of energy. World’s 80% energy 
requirement is being fulfilled from non-renewable fossil fuels (Huang et al., 2012) but with rapidly increasing population 
along with urbanization the energy requirement is accelerating very fast. Increasing demand over depleting non-
renewable crude oil sometimes leads to economic recessions due to increased oil price, leads to global and international 
conflicts. Most importantly, emission from combustion of fossil fuels are continuously increasing global warming and 
ozone layer depletion. Therefore, green and clean alternative of fossil fuels is outmost important as most of countries 
being the signatory of protocols in international framework to lower down the emission and carbon issue to protect our 
earth. Hence, biodiesel considered to be such an alternative fuel that has become important globally, not only to reduce 
the CO2 emissions but also make the countries oil independence. 

What is Biodiesel? 
The concept of biodiesel was first suggested by Mr. Rudolph Diesel, the inventor of diesel engine by use of vegetable oils 
in the remote areas where diesel was not available during 1890s (Swain, 2014) but the use and production of plant 
derived oil as fuel was very limited and did not gain such importance. After realizing the impact of petroleum-fueled 
diesel engines on environment and its nonrenewable character, biodiesel started to gain importance as ecofriendly 
alternative of petrol oil (Huang et al., 2012). The main composition of biodiesel is fatty acid methyl ester (FAME) 
produced through transesterification process by combining any natural oil or fat with an alcohol such as methanol or 
ethanol and its properties differ upon the nature of its raw material and the technologies related to the conversion 
process (Ncibi and Sillanpää, 2013). It can be used alone or blended with conventional diesel with various percentage. 
Oil crops, like rapeseed and soybean mostly used in US, oil trees like, palm oil and jatropha mostly used in Asian 
countries; besides that, other non-edible oil seed crops/ plant, algae animal fat, waste/used oil are considered to be as 
feedstock for biodiesel production (Ncibi and Sillanpää, 2013). However, different regions are now exploring various 
sources as biodiesel feedstock according to the local climatic condition and available resources. 

Benefits of Biodiesel: Clean Energy Source 
Biodiesel is nontoxic, biodegradable, renewable fuel (Gashaw et al., 2015) and is the only alternative fuel that has 
fulfilled the health effects testing requirements of the Clean Air Act.34 (Huang et al., 2012). The major benefits from 
biodiesel than conventional petrol/ diesel is: 

1. Emission of greenhouse gases like, CO2, SO2, CO and other hydrocarbon, aromatic hydrocarbons, alkenes, aldehydes, 
ketones, particulate matter etc. are less than conventional petroleum diesel reduces the air pollution (Huang et al., 
2012; Ncibi and Sillanpää, 2013). As the raw materials extracted from plant sources the carbon cycle of biodiesel is 
dynamic through photosynthesis, where plants absorb more CO2 than discharged due to combustion, thus biodiesel 
protect the environment and maintain the ecological balance by reducing the CO2 emission compare to combustion of 
fossil fuel (Alleman et al., 2016). Thus, it is considered as a ‘carbon neutral’ (Huang et al., 2012) energy source.  

2. Due to low sulfur content than normal diesel oil, SO2 emission is less (Gashaw et al., 2015), reduce the chances of 
acid rain (Huang et al., 2012). 

3. It was found that exhaust from biodiesel engine had lower mutagenic potential than from conventional diesel (Krahl 
et al.,2005; Bünger et al.,2000). 

4. Biodiesel has better lubricant property that lower the water rate of injection pump, cylinder and engine connecting, 
and extend the use-life-span of the engine (Huang et al., 2012). 
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Production Technology 
In general biodiesel production from oil crops/plants involves major two steps-  
1. extraction of oil from feedstocks, through mechanically or chemically, sometimes combine extraction. 
2. Conversion of oil into biodiesel through transesterification process (Ncibi and Sillanpää, 2013). 

Transesterification procedure is the advance and most commonly used method, where oil from feedstock mixed with an 
alcohol transformed into monoester as a result the viscosity of oil is reduced, heat values maintained and the Cetane 
number increases because the molecular chain is cut into 1/3 (Huang et al., 2012). There are two methods by which oil 
is converted to biodiesel by transesterification i. using a catalyst (commonly used) ii. Non catalyst option including 
supercritical processes and co-solvent systems. Homogenous base catalysts like- NaOH, KOH and NaMeO (used when free 
fatty acid of feedstocks is less than 1%), acid catalysts that include H2SO4, H3PO4, and CaCO3 (used when free fatty 
acid of feedstocks is more than 1%) and lipase enzymes (Karmakar, 2010). But heterogeneous catalysts like CaO seems 
to have more advantages and cost effective as it converts triglycerides into methyl ester and glycerol in eco-friendly 
way and can be reused for both batch and continuous process, along with the easy separation phase (Sakai et al., 2009). 
The catalyst is dissolved in the alcohol with a standard mixing machine and the oil is added with the mix, and then put 
into a closed reaction vessel. As an output crude biodiesel and crude glycerol are obtained. Then these two are easily 
gravity separated as glycerol is denser and settles bottom of the vessel, sometimes centrifuge is used to separate them. 
Then purification of crude biodiesel is done before use through adding acid solution to neutralize the un reacted alkali 
catalyst then distillate the biodiesel to remove unreacted alcohol and finally washing the remnants of the catalyst, 
soaps, salts, residual alcohol and free glycerol (Ncibi and Sillanpää, 2013).The parameters like, reaction temperature, 
ratio of alcohol to vegetable oil, amount of catalyst, mixing intensity, catalyst, and the raw oils used are most relevant 
in this kind of operation (Marchetti, 2007). 

Problems of Biodiesel 
1. Biodiesel generally has higher density, viscosity, cloud point and cetane number, and lower volatility and heating 
value compared to commercial grades of diesel fuel and engine test has shown that its fatty colloid will plug the fuel oil 
filter of engine in long term use. Also, high viscosity will block of the fuel injector and its unburned hydrocarbon will 
deteriorate the tube when it leaks into crankcase (Huang et al., 2012). 

2. Growing of food crops as biodiesel feedstock is raising the questions of food availability, land engagement and also 
cause negative impacts on price, as returns from crops to biofuel production might be more than same crop sold as food 
or non-biofuel purpose (Huang et al., 2012).   

3. Production of biodiesel in cost effective way from high value edible oil is very much challenging as prices of feedstocks 
comprise largest share for fuel production, but prices of edible oil are subjected to fluctuation which can impact both 
agriculture and energy market (Ewing and Msangi, 2009). 

4. Biodiesel is considered to be oxygenated fuel as it contains generally 10 wt.% of oxygen which improves its burning 
quality and also reduce the low emission of CO, PM and other gaseous pollutants over conventional fuel, but it produces 
larger NOx due to presence of oxygen under high temperature burning environment (Huang et al., 2012). 

5. Maintenance of fuel quality for long-term storage is a major concern for biodiesel producers, marketers, and 
consumers because of its relatively poor low-temperature properties and presence of unstable double bond (Huang et 
al., 2012). 

Initiatives in India 
In India, National Biodiesel Mission (launched by union government in 2009) identified jatropha as suitable feedstock for 
biodiesel production and targeted a goal of 20 percent biodiesel blending with conventional diesel by the year 2017. But 
the target was unfulfilled because of several agronomic and economic constraints (Shinoj et al., 2011). To fill up the gap 
new biofuel policy on 2018 set an indicative target of 5% blending with diesel by 2030 and encourages generation of 
feedstocks apart from jatropha like nonedible oilseed tress and crops such as Karanja, neem, castor etc., domestic 
used/wasted cooking oil, animal fat, algal feedstock with suitable supply chain mechanisms, feedstock collection 
centers, fair price mechanisms for the engaged community in coordination with local bodies, states and concerned stake 
holders (GOI). Financial institutions like the National Bank for Agriculture and Rural Development (NABARD), Indian 
Renewable Energy Development Agency (IREDA) and Small Industries Development Bank of India (SIDBI) are encouraged 
for funding and financial assistance to set up biodiesel plantations, oil expelling/ extraction units, and infrastructure for 
storage and distribution (Basavaraj et al., 2012). The Bio-Diesel Association of India (BDAI), is a non-profit national 
association functioning as the coordinating body for marketing, research and development of biodiesel in India for 
sustainable agricultural growth, rural development, energy security and equal opportunity for the masses with overall 
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environmental protection (Swain, 2014). To promote the biodiesel production, India’s biofuel policy exempts the biofuel 
sector from central taxes and duties, and biodiesel is exempt from excise duty, also customs and excise duty concessions 
are also provided on plant and machinery for biodiesel production. (Basavaraj et al., 2012). 

Conclusion 
Biodiesel has caught attention from many countries as an ecofriendly energy source and also a substantial market exists 
as an attractive alternative of conventional oil. Biodiesel production ensures employment generation and agricultural 
growth, more over independence of oil from foreign import. Many countries are setting up national standards for the 
production process, product quality and production safety of biodiesel to standardize the manufacturing and working to 
subsidize it through fiscal and tax policy. But still, there are many unresolved issues like food security, land use, NOX 
emission, technological gap etc. that are limiting the biodiesel adaptation at commercial level. Improvement of research, 
expansion the use of nonedible oil, application of proper technology with proper policy imposition and engagement of 
organization might be helpful to remove the hurdles and its widespread application in transportation sector in near 
future, that will be a major step towards greener world. 
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Summary of Article 
COVID 19 (SARS-CoV-2) is one of the harmful diseases of 21st century causing serious health issues among the human 
population among the entire nation of the world. The result of spread is complete lockdown of human life. It affects 
trades, public transport, shopping mall, cinema hall, industrial sector and particularly the agriculture. Agriculture 
contributes 16% to Indian GDP and due to lockdown absence of transport and supply of agricultural implements, Indian 
agriculture has broken down completely which leads to miserable condition of Indian farmers. 

Introduction 
COVID 19 is a deadliest disease of the 21st century causing severe disaster affecting all most all the nation. It causes 
severe respiratory health issues due to SARS-CoV-2 which was identified in December 2019, from Wuhan city of China 
(WHO, 2020). This causes severe health loses, many people lost their livelihood, many corporate offices have been 
closed, impeding on the International and National trade, almost all public transport have been closed to restrict the 
spread of this virus and have a great burden on the social life of every individual. From this race India is not ruled out, 
a case was identified on 30th January, 2020 (Hindustan times, 2020). To break the infection, on 22nd March 2020, India 
observed a 14-hour voluntary public curfew at the instance of the Prime Minister Narendra Modi and followed by lockdown 
in all major cities of 75 districts (Al Jazeera, 2020). After 14 hours of public curfew, on 24 March, honorable prime 
minister declared a first phase nationwide lockdown for 21 days, guiding the entire 1.3 billion population of the India 
(livemint, 2020 and Regan et. al., 2020), after that prime minister extended 2nd phase lockdown from 14 April to 3rd 
May (Withnall, 2020), and 3rd phase lockdown from 4th May to till17 May (theweek, 2020). During this entire 45 days of 
lockdown so many visible changes occurred in the different Governmental and private sector of the Nation particularly 
there is major disaster occurred in the field of the Agriculture. Due to severe outbreak of COVID 19 has broken the back 
bone of entire farming communities and destroyed the national economy. 

Effect of the Outbreak of COVID 19 on Agriculture 
In the agriculture-based countries like India, spreading of pandemic disease like COVID 19 is very lethal to the farming 
communities like a heavy cyclone in clean weather climate. It impedes on all agricultural operation like sowing, 
transplanting, harvesting, selling, transporting the agricultural commodities. Due to lockdown, farmers are not able to 
sell their agricultural products like vegetables in the market, so either they are selling with very low price or these 
agriculture products getting rotted in the filed as these are perishable in nature. No proper transport facilities are 
available to carry vegetables to cold storage and sufficient number of storage fasciitis is not available to store these 
commodities for future. 

According to, Lekhi Ram, a smallholder farmer from Khairpur village of west Greater Noida, Uttar Pradesh has expressed 
his sorrow by saying “We take our produce to the mandi (market) but there are hardly any buyers these days. I was 
forced to sell four quintals of chili at Rs 10 per kg as against a normal price of Rs 40. But I was desperate to clinch the 
deal; else the transportation cost of bringing all that produce back would have broken my back” (Inter Press Service, 
2020). Due to lockdown farmers are not able to harvest their first flush of tea and the 2nd flush is doubtful. There is a 
significant loss in the revenue of Darjeeling tea-based tea industry (Bose, 2020) and tea export drop down to 8% (Rakshit, 

2020). Due to lockdown Uttar Pradesh, farmers are facing huge problem to harvest the rabi standing crop. Not only the 
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harvesting of rabi crop, but also there is a major problem of sowing sugarcane and field preparation for the kharif season. 
In Tamil Nadu, farmers are facing the problem for harvesting cotton, onion, banana, flower and other cash crops and 
about 20% banana bunches spoiled as per a local farmer. In Kerala, production of Vazhakkulam pineapple reduced to 20 
tonnes against 1200 tonnes and production of Muthalamada Mango reduced to only 3 tonnes against 200 tonnes 
(Newindianexpress, 2020). 

Farmers of Madhya Pradesh are facing the problem for harvesting of wheat due unavailability of mechanical harvester. 
As we know West Bengal is a major producer of potato in India, huge amount of potatoes is stored and its transport is 
not possible doe to unavailability of labourers and truck drivers. Odisha is facing tremendous problem in harvesting of 
vegetables and rabi crops like black gram, green gram and other oil seeds like groundnut.  

Andhra Pradesh one of the major horticulture area of India export around 70% of its produce to different states of the 
country facing huge loss in production due to lockdown. Similar constrains are also facing by Telangana farmers due to 
absence of transport facility and market for which sweet limes are thrown in the road. In Rajasthan rabi crops such as 
wheat, mustard and barley are not able to harvesting due absence of labour and harvester.  

About 70% of vegetables wasted as no buyers or transport are available in Nainital district of Uttarakhand. A tremendous 
problem also facing by Karnataka, for harvesting of fruits, vegetables, pulses. According to a farmer Kurbur 
Shanthakumar said "15,000 hectares of plantain cultivation in the state. The fruit is not being sold we may soon see an 
increase in price since farmers may not grow vegetables anymore" (Newindianexpress, 2020).  

 
As we know Punjab huge producer of wheat facing trouble in harvesting of wheat. Puneet Singh Thind, National Director 
of Vegetable Growers Association of India, told that “The farmers who have grown green chilies, cucumber, capsicum, 
cabbage, onion is facing major losses as their produce has been dumped at the vegetable markets. Wholesale buyers 
(hotel, restaurant and caterers) are not purchasing the produce as many establishments are shut down. Only retail, 
vendors or hawkers are buying the produce which is just 20 per cent of the total”. 

Conclusion 
There is no confusion that COVID 19 has tremendous effect on the Indian Agriculture and it completely broken down the 
back bone of the Indian farmer. It has a significant impact on the Agricultural Research and Agricultural education. All 
the Agricultural Institution, State Universities, KVKs have closed due to the lockdown. Lockdown has shut down the 
teaching, semester examination in the Agricultural universities creating trouble in the future of the agricultural students. 
It also has a huge effect on the career of the M.sc. and Ph.D. student those are active in research work delaying in their 
course completion. Due to absence of public transport and market, all agriculture produces are selling with very less 
margin causing huge lose to farmers. So, in one sentence we can say, COVID 19 almost destroyed the Indian Agriculture. 
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Introduction 
Climate or environment is the master class, which is having greater impact on all the living creatures from small microbes 
which measures just few microns to the biggest living creatures on earth. The term “Climate change” was proposed by 
WMO during 1966, According to Intergovernmental Panel on Climate Change (IPCC, 2007) It refers to any change in 
climate over time, whether due to natural variability or as a result of human activity. Climate change is the present 
global threat which is causing severe loss in crop production, it is by means of change cropping season and also enhancing 
the activity of the pest/pathogen. Climate change is the result of the faster increase in temperature and CO2 
concentration over the past 100 years. During this  period, the global mean temperature has increased by 0.74°C and 
atmospheric CO2 concentration has increased from 280 ppm in 1750 to 400 ppm in 2013 (Gautam et al.,2013). 

Development of Disease in Plant 
COVID 19 is a deadliest disease of the 21st century causing severe disaster affecting all most all the nation. It causes 
severe respiratory health issues due to SARS-CoV-2 which was identified in December 2019, from Wuhan city of China 
(WHO, 2020). This causes severe health loses, many people lost their livelihood, many corporate offices have been 
closed, impeding on the International and National trade, almost all public transport have been closed to restrict the 
spread of this virus and have a great burden on the social life of every individual. From this race India is not ruled out, 
a case was identified on 30th January, 2020 (Hindustan times, 2020). To break the infection, on 22nd March 2020, India 
observed a 14-hour voluntary public curfew at the instance of the Prime Minister Narendra Modi and followed by lockdown 
in all major cities of 75 districts (Al Jazeera, 2020). After 14 hours of public curfew, on 24 March, honorable prime 
minister declared a first phase nationwide lockdown for 21 days, guiding the entire 1.3 billion population of the India 
(livemint, 2020 and Regan et. al., 2020), after that prime minister extended 2nd phase lockdown from 14 April to 3rd 
May (Withnall, 2020), and 3rd phase lockdown from 4th May to till17 May (theweek, 2020). During this entire 45 days of 
lockdown so many visible changes occurred in the different Governmental and private sector of the Nation particularly 
there is major disaster occurred in the field of the Agriculture. Due to severe outbreak of COVID 19 has broken the back 
bone of entire farming communities and destroyed the national economy. 

Causes of Climate Change 
The change in climate is due to two types of causes viz. 
1. Natural causes 
2. Anthropogenic causes. 

Natural Causes 
1. Conventional drifts 
2. Toxic gasses released to atmosphere by volcanoes 
3. Ocean currents 
4. Earth’s tilt and intensity of solar radiation. 

Anthropogenic Causes 
Green Houses Gases like: 
1. Carbon dioxide (CO2) 
2. Methane (CH4) 
3. Nitrous oxide (N2O) 
4. Chloro fluoro carbons (CFCs) 
5. Ozone (O3) 
6. Water Vapours (H2O) and other man-made cause is changes in  land use pattern due to deforestation and urbanization. 

Impact of Climate Change 
According to report given by IPCC in 1995, Greenhouse gas concentrations have increased and will continue to do so 
given their long life in the atmosphere, Climate has changed over the past century in response to increasing atmospheric 
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CO2, with the global mean surface air temperature increasing between 0.3 and 0.6 0C and anthropogenic aerosols such 
as sulphur dioxide tend to produce negative radioactive forcing (i.e. a cooling trend) but are relatively short-lived, 
Climate model simulations using future emission scenarios of greenhouse gases and aerosols suggest an increase in global 
mean temperature between 1 and 3.50C by the year 2100. Because of the increased temperature many changes are 
occurring in biosphere, hydrosphere and atmosphere like melting glaciers, as a result increase in sea level, development 
of hurricanes and occurrence of new pest and diseases and etc. 

Positive Effect of Climate Change on Plants 
Reports suggest that Australian wheat yields increased as much as 30 to 50 % as a result of recent climate changes 
(Nicholls, 1997). IPCC’s 1995 report states that a doubling in CO2 could increase yields of several major crops by an 
average of 30 % and Elevated CO2 would result in increased photosynthesis and water use efficiency of plants. 

Effects of Climate Change on Agriculture 
The changing climate is having some deleterious effect on the crop plants like: 
1. Affect the crop growing season: The crop growing season is altered due to changes in climate. 

2. Prevent crops from growing: Some of the crops may go away from cultivation in some regions. 

3. Drought challenge and cause soils to become drier: It is because of higher temperatures. 

4. Reduces the nutritional value of crops: May be due to over expression or non-expression of some genes in climate 
change condition. 

5. Alteration in severity and occurrence of pests and diseases: The higher temperature favors the multiplication of 
insects and diseases vectors.  i.e. fecundity of the insects will be increased and diseases intensity increased. 

Among the above-mentioned effects of climate change, the effect on plant disease severity and occurrence is the concern 
of plant pathologists. 

Effect of Elevated CO2 
1. Affect the host pathogen interaction: The elevated CO2 may be having negative or positive effect with respect to 
host pathogen interaction. 

2. Increase in canopy density: Increased CO2 enhances the canopy density there by makes the plant susceptible for 
diseases. 

3. Changes in pathogen virulence: In some cases, the pathogen virulence increased due to higher CO2 concentration. 

4. Increase in sporulation: Increased CO2 may induce heavy sporulation by the pathogens and severe epidemics. 

5. Low plant decomposition rates: High C:N ration because of greater CO2 assimilation in  plants will reduce the 
decomposition rate. 

Some of the Cereals’ Diseases Under High CO2 Concentrations Have Mentioned Below: 

Effects of Raising Temperature 
1. Development of new race or pathogen 
2. Alteration in the growth stage, development rate, pathogenicity of infectious agents  

Crop Disease/pathogen Status 

Maize Smut- Ustilago maydis Increased 

Rice Leaf blast- Magnaporthe oryzae Increased 

Rice Sheath blight- Rhizoctonia solani Increased 

Wheat Barley yellow dwarf virus Increased 

Wheat Stripe rust- Puccinia striformis Increased or Decreased 

Wheat Spot blotch - Cochliobolus sativus Increased 

Wheat Powdery mildew- Blumeria graminis Increased or Decreased 

Wheat Head blight- Fusarium sp. No effect 
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3. Alteration in vector borne diseases: Temperature is one of the major factors in increasing the fecundity of the vectors, 
under higher temperatures vectors use to multiply faster than the normal rate and the spread of the vector borne 
diseases will be more under higher temperatures. Because of transmission is more. 
4. Increased host susceptibility: In some cases, host become more susceptible to diseases, the temperature makes the 
resistant genes susceptible to the pathogen beyond certain temperature. 
5. Production of overwintering stages: Elevated temperature is an unfavourable condition for the pathogen and it acts 
as stimuli to produce the over wintering stages. 

Some of the Cereals’ diseases under high CO2 concentrations have mentioned below: 

Conclusion 
The earth’s climate is always changing; important factors of changing climate are increasing amounts of CO2 and 
temperatures. They know to cause many hazards to crop plants in various ways, plant diseases are also affected by the 
changing climate. Beyond the deleterious effects, climate change is also having some positive effects like increased 
yields in C3 plants rather than C4 plants. If we can ably overcome the negative effects from the climate change, then 
we can able to exploit the yield increase effect by climate change. So, there is a need of sound Mitigation strategies to 
climate change and plant diseases. 
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Crop Disease/Pathogen Status 

Barley and Wheat Yellow dwarf virus Increased 

Wheat Crown rot- Fusarium pseudograminearium Decreased 

Wheat Stripe rust- Puccinia striformis Increased 

Wheat Leaf rust- Puccinia triticina Increased 

Rice Blast- Magnaporthe  oryzae Increased 

Rice BLB- Xanthomonas  oryzae pv. oryzae Decreased 

Rice  Sheath blight- Rhizoctonia solani Increased 

Maize Maydis leaf blight- Helminthosporium maydis Increased 
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Introduction 
Today’s health-conscious consumers demand products that are convenient and promote health. There is a demand for 
high quality, convenient, shelf-stable, and ready-to-use processed food products. Tertiary processed food or convenience 
food is commercially prepared for ease of consumption. Dehydration has been considered as an effective low-cost 
technique for preserving food items. Dehydration reduces the moisture content of food and retards the growth of 
microorganisms. Dehydration is an effective technique to make convenient food products such as dry soup mixes, baby 
foods, food gravies, frozen entrees, and dairy products (Somogyi and Luh, 1988). It converts food into a lightweight, 
easily storable, and transportable product. 

Effect of Dehydration on Antioxidant Compounds 
The drying of vegetables leads to many nutritional changes such as the concentration of calorie content into the smaller 
mass, retention of vitamin A, B-vitamins, and iron but there is a loss of vitamin C during drying of vegetables while no 
change in fiber content of vegetable (Kendall et. al., 2006). Joshi and Mehta, (2010) observed that if green leafy 
vegetables are processed in such a way as dehydration, they can be used as an excellent and concentrated source of 
antioxidant nutrients and phytochemicals. The effect of dehydration on the nutritive value of drumstick leaves was 
studied. The results showed a significant increase in all the nutrients in the dried samples of the leaves making them a 
concentrated source of nutrients. Shade dried samples had the highest nutrient retention followed by sun-drying and 
oven-dried samples but the differences were not statistically significant.  

In another study, Gupta et. al., (2013) investigated the effect of dehydration on the retention of nutrients in green leafy 
vegetables. Leaves of Amaranthus gangeticus, Chenopodium album, Centella asiatica, Amaranthus tricolor, and 
Trigonella foenum were steam blanched for five minutes followed by drying in a hot air oven at 60˚C for 10 to 12 hours. 
The results revealed that dehydration had little effect on proximate composition, minerals, and antinutrient content of 
green leafy vegetables. Among the vitamins, retention of ascorbic acid was 1 to14%, thiamine 22 to 71%, total carotene 
49 to 73%, and β-carotene 20 to 69% concerning their initial content. Dialyzable iron and calcium in the fresh vegetables 
ranged between 0.21 to 3.5 mg and 15.36 to 81.33 mg/100 g respectively, which was reduced to 0.05 to 0.53 mg and 
6.94 to 58.15 mg/100 g on dehydration. Ascorbic acid and total carotene content ranged between 0.5 to 8.2 and 10.77 
to 27.78 mg per 100 g on a fresh weight basis. 

Joshi and Mathur, (2010) reported 56 mg/100 g of ascorbic acid in oven-dried drumstick leaves. Rajeshwari, (2010) 
reported chlorophyll content of 53.90, 57.07, 58.23, and 29.56 mg/100 g in dehydrated leaves of amaranthus, fenugreek, 
shepu, and gogu, respectively. Ahmed et. al., (2001) reported chlorophyll content ranged between 0.97 to 3.20 mg per 
liter in coriander leaves dried at the temperature of 45 to 65˚C. Sharma and Rao, (2013) observed 6.03 and 6.11 g/100 
g dry weight of chlorophyll a and chlorophyll b in cabbage leaves, respectively. Mehta et. al., (2017) reported ascorbic 
acid, chlorophyll, flavonoids and polyphenolic content of 16 mg/100 g, 11.06 mg/liter, 9.15 mg RE/liter and 0.67 GAE 
mg/100 g in unblanched oven-dried mint leaves, respectively. Hihat et. al., (2017) reported total flavonoid content 
ranged between 16.36 to 19.60 mg RE/g in coriander leaf powder dehydrated at 40 to 60˚C. Gupta and Prakash, (2008) 
reported that the total polyphenolic content for dehydrated green leafy vegetables ranged between 637.50 to 1170.83 
mg TE per 100 g. Dasgupta and De, (2007) observed DPPH /IC50 value of 61.4 to1946 µg/ml in eleven dried leafy 
vegetables. 

Hoxha and Kongoli, (2016) evaluated the effect of hot air dehydration and sun drying on phenolic content and antioxidant 
activity of two fig varieties. The data obtained showed that both drying processes increased the total phenolic content 
and antioxidant activity, but the hot air dehydration process influenced more in an increase in total phenolic content 
and antioxidant activity and total acidity of the final dried product as compared to the sun-drying process. Kowsalya and 
Vidhya, (2004) investigated the effect of dehydration on the nutritive value of four green leafy vegetables namely Aria 
keerai, Mulla keerai, Paruppu keerai, and drumstick leaves. The findings of the study revealed that fiber, total ash, 
iron, phosphorus, calcium, Vitamin C, total carotene, beta carotene, and thiamin content ranged between 87.89 to 
96.49%, 8.5 to 20 g, 25.5 to 269 mg, 227 to 425 mg, 0.42 to 4.55 g, 108 to 591 mg, 91.58 to 189.56 mg, 41.74 to 97.85 
mg, and 0.12 to 0.58 mg, respectively. Tan, (2017) investigated the effect of different cabinet drying temperatures and 
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fruit shape on the functional product content of the figs. It was observed that drying temperatures of the cabinet had a 
positive effect on skin thickness. The drying process increased the total phenolic content and antioxidant activity 
especially in fig quarters which were dried at 50˚C.  

Vynakatrao, (2015) studied the effect of drying methods on the nutritional value of coriander, curry leaves, mint, and 
bitter gourd. These vegetables were dried by five different methods of drying, oven-dry at 60˚C and 90˚C, red light dry, 
sundry, and shade dry. The findings of the study revealed that maximum beta carotene retention was observed in shade 
drying while the highest retention of ascorbic acid was found by oven at 90˚C. Drying in the oven at 60˚C resulted in the 
maximum preservation of protein in all vegetables. The finding suggested that drying in the oven at 60˚C and red light 
drying, caused the minimum loss in nutrients and can be used for drying of vegetables completely. Four commonly 
consumed vegetables namely agathi, coriander leaves, drumstick leaves, and carrot was dried by sun drying, shade 
drying, and cabinet drying methods to make vegetable powders (Lakshmi and Kohila, 2007). Vegetable powders were 
analyzed for their nutritional composition and antioxidant activity. The findings revealed that shade drying yields 
maximum antioxidant activity.  

Kowsalya et. al., (2001) evaluated the retention of beta carotene in selected green leafy vegetables subjected to 
dehydration using different methods. They include sun drying, oven drying, microwave drying, freeze-drying, and solar 
drying. The results revealed that among different dehydration techniques, up to 90% carotene retention was obtained in 
freeze-drying and microwave drying. Bhosale and Arya, (2004) investigated the effect of different modes of drying on 
moisture content and drying time of selected vegetables. The commonly consumed six vegetables i.e cabbage, 
cauliflower, cluster beans, spinach, okra, and fenugreek leaves were dried in cabinet tray drier, open sunlight, and 
under shade. It was found that cabinet tray dried vegetable samples reported minimum time for drying with maximum 
removal of moisture. In another study, Awogbemi and Ogunleye, (2009) investigated the effect of drying on the quality 
of three species of vegetables namely amaranthus, vernonia, and fluted pumpkin. Proximate analysis and microbial load 
analysis were carried out on the vegetable samples after each day of drying for a total of five days. The analysis showed 
that the nutritional composition of fresh vegetables and their microbial load decreased with each day of drying. 

Value-Added Food Products from Dehydrated Vegetable Greens 
Vegetable powders can be produced with a view of good consumer appeal and varied use. Dehydrated vegetable greens 
can be used for improving the efficacy of different products as a nutraceutical and pharmacological products. The most 
effective technique to dry the greens is freeze-drying, however being very expensive, the next slant to effectively 
preserve the greens is the oven drying at the optimum time and temperature with minimum losses of the nutrients and 
bioactive compounds in the dried leaves (Devi, 2017).  

Lakshmi and Priya, (2005) determined the nutritive value of sun-dried, shade dried and oven-dried drumstick and plantain 
flowers and evaluated the acceptability of recipes incorporated with them. The findings revealed that oven-dried 
samples were highly nutritious. Incorporation of dried flowers into recipes and chutney powders at 5 and 10% level were 
highly acceptable. The results of the study showed that dehydrated vegetable flowers were highly nutritious and can be 
incorporated into recipes to make them more nutritious. Lakshmi and Vimala, (2000) evaluated the different products 
incorporated with dehydrated amaranthus, curry leaves, gogu, and mint leaf powder. The study concluded that green 
leafy vegetable powders retained good amounts of proteins, fiber, and minerals and fair amounts of ascorbic acid and 
beta carotene. The food products prepared using powders of amaranthus (soup, dhal with greens and pesarattu), curry 
leaves (hot powder, pakodi, and pesarattu), gogu (dhal with greens, chutney and mutton curry) and mint (vegetable 
biryani, chutney, and bone soup) were rated as highly acceptable for all sensory attributes.  

Nutritional evaluation of the products prepared from dried spinach leaves was studied by Singh et. al., (2004). It was 
estimated that the moisture, protein, and iron content of the cake, biscuits, pakora, vada, namakpara, and kurmura 
ranged from 1.43 to 40.87 %, 9.61 to 16.62 % and 4.10 to 15 mg/100 g, respectively. The investigation revealed that the 
products developed with spinach contained appreciable amounts of iron and beta carotene. Singh and Kawatra, (2006) 
studied the ionizable iron content of products i.e pakora, vada, namakpara, kurmura, biscuits, and cake incorporated 
with fresh and dried powder of amaranthus leaves. Ionizable iron expressed as a percent of total iron was highest in 
biscuit (57.4%) followed by cake (27.5%) and namakpara prepared with fresh and dehydrated amaranthus leaves (25 and 
23.7%, respectively), pakora with fresh leaves (19.3%), kurmura with dried leaves (16.1%), vada (16.2%) and kurmura 
with fresh leaves (22.4%).  

Singh et. al., (2007) developed value-added products from dehydrated bathua leaves. The results of the study showed 
that dehydrated leaves were a rich source of carbohydrates, protein, and ash. Iron and carotene content of dehydrated 
bathua leaves was 27.48 mg/100 g and 14826 µg/100 g, respectively. The study concluded that conventional food items 
incorporated with dehydrated bathua leaves can improve the nutritional quality of the products as well as add variety 
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in the diet. Gupta and Prakash, (2011) formulated micronutrient-rich products with dried greens of keerai (Amaranthus 
paniculatus) and shepu (Peucedanum graveolens). Dehydrated greens were incorporated into mathri and thalipeeth. It 
was found that incorporation of 4% dehydrated greens in the products was highly acceptable and there were no significant 
losses in proximate composition, minerals, and antinutrient contents. Similarly, Seshadri et. al., (1997) studied the 
retention of β-carotene in the products supplemented with dehydrated drumstick leaves. The leaves were dehydrated 
and rehydrated before their use in recipes. Percent incorporation of dried leaves varied in three different products 
namely a shallow fried product dhebra (6%), steamed product muthia (14%), and boiled soup (19%). The products were 
mostly acceptable by panel members. 

Conclusion 
Dehydration facilitates the utilization of the food items in other parts of the country or world where they are unavailable. 
The perishables can be dried during peak season and stored for use during the sparse season. They have longer shelf-life 
than fresh foods. Simple and acceptable micronutrient-rich recipes can be formulated from dehydrated foods which add 
variety to the diet. Dehydrated foods can be incorporated into existing products as natural fortificants and can be used 
in the formulation of health foods. Easy to preserve, feasibility, cost-effectiveness, convenience, and off-season 
availability are some of the advantages of dehydrated foods. Value addition with dehydrated foods can be used as a 
feasible food-based strategy for improving the quality of diet and preventing nutritional deficiencies and malnutrition. 
Dehydrated foods are concentrated source of micronutrients and bioactive compounds, therefore, can be used to 
supplement traditional recipes as well as commercially available convenience foods. 
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Introduction 
Antibiotics are the low molecular weight substances produced by a microorganism that is lethal to the growth of other 
group of microorganisms in lower concentration. The term Antibiotic was first put forth in 1942 by Selman Waksman; the 
term Antibiotic is a Greek word “anti”- against, “bios”- life. Alexander Fleming (1928) postulated the presence of 
Penicillin, which is the first antibiotic, isolated from the fungus Penicillium notatum. Antibiotic use in cop protection 
constitutes less than 0.5% of total antibiotic use. The phenomenon of antibiotic resistance in bacteria is quite natural 
for adaptation to antimicrobial compounds. Once bacteria become resistant to some antibiotic, they transfer this trait 
to their progeny through horizontal or vertical transfer. The haphazard and illogical use of antibiotics these days has led 
to the evolution of new resistant strains of bacteria; these are more lethal compared to the parent strain. 

Reasons for Antibiotic Resistance Development 
1. Over dose usage of antibiotics leads to the development of antibiotic resistance. 
2. Use of same antibiotic for multiple sprays and for many years put enough selection pressure on the bacterial 
population.  
3. Poorly maintained gardens are the source of antibiotic resistance gene through horizontal gene transverse between 
the non-pathogenic bacteria or between resistant strain and sensitive strain of the antibiotic.  
4. Movement of the resistant genes through soil microbes to the plant pathogen. 

Bhattacharjee (2016) suggested two types of antibiotic resistance Viz: 
1. Intrinsic resistance: Intrinsic resistance is when by virtue of their structural or functional features, some bacteria 
are naturally resistant to some antibiotics without having prior exposure to the antibiotics. For example, gram-negative 
bacteria are intrinsically resistant to vancomycin, which is too large a molecule to cross the outer membrane. 

2. Acquired resistance: In a population of antibiotic sensitive bacteria, some cells may acquire the ability to be resistant 
to the antibiotic. Thus, unlike intrinsic resistance , which is effective in all cells of a certain species, acquired resistance 
can be observed in only a subpopulation of any bacterial species. Acquired resistance development can take place by 
two different mechanisms: 

a. By point mutations 
b. By resistance gene acquisition.  

Resistance Development by Point Mutations 
Methods of development of point mutations can be of two types: natural methods and induced methods. 
1. Natural methods: Replication errors in genetic material of the microbes. 

2. Induced methods: Harsh environmental conditions such as strong ionizing radiations or oxidizing or alkylating 
chemicals. 

Resistance Development by Resistance Gene Acquisition 
1. Plasmids, Transposons and Integrons: Antibiotic resistance genes usually present in either the chromosome or 
plasmids or transposons or integrons. Plasmids are small (up to a thousand-fold smaller than the chromosome) pieces of 
extra chromosomal DNA, usually circular. They can be present in multiple copies and use the cellular proteins for their 
replication. Replication is initiated at a specific site called the origin of replication (oriV). Of the various genes that are 
present in plasmids, one important gene that is usually present is resistance gene for some antibiotic. 

2. Transfer of resistance genes between bacteria: If some bacteria in the infecting population contain an antibiotic 
resistance gene, they can transfer the gene to other bacteria in the population that are sensitive to the antibiotic. These 
bacteria that acquire the resistance genes also become resistant. 
Transfer of genes between bacteria can take place in three ways: 

a. Bacterial Conjugation. 
b. Bacterial Transformation. 
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c. Transduction/Transfection. 

Antibiotic Resistance Mechanisms 
Mechanisms of resistance development to antibiotics can be classified into two types.  
1. Altering the target of the antibiotic such that it is no longer affected by the antibiotic.  
2. Decrease the concentration of the antibiotic to a level that is lower than the MIC such that it will not have a significant 
inhibitory effect on the bacteria.  

The low concentration can be achieved in three different ways:  
1. Preventing entry of the antibiotic into the cell. 
2. Pumping out the antibiotic after it enters the cell. 
3. Degrading or inactivating the antibiotic by enzyme catalyzed chemical modification before it can bind to its target.  
The actual mechanism used depends on the type of bacteria as well as the type of antibiotic. (Harishchandra et al., 
2017). 

Management of Antibiotic Resistance 
1. Monitoring for resistance development:  Monitoring of the resistance development is an important step to manage 
the antibiotic resistance development, in that 

a. Frequent testing for the efficacy of the antibiotics is an important method to know about the antibiotic 
resistance in the plant pathogenic bacteria. 
 b. RT-PCR method is another method to determine the resistance genes present in the soil or pathogen 
population will help to take up control measures. 

2. Use of plant extracts: A number of pathogenic bacteria have developed resistance to antibiotics that results into 
multi-drug resistance among bacteria. Several studies have reported on potent antimicrobial properties of plant extracts. 
It is observed that there are complex interactions between different functional groups of plant extracts like phenols, 
aldehydes, ketones, alcohols etc. It is a fact that the herbs containing cinnamaldehyde, citral, carvacrol, eugenol or 
thymol (aldehyde or phenol as functional groups) possess the higher antibacterial activity. 

3. Use of bio agents: use of biological control agents for the management of plant pathogens is considered as a safer 
and sustainable strategy for safe and profitable agricultural productivity. Bacillus-based and Pseudomonas fluroescens 
play a fundamental role in the field of biopesticides. 

4. Rotation of antibiotics as a substitute: example use of oxytetracycline for the management of fire blight in apple 
instead of streptomycin. 

5. Use of nanoparticles: The replacement of conventional antimicrobials by new technology to counteract antimicrobial 
resistance is ongoing. 

6. Use of antimicrobial peptides: Antimicrobial peptides (AMPs) are small peptides with less than 50 amino acids and 
are part of the innate immune response in almost all organisms, including bacteria, vertebrates, invertebrates and 
plants. AMPs are active against a broad spectrum of pathogens.  

7. Other means of management: 
a. Use recommended dose of antibiotics. 
b. Maintaining field sanitation. 
c. Integrated disease management. 
d. Use of antibiotics in combination:  Example: Strepto Gold, Strepto Plus. 

Conclusion 
Development of resistance to antibiotics in plant pathogens and in other plant-associated bacteria seems to be relatively 
common. Such a resistance has been found in many counties. Resistance to antibiotic results either from an enzymatic 
modification of antibiotic (preventing it from binding to the bacterial ribosome) or from the modification of the ribosomal 
protein, which is the target molecule in the bacterial ribosome. Modification of the target molecule results from a point 
mutation in the gene which codes for the protein. Antibiotics should only be applied when climatic conditions are 
favourable for disease development and the target pathogen is present. Do not use for emergency disease management 
or in cases of a severe disease outbreak. When other compounds are available, they should be used in preference to 
single antibiotic. At the first sign of lack of efficacy, the use of antibiotic should be suspended until the presence or 
absence of resistant strains of the pathogen can be confirmed. The integrated control strategy may reduce the number 
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of antibiotic sprays applied to crop plants; Reduction in the number of antibiotic sprays may reduce the selection pressure 
for the development of antibiotic resistance. 
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Average operational land holding size in the country is estimated at 1.16 ha. About 80% of the land holdings are operated 
by small and marginal farmers owning <1 and 1-2 ha holdings, respectively. These farmers cannot invest in costly farm 
machinery and depend on hiring of implements to carryout agricultural operations in their fields.  In rainfed areas, the 
window for taking up of timely land preparation, sowing and inter-culture operations is narrow especially in the low 
rainfall zones. Labour shortage at peak times of demand is a serious problem faced by farmers. Adoption of climate 
resilient practices such as soil incorporation of legume catch crops and crop residues to improve soil health and resource 
conservation technologies are linked to timely access to appropriate farm machinery at reasonable cost. Several options 
are now available to increase the efficiency and timeliness of agricultural operations even on small farms by using farm 
machinery. 

Mechanization brings in timeliness and precision to agricultural operations, greater field coverage over a short period, 
cost-effectiveness, efficiency in use of resources and applied inputs, conservation of available soil moisture under stress 
conditions and provision of adequate drainage of excess rain and floodwaters. Custom hiring centres (CHCs) for farm 
implements were established in 100 NICRA villages which could successfully empower farmers to tide over the shortage 
of labour and improve efficiency of agricultural operations. A committee of farmers nominated by the gram sabha 
manages the custom hiring centre. The rates for hiring the machines/ implements are decided by the Village Climate 
Risk Management Committee (VCRMC). This committee also uses the revenue generated from hiring charges for repair 
and maintenance of the implements and remaining amount goes into the revolving fund. Most popular farm machinery 
stocked in CHCs are rotavator, zero till drill, drum seeder, multi-crop planter, power weeder and chaff cutter. 

Advantages of Custom Hiring Centres 
1. Provides access to small and marginal farmers to costly farm machinery 
2. Facilitates timeliness in farm operations and efficient use of inputs 
3. Promotes adoption of climate resilient practices and technologies by farmers because of availability of appropriate 
machines at reasonable hiring charges 
4. Reduces drudgery 
5. Promotes increase in cropping intensity wherever feasible 
6. Facilitates crop residue recycling and prevents burning of residues 
7. Reduction in cost of cultivation 
8. Provides work opportunities to skilled labour and small artisans. 

Custom hiring is a mechanism through which most small holders can access services of agricultural machinery. It is an 
option that can ensure the use of improved farm machinery even to small and marginal farmers. Custom Hiring services, 
in a limited way were started in 1990s under National Schemes spread over India, under National Agriculture Technology 
Project (NATP) and National Agricultural Innovation Project (NAIP). Custom Hire Services Custom hire services enhance 
technical and economic efficiency across agri-food value chains. Its objective is to provide hiring services for various 
agricultural machinery/implements and high value crop specific machines applied for different operations. Cost of 
establishment of custom hiring centre lies between 10 lakhs to 75 lakhs. Farmers, Cooperative and FPO which are having 
their own tractor, combine harvester etc. will be given preference in the establishment of CHCs. The selected people 
will get the amount in their account 15 days after the establishment of CHCs with terms and conditions i.e. 35% of the 
total budget of the custom hiring centre should be engaged in the purchase of straw management machinery, total cost 
cross the limit of 25 lakh, owner of the CHCs cannot sell the centre before 5 year of duration, rent of the machinery will 
be fixed by state govt, 30 % of the total budget has to be provided to women cluster and self-help group. If the center 
is found to be not meeting the targets and standards fixed under the agreement, the center will not be provided the 
government’s assistance as subsidy sanctioned and the beneficiary will have to pay complete loan amount. Different 
govt. schemes i.e.  National Mission on Agricultural Mechanization (NMAM), Sub-Mission on Agricultural Mechanization 
(SMAM). 

Conclusion 
Key challenges in custom hiring includes widely fragmented and scattered, precision and efficient equipment usage for 
higher production, lack of custom hiring in the potato sector, standardization is a major challenge that needs to be 
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addressed to increase the potential of custom hiring. Certain recommendations for government i.e. Governments should 
never get into Machine hiring business, Government must train and certify machine operators to facilitate custom hiring, 
Government should consider insurance schemes to secure customs hiring in bad weather. 
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Introduction 
Rainfall is the main source of water for irrigating crops irrigation to supplement precipitation. For maximum profits, 
irrigation water must be applied on a schedule that makes most efficient use of water and energy. The amount of water 
available to the plants from the soil determines when and how much irrigation water to apply. Thus, the first step in 
irrigation scheduling is to measure the moisture content of the soil. Irrigation scheduling is knowing when to irrigate and 
how much water to apply. Effective scheduling requires knowledge about soil properties, the soil-water relationship, 
the crop, and the climate.  

Not all of the water contained in the soil is available to plants. To interpret soil-water measurements and apply them to 
irrigation scheduling, you must be able to distinguish between the three categories of soil-water:  
1. Gravitational water. 
2. Plant-available water, or paw (sometimes called capillary water). 
3. Unavailable water. 

Soil-water terms used in irrigation scheduling. 

Term Definition 

Tension, Suction A measure of the adsorptive forces by which soil retains water. Tension 
is a measure of negative pressure (suction) relative to the prevailing 
atmospheric gauge pressure of zero. 

Bar Unit commonly used in irrigation scheduling to express soil-water 
tension. 

Saturation Condition in which all soil pores are filled with water. At saturation, 
soil-water tension is zero. 

Field Capacity (FC) The soil-water content after the force of gravity has drained or 
removed all the water it can, usually 1 to 3 days after rainfall. Field 
capacity is considered the upper limit of plant-available water. When 
measured under field conditions it is equivalent to a soil-water tension 
of approximately 0.1 bar. 

Gravitational Water Water in the soil that is free to drain or move by the force of gravity. 
Gravitational water is the volume of water in the soil between 
saturation and field capacity. This water is not usually used by plants. 

Capillary Water Water retained in soil pores after gravitational water has drained or 
that is held loosely around soil particles by surface tension. Most of the 
soil-water available to plants is capillary water, but not all capillary 
water is available to plants. 

Permanent Wilting Point (PWP) The soil-water content at which healthy plants can no longer extract 
water from the soil fast enough to recover from wilting. The permanent 
wilting point is considered the lower limit of plant-available water. At 
this point, the soil-water tension is considered to be 15 bars. 

Plant-Available Water (PAW) The amount of water held in the soil that is available to plants; the 
difference between field capacity and the permanent wilting point. 

Unavailable Water Water in thin, tightly held films around soil particles; not available to 
plants. 

Depletion Volume The amount of plant-available water removed from the soil by plants 
and evaporation from the soil surface. 

Allowable Depletion Volume The amount of plant-available water that can be removed from the soil 
without seriously affecting plant growth and development. 
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Methods for Soil-Water Measurement 
A variety of methods and devices can be used to measure soil-water. These include the feel method, gravitational 
method, tensiometer, electrical resistance blocks, neutron probe, Phene cells, and time domain reflectometer. Most of 
these methods and devices do not measure soil-water directly; they measure a property of the soil that can be related 
to soil-water status and are therefore called indirect methods. These methods differ in their ease of use, reliability, 
cost, and amount of labor required. 

Feel Method 
As its name implies, the feel method involves estimating soil-water by feeling the soil. This method is easy to use, and 
many growers schedule irrigation in this way. However, this method is entirely subjective; the results depend on the 
experience of the individual making the measurement. The reliability of this method is usually poor unless the operator 
is very experienced. The feel method is not generally recommended and should be used only as a last resort. 

Gravimetric Method 
With the gravimetric method, soil moisture is determined by taking a soil sample from the desired soil depth, weighing 
it, drying it in an oven (for 24 hours at 220 degrees F), and then reweighing the dry sample to determine how much 
water was lost. This method is simple and reliable. Unfortunately, it is not practical for scheduling irrigation because it 
takes a full day to dry the sample. In a sandy soil that dries quickly, irrigation may be needed before the results of the 
measurement are obtained. The gravimetric method is most useful for calibrating other devices for measuring soil-water. 

Tensiometer 
A tensiometer is a sealed, airtight, water-filled tube (barrel) with a porous tip on one end and a vacuum gauge on the 
otherA tensiometer measures soil water suction (negative pressure), which is usually expressed as tension. This suction 
is equivalent to the force or energy that a plant must exert to extract water from the soil. The instrument must be 
installed properly so that the porous tip is in good contact with the soil, ensuring that the soil-water suction is in 
equilibrium with the water suction in the tip. The suction force in the porous tip is transmitted through the water column 
inside the tube and displayed as a tension reading on the vacuum gauge. Soil-water tension is commonly expressed in 
units of bars or centibars. One bar is equal to 100 centibars (cb). 

The suction at the tip is transmitted to the vacuum gauge because of the cohesive forces between adjacent water 
molecules. As the suction approaches approximately 0.8 bar (80 cb), the cohesive forces are exceeded by the suction 
and the water molecules separate. When this occurs, air can enter the tube through the porous tip and the tensiometer 
no longer functions correctly. This condition is referred to as breaking tension. Tensiometers work in the range from 0 
to 0.8 bar. The suction scale on the vacuum gauge of most commercial tensiometers reads from 0 to 100 cb. 

Electrical Resistance Blocks 
Electrical resistance blocks consist of two electrodes enclosed in a block of porous material. The block is often made of 
gypsum, although fiberglass or nylon is sometimes used. Electrical resistance blocks are often referred to as gypsum 
blocks and sometimes just moisture blocks. The electrodes are connected to insulated lead wires that extend upward to 
the soil surface. 
Resistance blocks work on the principle that water conducts electricity. When properly installed, the water suction of 
the porous block is in equilibrium with the soil-water suction of the surrounding soil. As the soil moisture changes, the 
water content of the porous block also changes. The electrical resistance between the two electrodes increases as the 
water content of the porous block decreases. The block's resistance can be related to the water content of the soil by a 
calibration curve. 

To make a soil-water reading, the lead wires are connected to a resistance meter containing a voltage source. The meter 
normally reads from 0 to 100 or 0 to 200. High readings on the scale (corresponding to low electrical resistance) indicate 
high levels of soil-water, whereas low meter readings indicate low levels.  
Because of the pore size of the material used in most electrical resistance blocks, particularly those made of gypsum, 
the water content and thus the electrical resistance of the block does not change dramatically at suctions less than 0.5 
bar (50 cb). Therefore, resistance blocks are best suited for use in fine-textured soils such as silts and clays that retain 
at least 50 percent of their plant-available water at suctions greater than 0.5 bar. 

Neutron Probe 
The neutron probe uses a radiation source to measure soil-water. An empty tube (access tube) with a 2-inch inside 
diameter must be installed vertically in the soil at each field location where the soil-water is to be measured. When 
properly calibrated, the neutron probe is easy to use, reliable, and accurate, but it is expensive. One of its advantages 
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is that soil-water measurements can be made easily at different depths in the soil profile. Because of its cost, a neutron 
probe is not as practical as other methods for on-farm use. 

Phene Cell 
The Phene cell works on the principle that a soil conducts heat in relation to its water content. By measuring the heat 
conducted from a heat source and calibrating the conductance versus water content for a specific soil, the Phene cell 
can be used reliably to determine soil-water content. Because the Phene cell is placed at the desired soil depth, a 
separate cell is needed for each depth at each location to be monitored. 

Time Domain Reflectometer 
The time domain reflectometer (TDR) is a new device developed to measure soil-water content. Two parallel rods or 
stiff wires are inserted into the soil to the depth at which the average water content is desired. The rods are connected 
to an instrument that sends an electromagnetic pulse (or wave) of energy along the rods. The rate at which the wave of 
energy is conducted into the soil and reflected back to the soil surface is directly related to the average water content 
of the soil. One instrument can be used for hundreds of pairs of rods. This device, just becoming commercially available, 
is easy to use and reliable. 

Conclusion 
When cost, ease of use, and reliability are considered, tensiometers and electrical resistance blocks are usually the most 
practical devices for measuring soil-. For best results, tensiometers and electrical resistance blocks must be properly 
installed, maintained, and calibrated for the primary soil types in each field. The gravimetric method can be used to 
calibrate tensiometers and electrical resistance blocks on the farm. Soil-water can be measured reliably by several 
different devices. Success results from selecting a device that is appropriate for the soils and crops being irrigated. 
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Introduction 
In the 1840s, first observed powdery mildew in England and soon after in France: young grape leaves would be covered 
with spots of white powder. Maximum reports of their occurrence are from the temperate regions of northern 
hemisphere, whereas in sub tropic and tropics they are sparsely represented. Powdery mildew fungi are obligate, 
biotrophic parasites of the family Erysiphaceae, of the phylum Ascomycota of kingdom Fungi. The diseases they cause 
are common, widespread, and easily recognizable. Infection by the fungus is favored by high humidity but not by free 
water. Individual species of powdery mildew fungi typically have a very narrow host range. Yield losses due to powdery 
mildew caused by Erysiphe cichoracearum in okra (17-86%), sunflower (25-40%), cucurbits (15-75%) and sesame (25-50%) 
was reported by various researchers.  

About Pathogen 
Unlike most fungal pathogens, powdery mildew fungi tend to grow superficially, or epiphytically, on plant surfaces. 
During the growing season, hyphae are produced on both upper and lower leaf surfaces, although some species are 
restricted to one leaf surface only. Infections can also occur on stems, flowers, or fruit. Specialized absorption cells, 
termed haustoria, extend into the plant epidermal cells to obtain nutrition. While most powdery mildew fungi produce 
epiphytic mycelium, a few genera produce hyphae that are within the leaf tissue; this is known as endophytic growth. 
Conidia (asexual spores) are also produced on plant surfaces during the growing season. They develop either singly or in 
chains on specialized hyphae called conidiophores. Conidiophores arise from the epiphytic hyphae, or in the case of 
endophytic hyphae, the conidiophores emerge through leaf stomata. 

Symptoms of Powdery Mildew in Various Host Plant 
1. Cucurbits: 

a. Symptoms usually develop first on older, shaded leaf surfaces. 
b. Appears as white, talcum- like or floury, powdery coat.  
c. Fungal growth on various above ground parts such as both leaf surfaces, and other succulent part. 

2. Okra: 
a. First appear as minute discoloration patches with thin meshwork of white mycelium arising at many places on 
the upper surface on lower leaves. 
b. White patch soon join together to form larger white grayish powdery coating discernible on the severely 
affected leaves. 
c. In late stage severely infected leaves detach and fall to the ground.  

3. Sunflower: 
a. The first sign of powdery mildew appears primarily as white grey mildew spots on the surface of infected 
leaves. 
b. Then the spots increase in size, coalesce and developed to cover much of plant area with white powdery 
growth. 
c. In severe infection all aerial plant parts are infected during the blooming stage of the plant. Affected leaves 
turn chlorotic brown and finally collapse. 
d. Powdery growth is also seen on stem and bracts or flower head. 

4. Sesamum: 
a. Initially greyish-white powdery growth appears on the upper surface of leaves. When several spots coalesce, 
the entire leaf surface may be covered with powdery coating. 
b. The spots coalesce to form larger spots finally covering the entire leaf with dirty white fungal growth. 
c. The severely affected leaves may be twisted and malformed. 

5. Safflower: 
a. Initially greyish-white powdery growth appears on the upper surface of leaves. When several spots coalesce, 
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the entire leaf surface may be covered with powdery coating. 
b. Entire plant may be infected if severe infestation is there. 
c. Powdery growth is also seen on stem and bracts or flower head. The severely affected leaves may be twisted 
and malformed. 

Survival, Spread and Epidemiology 
The pathogen survives as ascospores on the affected plant tissues and on weed hosts. Cool (10-20º C) and wet weather 
(90% RH) favors disease development. 

Current and Future Prospects for Integrated Management of Powdery Mildew Disease 
1. Cultural: Plant vigor should be maintained by following sound cultural practices such as proper watering, fertilizing 
and mulching. Late season application of nitrogen fertilizer should be avoided to limit the production of succulent tissue 
making the plant vulnerable to infection (Rao et al., 2015). Sowing dates also reduces the incidence of Powdery mildew. 
Eg. June to September (1st Fortnight of July) for sunflower. Maintain adequate plant spacing to increase air circulation 
around plants. Eg. 60 cm X 45 cm (Patole et al. 2010). 

2. Sanitation: All plant debris should be raked and removed in the fall. During the growing season, affected 

(symptomatic) leaves should be removed as soon as they are detected and immediately placed in a plastic bag to avoid 

spread of the powdery spores to other healthy plants. 

3. Scouting: Scout for disease on a regular schedule to identify out breaks before they become widespread. 

4. Biological Control: The grubs and beetles of Illeis cincta (Fabricius) (ladybird beetle) have been identified as 

mycophagous on powdery mildew caused by E. cichoracearum both the adults and the grubs were found feeding on the 

powdery mildew conidia. (Rao et al., 2015). Through bioagents, Ampelomyces quisqualis, Bacillus subtilis, Tricoderma 

viride, Trichoderma harzianum, Pseudomonas fluorescens etc. 

5. Resistance: Genetic resistance is very effective for powdery mildew control, but is not available for all plants. Grow 

resistance varieties. Eg. Beheira, A-Aiat,Giza (a), Seds, Beni-Suef landraces and Gold Coast for okra, R-GM-41 and R-GM-

49 for sunflower, Alibi, Supremo, Eureka, and Marketmore for cucumber and Sunray, Soleil, Sebring, Payroll, Royal Ace, 

and Tay Bell PM for squash. 

6. Chemical: Spraying usually begins as soon as symptoms are detected and continues until conditions are no longer 
favorable for disease development.  

7. Biorational compounds:  neem oil and horticultural oils. Traditional fungicides: propiconazole, Dinocap, tridimefon, 
thiophanate-methyl and sulfur etc. Botanicals: neem oil (1%), azadirachtin and NSKE (5%). 

Future Prospects 
1. Nano chemicals: New nano-sulphur synthesized at IARI and three other commercial products namely commercial 
sulphur (Merck), commercial nano-sulphur (M K Impex, Canada) and Sulphur 80 WP (Corel Insecticide) were evaluated in 
vitro for fungicidal efficacy at 1000 ppm against E. cichoracearum of okra. (Gogoi et al., 2013). A compatible interaction 
between a plant and a pathogen is the result of a complex interplay between many factors of both plant and pathogen 
origin. Powdery mildew mutants (pmr1- pmr4) do not constitutively accumulate elevated levels of PR1 or PDF1.2 mRNA, 
indicating that resistance is not simply due to constitutive activation of the salicyclic acid or ethylene and jasmonic acid 
dependent defense pathways. (Vogel et al. 2000). 
2. Transgenic approaches: Recent progress in the genetic dissection of plant disease resistance signaling pathways has 
opened a number of new avenues towards engineering pathogen resistance in crops. Genes controlling race-specific and 
broad-spectrum resistance responses have been cloned, and novel induced resistance pathways have been identified in 
model and crop systems. Advances continue to be made in identification of antifungal proteins with effects inhibitory to 
either pathogen development or accumulation of associated mycotoxins. 
3. Others: Genitics and inheritance of resistance to powdery mildew in different resistant donors including wild 
Helianthus species needs to be determined. Introgression of resistance from the identified resistant donors into promising 
parental lines. Molecular mapping and tagging of powdery mildew resistance gene as a prelude for molecular breeding 
and marker assisted selection (MAS) in crops. Variability in powdery mildew needs to be characterized using 
morphological, virulence and molecular techniques to study the existence of physiological races. (Rao et al., 2015). 
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Introduction 
The critical stages during the growth of crops are the uniform seed germination, early seedling growth, and uniform 
plant stand. Low crop yield is attributed to uneven seed germination and seedling growth. Therefore, the quality of seed 
can be improved through priming in addition to the field management techniques for better seed germination. Priming 
is a physiological technique of seed hydration and drying to enhance the pregerminative metabolic process for rapid 
germination, seedling growth, and final yield under normal as well as stressed conditions. The primed seeds show faster 
and uniform seed germination due to different enzyme activation, metabolic activities, biochemical process of cell 
repair, protein synthesis, and improvement of the antioxidant defense system as compared to unprimed seeds. There 
are many techniques of seed priming which are broadly divided into conventional methods (hydro-priming, osmo-priming, 
nutrient priming, chemical priming, bio-priming, and priming with plant growth regulators) and advanced methods (nano-
priming and priming with physical agents). However, priming is strongly affected by various factors such as temperature, 
aeration, light, priming duration, and seed characteristics. Priming promotes seed germination under three stages such 
as imbibition, germination and growth (Fig. 1). 

Fig. 1 General phenomenon of seed priming 

Methods of Seed Priming 
1. Conventional Seed Priming Methods: 

a. Hydro-priming: Hydro-priming is a simple and economical technique in which seeds are soaked in water for a 
specific period and dried to a certain moisture level before sowing (Singh et al. 2015a, b). This technology is 
useful in areas with adverse environmental conditions including high heat and drought stress. Hydro-priming 
improves the water uptake efficiency and seed hydration under such conditions (McDonald 2000). However, it is 
critical to maintaining optimum humidity and temperature to avoid radical projection, as hydro-priming may 
result in noncontrolled water uptake (Taylor et al. 1998). The key technique of hydro-priming is “drum priming” 
invented by Rowse (1991). Drum priming is comprised of a drum containing seed lot connected to a boiler 
producing vapors. The vapors upon entering the drum condense into water droplets.  

b. Osmo-priming: The method of osmo-priming is patented by Heydecker et al. (1973). It is a widely used 
commercial technique in which seeds are hydrated to a controlled level to allow pre germination metabolic 
activities (Halmer 2004). During the process, seeds are exposed to a controlled level of imbibition because of 
excess water entry to seed resulting in reactive oxygen species (ROS) accumulation as well as oxidative damage 
of cellular components such as proteins, lipid membranes, and nucleic acids. Osmotica such as PEG, sugar, 
mannitol, and sorbitol are added to the solution for lowering water uptake. In addition, different salts such as 
NaNO3, MgCl2, NaCl, and KNO3 are used for osmo-priming.  

c. Nutrient Priming: The saturation of seeds with a certain concentration of nutrients for a specific period 
before sowing is known as nutrient priming (Shivay et al. 2016). Priming of crop seeds with either micro- or 
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macronutrients enhances the nutrient substances and augments the germination, sprout (seedling) development, 
and water uptake efficiency. Micronutrient seed priming is a well-known technique to increase the osmosis for 
water regulation in seeds during the germination period (Singh 2007). 

d. Chemical Priming: Numerous chemicals are in use to soak a variety of crops seeds before germination. Natural 
and synthetic chemicals like choline, chitosan, putrescine, ethanol, paclobutrazol, ZnSO4, KH2PO4, CuSO4, and 
Se are used in seed priming to enhance growth and tolerance in crop plants (Jisha    et al. 2013). Pretreatment 
of seeds with these chemicals increases crop plants growth, and plants attain resistance to various abiotic 
stresses. 

e. Bio-priming: It is a seed-presoaking technique along with the inoculation of beneficial microorganisms. It 
combines both the biological agent (microorganisms) and physiological soaking (seed hydration) phase. The 
microbes mostly designed for bio-priming of seeds belong to Pseudomonas spp., Enterobacter spp., Trichoderma 
spp., and Bacillus spp. (Raj et al. 2004). For vegetable seeds, adequate bio-priming remedies were accomplished 
with Trichoderma harzianum strain, followed by Trichoderma pseudokoningii, Bacillus spp., Gliocladium spp., 
and Pseudomonas fluorescens (Ilyas 2006). Recently, bio-priming used as a substitute to control several soil- and 
seed-borne pathogens. 

f. Priming with plant growth regulators (PGR): Seed treatment with plant growth regulators (PGR) is known to 
mitigate the harmful effects of several environmental stresses (Jisha et al. 2013). Bell pepper primed with GA3 
(200 ppm) showed a higher rate of several physiological parameters including germination, shoot root length, 
and seedling vigor indices as compared to the control (Yogananda et al. 2004). Abu-Muriefah (2017) stated that 
the improved seed germination due to GA3 priming might be due to its effect on stored 

g. Priming with plant extract: Allelochemicals such as phenolic compounds, terpenoids, flavonoids, saponins, 
alkaloids, and steroids may inhibit or stimulate plant growth (Narwal 1994). Saponins can enhance nutrient 
absorption as they are readily soluble in water. Alkaloids, saponins, and phenolic compounds present in the 
leaves of various plants are involved in the production of antioxidant activities and protect the plants against 
pathogens (Satish et al. 2007). 

2. Advanced Methods of Seed Priming: 
a. Seed priming through nanoparticles: Nanotechnology utilizes nanoparticles less than 100 nm in size, and it 
has a promising role in transforming food production and agriculture (Fraceto et al. 2016). The excessive use of 
chemical fertilizers can be reduced by utilizing nanomaterials in agriculture (Upadhyaya et al. 2017). In this 
context, priming seeds with nanoparticles has been reported to enhance seed germination and vigor in many 
crops. Ghafari and Razmjoo (2013) reported that seed priming with calcium-phosphate, SiO2, ZnO, and Ag 
nanoparticles enhanced germination and seedling development. The mechanism behind high seed germination 
in nano-priming is the greater penetration via seed coat that improves nutrient and water uptake efficiency of 
the seed (Dutta 2018). 

b. Seed priming through physical agents: The magnetic field, UV radiation, gamma radiation, X-rays, and 
microwaves are some of the physical agents that are used for seed priming (Bilalis et al. 2012). Priming with 
magnetic field has been reported to improve germination rate, vigor, and seedling biomass as well as tolerance 
to various environmental stresses. The tolerances to different stresses and improved germination rate have been 
attributed to a reduction in reactive oxygen species (ROS) with increasing activities of antioxidant enzymes 
(Araujo et al. 2016). However, the effects of ionizing radiation such as gamma (γ) rays are dose and intensity 
dependent. 

c. Limitations of priming: Variability is a major limitation of the priming method since numerous trials are 
required to identify the most appropriate strategy for each situation. Some priming treatments may imply a risk 
of medium contamination by fungi and bacteria, which may heavily impair subsequent seed germination. The 
major drawback of priming is that it reduces the longevity of primed seeds as compared with the nonprimed 
seeds.Correspondingly, the advanced methods of seed priming such as priming with nanoparticles may alsohave 
deleterious effects on environment, plant, and human health. 

Conclusions 
Seed priming is the physiological process of controlled seed hydration to enhance sufficient pregerminative metabolic 
process, efficient nutrient uptake and water use efficiency, breaking dormancy, timely maturity, and crop yield. During 
imbibition, the water uptake promotes protein synthesis and respiratory activities by using extant messenger ribonucleic 
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acid (mRNA) with the initiation of different physiological activities related to germination. This technology has been 
found to be the most feasible and economical for uniform seed emergence in most of the field crops. However, priming 
technology still has several limitations. The prolonged seed treatment during priming may cause loss of seed tolerance 
to desiccation that reduces seed viability. Similarly, all priming protocols may not lead to significant germination and 
growth where inappropriate priming conditions may cause degradation in the protective proteins. Hence, extensive 
researches are required in selecting specific priming protocol for different plants regarding germination and growth 
under various environmental conditions. 

References 
1. Abu-Muriefah S. S. (2017). Phytohormonal priming improves germination and antioxidant enzymes of soybean 

(Glycine max) seeds under lead (Pb) stress. Biosci Res 14(1):42–56. 
2. Araujo S. D. S.; Paparella S.; Dondi D.; Bentivoglio A.; Carbonera D. and Balestrazzi A. (2016). Physical methods for 

seed invigoration: advantages and challenges in seed technology. Front Plant Sci 7:646. 
3. Bilalis D. J.; Katsenios N.; Efthimiadou A.; Karkanis A. and Efthimiadis P. (2012). Investigation of pulsed 

electromagnetic field as a novel organic pre-sowing method on germination and initial growth stages of cotton. 
Electromagn Biol Med 31(2):143–150. 

4. Dutta P. (2018). Seed priming: new vistas and contemporary perspectives. In: Advances in seed priming. Springer, 
Singapore, pp 3–22. 

5. Fraceto L. F.; Grillo R.; de Medeiros G. A.; Scognamiglio V.; Rea G. and Bartolucci C. (2016). Nanotechnology in 
agriculture: which innovation potential does it have? Front Environ Sci 4:20. 

6. Ghafari H, Razmjoo J (2013). Effect of foliar application of nano-iron oxidase, iron chelate and iron sulphate rates 
on yield and quality of wheat. Int JAgron Plant Prod 4(11):2997–3003. 

7. Halmer P. (2004). Methods to improve seed performance in the field. In: Handbook of seed physiology, pp 125–65. 
8. Heydecker W.; Higgins J. and Gulliver R. L. (1973). Accelerated germination by osmotic seed treatment. Nature 

246(5427):42. 
9. Ilyas S. (2006). Seed treatments using matriconditioning to improve vegetable seed quality. J Agronomi Indonesia 

34(2). 
10. Jisha K. C.; Vijayakumari K. Puthur J. T. (2013). Seed priming for abiotic stress tolerance: an overview. Acta Physiol 

Plant 35(5):1381–1396. 
11. McDonald M. B. (2000). Seed priming. In: Black M, Bewley JD (eds) Seed technology and its biological basis. Sheffield 

Academic Press, Sheffield, pp 287–325. 
12. Narwal S. S. (1994). Allelopathy in crop production. Scientific Publishers, Jodhpur, p 288. 
13. Raj S. N.; Shetty N. P. and Shetty H. S. (2004). Seed bio-priming with Pseudomonas fluorescens isolates enhances 

growth of pearl millet plants and induces resistance against downy mildew. Int J Pest Manag 50(1):41–48. 
14. Rowse H. R. (1991). Methods of priming seeds. UK Patent, 2(192), 781. 

15. Satish S.; Mohana D. C.; Ranhavendra M. P. and Raveesha K. A. (2007). Antifungal activity of some plant extracts 
against important seed borne pathogens of Aspergillus sp. Int J Agric Technol 3(1):109–119. 

16. Shivay Y. S.; Singh U. Prasad R. and Kaur R. (2016). Agronomic interventions for micronutrient biofortification of 
pulses. Indian J Agron 61(4th IAC Special Issue):161–172. 

17. Singh M. V. (2007). Efficiency of seed treatment for ameliorating zinc deficiency in crops. Zinc Crops 24–26. 
18. Singh H.; Jassal R. K.; Kang J. S.; Sandhu S. S.; Kang H. and Grewal K. (2015a). Seed priming techniques in field 

crops-a review. Agric Rev 36(4):251–264. 
19. Singh U.; Praharaj C. S.; Shivay Y. S.; Kumar L. and Singh S. S. (2015b). Ferti-fortification: an agronomic approach 

for micronutrient enrichment of pulses. In Pulses: challenges and opportunities under changing climatic scenario, In: 
Proceedings of the national conference on “Pulses: challenges and opportunities under changing climatic scenario, 
vol. 29, pp 208–222. 

20. Taylor A. G.; Allen P. S.; Bennett M. A.; Bradford K. J.; Burris J. S.; Misra M. K. (1998). Seed enhancements. Seed 
Sci Res 8(2):245–256. 

21. Upadhyaya H.; Begum L.; Dey B. Nath P. K.; Panda S. K. (2017). Impact of calcium phosphate nanoparticles on rice 
plant. J Plant Sci Phytopathol 1:1–10. 

22. Yogananda D. K.; Vyakarnahal B. S.; Shekhargouda M. (2004). Effect of seed invigoration with growth regulations and 
micronutrients on germination and seedling vigour of bell pepper cv. California Wonder. Karnataka J Agri Sci 
17(4):811–813. 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
327 

Soil Erosion Control by Different Method 
Article ID: 30123 

Pappu Kumar Paswan1 
1Krishi Vigyan Kendra, Purnea, (BAU Sabour, Bhagalpur) Bihar. 

 

Introduction 
Soil erosion is a naturally occurring process that affects all landforms. The causes and effects should be studied in order 
to control soil erosion. Erosion, whether it is by water, wind or tillage, involves three distinct actions – soil detachment, 
movement and deposition. Erosion takes place all the time naturally. The erosion potential of any surface is determined 
by four basic factors: soil characteristics, vegetative cover, topography, and climate. Detachment, transport, and 
deposition are basic processes that occur on upland areas. Detachment of soil particles is a function of the erosive forces 
of raindrop impact and flowing water. Hydrology, topography, soil erodibility, soil transportability, soil surface cover, 
incorporated residue, residual land use, subsurface effects, tillage, roughness, and tillage marks are the major factors 
that affect upland erosion processes. Soil erosion control techniques are theoretically simple and easy but practically 
tough, time-consuming, laborious and costly. Almost all soil erosion techniques are very much site-specific. 

Soil Erosion is Caused by 
1. Natural processes: 

a. Water flowing downhill 
b. Wind  

2. Human activities:  
a. Over cropping  
b. Overgrazing  
c. Deforestation  

Problem Caused by Soil Erosion 
1. Loss of valuable topsoil 
2. Burying valuable topsoil 
3. Damage to field  
4. Plant productivity decline 
5. Desertification 

Effective Erosion Control 
Maintain good soil structure, protect the soil surface by adequate crop and residue cover, and use special structural 
erosion control practices where necessary. These factors often control both water and wind erosion. Not all erosion 
control practices will fit into every farm management scheme. However, each erosion problem can be remedied by 
choosing one or more of the remedial practices appropriate to the problem. 

Erosion Control Method 
1. Cover method: 

a. Mulching  
b. Cover crops and green manures 
c. Green manures- also usually legumes 
d. Mixed cropping and inter- cropping  
e. Early planting 
f. Crop residues 
g. Agro forestry  

2. Barrier method: 
a. Man- made terraces 
b. Contour ploughing 
c. Contour barriers 
d. Natural terraces 
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Mulching 
Mulching is the covering of the soil with crop residues such as straw, maize, stalks etc. these covers protects the soil 
from the rain drop impact and reduces the velocity of runoff and wind. It is also useful as an alternative to cover crop 
in dry areas where a cover crop should complete for moisture with the main crop. 

Cover Crop 
They are grown as a conservation measure either during off season or as ground protection under trees. They are grown 
as winter annuals and, after harvest are ploughed to form a green manure. 

Multiple Cropping 
Multiple cropping is to increase the production from the land whilst providing protection of the soil against. It includes:  
1. Rotation: growing different crops consequently in rotation reduces erosion as high rate soil loss under row crop is 
counteracted by low rates under other crops. 

2. Strip cropping: row crops and protection effective crop (legumes and grasses) are grown in alternate strip aligned on 
the contour or perpendicular to the wind. 

3. Agro forestry: different types of trees can be incorporated within a farming system by planting them on terraces, 
contour bunds. This reduces soil erosion and provides additional needs to the farmers.  

4. Shifting cultivation: forest area is cleared by slash and burn and cultivated with crops for a second year before being 
allowed to revert to scrub and secondary forest. This practice will maintain soil fertility and reduces soil erosion. 
Reforestation- vegetation play the major role in erosion control on gullies areas and landslides. So, forestation programs 
should be prioritized. 

5. Soil management: it maintains and improves fertility and structure of soil. High fertile soil results in high crop yield 
good plant cover and therefore in conditions which minimize the effect of erosive agent nevertheless extensive soil. 
Continued covering- land is naked there is high possibility of soil erosion. Hence the land should be kept covered all 
round the year. 

6. Inter cropping: in the method, the spaces among the tree species are covered with agriculture crops, which helps in 
soil and water conservation. 

7. Mixed cropping: two or more than two crops are raised in the same land and in the same time. The benefit is that 
due to different kinds of roots, soil is protected more perfectly. 
Wind breaks- windbreaks are usually used in plain areas where the wind moves rapidly and forcely which detaches soil 
particles causing soil erosion.  

Terracing 
In hill areas, the farming should be done only when the land is terraced properly because without terracing the run-off 
is increase and soil is easily eroded. 

Conclusions 
Erosion can be controlled easily on a construction site when the right means, tools, and methods are used at the right 
time. The most natural and effective way to prevent erosion control is by planting vegetation. Roots from plants, 
especially trees, grip soil and will effectively prevent the excess movement of soil throughout the ground. The moment 
vegetation is destroying the condition become favorable for erosion. Improper cultivation leads to severe soil erosion. 
So, land use system should be properly implemented. The main principle of biological control is to prevent high speed 
of water and conserve water within the soil. 
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Introduction 
There is a growing change in the environment due to the human interventions, for which our natural environment is 
getting polluted day by day. These environmental pollution issues have raised the demand of bioindicators. Bioindicators 
can be defined as “the living organisms that can provide us an indication of health or determine the cumulative effect 
of different pollutants in the ecosystem” (Rocha et al., 2010). Particular organism is sensitive to a particular pollution, 
if that particular pollutant is present in the ecosystem, then the organism must face some modifications in its 
morphology, physiology or in its behavior even they have to die by coming in contact with the pollutant. Therefore, we 
can say that bioindicators are the species which can assist us to observe or monitor the health of the environment. 

Insects are used as bioindicators because: 
1. They are the most abundant animals in almost all ecosystems. 
2. Easy to handle 
3. Catches are usually large enough to allow statistical analysis 
4. They can respond quickly to environmental changes 
5. Show high sensitivity for detecting early changes in their geographical areas. 

Characteristics of a Good Bioindicator 
1. Abundance, wide distribution 
2. Simple procedure of identification and sampling 
3. High tolerance for the pollutants analysed. 
4. Quick response towards the change in their environment 
5. Taxonomically well documented and stable 
6. Easy and cheap to survey.  

Bioindicator Insect Groups 
There are several insect groups which are used as aquatic bioindicators and many others are used as terrestrial 
bioindicators which are listed below- 
1. Dragonflies and damselflies (Odonata) 
2. Mayflies (Ephemeroptera) 
3. Caddish flies (Trichoptera) 
4. Stoneflies (Plecoptera) 
5. Bugs (Hemiptera) 
6. Honey bees (Hymenoptera) 
7. Beetles (Coleoptera) 
8. Collembolans (Collembola) 
9. Butterflies and moths (Lepidoptera) 
10. Ants (Hymenoptera) and 
11. Syrphid flies (Diptera) 

Insects as Water Pollution Indicator 
Water is one of the most prime necessities of all life which is required for growth and development. These aquatic 
bioindicators play an important role in keeping the water bodies functioning properly.  
1. Odonatans are vital groups for monitoring the water quality as they are very sensitive to the pollution and changes 
caused to their habitat specifically lake and flooded drainage areas. Their presence in any water bodies confirms its 
synthetic pollution-free status. 

2. Mayflies generally reside in clean and fresh water such as ponds and lakes, since their larva are highly sensitive to 
oxygen depletion, acidification and various contaminants including metals, ammonia and other chemicals in running 
water. They can then be used as bioindicators 
 (Menetre et al., 2007). 
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3. Caddisflies is one of the largest groups of aquatic insects with aquatic larvae and pupae which are present in all type 
of fresh water and terrestrial adults. Some particular species of caddisfly is very sensitive to water pollution which can 
be used as indicator of water purity.  

4. Stoneflies larvae can only live in clean water. So, the presence of these insects indicates the good quality and oxygen 
richness of the water bodies. These are a source of food for many game fishes they have been used in the sport of fly 
fishing (Solanki and Shukla, 2015). 

5. Many aquatic bug families such as Corixidae, Nepidae, Notonectidae, Pleidae, Bellostomatidae, Gerridae, Neliidae etc 
also determine the pure quality of water. 

Insects as Terrestrial Pollution Indicator 
Some terrestrial insects like beetles, collembolans, ants etc are used as good bioindicators which indicate the soil 
fertility, level of pollutants present in the soil, acidity and alkalinity of the soil etc. Generally, these insects do not 
choose the polluted land for egg laying. So, the presence of these insects can indicate the good quality of the soil or 
land. These also have a high potential as environmental indicators in forest area and agricultural land area. 

1. Collembolans are the primitive insects which has a great impact on soil fertility through the microbial activity 
stimulation, fungal spore distribution and bacterial action in the soil (Sauter and Santos, 1991). They are very sensitive 
to changes in the soil and the reduction in their population can stipulate the pollution by heavy metals, pesticides present 
in the agricultural lands and soil water acidification by organic pollutants. 

2. Ants are used as soil quality indicators and have a vital role in the recovery of degraded and deforested areas. These 
also have a strong resistance capacity to radioactive and industrial pollutants. They are the most important agent of the 
change in the soil condition by improving the physical and chemical quality of the soil. 

3. Carabidae family of order coleoptera is a key predator and very much sensitive to any change occurring to the soil. 
Therefore, these groups of insects are used as a good bioindicator. 

Insects as Air Pollution Indicators 
1. Pollinators, especially honeybees (Apis mellifera) are considered reliable biological indicator because they 
show environment chemical impairment due to high mortality rate and intercept particles suspended in air or flowers. 
They can help to monitor the presence of trace metals, pesticides and herbicides, industrial trashes and pollutants. 

2. Some lepidopteran groups are used as environmental indicators by heavy metals and carbondioxide concentration in 
locations close to industrial and even within urban areas. Presence of copper, iron, nickel, cadmium, and other substances 
used in fertilizers were studied with pupae of different Geometridae and Noctuidae species, cycle duration and mortality 
rate of newly hatched butterflies’ larvae which feed on plants subjected to high CO2 concentrations. 

3. Syrphidae is one of the largest family of Diptera has wide distribution and well-known taxonomy and its larvae require 
different environmental conditions, which make these flies good bio indicator. 

4. Aphids are also used as pollution indicator because their population increases when they are exposed to an area with high 
concentration of CO2. 

Insects as Indicator of Heavy Metals 
Few insect species are used as ecological indicators to determine the accumulation and   contamination of   heavy metals 
(i.e., Cd, Cr, Cu, Ni, and Zn) in soil, air, and water. Acute and chronic effects of these heavy metals on various insects 
are frequently reported in the form of growth inhibition, developmental abnormalities, reduced reproduction, and 
decreased hatchability (Azam et al., 2015). 

1. Butterflies and grasshoppers are also sensitive to environmental changes and quality. 

2. Some experimental results revealed that honey in polluted areas showed higher concentrations of Cu, Pb, Fe, and Zn 
than honey from unpolluted areas. So that honey bees are useful as an environmental indicator for determining the 
presence of environmental pollution with heavy metals. 

3. Antlions and ants are effective in accumulating manganese and lead; as well antlions are efficient in accumulating 
cadmium. 
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Conclusions 
The use of bioindicators is essential for environmental monitoring. As the insects are abundantly    present in the 
ecosystem and has a correlation with the changing environment, it is better to use them as indicator of pollution with 
the least expenses. 
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Introduction 
Clusterbean (Cyamopsis tetragonoloba L. Taub) is a multi-purpose legume valued for its seed, fodder for livestock’s 
besides for green manuring. The crude protein and crude fiber content vary from 15-18% and 25-30%, respectively. 
Mucilaginous seed flour is used for making guar gum (galactomannan) utilized in textile, paper, cosmetic and oil 
industries throughout the world (Patel et al., 2010). It is the most drought tolerant warm season crop. Fruits are rich in 
food value and each 100 g contains 10.8 g carbohydrate, 3.2 protein, 1.4 g minerals, vitamin-A and vitamin-C. 

Geographical Distribution 
Fodder clusterbean is grown on about 2 lakh ha in India mainly in the states of Rajasthan, Haryana, Gujarat, Punjab, 
Madhya Pradesh, Uttar Pradesh and Maharashtra (Asha et al., 2017).  

Climatic Requirements 
Clusterbean can be raised successfully in areas where average rainfall is 30-40 cm. It is cultivated mostly as rainfed crop 
in semi-arid zones of northern India. It is a photosensitive crop. It comes into flowering and fruiting when grown in kharif 
season only. 

Soil 
For clusterbean, sandy loams and alluvial soils are suitable. It cannot tolerate waterlogging. Soils with pH 7.0-8.5 are 
ideal. 

Land Preparation 
Two or three ploughings with country plough or 2 cross harrowings and planking is sufficient. 

Sowing Time 
Optimum sowing time of clusterbean is June-July and extended up to September-October. Summer crop is raised by 
sowing during February-March under irrigated conditions. 

Varieties 
Important fodder varieties and their characteristics are given below: 
1. Guara-80: Developed from a cross between FS 277 x No. 119, and released in 1982 for Punjab and Haryana. It is 
resistant to bacterial blight, alternaria leaf spot and stem breakage. Green fodder yield 20-30 t/ha.  
2. FS-277: It is adapted to Punjab and Haryana. It is an unbranched variety with dark green and broad leaves. It is non-
shattering variety susceptible to bacterial blight. It is tolerant to drought and Alternaria leaf spot. It yields 21 t/ha green 
fodder.  
3. HFG-119: Released in 1982 for fodder purpose for entire country, except Punjab. A drought tolerant, non-shattering 
and Alternaria blight resistant variety with green fodder yield of 22.3 t/ha. 

Durgapur safed  A selection from Rajasthan  

HG-75  A selection from local stock released in 1981 for entire guar growing areas  

HG-182L  A single plant selection from genetic stock. ACC. No. HFG-182 released in 1981 for 
Haryana  

Maru Guar  A selection from NBPGR germplasm suitable for western Rajasthan  

Seed Rate and Sowing 
A seed rate of 35-40 kg/ha is sufficient. The seeds of cluster bean are sown in 30 cm rows at a depth of 4-6 cm. 
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Manures and Fertilizers 
Cluster bean requires well-decomposed FYM @ 20-25 tonnes/ha which should be applied 10-15 days before sowing at last 
harrowing. At the time of sowing, 20-25 kg nitrogen, 50-60 kg phosphorus and 40 kg potash per hectare is applied. Seed 
inoculation with Rhizobium is promising for better performance of fodder crop. 

Irrigation 
Clusterbean is predominantly a rainfed kharif crop and does not require any irrigation. However, if the rains are not 
normal and timely, one or two irrigations may be required. For a summer crop, 4-5 irrigations are required at 12-15 days 
interval. 

Weed Control 
During kharif season, one or two weedings are essential to control weeds in initial stage of plant growth. 

Cropping Systems 
Guar is grown for fodder as sole crop. It is also grown in association with Cenchrus and Lasiurus grasses for higher yield 
and better quality (protein). For year-round fodder production, it is also intercropped with napier bajra hybrid and bajra. 
Following rotations could be adopted for fodder purpose in northern India. 
1. Clusterbean-berseem-maize+cowpea 
2. Pearlmilelt-clusterbean-berseem 
3. Sorghum-clusterbean-berseem-maize+cowpea 

Plant Protection Measures 
1. Bacterial blight (Xanthomonas cyamopsidis Pv. Cyamopsidis): The disease appears as small water-soaked lesions, 
which later become necrotic on leaves, and may also appear on flower and pods. It is a seed borne disease. Seed 
treatment with hot water at 50oC for 10 minutes controls the disease. Use resistant varieties like Guara 80, IGFRI-212-
1, IGFRI-2395-2 is also suggested. 

2. Alternaria leaf spot (Alternaria cyamopsidis): Dark brown round to irregular spots varying from 2 to 10 mm in 
diameter, appear mainly on leaf blades. In severe infection, several spots merge together and the leaflets become 
chlorotic and usually drop off. If the plants are infected in early stages of growth, there may not be any flowering. Spray 
dithane Z 78 (0.2%) at an interval of 15 days is effective in its control. 

3. Anthracnose (Collectotrichum capsici f. cyamopsicola): The disease appears as black spots on leaves petiole, and 
stem are seen during rainy season. Spray dithane Z 78 (0.2%) at an interval of 15 days is effective in its control. 

Harvesting 
The crop is harvested 65-75 days after sowing coinciding with flowering stage. 

Yield 
The average yield of green fodder varies from 25-30 t/ha. A well-managed crop yields up to 1.0 tonne/ha of seed. 

Conclusions 
Thus, cluster bean as forage crop cultivation in arid and semi-arid regions has great importance for livestock husbandry 
in low resource availability of small and marginal farmers. It not only increases socio-economic condition of rural people 
but also helps in providing good quality and quantity balance diet for livestock, which help in fulfillment of basic 
requirement of rural people. 

References 
1. Asha, Swaroop, N. and Thomas, T. 2017. Response of Integrated Nutrient Management on Soil Properties, Growth 

and Yield of Cluster Bean (Cyamopsis tetragonoloba L.) Cv. Pusa  Sadabahar. International Journal of Current 
Microbiology and Applied Sciences, 6(5):  2684-2691. 

2. Patel, C.S., Patel, J.B., Suthar, J.V. and Patel, P.M. 2010. Effect of integrated nutrient management on clusterbean 
[Cyamopsis tetragonoloba (L.) Taub] seed production cv. Pusa Navbaha. International Journal of Agricultural 
Sciences, 6 (1): 206-208. 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
334 

SNP Discovery in Complex Plant Genomes and its Impact on Crop Improvement 
Article ID: 30126 

Priyanka1, Arushi Arora2, Jyoti3 
1Ph.D. Scholar, Department of GPB, CSK HPKV, Palampur 176 062 (HP). 

2Ph.D. Scholar, Department of PBG, PAU, Ludhiana 141004 (Punjab). 
3Ph.D. Scholar, Department of GPB, CSK HPKV, Palampur 176 062 (HP). 

 

Single nucleotide polymorphism (SNP) markers are becoming gradually the tool of choice to many plants. However, the 
number of validated SNP markers available for many crop plants is remarkably small while they are required in large 
numbers for studies on linkage mapping, genetic variation, population structure study, association genetics, map-based 
gene isolation, and crop improvement studies. This study outlines the existing state of progress of SNP marker 
technologies for large crops. This will also have potential insights on practicable solutions to SNP detection in crop 
plants. 

Introduction 
The utilization of molecular markers has revolutionized the pace and accuracy of plant hereditary examination which in 
turn encouraged the implementation of molecular breeding of crops. The last three decades have seen colossal propels 
within the advancement of marker systems and the particular location stages. Single Nucleotide Polymorphisms (SNPs) 
have swiftly gained the center of attraction of molecular hereditary qualities amid the recent years due to their wealth 
within the genomes and their amiability for high-throughput discovery designs and stages. The advancement of next-
generation sequencing (NGS) strategies has supported the rise of single nucleotide polymorphism (SNP) as the marker of 
choice. The SNPs are getting progressively predominant in view of their plenitude, ease in disclosure and the incredibly 
high throughput SNP genotyping at a modestly low cost per information point. Although SNP revelation in crops with 
basic genomes is a relatively direct process, complex genomes pose serious impediments for the analysts inquisitive 
about creating SNPs. One of the major issues is the highly repetitive nature of the plant genomes (Meyers et al., 2001). 
Earlier to the emergence of next-generation sequencing (NGS) advances, analysts utilized to depend on distinctive 
experimental strategies to maintain a strategic distance from monotonous portions of the genome. These include 
disclosure of SNPs tentatively by resequencing of unigene-derived amplicons utilizing Sanger’s strategy and in silico SNP 
revelation through the mining of SNPs within EST databases taken after by PCR-based validation (Batley et al., 2003). 
Numerous genotyping stages and chemistries have become available making the utilization of SNPs indeed more appealing 
and proficient. This article gives an audit of authentic and current efforts in the improvement, approval, and application 
of SNP markers in QTL/gene disclosure and plant breeding by talking about key experimental techniques and cases 
representing their effect.  

SNP Recognition in Complex Plant Genomes 
As numerous crops constitute ancient tetraploids with mosaics of scattered duplicated regions in silico and test mining 
of EST databases brought about within the disclosure of a huge number of non-allelic SNPs that spoken to paralogous 
groupings and were problematic for application in molecular breeding. The recent development of NGS advances such 
as 454 Life Sciences (Roche Connected Science, Indianapolis, IN), HiSeq (Illumina, San Diego, CA), Strong and Particle 
Deluge (Life Technologies Organization, Carlsbad, CA) has vanished the issues related with low throughput and high cost 
of SNP revelation. In spite of the fact that a few complexities decrease approaches are being created to produce 
information from NGS stages, it is often challenging to distinguish candidate SNPs in polyploid crops species such as 
wheat, potato, tobacco, etc. Although, in polyploid crops, we frequently discover loci that are polymorphic inside a 
single genotype due to the nearness of either homoeologous loci from the individual sub genomes or paralogous loci from 
duplicated regions of the genome. Such untrue positive SNPs are not useful for hereditary mapping purposes and regularly 
lead to a lower validation rate amid tests. Effective SNP approval in allopolyploids depends upon the separation of the 
sequence variation classes.  Utilize of haplotype data besides the allelic recurrence would offer assistance to distinguish 
homologous SNPs from those of homoeologous loci. 

SNP Approval / Validation and Advance Genetic Platforms 
The accessibility of reference grouping and advanced software does not continuously ensure that the SNP which 
discovered can be changed over into a substantial marker. In order to guarantee that the discovered SNP may be a 
Mendelian locus, it has got to be validated. The approval of a marker is the method of designing a measure based on the 
found polymorphism and then genotyping a board of assorted germplasm and segregating the population. Compared to 
the collection of non-related lines, a segregating populace is more instructive as a validation panel since it permits the 
inspection of the discriminatory ability and isolation designs of a marker which makes a difference the researcher to get 
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it whether it could be a Mendelian locus or a duplicated/repetitive grouping that gotten away the software filter. Even 
though all genotyping chemistries and stages are applicable to create genotypic information in polyploid crops, analysis 
of SNP calls is to some degree challenging in polyploids due to multiallelic combinations within the genotypes. 

Classification of SNPs in Polyploid Species 
Sr. No. Type Description 

1. Simple SNPs Found in different polyploid crop species. They segregate comparable 
to markers in diploid, in most of the mapping populaces and would 
account for approximately10–30% of add up to polymorphic SNPs in 
different polyploid crop species 

2. Hemi-SNPs A major category (30–60%) of polymorphic SNPs is hemi-SNPs which is 
found in polyploid crop species and these can be used for genetic 
mapping purposes in F2, RIL, and DH populations 

3. Homeo-SNPs Homoeo-SNPs are of lesser esteem for mapping purposes as most of the 
genotypes result in heterologous loci due to polymorphism between 
the homoeologous genomes or copied loci inside each of the polyploid 
genotypes 

SNP Markers Applications in Gene / QTL Revelation 
With the large-scale availability of the grouping data i.e. sequence information and improvement of HTP advances for 
SNP genotyping, SNP markers have been progressively utilized for QTL mapping ponders. High-throughput genotyping 
can be defined as concurrent genotyping for a few to several hundred or thousands of markers in hundreds to thousands 
of individuals. This is primary, since SNPs are profoundly inexhaustible within the genomes and, hence, they can give 
the most elevated outline resolution compared to other marker frameworks. 

A review of some of the chosen illustrations of QTL and gene discovery utilizing SNP markers is displayed as under: 
1. Wheat: Recent propels in wheat genomics have driven to the usage of high-density SNP genotyping in wheat. Gene-
based SNP markers were developed for Lr34/Yr18/Pm38 locus that confers resistance to, stripe rust, leaf rust and fine 
mold infections. These markers serve as productive apparatuses for MAS and MAB of disease-resistant wheat lines. 
Another economically imperative wheat illness, Fusarium head scourge (FHB), has been extensively examined. A few 
QTL controlling FHB resistance have been distinguished, with the foremost critical being Fhb1. As of late, SNP markers 
were mapped between the known flanking markers for Fhb1. These unused markers would be valuable for MAS and fine 
mapping towards cloning the Fhb1 quality. MAS in wheat has been broadly applied for simple characteristics that are 
troublesome to score. 

2. Rice: A current study on QTL analysis in rice regarding yield and three-yield-component characteristics, number of 
tillers per plant, number of grains per panicle, and grain weight compared a SNP-based outline to that of a previous 
RFLP/SSR-based QTL outline created utilizing the same mapping populace. Utilizing the ultra-high-density SNP outline, 
the creators showed that this outline had more power and determination relative to the RFLP/SSR outline. This was 
clearly apparent by the examination of the two primary QTL for grain weight, kgw3a (GS3) and kgw5 (GW5/qSW5). Using 
the SNP canister outline, GW5/qSW5 QTL for grain width was accurately limited down to a 123 kb locale as compared to 
the 12.4 Mb locales based on the RFLP/SSR hereditary map. Likewise, GS3 QTL for grain length was mapped to a 197 kb 
interval in comparison to 6 Mb locales with the RFLP/SSR genetic outline. Adjacent to the control and the determination, 
maps based on high-density SNP markers are too exceedingly suitable for fine mapping and cloning of QTL and at times 
SNPs on these maps is in addition practically related to the natural variation within the trait. 

3. Maize: SNP markers have encouraged the dissection of complex characteristics such as blooming time in maize. 
Employing a set of 5000 RILs, which indicate the nested association mapping (NAM) populace and genotyping with 1,200 
SNP markers, the creators found that the genetic design of blooming time is controlled by small additive QTL instead of 
a single large-effect QTL (Buckler et al., 2009). The same NAM populace was utilized for mapping resistance to northern 
leaf blight malady (Poland et al., 2011). Twenty-nine QTL were discovered and candidate genes were recognized with 
genome-wide NAM approach utilizing 1.6 million SNPs. Proprietary SNP markers created by companies are being 
transcendently utilized in their private crop improvement programs. A study from Pioneer Hi-Bred Universal Inc. detailed 
identifying a high-oil QTL (qHO6) influencing maize seed oil and oleic acid substance. This QTL encodes an acyl-CoA: 
diacylglycerol acyltransferase (DGAT1-2), which catalyzes the ultimate step of oil synthesis. 
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Implementation / Usage of SNP Markers in Crop Improvement 
Due to the accessibility of HTP (High Throughput) SNP discovery and validation technologies, the advancement of SNP 
markers gets to be a routine process, particularly in crops with the reference genome. The MAS scheme utilizing paternity 
testing has recently been proposed to address challenges related to choose picks up, that can be accomplished in outbred 
scrounge/forage crops. Paternity testing, a non-linkage-based MAS scheme, improves determination gains by expanding 
parental control in the selection gain condition.  SNP markers can moreover be used for paternity testing, but one would 
require a moderately larger number of SNP loci. Accessibility of trained GS (Genomic Selection) model does not require 
the collection of phenotypic information from unused breeding populations. The same set of “trained” markers will be 
used to genotype a modern breeding populace. Based on genotypic data, the known impacts of each marker will be 
summed and GEBV (Genomic Estimated Breeding Value) of each line will be calculated. The higher the GEBV value of an 
individual line, the more the chances that this line will be chosen and progressed within the breeding cycle. In this way, 
GS using high-density marker scope features a potential to capture QTL with major and minor impacts and dispose of 
the need to collect phenotypic information in all breeding cycles. Moreover, the application of GS was illustrated to 
diminish the number of breeding cycles and increment the yearly gain. 

Conclusions 
SNP markers have ended up to become amazingly prevalent in plant molecular genetics due to their genome-wide 
plenitude and amenability for high- to ultra-high-throughput detection platforms. Not at all like prior marker 
frameworks, had SNPs made it possible to make immersed, on the off chance that not, supersaturated genetic maps, 
subsequently empowering genome-wide following, fine mapping of target locales, a fast affiliation of markers with a 
trait, and quickened cloning of gene/QTL of intrigued. On the contrary, some challenges have to be addressed or 
overcome whereas utilizing SNPs. For example, the biallelic nature of SNPs ought to be compensated by finding and 
utilizing a larger number of SNPs to reach the same or higher power as that of earlier-generation molecular markers. 
This could be cost restrictive depending on the crop and the sequence resources accessible for that genome. Working 
with polyploid crops is another challenge where valuable SNPs are just a small percentage of the entire accessible 
polymorphisms. In spite of certain disadvantages or challenges, it is evident that SNP markers, in combination with 
genomics and other next-generation innovations, have been quickening the pace and gains of crop improvement programs 
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Agriculture sector holds a huge potential for agri-tech startups. Farmer rarely knows where his produce ends up, or how 
So, agri-tech start-ups will be an eye-opener for the growers, wholesalers, importers and exporters for expanding and 
diversifying the business. 
Agri-Tech startups will be an ideal platform for the business traders to display and introduce their latest product ranges, 
mechanization and technological innovations. Using technology to back agriculture can change India's food industry. 

Agri-Tech Startups 
Agriculture is the mother of Indian economy, which desperately needs technology to rescue farmers in India, boost 
revenue, production and tackle issues. Agri-tech startups are using artificial intelligence (AI), robotics and drones to 
solve agriculture challenges in India. With the help of high-tech drones and data analytics, India’s agri-tech startups are 
now lending a helping hand to grow India’s agriculture economy. However, with technologies such as AI, drones, satellite 
imagery and robotics being put to use, there is a huge scope for agri-tech startups to transform a sector that is so crucial 
to the Indian economy. Quality, safety, and traceability of food produce is of critical importance for agri economy 
stakeholders. Here, list of Agri-tech startups in India: 

1. AgNext: Founded by Taranjeet Bhamra in 2016 and it focusses on solving these efficiency challenges in agriculture. 
The platform uses computer vision, spectroscopy and IoT devices merged with AI-based data sciences for instant analysis 
of physical, chemical and ambient quality of food traced back to the source. The startup focuses on grains, oilseeds, 
pulses, tea, coffee, milk, cocoa, chilli, turmeric, pepper, ginger and animal feed in India and Africa.  

2. Aquaconnect: is a startup uses AI and remote-sensing technologies to assist shrimp and fish farmers to improve 
efficiency and farming revenue. Aquaconnect is founded by Rajamanohar Somasundaram, Shanmuga Sundara Raj and 
Sanjai Kumar in Chennai. At present, it is working in  Tamil Nadu, Andhra Pradesh, and Gujarat. 

3. Gramophone: Gramophone takes an advisory and mobile commerce route to sell seeds, crop protection and nutrition 
products directly to farmers. Gramophone also allows for farmers to talk to agritech and agriculture experts for solutions 
and product consultation. The Gramophone Farmer app has agronomy, community and agricultural input retail as the 
key components. The app also contains information on pest and disease problems and soil nutrition. Founded in 2016 by 
Tauseef Khan, Nishant Vats, Harshit Gupta and Ashish Singh. 

4. AgroStar: is a product of bio-degradable agrochemicals manufacturer ULink BioEnergy Pvt. Ltd. It provides agri-inputs 
including fertilizers, seeds, manures, farm equipment, etc. to farmers. The mechanism involves: farmers giving a missed 
call to the Agrostar center, the executive calling back to the farmer and taking down the order. The order is then home 
delivered to the farmer.  

5. Green Agrevolution: is an agro supply chain company, primarily working with thousands of farmers in Bihar with its 
unique delivery model "DeHaat". DeHaat is a farmers‘services delivery center run by local micro-entrepreneurs. The 
company has set up 35 such centers in Bihar, U.P. & Odisha which serve as the one-stop destination for farmers for end-
to-end services such as crop selection, technical support, input availability, post-harvest value addition including 
storage, processing, packaging & marketing of produce. It also offers a mobile application (DeHaat) to connect farmers 
directly with agri input manufacturers.  

Conclusions 
Agriculture is the backbone of Indian economy and it should be modernized with latest technology, which helps in 
sustainable and profitable agriculture production. 
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The grave challenge to be confronted by the researchers, policy makers, farmers and consumers is climate change. 
Climate change assumes greater importance because it modifies the rainfall pattern and associated agricultural practices 
worldwide. The onus is with us now to produce sufficient food for an exploding population without degrading the natural 
resources further. Climate change is caused by many faulty practices which includes wrong agricultural operations. 
Climate change pose a variety of stresses to the crop plants thereby reduces the potential productivity. Legume crops 
are considered as the major nourishment ingredient in the meal of many poor and down trodden world population. A 
diet without pulse is unimaginable. As they provide an array of health benefits to the consumers. Further, it is a 
multipurpose crop traditionally grown in India in three seasons based on water availability. The reasons why pulses are 
considered significant in Indian agrarian system are, 
1. Pulses in a year add five to seven million tonnes of nitrogen globally to the cultivable soils through root nodules which 
fixes atmospheric nitrogen.  
2. Pulses in combinations with other crops considerably improve soil health by avoiding depletion.  
3. Soil carbon content is being augmented by pulses through various cropping systems.  
4. The nutrient rich residues of pulse crop are serving as the main fodder ingredient for livestock.  

The fact of climate change has caused reduction in pulses productivity in recent years. Therefore, the situation is now 
alarming that on one side the severity of climate change is to be brought down and other side the pulses productivity is 
to be sustained. 

Why Pulses are Important in the Crisis of Climate Change? 
The recently developed agricultural crops are fertilizer and water responsive. This high throughput and intensive 
agriculture system force the farmers to use greater volume of fertilizers. This injudicious fertilizer usage leads to ground 
water pollution. Also, indiscriminate use of water and fertilizer interwoven to many associated problems like methane 
and greenhouse gas emission which are considered as a major cause for climate change. In this dreaded situation, pulses 
cultivation assumes greater significance to reduce the impact of climate change and to ensure nutritional security of 
poor. Agricultural practices that are more efficient can considerably reduce greenhouse gas emissions. Pulses can fix 
their own nitrogen in the soil and they need fewer synthetic fertilizers thereby reducing greenhouse gas emissions. Pulses 
can effectively reduce the risk of soil erosion and depletion when sown in crop rotations after energy demanding crops. 
The inclusion of pulses in crop rotations promotes symbiotic microbes to fix atmospheric nitrogen. A portion of such 
nitrogen is available to subsequent crops and leading to increased yield. Multiple cropping systems with pulses increase 
the soil carbon sequestration potential.  In forage pulses/grass mixtures, nitrogen is transferred from pulse to grass, 
increasing pasture production. This balanced diet combination (grass + protein rich pulses) sustain milk and meat 
productivity, increase the food conversion ratio and decreasing methane emissions from ruminants, thus simultaneously 
reducing greenhouse gas emission. 

Ways to Improve Pulses Productivity Under Climate Change 
1. Impact of climate change on pulses productivity: The impact of climate change includes vagaries of weather like 
increased temperature, erratic and unevenly distributed rainfall, flood and drought. Pulse is a highly sensitive crop to 
water logging condition, while water deficit does not support sufficient flowering and seed set. High temperature during 
flowering causes pollen sterility and also makes the crop vulnerable for infestation of yellow mosaic virus. Terminal 
drought produces ill-filled pods.  

The probability of immediate and complete climate change mitigation is not possible as it linked with many associated 
practices and policies. Therefore, the possibility to sustain pulses productivity is to breed climate resilient varieties. 

2. Breeding targets: The following plant breeding targets can be the sustainable solutions to sustain the pulses 
productivity in the helm of the negative effects of climate change.  

a. Exploration and cataloguing of natural pulse diversity.  
b. Mining the potentiality of the available germplasm at National and International repute.  
c. Easy data and germplam exchange.  
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d. Development of network plant breeding activities.  
e. Development of drought tolerant varieties. 
f. Development of water logging resistant varieties. Prolonged water logging can kill the pulse crop. 
g. Development of varieties which can grow well at elevated temperatures.  
h. Development of varieties with bruchid, pod borer, pod fly and sucking pest resistance. 
i. Tolerance to YMV, root rot, wilt and mildews. 
j. Development of uniform maturing maturity so that mechanized farming is feasible. Uniform maturity also 
avoids the issue of immature pods at harvest since it causes sizable yield loss. 
k. Evolution of varieties with no pod shattering habit. 
l. Combining plant breeding with biotechnology and bioinformatics. 

Therefore, it is concluded that pulses cultivation can be suggested to sustain the nutritional security of millions and to 
mitigate the effects of climate change. Such continuum requires targeted plant breeding activities and intervention of 
policy makers. 
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Drumstick (Moringa oleifera) also known as horseradish tree or drumstick tree is native to India. It is also called as 
miracle tree, as all its parts are used for nutritional, pharmacological properties. It is most versatile tree with rich 
horticultural potential.  

Mineral packed nutritious pods are chiefly valued for culinary preparations. Leaves are used as vegetable. Along with 
leaves and pods, all parts of the tree are considered medicinal. 

Introduction 
Moringa is the only genus in the flowering plant family Moringaceae. The name Moringa is derived from murungai, the 
Tamil word for drumstick and it is commonly referred as drumstick tree. It contains 13 species from tropical and 
subtropical climates that range in size from tiny herd to massive tree. The most widely cultivated species is Moringa 
oleifera, native to foothills of Himalayas in north western India, the pods of drumstick are consumed as food in many 
parts of the world, particularly in South Asia. 

Drumstick plants are deciduous in nature and the flowers are fragrant, white or creamy white with yellow stamens. 
Drumstick is propagated both by seeds as well as by cuttings. Some of the uses of drumstick are discussed below. 

Rich Source of Nutrients 
Nutritional composition (Per 100 g of edible portion), Gopalan et al., 1987. 

Component Leaves Fruits 

Edible portion  75 % 83 % 

Protein   6.7 g 2.5 g 

Fat  1.7 g 0.1 g 

Minerals  2.3 g 2.0 g 

Fibre  0.9 g 4.8 g 

Carbohydrates  12.5 g 3.7 g 

Vitamin A (IU) 11300 184 

Thiamine   0.06 mg 0.05 mg 

Riboflavin  0.05 mg 0.07 mg 

Niacin   0.8 mg 0.2 mg 

Vitamin C 220 mg 120 mg 

Medicinal Uses 
Drumsticks are good for diabetic patients as they reduce spiked blood sugar levels significantly. As drumsticks are good 
source of B vitamins (niacin, riboflavin and B12), it improves the digestive health, also helps in developing stronger 
bones. Helps in purifying blood, relieves respiratory disorders and boosts immunity (Mani and Roy, 2020). 
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Water Purification 
Seeds of Moringa oleifera trees can be used to purify drinking water by coagulation. The process of water purification 
works via positively charged protein known as Moringa oleifera cationic protein, which kills dangerous water borne 
bacteria like, Escherichia coli by causing their cell membranes to fuse. The toxic effect is due to presence of 4 benzyl 
isothiocyanate glycosidic mutard oil and this is not harmful to human. At least not in the concentrations present during 
the use of seed for nutrition, medicine, water purification (Grabow et al., 1985). 

Climate Change Mitigation 
Moringa oleifera is also known as Never Die plant because of its adaptability to weather, soil and other environmental 
vagaries. Heavy flushes of Moringa trees act as good sink for carbon di oxide absorption and utilization thus help in 
reducing the levels of atmospheric carbon di oxide which is one of the major causes of ozone layer depletion and global 
warming. The rate of Moringa tree to absorb carbon di oxide is fifty times higher when compared to Japanese cedar tree 
and 20 times than that of general vegetation because Moringa sequestrate more carbon with its all parts and thus helps 
to mitigate climate change (Villafuerte and Villafuerte, 2009). 

Industrial Uses 
Drumstick oil is used for pharmaceutical and cosmetic use because its oil is resistant to oxidation. Leaves of Moringa 
were also used to feed livestock. 

Conclusion 
Moringa is natural gift to humankind as it has multipurpose uses, so to take full benefits of this miracle tree, market 
development strategies, strong polices and research were required. Its wider adaptability makes it an ideal crop for 
sustainable food production. 
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Introduction 
First step in cultivation is preparation of soil before sowing the seeds to provide favorable condition. We provide better 
environment by management of soil which consist weeds control, recycles plant nutrients, loosing soil hardness for better 
penetration of roots and soil moisture conservation. Field preparation involves tillage practices, soil turning, break the 
soil in small particles, incorporate the straw residue in the soil and land leveling etc. We did land preparation in time 
period between harvesting previous crop and sowing of next crop. This is important for weed control and soil quality 
improvement by mixing organic compound in soil.  

Various soil physical properties like bulk density, soil surface sealing and crusting, porosity, hydraulic conductivity, 
infiltration rate and surface roughness are highly influence by different tillage techniques. Best favorable environment 
for germination of seeds, easy root penetration and suitable sprouting of young plants done by seedbed preparation. 
This bed preparation is done by tillage operation and crumb the soil structure, wherein the fine soil aggregates are left 
on the surface, to avoid creating of crust, and around the seed is left sufficient amount of loose soil and capillary 
movement of water is established. Different machinery is designed for different purpose, some machineries are 
presented below. 

Mould Board Plough 
Tillage is one of the most important practice in agricultural operation. Mould board plough is one of the equipment which 
commonly used for primary tillage operation. It is generally used in all type of filed like canal irrigated, rain fed field 
where weeds are major problem. Mould board plough completely invert the top soil and pulverize the soil, 
remove/uproot weeds and also bury the straw and crop residue of the field below the soil surface. The shape of mould 
Board is designed to cut down the soil and invert it to right side, completely burying the undesired growth which is 
subsequently turned into manure after decomposition. The under-frame and unit-to-unit clearance are adequate to copy 
with trashy condition. It can handle the toughest ploughing job with outstanding penetration performance. It is designed 
to work in all types of soil for basic functions such as soil breaking, soil raising and soil turning. It can also be used in 
stony & rooted soils. 

Rotavator 
Rotavator tilled soil very well by pulverize soil in small particles and mix them, resulting good distribution of different 
clod size. The number of tillages passes required to achieve an acceptable tilth quality, using rotavator is also 
significantly reduced in comparison to the series of operations that would result in the same tilth quality with the use 
of passive tools. We know tillage is very important for agricultural operation. Tillage is mainly done by loosen the upper 
layer of soil, and mix the soil with fertilizer, residues and remove weeds.  

As a result of this processing the water-air, thermal and nutrient regimes of the soil are improved in the interest of the 
growth and development of crops. 

         Fig. 1: Mould board plough         Fig. 2: Rotavator 
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Two types of rotavator are available; axis of rotavator may rotate in vertical or horizontal axle of rotor shaft. For the 
horizontal rotor axis, the blades may be rotated in the down-cut or up-cut direction; while for the vertical axis, the 
direction of rotation may be clockwise or anti-clockwise. Generally, we found that the values of soil mean weight 
diameter, penetration resistance and bulk density of soil were lower after tilling by vertical axis rotavator as compared 
to the horizontal axis rotavator also more area is disturbed by the vertical axis rotavator. Also, to get better quality of 
tilling soil vertical axis rotavator should be used while for economic point of view horizontal rotavator may be used. 
Vertical axis rotavator also known as rotary tiller is a tillage machine designed for preparing the land just suitable for 
sowing seeds (without overturning of the soil), for eradicating weeds, mixing manure or fertilizer into soil, to break up 
and crushing clods, etc.  

It offers an advantage of rapid seedbed preparation and reduced draft compared to conventional tillage. These are 
basically the rotational tillage implements and the operation typically needs only one pass to let the soil ready for 
planting. According to researches, it saves 30-35 % of time and 20-25 % in the cost of operation as compared to tillage 
by cultivator. 

Subsoiler 
We know that repeating use of machinery creates hard pan in soil. Generally heavy machinery is used in agriculture 
because of heavy traffic soil get compacted below the tillage zone which affect the water movement in soil. Breaking 
of this hard pan is very essential for water conservation point of view. So subsoiler is to break this hard pan and this 
operation known as subsoiling. Subsoiling generally done 40-75 cm depths from the ground surface. Frequent traffic of 
equipment, in order to crush the clods caused by subsoiling operation, declined the suitable conditions for soil bulk 
density decrease in spite of the fact that the subsoiling operation can increase soil porosity and decrease the compacted 
soil bulk density by up to 3-4% because of rupturing the soil layers, especially beneath the plough pan, can cause soil 
porosity increase and result in relative decrease of soil bulk density.  

Subsoiling can help root distribution and improve root absorption; it had no marked effect on root length as well as other 
parameters of yield. We know the subsoiling is generally done in hard pan or sever plough pan area within the underlying 
soil layers, which causes restricted root growth. According to researches, infiltration rate in subsoiled land is significantly 
higher than that of conventional ploughing, subsoiling improves this infiltration rate of soil. 

Laser Land Leveller 
We know that uneven soil surface has a major impact on the stand, germination, growth and yield of crop because of 
uneven distribution of water, soil moisture and fertilizer. There for land land levelling is also a important process for 
seedbed preparation to provide favourable agronomical condition for crop. Land grading is now done by laser guided 
land leveller equipment. Laser land levelling is done in the field at certain degree of slope upto desirable by guided laser 
beam throughout the field. Over conventional it reduces the irrigation period, distribute uniform water, precise levelling 
of field, good germination and well growth of crop. It also reduces fertilizer consumption, irrigation water and seed 
requirement within field. According to the study it is found that it save more than 35% of water, reduce the weed in the 
field, increase the area of field about 3.5%, reduce farm operation time by 10% also save the labour, fuel and electricity 
cost by improve irrigation efficiency and improve productivity upto 50% of the land. 

Fig. 3: Subsoiler     Fig. 4: Laser land leveller 
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Introduction 
“Climate change”, globally a common term, is now taken to mean anthropogenically driven change in climate. Such 
climate change may dominate agriculture in a positive way (CO2 fertilization, lengthening of growing seasons, more 
rainfall) or in a negative way (more drought, faster growth resulting in shorter life cycles, salinization). Impact of climate 
change on agriculture will be one of the major deciding factors that influence the future food security of mankind on 
the earth. Climate change has several impacts on ecosystems and societies and we have to protect ourselves from these 
negative impacts. But somehow, we are not only victims of climate change, we also contribute to it in many ways. The 
Inter-Governmental Panel on Climate Change has projected the global temperature increase to be between 1.1 °C and 
6.4 °C by the end of the 21st Century (IPCC, 2007). Continued alterations in the frequency and intensity of rainfall, heat 
waves, and other extreme conditions are likely, all which will impact agricultural production. Furthermore, mixed 
climate factors can also decrease plant productivity, resulting in price increases for many important agricultural crops. 
Therefore, combined efforts are required for mitigation and adaptation to reduce the vulnerability of agriculture from 
the adverse impacts of climate change. 

Common Impacts of Climate Change in Agriculture Sector 
1. Changing precipitation patterns 
2. Changing temperature patterns 
3. Floods  
4. Droughts 
5. Changes in crop and livestock viability. 
6. New pests, pathogens, and weed problems 
7. Changes in water availability 

Actions for Adaptation and Mitigation 
1. Adaptation: Adaptation refers to responses by individuals, groups and governments to actual or expected changes in 
climatic conditions or their effects.  

2. Adaptation strategies: 
a. Farmers can adapt to climate changes to some extent by shifting planting dates, choosing varieties with 
different growth duration, or changing crop rotations  
b. Diversification of crop and livestock varieties and introducing new varieties intended for higher drought or 
heat tolerance (Pathak et al., 2012). 

c. Cropping system improvement is another tool that can help agriculture adapt. The use of crop mixtures that 
have several crops growing at one time can help systems exhibit greater durability during periods of flood or 
drought. 

d. Adopting soil conservation measures that conserve soil moisture. 

e. Altering land-use practices which includes location of crop and livestock production, shifting production 
between crops and livestock, shifting production away from marginal areas, altering the intensity of fertilizer 
and pesticide application as well as capital and labour inputs can help reduce risks from climate change in farm 
production (Pathak et al., 2012). 

f. Planting of drought resistant crops in drought-prone areas could help in reducing vulnerability to climate 
change. 

g. Developing short-duration crop varieties that can mature before the peak heat phase set in.  
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3. Mitigation: It can construct efforts to reduce or limit greenhouse gas emissions or to enhance greenhouse gas (GHG) 
sequestration. 

The agricultural sector has a substantial potential for mitigation. About 30% of the global greenhouse gas emissions is 
due to agriculture activities and deforestation. 
Emissions from agriculture (13.5% of global GHG emissions) come mainly from:  

a. Nitrous oxide from soils  
b. Methane from ruminant livestock digestion  
c. Burning of living and dead vegetation  
d. Rice production  
e. Manure management. 

4. Mitigation strategies: In the agricultural sector, there are three major options to mitigate climate change (FAO, 
2012):  

a. Reducing emissions of carbon dioxide, methane and nitrous oxide: 
i. Minimal soil disturbance (minimum and zero tillage) and improved grazing management (e.g. stocking 
rate management, rotational grazing, and enclosure of grassland from livestock grazing) can reduce 
emissions from volatilization of organic soil Carbon. 
ii. Draining organic soils for cultivation leads to higher GHG emissions. Therefore maintaining a shallower 
water table, together with avoiding deep ploughing and cropping row crops and tubers can reduce 
emissions. 
iii. Committing forests for reducing emissions from deforestation and forest degradation (REDD) and 
adopting sustainable management of existing forests can reduce emissions. 

b. Avoiding and displacing emissions: 
i. Reducing post harvesting food losses will contribute to decreasing emissions per unit of food consumed. 
ii. Increasing energy efficiency and replacing fossil fuels with biofuels will reduce emissions per unit of food 
produced. 

c. Removing emissions: 
i. Use of cover crops, avoiding use of bare fallow and incorporation of crop residue generate higher inputs of 
carbon residue, leading to increased soil carbon storage. 
ii. Increased available water in the root zone can enhance biomass production, increase the amount of above-
ground and root biomass returned to the soil, and improve soil organic carbon concentration. 
iii. Replanting mangroves in aquaculture areas will create carbon sinks. 

Conclusion 
Climate change is a major threat which restricts the food security and livelihood of millions of people in the developing 
countries. Adaptation and climate change mitigation must go hand in hand and are now essential in reducing the risks of 
climate change, however, adaptation cannot be readily compared to mitigation, because most adaptation is acquired by 
various people, at a different and multiple spatial and temporal scale than mitigation. There are lot of uncertainties 
about the assessment of impact, adaptation and mitigation of climate change in agriculture. It is mainly because the 
methodology followed for such assessments is not standardized and sometimes is inappropriate and imprecise. So, the 
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science must take an effort to develop a holistic approach to adaptation and mitigation research, and make significant 
effort to understand the trade-offs and synergies involved in interventions aimed at addressing the climate crisis. 
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Summary 
Ayurvedic drugs are defined as herbal remedies from natural sources and Ayurvedic drugs make people safer all without 
having any adverse impact. Madhuca Indica is a crop of Indian origins that has an immense beneficial effect but it's not 
completely exploited. Madhuca Indica has multiple pharmaceutical practices and safety benefits for community. It is 
used as non-diabetic, anti-ulcerative, non-pyretial, anti-fertility, analgesic, antimicrobial, swelling, inflammatory, drug, 
emetic, dermatic, laxative, tonic, anti-burn, curing injury and several other issues. It is antimicrobial and anti-
substantial. Madhuca Indica has not only pharmaceutical aids but also provide nutritional advantages. 

Fresh Mahua (Madhuca Indica) flowers 

Introduction 
The medieval era is identified from the 8th to the 18th centuries AD. The fundamental function of plant species in 
treating diseases is demonstrated by its usage across all significant medical systems, regardless of their underlying 
theological premise. Plants become extremely important for the medical field, because they are a valuable resource of 
medicines and a wide reservoir of chemical diversities for innovative medication development programs. Almost all of 
the medicines mentioned in the Indian medicines are of crop origin. 

Origin 
Madhuca Indica a crop of Indian origins with enormous medicinal and beneficial utilization but not completely exploited 
because of the unknown of the citizens. Table 1 shows the taxonomical classification of Madhuca Indica. Mahua tree has 
plenty of pharmaceutical potential for many disorders therapy. The jungle plant Madhuca Indica is discovered in Central 
and Northern India and Malaysia. 

Table 1: Taxonomical Classification of Madhuca Indica 

Production and Revenue 
Throughout the season of March to April in all years the flowering plants of this moderate shaped tree occurs. The Mahua 
tree in many parts of India is easy to be spotted, but not as a foodstuff. Approximately 0.12 million tons of Mahua tree 
are grown in India, collected across various parts of the world in a coordinated field and used for oil mining. The 
cultivation of Mahua plants in the region is calculated at over a million tons. The legislature of India promotes the 

Taxonomical Classification 

Kingdom Plantae 

Division Magnoliaphyta 

Class Magnoliopsida 

Order Ericolos 

Family Sapotaceae 

Genus Madhuca 

Species M. longifolia 
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production of Mahua flora and seeds, which generate its essential benefit cost and, otherwise, it generates revenue for 
the poor when they obtain and later sold to a governmental department or a regional purchaser. 

Tribe 
Throughout several parts of India, Mahua flowers play a significant role in the tribe society. From an unprocessed, cooked 
or fried type in separate areas of India, just a slight number of flowers are utilized Tribal women in breast feeding 
duration consume Mahua flowers for getting nutrition. Tribal of different states like Chhattisgarh, North Maharashtra, 
Odisha, Jharkhand in India generally practiced fermentation of Madhuca Indica flowers for the preparation of alcoholic 
beverage known as Mahua. 

Woof 
The woof of this tree has been protected from two protocol essential glycosides, including madhucosides A and B. The 2 
compounds had major impacts onto the secretion of superoxide through nuclear polymorphic cells as well as on 
neutrophils hypo chloric acid generation. The Mahua tree is about 20 meters tall and has a semi-green or evergreen foil. 
The pestilence of Mahua's tree woof is often known to be used to treat the bone fractures. 

Seeds, Flower and Oil 
Mahua tree is usually valued because of its seeds with ample oils and florescence, primarily for the processing of liquor 
and soft sweets. The spent flowers are mostly utilized for livestock feeding (after fermentation). In the preparing of the 
distilled beverages, a large number of flowers is used. The freshly cooking beverage has a distinct pungent foetid taste 
that vanishes with ageing. 

Wood 
The Mahua tree woods is often required to render doors and windows in the home. The medicinal importance of the 
plant relies on the effective ingredients that may be found in broad and limited amounts within the specific sections of 
the plant. 

Biofuel 
Previously, because of the least contaminating qualities and because of its clean power ability compared with traditional 
fossil diesels, biofuel is attracting more coverage. Most of the oils such as soya bean, rapeseed, sunflower, safflower, 
zoetrope is used to ready biofuel in the country. 

Table 2: Bioactive components present in various parts of Madhuca Indica 
Section Components 

Bark Flavonoids, sterol 

Flower Carotene, thiamine, riboflavin 

Ripe fruit Protein, fat, minerals 

Leaf Organic matter, alkaloids 

Latex Soluble resins, insoluble resins 

Industries Apart from Food 
In addition to eatable and pharmacological purposes, it is also used in the production of washable cleansers and oils. 
Mahua is an industrial implementation. In comparison, the insecticide and pesticide patent seed cakes is said to have 
been utilized in cultures such as corn, sugar cane, etc. as natural compost. 

Nutritional Usages 
The tree of the Mahua has a variety of food importance. It grows fruit prized for its kernel, which yields a significant 
volume of fat commonly referred to as just Mahua butter, and is utilized as a biofuel. The fat of cocoa butter and ghee 
was used as a replacement. It is one of the biggest natural tough fat outlets. The fat acquired from the fruit oil from 
Mahua is utilized in cook, fry and produce candy. The seed fat has emulsion properties so it is often used in several drug 
industry as emulsifying agents. It is usually used as a reflexology oil in several areas of the region since it is quite great 
for moisturizing skin. Besides becoming a wealthy sugar and protein, the flora comprises essential nutrients such as Ca, 
P, Fe and K. 

Pharmaceutical Usages 
The therapeutic properties of Madhuca Indica are relaxing, smooth, emollient and warming. Headaches, laxative 
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diseases, skin condition, rheumatism, piles, sometimes as astringent galactogogue etc. While in many parts of India the 
Mahua tree is easily found, it is not used for the foodstuff. In several areas of the Indian subcontinent, such as Bangladesh, 
it is widely found. Diverse sections of the tree, including entire small crops, sheaves, twigs, barks, roots, berries, flowers 
and seeds, are utilized in traditional medicines method in Bangladesh. Table 2 lighten up the bioactive components 
present in various parts of Madhuca Indica. 
 
1. Mahua flowers are highly nutritive and commonly used in tonic, analgesic and diuretic. Flowers are also used 
traditionally as cooling agents, demulcent, aphrodisiac, astringent etc. for treatment of various illnesses.  
2. In traditional medicine Mahua bark is used for treatment of chronic bronchitis (first stage of T.B.), spongy gums, 
rheumatism, diabetes, and bleeding.  
3. The fruits of Mahua in form of lotion used to cure mouth ulcer, tonsillitis, and pharyngitis.  
4. Tuberculosis, rheumatoid arthritis, cholera, vomiting, snake-bite, fatigue, tonsillitis, influenza, piles, arthritic pain, 
helminthiasis, migraine, flatulence and allergies are among the numerous illnesses that have been cured by Madhuca 
Indica and it is also used as a human blood purifier and toxin antidote.  
5. Each section of every plant has a certain portion of therapeutic qualities. Specific plant sections frequently involve 
specific effective components such that one portion is harmful while the second very benign.  
6. The plant consists of a variety of sections which can be grouped by feature. It is root, woof, flora, fruits, seeds, oil 
(Table 3).  
7. The ancillary metabolites are the essential material for the key therapeutic properties of raw therapeutic products. 

Table 3: Madhuca Indica Plant’s Section Wise Utilization 
Part Therapeutic attributes 

Oil Piles, hemorrhoids, emetics 

Fruit Antiulcer, bronchitis, astringent 

Leaf Eczema, wound healing, bone fracture 

Bark Snake poisoning, fracture, itching 

Flower Hepatoprotective, strangury, diuretics 

Conclusion 
Plants constitute a significant commercial resource for several excellently established medicines, which explore Madhuca 
Indica's extensive opportunities and ability for different uses. It is beneficial to develop Mahua plant at a massive level, 
particularly in nonproductive and barren regions. This will assist the vulnerable and landless people gain complete 
economic assistance. This Madhuca Indica plant is usually only recognized for its beverage production, but it needs to 
switch the mindset of unknown citizens. The Mahua tree has its therapeutic experience concealed from the community 
gaze. As regards the enhanced probability, the Mahua tree of high quality should be harvested via micro propagation via 
plant tissue culture. Researchers must follow the citizens from the ruling region in order for them to gain much greater 
and useful information. Due to their efficacy, simple accessibility, lower cost and relative toxicity, in the next generation 
the significance of the crop will be increased. Madhuca Indica noticed many pharmacological operations but several 
others still to be discovered. 

References 
1. Alam, Z.M.D., (2008). Herbal Medicine, APH Publishing Corporation, New Delhi   Edition 3: 11-15. 
2. Khan, S., Zahan, D., Das, R., Nasrin, D., Ahsan, S., Ahmed, R., Sadat, A.F.M., Bashar, A.B.M.A., Nahar, N. and 

Rahmatullah, M., 2011. Antihyperglycemic activity studies with methanol extract of Madhuca indica JF Gmel. leaves 
and Paederia foetida L. stems in mice. Adv Nat Appl Sci, 5(2), pp.122-126. 

3. Ghadge, S.V., and Raheman, H., (2005). Biodiesel production from Mahua (Madhuca Indica) oil having high free fatty 
acids. Biomass and Bioenergy, 28(6): 601-605. 

4. Das, B.K., (2010). Identification of abiotic and biotic factors causing deterioration during storage and development 
of storage techniques for Mahua flowers. Agriculture Consepectus Scientificis 75: 119-125. 

5. Erik, W. B. (2004). Van Wink Michael: Medicinal plants of the world. Times Editions, Malaysia, Edition, 3: 16-20. 
6. The wealth of India (2007). Raw material, council of scientific and industrial research, New Delhi vol 6.  
7. Seshagiri, M., Gaikwad, R.D., Paramjyothi, S., Jyothi, K.S. and Ramchandra, S., (2007). Antiinflammatory, anti-ulcer 

and hypoglycemic activities of ethanolic and crude alkaloid extract of Madhuca Indica (Koenig) Gmelin seed cake. 
Oriental Pharmacy and Experimental Medicine, 7(2):141-149. 

8. Behl, P.N. and Srivastava, G., (2002). Herbs useful in dermatological therapy (Vol. 11). CBS Publishers & Distributors. 
9. Kirtikar, K.R.B.B. and Basu, B.D., (1935). Indian medicinal plants. Indian Medicinal Plants. 
 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
352 

Customized Fertilizer: Way of Efficient Nutrient Management for Crop Production 
Article ID: 30133 

Chereddy Maheshwara1, Meshram M. R.2, Chakravarthy Thejesh3 
1M. Sc. in Agronomy, Sam Higginbottom University of Agriculture, Sciences and Technology, Prayagraj. 

2Ph. D. Scholar, Sam Higginbottom University of Agriculture, Sciences and Technology, Prayagraj. 
3M. Sc. in Agronomy, Sam Higginbottom University of Agriculture, Sciences and Technology, Prayagraj. 

 

Introduction 
Crops, as well as every other living organism, require certain amounts of nutrients for normal and healthy growth. Each 
nutrient plays a different, but important role, in crop growth and development. Because of this, it's essential to ensure 
optimal quantities of each nutrient is provided in a form usable by the crop. In other words, without proper nutrient 
management, it's hard to achieve high yields and healthy and vigorous crops.  

There is a large number of elements in nature out of which seventeen are important for the proper growth and 
development of crop plants. The macro nutrients: nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), sulphur (S), 
magnesium (Mg), carbon (C), oxygen (O), hydrogen (H) and the micronutrients (or trace minerals): iron (Fe), boron (B), 
chlorine (Cl), manganese (Mn), zinc (Zn), copper (Cu), molybdenum (Mo), nickel (Ni) for better vegetative and 
reproductive growth of crop plants. C, H and O contribute the 85-90 % of the total plant content. N gives dark-green 
colour to crop plants and it increases the vegetative growth of crop plants. It is most important for preparation of starch 
in leaves and production of amino acids. P is the constituent of certain nucleic acids, phosphatides, chromosomes and 
"coenzymes. P works as a catalyst in about 60 enzymatic systems of the plants and regulates the water in plants and 
reduces the negative effects of salts in the plants. Ca is the important constituent of plant cell wall and it promotes 
early root growth and development. Micro nutrients are always required in very little amounts but play a very important 
role in the physiological processes of the crop plants. 

Fertilizer is an essential key input for production and productivity of crops. Fertilizer alone contributes towards 55% of 
additional food production. Due to very intensive agriculture involving exhaustive high yielding varieties of cereals 
particularly, wheat has led to heavy withdrawal of nutrients from the soil. This resulted in the increase in consumption 
of chemical fertilizers, but the trend of fertilizer use efficiency is not encouraging. These erratic fertilizers use patterns, 
if continued for years, could cause much greater drain on native soil fertility and the soil may not be able to support 
high production levels in future. Therefore, in the event of nutrient turnover in soil-plant system being considerably high 
under intensive farming, neither chemical fertilizer nor organic/biological sources alone can achieve production 
sustainability. To feed the growing population of India clearly needs a second green revolution that is broad-based, 
inclusive and sustainable; the famers need to produce more without the environment   getting any more depleted. This 
was clearly understood by the government and to feed the growing population and make farming a more sustainable and 
profitable business the Government has decided to introduce customized fertilizers (CF) across the country.  According 
to Department of Fertilizers to address the special need of a region or crop and to optimise the benefit of fertilizers in 
a cost-effective manner, farmers and fertilizers companies are being asked to focus on customised fertilizers. The 
government is planning to introduce customize fertilizers in an attempt to boost agricultural production, doubling 
farmers’ income and reducing the cost of cultivation. Customized fertilizer is more than simply a fertilizer- it is the 
concept around the plant nutrition. Such fertilizers are backed by sound scientific plant nutrition principles research. 
For the development of customized fertilizer, a team of dedicated scientists focusing on specifics of crop and soil 
condition is required. 

Customized Fertilizers 
The Central Fertilizer Committee has included customized fertilizers in the Fertilizer (Control) Order 1985, as a new 
category of fertilizers that are area/soil/crop specific. Customized fertilizers, multi-nutrient carriers designed to contain 
macro, secondary and/or micronutrient both from inorganic sources and/or organic sources. These are manufactured 
through a systematic process of granulation with stringent quality checks, satisfying the crop’s nutritional needs, specific 
to site, soil and stage validated by a scientific crop model, capability developed by an accredited fertilizer 
manufacturing/marketing company. Such fertilizers also include water-soluble specialty fertilizer as customized 
combination products. In order to overcome  the limitations of soil test-based blanket fertilizer recommendations, the 
concept of SSNM was introduced which is specific to soils and crops, yield oriented and takes into account nutrient 
interactions with the aid of models such as Quantitative Evaluation of Fertility of Tropical Soils (QUEFTS) and Soil Test 
Crop Response (STCR). Undoubtedly, customized fertilizers can magnify the prospects of SSNM and precision agriculture. 
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Manufacturing Methodologies of Customized Fertilizers 
Three processes are involved in manufacturing of customized fertilizers: bulk blending, compound granulation and 
complex granulation. Bulk blending involves pure mixing of solid fertilizers to obtain the desired nutrient ratio. It only 
requires a warehouse and weighing and mixing equipment. Customised fertiliser manufacture basically involves mixing 
and crushing of urea, DAP, MOP, ZnS, bentonite sulphur and boron granules for obtaining the desired proportion of N, P, 
K, S and micronutrients. The mixture is subjected to steam injection, drying, sieving and cooling, so as to get a uniform 
product with every grain having the same nutrient composition.  

Due to the high cost involved in manufacturing of customized fertilizers through bulk blending, this method appears to 
be a remote option for producing customized fertilizers in India. Compound granulation is commonly known as ‘steam 
granulation’ or ‘physical granulation’. The raw materials required for this method are available in solid form. Granulation 
is formed by the agglomeration process and requires the use of water, steam and heat in the dryer. In fact, almost all 
Asian countries are following the route to steam/physical granulation for NPK production and this method may also be 
the most effective way for India to produce customized fertilizers. Chemical granulation is also called ‘slurry granulation’ 
or ‘complex granulation’. NPKs are produced by a chemical reaction between ammonia and either sulphuric or nitric 
acid to form either ammonium sulphate or ammonium nitrate. This is granulated with the addition of discrete K2O either 
in solid form or a liquid form. The process of granule formation comprises accretion plus agglomeration. This method is 
not convenient when many customized NPK grades are to be produced. 

Quality of Customized Fertilizer 
Customized fertilizers should be granular in size with at least 90% of the material between 1 and 4 mm IS sieve and the 
material passing through sieve having size ≤1 mm IS sieve should not exceed 5% (clause 20B of FCO, 1985). The moisture 
content should not exceed 1.5%. For foliar application, however, 100% water solubility is required. It is prepared by 
tweaking the proportions of urea and micronutrients in a way that the end products are suited to meet the special needs 
of varied types of soil, crops, and climate, also it works generally maximize crop yields while minimizing unwanted 
impacts on the environment & human health. 

Benefits of Using Customized Fertilizer 
1. The use of customized fertilizer will increase the agriculture production by 30 per cent and also ensure that the soil 
fertility is safeguarded. 
2. Production of customized fertilizers will ensure improved ‘Fertilizer Use Efficiency’ and will create a new “Virtual” 
source of nutrients, implying from the existing quantity of DAP, MOP, Urea, SSP & A.S available & consumed in India, the 
agricultural produce output will increase. Simultaneously the distribution & availability of fertilizer will be better. 
Customized fertilizer satisfies crop’s nutritional demand, specific to area, soil, and growth stage of plant. 
3. Customized Fertilizer enhances crop productivity with better benefit cost ratio. 
4. It is a one-time application of all macro and micro nutrients, except nitrogen, and is hence convenient to use. 
5. It promotes balanced application of nutrients. 
6. It is granulated to ensure uniform distribution of nutrients. 
7. As the micronutrients are also added with the granulated NPK fertilizer the plants can absorb the micronutrient along 
with macronutrient which prevents nutrient deficiency in plant.  
8. The farmer need not buy micronutrient separately at extra cost, thus reducing the total cost.  
9. Mixed fertilizers with micronutrients provide recommended micronutrient rates for the agricultural field at the usual 
fertilizer application. 

Constraints of Customized Fertilizers 
1. High cost of customized fertilizers.  
2. Necessity of investing heavy capital in state-of-the-art manufacturing facility for customized fertilizer.  
3. Limited awareness and very low affordability of customized fertilizers among the farmers.  
4. Uncertainty in response when fertility is restored in the field. 
5. Bind in site specific and crop specific. 

Conclusion 
Customized fertilizer is no doubt a marker in fertilizer revolution which may aggravate the scope of Site-Specific Nutrient 
Management (SSNM) and Precision Agriculture. Innovative product like customized fertilizers specific to agro-climatic 
conditions can be offered to the farmers to remediate nutrient deficiency particularly secondary and micronutrients for 
better crop response and higher productivity. Moreover, care must be exercised to strengthen collaboration between 
the fertilizer industry and national institutes engaged in developing soil test-based and site-specific nutrient 
recommendations to develop soil and crop specific quality fertilizers. 
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Introduction 
Cryptocurrency is a digital currency secured by cryptography, which helps in making it impossible to counterfeit. The 
cryptocurrencies like other currencies are not issued by central authority, which make the currency immune to 
government interference. A cryptocurrency is basically a new form of digital currency which is based on a network that 
is distributed across a large number of computers. The word “cryptocurrency” is derived encryption techniques, used to 
secure the network. Blockchains serve as essential constituent of many cryptocurrencies for ensuring the integrity of 
transactional data. Cryptocurrencies face criticism all over the world due to the reason that it can be used for illegal 
activities and exchange rate volatility is high. However, it has few advantageous features also like portability, divisibility, 
inflation resistance and transparency. 

What are Cryptocurrencies? 
Crypto the term refers to various encryption algorithms and cryptographic techniques that safeguard the entries. 
Cryptocurrencies allows the users to go for secured payments online which are denominated in virtual tokens. Further 
they are represented by ledger entries internal to the system. 

History of Cryptocurrency 
The first cryptocurrency was Bitcoin which was based on blockchain. Today, there are so many cryptocurrencies with 
various functions and specifications. Bitcoin was first launched in 2009 by an individual/ group known by the pseudonym 
Satoshi Nakamoto. there were over 18 million bitcoins in circulation of around $146 billion value as of Nov. 2019. 

Few cryptographies used in cryptocurrency was originally developed for military applications. At one point, the 
government wanted to put controls on cryptography, but the right for civilians to use cryptography was secured. 
Presently in our country, the use of cryptocurrency is banned to have monetary control over the transactions by 
government. 

Advantages of Cryptocurrency 
1. Cryptocurrencies helps in making easy transfer of funds from one to another holder without interruption of third party 
like banks, etc. 
2. The transfer of funds are secured by public and private keys. 
3. Fund transfers require minimal processing fees helps in allowing users to avoid charges imposed by banks and financial 
institutions for fund transfers. 

Disadvantages of Cryptocurrency 
1. Semi-autonomous nature of cryptocurrency make it more prone to illegal activities like money laundering, etc. 
2. The rates at which a cryptocurrency exchanged for another varies widely due to the reason that the market prices 
depend upon the demand and supply of currency. 
3. Cryptocurrency is considered as short lived or speculative currency. 
4. The cryptocurrencies are not rooted through any material good. A large amount of energy is required to produce 
cryptocurrencies. 
5. Hacking can make the whole system of online exchange of cryptocurrency to suffer.   
6. The exchange is beyond the control of central banks and governments which make it more complex. 

Conclusion 
Cryptocurrency offers a new, effective and attractive method of transactions. Although cryptocurrency opens platform 
for digital transactions and provide a new form of currency but they are not controlled and regulated. The lack of 
regulation is considered as the main concern in cryptocurrency systems. Many concerns, challenges and issues are existing 
in many cryptocurrency platforms and they are clearly outlined in the above. Therefore, adoption and acceptance of 
cryptocurrency needs more consideration and analysis. Trust and confidence are major factors that need to be 
investigated in terms of using and trading different forms of cryptocurrency. 
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In recent years, jamun fruit is becoming popular among people due to its rich medicinal values, particularly for its anti-
diabetic properties and antioxidant phytonutrients. It is one of the very important fruit and needs attention on scientific 
cultivation in different parts of country. Looking at the importance of fruit, the demand for its planting material is 
increasing. Soft wood grafting in March-April and patch budding in march may be followed for multiplication of elite 
jamun plants. 

Introduction 
The jamun is an important indigenous minor fruit of commercial value. It is also known as black plum, Indian black 
cherry, Ram jamun etc. in different parts of India. The tree is tall and handsome, evergreen, generally grown for shade 
and windbreak on roads and avenues. Jamun is a popular indigenous fruit of India. It has got very valuable place in 
Ayurvedic medicines. It is believed to be a boon for diabetic patients. In India, the maximum number of jamun trees are 
found scattered throughout the tropical and subtropical regions. 

Climate and Soil 
Due to wider adaptability jamun can be grown successfully under tropical and subtropical climates. It is hardy and can 
tolerate both short periods of drought as well as heavy rainfall and can also withstand floods (Chovatia and Singh, 2000). 
It can be grown successfully in semi-arid subtropical regions with an annual rainfall varying from 350 to 500 mm. 

Jamun can be grown on wide range of soils. Vigorous growth and high yield, however, could be obtained only when grown 
on deep loam and well drained soils but have the capacity to retain good soil moisture. It tolerates sodic and saline soils 
and can also be grown in ravines and degraded lands. Plants are reported to survive even in alkali soils up to 10.5 pH. 
Plantations in very heavy and light soils should be avoided. 

Improved Varieties 
1. Goma Priyanka:  Jamun ripens during 1st week of June and 50- 60 kg fruit can be harvested during 10th year of 
orchard life under rainfed condition of hot semi-arid ecosystem. Fruits are good in test having 16.86 TSS 0Brix. Fruit are 
rich in Vitamin C (45.44 mg/100g). Yield potential is 30 kg/plant. 

2. Thar kranti: It ripens during 4th week of May. Mature tree yields 65 kg fruit per plant. It recorded 20.10 g fruit weight, 
85.57% pulp, 17.10 0Brix TSS, 0.40% titratable acidity, 12.50% total sugar, 6.20% reducing sugar and 48.45 mg/100 g 
vitamin C under rainfed conditions of hot semi-arid ecosystem. 

3. CISH J-37: A superior accession selected at Central Institute for Subtropical Horticulture, Lucknow derived from the 
mother tree with a height of 12 – 15m, trunk girth 1.95 m, canopy spread E – W 14.10 m and N – S 12.70 m, yield 200 – 
300 kg plant-1 (about 45 years old) and mid-season maturity during the second week of June. The fruit is oblong and has 
average weight 24.05 g, length 3.90 cm, diameter 3.03 cm, 10 CISH J – 42 (Seedless) pulp 92.26 per cent, TSS 16.4 ºBrix, 
ascorbic acid 49.88 mg/100g and total antioxidant value 38.30 mg AEAC/g (Anon, 2007). 

4. CISH J-42: Seedless accession selected by Central Institute for Subtropical Horticulture, Lucknow during 2008 from 
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Chandauli district of U.P. It was multiplied by vegetative propagation and established in the field gene bank. The mother 
tree has a tree height 10 – 11.5 m, trunk girth 1.50 m, canopy spread E – W 10.20 m and N – S 11.70 m, yield 180 – 250 
kg tree-1 (about 65 years old tree) and mid-season maturity during the second week of June. The fruit is round shaped 
and has average weight 6.87 g, length 2.57 cm, pulp 97.9 per cent, TSS 14.7 ºBrix, ascorbic acid 34.14 mg/100g and total 
antioxidant value 15.54 mg AEAC/g and has better shelf life (Anon, 2007). 

5. Jamun GJ-2: It was collected from Ode village in Anand district of Gujarat. Peak period of flowering is in the month 
of March. It is an early type, matures in the fourth week of May; fruits are oblong shaped with an average 20.0 g fruit 
weight, 85.00 per cent pulp, 18.0 ºBrix TSS, 0.38 per cent acidity, 12.50 per cent total sugars and 45.43 mg/100g ascorbic 
acid. Fruit yield per plant was 28.00 kg at seventh year of age. 

6. Jamun GJ-8: The accession was collected from Ode village of Anand, Gujarat. The peak period of flowering is in the 
month of March. It is also an early type, fruit is oblong in shape and matures in the first week of June having 17.0 g 
average weight, 83.33 per cent pulp, 16.0 ºBrix TSS, 0.40 per cent acidity, 11.20 per cent total sugars and 47.12 mg/100g 
vitamin C. The observed fruit yield per plant was 12.00 kg at sixth year of age. 

7. Rajamun: It bears large-sized (length 2.5-3.5cm), oblong, deep purple fruits having purple pink, juicy and sweet pulp 
and small seed. Fruit matures in June-July. 

8. Paras: It is a seedling selection which yields sweet fruits. Considerable tree variation exists in Pune and Ahmednagar 
districts of Maharashtra. Extracts of stems, leaves, buds and flowers possess moderate antibiotic activity against 
Micrococcus. 

Quality Planting Material 
1. Soft wood grafting: Soft wood grafting was performed during each calendar months of the year at the Institute. 
Seedling rootstocks raised in containerized nurseries with solarized potting mixture were maintained with regular cultural 
care for 10-12 months to attain graftable size (pencil thickness). Activated scion sticks (about 7-10 days earlier to 
grafting) of matching size and 6- 8 inches length were sourced in the months of July and August. The rootstock seedling 
was cut to a length of about 9 inches from the level of soil in polybags and a wedge prepared to a depth of about 2.5 
inches. The activated scion sticks with matching slant cuts of 2”-2.5” length on either side to form wedge was placed 
into the cut of similar length made on the rootstock to perfectly match the respective cambiums and firmly secured with 
a polythene tape of 100 gauge. The grafts were then placed in climate controlled polyhouses to facilitate union and 
growth. The time taken for bud sprout was minimum (16 days) in the months of February and March. Maximum success 
rate (80 %) in grafting was recorded during the months of March, April and July (Anon., 2007). This method was found 
better for in situ grafting under rainfed conditions. 

2. Budding: In situ and ex situ buddings performed on young seedlings of jamun at the institute showed 68 per cent 
success during the month of February (Anon., 2007). The bud wood sourced from 1 – 2-year-old vigorously growing shoots 
when patch budded on one year old and 10 -12 mm thick rootstock during the months of July – August offered better 
success. Shield, patch and Soft wood grafting in jamun 16 Forkert methods of budding could be adopted successfully. 
Patch budding was found successful in the month of June under Gujarat conditions (Chovatia and Singh, 2000). 

3. Water and nutrient management: Generally, jamun trees are not manured as they are hardy and are grown under 
little cultural care. Annual application of about 20 kg FYM per tree during the pre-bearing period and 50 - 80 kg per tree 
to bearing trees is considered beneficial. On very rich soils the trees have a tendency to put on more vegetative growth 
impacting fruiting. Under such conditions, the trees should not be manured, irrigation should be given sparingly and 
withholding water during the months of September - October and February - March. It helps in promoting fruit bud 
formation, blossoming and fruit setting. Jamun leaf litter available below the canopy of the plant may form an integral 
part of the soil fertility management through in situ vermiculture in basins for degradation of the biomass. Mulching can 
be done with black polythene or any organic material. In general, mulching with rice husk and rice straw reduces weed 
population and conserves the moisture in the soil. 

4. Orchard establishment: Land is prepared by usual ploughing, harrowing and leveling. There should be a gentle slope 
to facilitate proper irrigation and drainage to avoid water stagnation during the rainy season. Jamun could also be grown 
under different cropping systems, i.e., either as pure crop or as a component of horti-silvi pastoral models or as a 
hedgerow. It is an excellent candidate as a windbreak when established on the periphery of any orchard. It is usually 
spaced at 8 x 8 m (156 plants ha-1) in square system and planted in pits of 90 x 90 x 90 cm which are usually dug during 
summer months. While digging, it is necessary to keep the topsoil and subsoil separately in two heaps near each pit for 
about 2-4 weeks for weathering to destroy harmful soil microorganisms and pests. Well-decomposed organic matter is 
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mixed with soil (1:3) and pits are filled. Planting is done during the rainy season when the soil in the pits has stabilized. 
While planting, one should be careful to see that the earth ball of the nursery plant remains intact and graft union well 
above the ground level. The planting should preferably be done during cloudy weather in the evening and plants are 
staked followed by irrigation. The best time of planting is July-August. In the initial 2-3 years of orchard establishment, 
it is advisable to protect plants against low temperature injury during severe winter by covering plants with of cover, 
while exposing the eastern side for light interception.  

5. Spacing: No standard spacing is available for recommendation as exclusive commercial plantings are non-existent. 
The plants of jamun were planted at a distance of 10 x 5 m (200 plants/ha) and 5 x 5 m (400 plants/ha) for studies on 
canopy development, flowering, fruiting pattern and yield at CISH, Lucknow. The plants of CISH J-37 have also been 
planted under high density planting system at 2.5 x 2.5 m (1600 plants/ha) with canopy management for higher 
productivity. 

6. Canopy management: Jamun since is a vigorous tree, canopy management is required for ensuring maximum 
utilization of light, avoidance of the build-up of microclimate congenial for diseases and pests, ease of cultural operations 
and maximizing the productivity and quality. Basically, it starts with training as a potential tool, right from initial stage 
of planting to manage the canopy architecture of the plant. Young plants should be allowed 3-5 well spaced scaffold 
branches above 60 cm from the ground level to develop the main framework. It is followed by pruning to regulate tree 
size and shape to achieve a desired architecture of the canopy with a network of primary, secondary and tertiaries and 
also to reduce the foliage density by removing the unproductive branches. Regular pruning of jamun plant, however, is 
not required, restricting the operation to only removal of dry, weak and diseased branches. Two systems of initial 
training, i.e., open center, palmette system and Y shape, have been adopted at CISH, Lucknow for evaluation. 

Insects 
1. Leaf eating caterpillar (Corea subtilis): Caterpillars attack the leaves and tree becomes defoliated. In order to 
control the pest, spray of dimethoate 30 E.C. (0.06 %) or malathion (0.05 %) during active vegetative growth period is 
recommended 

2. White fly (Dialeurijdes eugenia): It damages the fruits. Affected fruits get wormy appearance on the surface. It 
could be managed satisfactorily by maintaining sanitation in the orchard, which consists of picking up the affected fruits 
and burying them deep in the soil. 

3. Bark eating caterpillar (Inderbela tetraonis and Inderbela quadrinotata): The larvae feed on live bark tissues, 
shelters under the covering of silken webbing during the night, later making a tunnel into the branch and stem and 
remain in the hole during the day time. As a result, the affected tree loses vitality and yield declines. It can be managed 
satisfactorily by maintaining sanitation in the orchard and injecting 2.0 ml petrol into the holes and then plugging them. 
Spraying with dimethoate 30 EC. (0.06 %) or acephate (1.5 g/l) at tri-weekly intervals can control the pest effectively. 
Jamun leaf miner (Acrocercops syngramma and Acrocercops phaeospora): The pest causes damage during the 
reproductive phase, i.e., from April to September. The newly hatched caterpillar mines a narrow thread like silvery 
gallery on the leaf along the mid-rib upward. The pest can be controlled by dipping and burning of affected leaves 
followed by spraying of dimethoate 30 EC (0.06 %). 

4. Leaf webber (Argyroploce aprobola and Argyroploce mormopa): The newly hatched larvae in large numbers web 
together the tender leaves at shoot tips. Regular dipping and burning of affected leaves can keep the population under 
control. In case of severe attack, spraying with quinalphos (0.05 %) is recommended. 
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Diseases 
Leaf spot and fruit rot (Glomerella cingulata) have been reported in jamun. The disease affected leaves show small-
scattered spots of light brown or reddish-brown colour. Fruits 22 affected with fruit rot disease rot and shrivel. The 
diseases can be controlled by spraying of dithane Z -78 (0.2 %). 

Harvesting 
The seedling plants start bearing after 8-10 years, while grafted ones after 4-5 years of planting. The fruits ripen in the 
month of June –July depending upon the variety and agro-climatic conditions. The ripe fruit at full size is deep purple 
or black in colour and picked immediately once ripens, as it cannot be retained on the tree at that stage. The average 
annual yield of fruit from a full-grown (20 years) seedling tree is about 80-100 kg and from a grafted one (10 years) it is 
around 60-70 kg. 
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The giant red velvet mite (Trombidium grandissimum) is endemic to the Indian subcontinent and is widely found in the 
Northern regions of India. They are seen during the early monsoon season. They have different names and their English 
translation like Rain’s insect, Scarlet fly, Lady fly, Queen Mite, Rain Mites, Bride of the sea-farer, Velvet bride, Little 
old lady of monsoon. They also have different names in other parts of the world like queen of insects, little angels 
(angelitos in Spanish), rani keeda in Chhattisgarh, sadhav bav in Orissa and bhagvan ki budhiya in many parts of North 
India. 

Habitat of the Velvet Mite 
The velvet mites found in sandy desert areas belong to the genus Dinothrombium and the ones found in organic soils 
belong to the genus Trombidium. In India, these mites are found in dry areas. These mites are also found in woodlands 
and forest soil, litter, humus, moss and other terrestrial habitats like sandy desert areas and organic soils. They stay 
under the soil most of the year and come out of the soil only after a rain. They spend only a few hours outside the soil 
every year and during this time they look for food and mate. They are also found extensively in the palearctic zone and 
in a variety of other habitats that include deserts, moist soils, etc, they look like miniature velvet cushions crawling 
everywhere. 

   

Fig.1.Red Velvet mites Fig.2. Red Velvet mites on 
Convolvulus arvensis flower 

Fig.3.Larval velvet mite on host 

Food of the Red Velvet Mite 
The velvet mites are predators and they feed on other invertebrates like small arthropods and their eggs, for example 
termites. The adult velvet mites look for food and feed on them for only a few hours every year. Depending on the 
species, the amount of food they eat per day varies. For example, like 20 beetle eggs, 36 immature spider mites. Some 
species of nymph consume 49 to 54 preys per day and some adults consume 85 prey per day.    

Characteristics and Behaviour of Red Velvet Mites 
These mites grow around 1.5 cm up to 2 cm long, which is huge compared to other mites. For example, the giant Indian 
red velvet mite (T. grandissimum). There are so many different velvet mites found all over the world and they all come 
under the family Trombidiidae and they grow to different sizes. The adult mites are bright red colour and their body has 
a velvety coating that has fine red colour hairs which sometimes act as feelers. They have two tiny eyes, but they sense 
their prey through vibrations and chemicals. They use their front pair of legs to sense where they are going. The adults 
have 4 pairs of legs while the larvae have only 3 pairs of legs. The four pairs of legs in an adult are arranged in a rare 
pattern. Two legs each in four spots of the underside of the body. 
1. They do not have distinctive body segments like the other arthropods, but a single body segment. 
2. The red velvet mites have chelicerae that they use to suck food out of their host and for feeding. 
3. These mites are active during the day especially when there is sunshine and hide beneath the soil during the night. 
They hibernate during winter. 
4. They are not eaten by any predators, simply because they taste very bad, but they do have a few enemies. The adult 
mites sometimes eat each other and sometimes are even parasitized by larvae. 
5. They are harmless to humans. 

Reproduction in Red Velvet Mite 
The mating in velvet mites is an interesting one in the form of a mating dance. While mating, the male deposits 
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spermatophore on twigs or grass blades and invites the female by making an intricately woven silk path. If another 
competitor male finds this, he will break open the spermatophore and drop his own. The female if impressed with the 
male, will sit on the spermatophore and it gets fertilised. 
The development and lifecycle of the velvet mite consists of the following steps. In the steps below: 
1. The pre-larvae stay close to the area where they hatched from 
2. The larvae are ectoparasites 
3. Protonymphs and tritonymphs are calyptostatic, 
4. The deutonymphs and adults are free living predators. 

Egg: The eggs are laid by the female in the soil or humus or litter or sand. The number of eggs laid depends on species. 
The female lays as many as 60 eggs to 100,000 eggs according to the species and they are laid between the months of 
March and July. Some species lay eggs during the autumn season. 

Pre-larva: The eggs hatch after a month or two depending on the conditions of the environment. The larvae emerge out 
of the eggs and stay there for one day to few days from where they hatched depending on the species. This is pre-larva 
stage 

Larva: They then disperse. The larvae are ecto-parasites and live as parasites on insects like grasshoppers, crickets, 
locusts, aphids, beetles and on arachnids. The larva has only six legs. This parasitic stage continues for a week or 
sometimes two weeks. 

Interesting Facts About the Red Velvet Mites 
1. Male and female ratios vary between species. 
2. The males and females perform a dance and during this time "pair-dance signalling threads" are deposited. 
3. A host can be parasitised by one to many larvae. For example, a single housefly could host 40 larvae and a grasshopper 
was reported to have hosted 175 larvae. 
4. Some species of larvae have oral rings that encircle the wound and also provide anchorage to the hosts and some 
other species are known to have feeding tubes attached to the hosts 
5. The larvae of some species can kill their hosts in a few days 
6. They use their front (first) pair of legs as feeler. 
7. The red colour of the mite is a warning to predators to tell them that they do not taste good, or that they are harmful. 
They have very few predators. 

Uses of Red Velvet Mite 
1. The extract from the velvet mite has been used for medicinal purposes in India and other eastern countries for many 
years. 
2. They secrete anti-fungal oil and their haemolymph also contains antifungal properties. 
3. They have been known to cure diseases that cause paralysis. 
4. They are also known to be used as aphrodisiacs 
5. The oil prepared from this mite is known to increase the immune response. 
6. Since they feed on invertebrates and their eggs that are pests, they are good agents for biological control and help to 
maintain a balance in the soil thereby helping the ecosystem. 
7. Also during the larva stage, they are hosts on insects that are otherwise pests for crops etc, and hence they again play 
an important role in biological control. 
8. They are known best for pest control as they feed on pests like spider mites, spring cankerworm, cabbage moth, lace 
bug, and other arthropods that would otherwise eat the bacteria and fungi. Thus, they help with the increase in the rate 
of decomposition in soil. 
9. The oil from the red velvet mite is used in traditional Indian medicine to treat paralysis. Also considered as an 
aphrodisiac, trombidium mites are referred  as Indian Viagra in several websites. 
10. Its significance lies really in its special place in different system of medicines of India especially the Unani school. 
11. Homeopathic healers also prescribed a trombidium preparation to treat diarrhoea. In Chhattisgarh, traditional 
healers prepare herbal oils for paralysis treatment. 
12. This mite is also used as tonic for new mothers. It’s also a popular aphrodisiac that used as gift to newlyweds in this 
region at one time. 
13. Interestingly the mite is very sensitive to its environment during the total solar eclipse it shows a special response. 
There is possibility that it could also be monitored to predict earthquakes. 
14. With its unique defence system and bright red colour the velvet mite has found it possible to steer clear of predator.   
15. The real threat to this beautiful creature, comes ironically not from the nature but from growing urbanization around 
its habitat and over exploitation by the drug trade. Even that traditional healer now begun to advocate judicious use. 
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Food security means everyone should get nutritious food in sufficient quantity for the whole year. But this is rather 
endangered by the ever-increasing human population which is causing imbalance between food production and nutrition. 
World’s population is increasing gradually, at present it is around 7.2 billion and by 2050 it is expected to reach or exceed 
9 billion (Ourworldindata.Org, 2019). As the world population rises, the global food system faces an impending crisis and 
major component of this crisis is the forecast that the livestock sector is growing at a rate that is deemed un-sustainable. 
In 2007, share of meat in world agri-food demand was 17% which is expected to increase to 20% in 2050. Currently we 
are producing around 400 million tonnes of meat and, to feed the world population in 2050 we need to produce around 
500million tonnes meat (FAO, 2013). If will produce that much quantity of meat we need more resources like land, 
water, feed and money with facing health issues. Livestock production uses around 77% of agricultural land but supply 
only 18% of global calorie and 37% of global protein. Livestock need around 300 to 1000 lit of water for 100 grams of 
protein. Livestock emit around 31% global emission from their rearing form alone which include mainly methane from 
enteric fermentation and also manure and pasture management, apart from that crops grown for animal feed also add 
extra 6% to global emission. To produce one kg of meat livestock, need more amount of feed like for beef it is around 
25kg. The main ingredients in feed of livestock are soymeal and fishmeal, which are responsible for 60-70% of production 
cost of meat, whose price is increasing at high rate. So ultimately it will increase the prices of livestock product in 2050. 
One more thing is high chances of zoonoses risk, previously world have seen swine flu, avian influenza and covid-19 and 
such type of problem will face in future also due to various types of meat consumption. 

So, the various environmental, health and economic issues related to meat production will direct the search for 
alternative protein sources, e.g., cultured meat, seaweed, vegetables and fungi, and edible insects. In this background, 
“edible insects” shows potential as one of the solutions for food and feed security. The practice of consuming insects is 
called entomophagy, Insects are not a new food; nearly 2.5 billion people in the world currently using approximately 
2111 insect species. FAO is also looking at insects as a food source for the future. The insects most commonly consumed 
worldwide are beetles, caterpillars and bees, wasps and ants, grasshoppers, crickets and locusts and cicadas, 
leafhoppers, plant-hoppers, scale insects and true bugs whereas termites, dragonflies, flies and other insects consumed 
less (Van huis, 2013). 

Benefits of Entomophagy Against Meat Consumption 
1. Land use: To produce 100 grams of protein, crickets need 18 sq. m. which is very less in comparison with chicken 
meat (48), pork (62) and beef (163.6) (Flachowsky et al., 2016). 

2. Water use: Mealworm uses 23 litres of water to produce 100 grams of protein whereas chicken meat, pig meat, and 
beef needs more water i.e 34, 57 and 112 litres (Miglietta et al., 2015). 

3. Feed conversion ratio: FCR means how efficiently they converting the feed into body weight, for cricket it is 1.7 
which is very efficient as compared to livestocks. Crickets convert feed more efficiently to body mass than do 
conventional livestock because insects are poikilothermic and their growth stages do not invest metabolic energy in 
maintaining a constant body temperature above ambient value (Oonincx et al., 2015). 

4. Greenhouse gas emission: Most commercially edible insect species such as the house cricket (Acheta domesticus), 
and the migratory locust (Locusta migratoria) compare more favourably than conventional livestock, not only in terms 
of direct emissions of GHG but also in terms of ammonia production (Oonincx et al., 2010).  

5. Nutritional aspects of insects: Because the nutritional composition of the around 1,900 edible insects so far recorded 
is highly variable, it is difficult to generalize their food value, where species, development stage and diet are important 
determinants of nutritional composition. Most of the Research concentrating on protein or fatty acid content of specific 
species but insects also contain high amount of mineral and vitamins. 

Protein quality in relation to human requirements is measured by amino acid profiles and digestibility. In Nigeria four 
popular edible insect species (Imbrasia belina, Rhynchophorus phoenicis, Oryctes rhinoceros, Macrotermes bellicosus) 
have been shown to contain all essential amino acids, with relatively high amounts of lysine, threonine, and methionine, 
which are the major limiting amino acids in cereal- and legume-based diets.  

The fat content of food insects is variable among species, but the highest values are found in grasshpoer termites and 
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palm weevil larvae. Both the saturated/unsaturated fatty acid found in insects although the content of polyunsaturates, 
linoleic and linolenic acids, is higher in insects (Ekpo, 2011). In comparison of the Mineral and vitamin contents of 
different insect species and conventional meat sources, insects found more amount mineral mainly Fe and Zn having 
greater importance. Iron and zinc deficiencies are widespread in developing countries, especially in children and women 
of reproductive age. Termites and crickets, commonly eaten in Kenya, have high iron and zinc contents to fight against 
malnutrition. 

Conclusion 
Entomophagy has enough potential to meat nutritional security, against environmental, health and economic issue. Other 
challenges to address are low cost commercial production, food safety issues, consumer acceptance and processing 
procedure and lack of regulatory framework for novel insect food. And for success of insects as food and feed the 
collaboration of government, industry, and science is often conditional.    
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Entomophagy is the term used to describe the practice of consumption of  insects as food. Nearly 2.5 billion people in 
the world currently supplement their diet with approximately 2,111 insect species. FAO is looking at insects as a food 
source for the future. 
The use of insects as a major human food source presents two important technological challenges: (1) how to turn insects 
into safe, healthy, and tasty food products and (2) how to cheaply, efficiently, and sustainably produce enough insects 
to meet market demand. Most edible insects are harvested in the wild, however dependence on wild harvested insects 
for feeding large populations involves serious risks such as: overharvesting, ecological damage, consuming insects 
contaminated by pesticides or environmental contaminants and/or exposure to pathogens, parasites, and other disease-
causing agents which may exist in the environment but can be eliminated or controlled in farmed or captive-reared 
stocks. Insects such as silkworms and honey bees have been domesticated for a very long time because of their by-
products, although in both cases the insects themselves are also eaten. Another insect that is domesticated is cochineal 
(Dactylopius coccus), which yields the carminic acid used as red dye in human food as well as in the pharmaceutical and 
cosmetic industries. In Peru they are either harvested from prickly pear plants growing in the wild or planted as live 
fences around houses. In Mexico cochineal are grown in environment controlled microtunnels made of transparent 
plastic, on Opuntia ficus-indica var. atlixco. 

Among insects, crickets have been preferred for farming because they are prolific breeders (a female can produce 1200–
1700 eggs), have a short life cycle (30–45 days), and can be grown in small places (on small farms or in small modules in 
larger urban farms, etc.) To start a cricket farm mainly Breeding containers, cricket egg and feed is required. Four types 
of breeding containers are found in cricket farms. Each type having their advantages and constraints. 

Concrete Cylinder Pens 
Concrete cylinders, usually employed for water drainage, are approximately 80 centimetres in diameter and 50 
centimetres high. They can produce around 2 to 4 kilograms of crickets. They are inexpensive, easy to maintain and 
suitable for small- and medium size farms. However, they cannot be moved easily and need considerable space. 

Concrete Block Pens 
Concrete pens have become quite popular and are commonly found on many farms. They are rectangular and 
interconnected. The sizes vary depending on space availability; 1.2 x 2.4 x 0.6 metres is common. Each pen can produce 
25 to 30 kilograms of crickets. They are suitable for medium- and large-scale farms. The rectangular shape is an efficient 
way of using space. But there is risk of disease outbreak or overheating as the cricket population is always crowded. If 
one colony is infected by disease or any pests such as mites, this can easily spread and wipe out the whole farm. 

Plywood Boxes 
These boxes resemble the concrete blocks and are usually made from plywood or gypsum board. They are about 1.2 x 
2.4 x 0.5 metres in size and produce 20 to 30 kilograms of crickets. The bottom section is elevated off the ground by 
four 15-20-centimeter-high legs, so the unit is movable. It is easy to clean and does not build up as much heat as the 
concrete block pens. However, the boxes are less durable than the concrete blocks. Moreover, plywood is sensitive to 
hot, cold or damp weather conditions that cause deterioration. 

Plastic Drawers 

a. Concrete cylinder b. Concrete block  c. Plywood box  d. Plastic drawers  

Figure.1. Types of breeding containers. 
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These are made from plastic sheets. Each drawer is square and around 0.8 x 1.8 x 0.3 metres in size. A set of three to 
four drawers is stacked on a shelf (‘condo’ containers) and can produce 6 to 8 kilograms of crickets. They need very 
little space and are suitable for small- and medium-size farms. They are easy to look after and can be moved. But plastic 
deteriorates and needs replacing. Furthermore, crickets stored in the top drawers may have a high mortality rate due 
to overheating. 

Insect Feed 
Commercial high protein animal feed, particularly chicken feed with 14 or 21 percent protein content, is widely used in 
cricket farming. The 21 percent protein feed is used for feeding crickets after hatching until they are 20 days old. 
Subsequently they are fed with mixed 14 and 21 percent protein feed until harvesting at 45 days old. A few days before 
harvesting, the high protein feed is replaced with vegetables such as pumpkins, cassava leaves, morning glory leaves and 
watermelons. This is to improve taste and to reduce use of the more expensive protein feed. 

Farming Techniques 
House crickets are bred in the various containers described, sometimes with mosquito nets to keep crickets in and 
predators out. The bedding is often made from a layer of rice husks but some breeders do not use any material. Cardboard 
egg cartons can be used. As soon as the male crickets stridulate, bowls containing a mixture of husk and sand are placed 
in the breeding enclosure in which females can lay eggs (within 24 hours); egg-laying duration is seven to fourteen days. 
Daily, the bowls are moved to another breeding tank for incubation and hatching, usually after seven to ten days, in a 
stable temperature. This reproduction cycle can be repeated one to three times for each generation. After the mating 
period occurs (between days 40 to 45 of the life cycle in normal climatic conditions) the crickets can be collected. Eggs 
to start a cricket farm can be bought from other cricket farmers or by catching adult male and female crickets from the 
wild and keeping them in a closed container with bowls containing a mixture of husk and sand for egg-laying purposes. 
The number of egg bowls needed to begin a cricket farm will depend on how many pens and the size of pens involved; 
for example, 35 egg bowls for one concrete breeding container of 2.2 x 4.8 x 0.6 metres. One egg bowl can produce 3 
kilograms of adult crickets. 

Figure. 2. House cricket after 45 days before harvesting. 

Production Cost, Profit and Marketing 
Table 1: Total expenses for cricket production (harvesting cycle per concrete block) 

Expense items Amount/ 
unit 

THB/unit Total 
cost/unit 

Usable 
life 
(year) 

Depreciation/ one harvesting 
cycle (THB) 

Fixed costs 

Concrete block pen (size 2.2 
x 4.8 x 0.6 m) 

1 1000 1000 15 16 

Cricket nursery/shed 1 70000 7000 
(10 pens) 

20 87.50 

Variable costs  

Egg cartons 500 1 500 1 125 

Plastic bowls for egg 35 10 350 2 43 

Harvesting Food trays 16 10 160 2 20 

Food grinding machine 1 4500 4500 10 112 

Tape 1 28 28 1 7 

Nylon net 1 250 250 5 12 

Cricket eggs 35 bowls 50 1750 2 218 

Electricity, water, packing  500 50  50 
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Cricket feed 9 kg 400 3600  3600 

labour 1 7.5 
THB 
200/3 
hr/day) 

337.50 
(45 days) 

 337.5 

Total cost                                                                                                                             4682 

One pen can produce 100 kilograms of crickets; production cost = THB46/kg 

Note: Farmer can carry out four harvesting cycles/year. 

Sales Total 
production 
(kg) 

Sale price/ 
kg (THB) 

Cost/kg 
(THB) 

Gross 
income 
(THB) 

Total cost 
(THB) 

Net profit per one 
harvesting cycle 
(THB) 

Wholesale 950 110 46 104 500 43 700 60 800 

Retail 50 150 46 7 500 2300 5 200 

Total 1 000   112 000 46 000 66 000 

Three kinds of products (mature crickets, cricket eggs and fertilizer from waste produced from the cricket farms) can 
be sold. However, the main product is the adult cricket. Cricket breeders usually sell their crickets through wholesale 
buyers who supply market vendors or restaurants, and sometimes directly to local consumers or fish breeders for feed. 
The production cost for each harvesting cycle comes from fixed costs such as the breeding nursery, materials (egg 
cartons, plastic bottles, tape) and variable costs (cricket eggs and cricket feed). The main cost (about two-thirds of the 
production cost) is cricket feed, which usually is high protein chicken feed obtained from various commercial sources.  

By using concrete block pen (2.2 x 4.8 x 0.6 m) one farmer can produce 100kg of cricket from one pen in one harvesting 
cycle with THB46/kg. If farmer uses 10 pen and sell 95% of produce in wholesale, can earn THB 60800 net profit in one 
harvesting cycle. Farmer can carry out four harvesting cycles/year. However, farmers can earn more profit if they sell 
their products directly to retailers. Therefore, farmers can reduce production costs, particularly for cricket feed, by 
using the appropriate ratio of protein feed (21 percent protein feed is more expensive than 14 percent protein feed) to 
suit cricket growth development. In addition, a supplementary diet using vegetables can result in a reduction in the 
amount of commercial chicken feed required. 
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Pesticides reach the environment primarily during preparation and application. Application can take place via different 
techniques, depending on factors such as the formulation type, the controlled pest and, the application timing. In 
agriculture, it is possible to apply pesticides to the crop or to the soil. Liquids sprays are commonly used in crops; for 
example, boom sprayers, tunnel sprayers, or aerial application. Systemic pesticides can also be employed. As for soils, 
pesticides can be applied as granules, injected as a fumigant, or sprayed onto the soil surface, which is possibly followed 
by pesticide incorporation into the soil top layer. Seeds are sometimes treated with pesticides prior to planting. 

After application, pesticides can be taken up by target organisms, degraded, or transported to the groundwater; they 
can also enter the surface water bodies, volatilize to atmosphere, or reach non-target organisms by ingestion, for 
example. The physical and chemical properties of the pesticide, soil, site conditions, and management practices 
influence the behaviour and fate of pesticides. 

Concerning the physical and chemical properties of pesticides, their solubility determines their transport in surface 
runoff and their leaching to groundwater. The higher the solubility, the greater the carrying and leaching. The partition 
coefficient also affects the behavior of pesticides, and many chemicals do not leach because soil particles adsorb them. 

Adsorption depends on the chemical and also on the soil type. The volatility of pesticides indicates their tendency to 
become a gas; the higher the volatility (high vapor pressure), the larger their loss to the atmosphere. Environmental 
conditions such as temperature and humidity impact volatility, which can occur from soil, plants, or surface water, and 
may continue for several days or weeks after pesticide application. In the atmosphere, the chemicals can be transported 
over long distances. Subsequent atmospheric deposition can contribute to surface water pollution. Finally, the 
degradation of pesticides that also determines the behaviour and fate of these compounds in the environment. 
Degradation (their brake down into other chemical forms) can occur by photodecomposition, microorganisms, and a 
variety of chemical and physical reactions. Pesticides with low biodegradation are called persistent; they can remain in 
the environment for a long time.  

Soil properties can also affect the movement of pesticides. In relation to the soil texture, coarse textured sands and 
gravels have high infiltration capacities, and water tends to percolate through the soil and reach groundwater. Fine-
textured soils such as clays generally have low infiltration capacities, so water tends to run off, reaching streams and 
lakes. Moreover, soil containing more clay in its composition bears larger surface area to adsorb pesticides. Regarding 
permeability, highly permeable soils allow water to more easily. This water may contain dissolved pesticides, which will 
reach groundwater. Texture influences soil permeability. Ultimately, soils with high organic matter content can absorb 
pesticides and retain water with dissolved chemicals. Moreover, these soils possess a larger population of microorganisms 
that can degrade the pesticides. 

The site conditions that can determine pesticide behaviour in the environment are depth until the groundwater, 
geological conditions, topography, and climate. In the case of shallow groundwater, the soil filters smaller amount of 
water with chemicals and adsorbs and degrades lower quantities of pesticides, so contamination is a major concern. 
Regarding the geological conditions, the presence of wells, sinkholes, and highly permeable materials, such as gravel 
deposits, facilitates groundwater contamination. On the other hand, the existence of drainage ditches, streams, ponds, 
and lakes increases the probability that rainfall or irrigation runoff will contaminate surface water. In relation to 
topography, flat landscapes, areas with closed drainage systems where water drains toward the centre of a basin, and 
especially sinkhole areas, are more susceptible to groundwater contamination. As for climate, large rainfall or irrigation 
may culminate in large amounts of water percolating through the soil, to reach groundwater. Rainfall can also carry 
pesticides to surface waters, contaminating rivers, lakes, and seas, and taking these chemicals to distant places. 

Finally, management practices can affect the movement of pesticides. With respect to the application methods, 
pesticides injected or incorporated into the soil are more available for leaching and reaching groundwater, whereas 
pesticides sprayed onto crops are more susceptible to volatilization and surface runoff, reaching surface waters and the 
atmosphere. Concerning the application rates and timing, the use of larger amounts of a pesticide during are rainfall or 
irrigation facilitates the asses of the chemical to groundwater. With respect to handling practices, correct storage and 
disposal of the pesticide’s containers impact environ‐ mental contamination. 
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The fact that a contaminant is present in the environment does not necessarily mean that it will reach an organism. The 
contaminant and the organism must overlap in time and space for exposure to occur. Contact can be dermal or oral or 
even via inhalation, gills, and, more rarely, injection. 

Once pesticides reach non-target organisms, they may undergo biotransformation via reactions like hydrolysis, oxidation, 
reduction, or conjugation catalyzed by liver enzymes. Biotransformation is an effort of the organism to detoxify and 
eliminate xenobiotics, but this process can also produce metabolites that are more toxic than their parent compound, a 
phenomenon called bioactivation. An example of bioactivation is the biotransformation of DDT, which is not highly toxic 
to birds, into DDE, which causes thinning of eggshells because it disrupts calcium metabolism. 

In organisms, the absorption of a pesticide with high lipid solubility and low elimination rate can lead to bioaccumulation 
of this chemical in the fatty tissue, and the final concentration of the chemical in the organism will be higher than its 
concentration in the environment. When the bioaccumulated chemical passes from lower to higher trophic levels through 
the food chain, successively greater pesticide concentrations emerge in animals of higher trophic level. This phenomenon 
is called biomagnification. The offspring of top predators can also become contaminated, mainly in the case of marine 
mammals, because they can consume milk with extremely high fat and pesticides content. 

Application of pesticide involves not only the active ingredient but also the whole formulation. Therefore, the 
environment and the human are exposed to both the active and inert ingredients. Although inert ingredients have no 
pesticidal activity, facilitate application of the pesticides – they enhance the active compound penetration into the 
target organism as well as the toxic action. Hence, the inert ingredients raise the formulation toxicity even in non-target 
organisms. One example is the formulation of glyphosate, which is an active ingredient. It contributes a little to the 
total toxicity of the formulated product, particularly in the case of aquatic organisms, which are more sensitive to 
surface-active substances. 

The categorization of pesticides commonly relies on their persistence in the environment. Organochlorine pesticides are 
persistent, whereas organophosphates, carbamates, phenoxyacid derivatives, chloroacetanilides, pyrethroids, and 
others are non-persistent. Compared with persistent pesticides, non-persistent chemicals have much shorter 
environmental half-lives and do not tend to bioaccumulate. Nevertheless, because of the heavy agricultural use of these 
chemicals, exists concern about their presence in the environment.  

The non-persistent pesticides organophosphorus and carbamates act on acetylcholinesterase. The presence of this 
enzyme in insects, birds, fish, and all mammals allows these pesticides to reach both target and non-target organisms. 
Pesticides such as organophosphorus and carbamates can affect numerous teleost behaviors. The pesticides that inhibit 
acetylcholi‐ nesterase are polar and water soluble. Moreover, their metabolism in the body is fast, and their degradation 
in the environment is relatively rapid. Therefore, organophosphorus andcarbamates do not tend to bioaccumulate in 
aquatic species. However, the accumulation of these compounds in fish and invertebrates was reported long ago. 

Organophosphorus compounds do not persist in the environment. However, their large-scale use and their decomposition 
rates in the environment cause these compounds to accumulate in soils, from where they subsequently enter 
groundwater and rivers. A recent study detected the organothiophosphate insecticide chlorpyrifos in air and seawater in 
the Arctic, which demonstrated the long-range transport of this chemical. Diazinon, another organophosphorus 
compound, frequently occurs in point sources (wastewater treatment plant effuent) and non-point sources (storm water 
runoff) in urban and agricultural areas. This pesticide is extremely toxic to birds and the aquatic life. Organophosphorus 
compounds are acutely toxic, broad-spectrum pesticides. In the environ‐ ment, secondary poisoning can occur when 
predators consume animals poisoned by these chemicals. Examples of contamination by organophosphorus are numerous. 
In Argentina in 1995–1996, approximately 6000 wintering Swainson’s hawks (Buteo swainsoni) became poisoned after 
they fed on grasshoppers sprayed with the organophosphorus insecticide monocrotophos. 

An example of carbamate contamination occurred with the pesticide, aldicarb, which polluted groundwater in the United 
States. Other carbamates such as carbaryl and its degradation product 1-naphthol have emerged in surface waters. The 
metabolite 1-naphtol is more toxic than its parent compound, and it has arisen in India. Methomyl, carbaryl and 
carbofuran, commonly used carbamates, have appeared in the aquatic environment . Carbofuran has commonly been 
associated with wildlife pesticide poisoning events when applied in the granular form. Apparently, birds mistake them 
for seeds. 

Organochlorines have long environmental half-lives and tend to bioaccumulate and biomag‐ nify in organisms. A series 
of evaporation and deposition steps as well as migration of animals containing bioaccumulated organochlorines can 
transport these compounds through the environment, carrying it to animals in higher levels of the food chain. These 
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persistent chemicals thus occur thousands of miles away from their origin. The properties of organochlorines like aldrin 
and dieldrin result in direct mortality of predatory birds, such as sparrow hawks and kestrels. These chemicals have 
intensive use in agricultural and industrial activities, so they emerge across the world, including the deserted plateau 
and the polar zone. The organochlorine chlorothalonil is a fungicide that has arisen in seawater and air in the Arctic as 
well as in snow cores in Arctic Canada. Endolsulfan, an organochlorine insecticide, has appeared in animals from 
Greenland like marine fish and mammals. Despite the ban on many organochlorine compounds in the 1970s, some 
countries still fabricate and use chemicals such as DDT to control vector disease. Other countries have replaced 
organochlorines with the less persistent and more effective organophosphorus compounds. 

Pyrethrins and Pyrethroids are non-persistent pesticides used worldwide as insecticides in agriculture, forestry, 
households, public health and stored products. Therefore, urban and peri-urban populations are potentially chronically 
exposed to these compounds. 

Pyrethrins and Pyrethroids act on sodium channels in the nervous system of numerous phyla, such as arthropods and 
chordates. Pyrethrins and Pyrethroids present low acute toxicity to mammals and birds and constitute one of the safest 
insecticides to man. However, at low concentrations these chemicals are acutely toxic to a wide range of aquatic 
organisms and insects. Pyrethrins are natural compounds extracted from chrysanthemum flowers; pyrethroids are 
synthetic compounds whose structure resembles the structure of pyrethrins. Light degrades these chemicals. 
Modification of pyrethroids over the years has enhanced their insecticidal activity and persistence in the environment. 
Compared with pyrethrins, pyrethroids are more stable under light, which incurs increased environmental risks 
associated with their use. Pyrethrins and Pyrethroids display high selectivity and easy degradability in the environment 
as compared with other pesticides, been a favored replacement for organophosphorus compounds. Pyrethroids strongly 
adsorb to soil particles, but they can move in runoff with soil particles and reach sediments, consequently entering 
aquatic ecosystems and affecting aquatic organ‐ isms like invertebrates and fish. Fish are highly sensitive to pyrethrin 
and pyrethroid products, and contamination of lakes, streams, ponds, or any aquatic habitat is a concern. Moreover, 
some formulations contain additional insecticides, insect repellents, and solvents such as alcohol and petroleum, which 
increase pesticide toxicity. 

Triazines basically consist of herbicide compounds, are relatively persistent and migrate easily through the soil into 
surface and ground waters. In soil, they undergo degradation mainly in a microbial action, but the role of 
photodegradation is still significant. Residues of triazines have emerged in soil, surface waters, and groundwater in areas 
where the application of agrochemicals has taken place. 

Herbicides are often benign with regard to impacts on animals; however, these compounds can have toxic effects at 
concentrations found in the environment. Furthermore, indiscriminate use of this herbicide, careless handling, 
accidental spillage, or discharge of untreated effluents into natural water ways can harm the fish population and other 
aquatic organisms and may contribute to long-term effects in the environment. Atrazine, a triazine herbicide, is one of 
the most often detected pesticides in streams, rivers, ponds, reservoirs, and groundwater. 

Phenoxy derivatives basically consist of compounds with herbicide action. They are soluble in water and can pollute 
surface and ground waters. Phenoxy derivatives display moderate toxicity, but some chlorinated metabolites can be 
toxic to human and aquatic organisms. In addition, the metabolites may have mutagenic and carcinogenic properties. 
2,4-D and MCPA, which are also phenoxy herbicides, can undergo degradation by biotic and abiotic mechanisms. 
However, these processes may not suffice to reduce the concentrations of chlorinated phenoxy derivatives on many 
sites. 

Regarding dipyridyl derivatives, the best-known compounds are diquat and paraquat, developed as herbicides and 
desiccants. Diquat is water soluble and persistent in the aquatic system. However, it can bind to soil, which reduces its 
mobility in the environment. Although herbicides are usually little toxic to animals, diquat is toxic to some aquatic 
organisms. Soil adsorbs paraquat, which presents its leaching to ground water; soil microorganisms and photolysis 
degrade this herbicide. The herbicide glyophosate bears glycine, which adsorbs to soil, undergoes degradation by 
bacteria, and has low potential for runoff. However, is it highly water soluble and emerges in surface waters. Glyphosate 
is little toxic to mammals, but the surfactants present in some formulations rise the toxicity of this chemical. Hence, 
some formulations, mainly those intended for aquatic vegetation control, can kill amphibians. Many authors have 
demonstrated that glyphosate formulations can cause genetic damage in fish . 

Dithiocarbamates (DTC) function mainly as fungicides that protect crops, but they also work as rodent repellents. The 
intensive use of dithiocarbamates in agriculture often contam‐ inates water bodies. Ziram, one of the best-known 
dithiocarbamates, is toxic to aquatic organisms. 
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Other examples of chemical classes of pesticides exist. Alachlor and metolachlor belong to the group of 
chloroacetanilides. These herbicides and their degradation products have arisen in surface and groundwater. Diuron, a 
urea derivative, can pollute freshwaters by leaching through the soil. It has appeared in marinas and coastal areas. 
Additionally, trifluralin, a dinitroanilin, has emerged in Arctic air and seawater. 

Therefore, a huge amount and variety of pesticides exist in the environment. Many chemicals that exist at low 
concentrations may not cause acute detectable effects in organisms, but they may induce other kinds of damage, like 
genetic disorders and physiological alterations that, in the long run, reduce the organism’s life span. 
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Introduction 
Priming considered as pre sowing seed treatment which stimulates physiological, biochemical and metabolic activity of 
seeds and plays a massive role in enhancement of germination, crop establishment and growth of plant. Conventional 
priming techniques e.g. hydropriming, osmo-priming and chemical priming enhance growth as well as tolerance in seeds 
for confrontational environmental conditions. On the other hand, modernized seed priming techniques bid numerous 
leads over conventional techniques. One of the potential advances priming technique is Magneto- priming which follows 
the principle of magnetism. 

Magneto-Priming 
Earth consists of magnetic field, (which is also called as geomagnetic field) as a natural component of environment and 
it is an inevitable element for living organisms including plants. This magnetic field act upon living organisms and 
influence many biological processes. In the same way Magneto-priming is considered as treating the seeds with magnetic 
field and also described as eco-friendly and non-invasive approach to enhance the quality of seeds in terms of germination 
and growth parameters. Magnetic field changes the properties of cell membrane and cell division which brings alteration 
in functioning and metabolism of cell which also include variation in protein biosynthesis, gene expressions and enzyme 
activities (Atak et. al., 2003). The major changes in enzyme activities plays vital role in increment of germination and 
reduction of germination time. Magnetic field increases ions uptake and consequently improves nutrition value which 
could be a good alternative for chemical treatments (Stange et. al., 2002). 

Role of Magneto-Priming as Promoter of Seed Germination 
Exposure of seeds of different crops either through low frequency strength or higher dose of magnetic field contributes 
in augmentation of germination as well as reduces total germination time. In case of rice, wheat, maize and barley, 
seeds treated with 125 mT magnetic strength for 24 hours showed higher germination percentage (Martinez et. al., 
2017). The exposure of seeds to static magnetic field creates influx of Ca+2 ions through the plasma membrane & increase 
germination dynamics in seeds. Magnetic field boosts α amylase enzyme activity inside the seed which a core hydrolytic 
enzyme and break down starch present in endosperm. Due to the quick breakdown of starch, energy and food released 
which supports embryo and stimulates quick germination.  Protease enzyme activity also gets influenced due to magnetic 
field treatment. This enzyme helps in breakdown of amino acids and supplies quick energy to cell. In pulses which 
constitute high amount of protein content in chemical composition of seeds, respond to magnetic field positively. 
Chickpea seeds treated with 100 mT magnetic field strength for one hour shows higher and quicker germination in 
comparison to untreated seeds (Sharma et. al., 2014). Magnetic field revelation on seed coat alters morpho-structural 
characteristics which causes advanced and rapid water uptake through seed surface. It is also claimed to be significant 
reason for reduction in total germination time and high speed of emergence. 

Role of Magneto-Priming as Seedling Growth Promoter 
Root - shoot length, overall dry weight of seedling and seedling vigour indexes increase due to the exposure of seeds to 
magnetic field. It occurs due to the proper replenishment of food from endosperm to the growing parts of seedling. 
Initial growth of seed depends on energy supplied through endosperm. Quick breakdown and translocation of starch and 
amino acids to embryo, optimum supply of energy to the living part of seeds leads to seeding robustness of treated ones 
in comparison to untreated seeds. Seedling vigour index I is the indirect measurement of germination percentage and 
seedling length while seedling vigour index II is related to seedling dry weight. Higher germination percentage as well as 
increased mass of seedling indicates enhanced vigour of seedling. Through stimulating enzymatic activity of seed, 
translocation and mobilization of food from source to sink increase in magnetically treated seeds which contributes in 
higher seedling physiological vigour parameters. 

Role of Magneto-Priming on Membrane Stability of Seed 
Cells of seed surface remains in contact with external environment and get ruptured or damage even through a tiny 
injury. It causes leakage of cell constituents and declination of seed viability occurs. Magneto- priming keeps the cell 
membrane intact and improves the integrity of cell wall during approving as well as in antagonistic conditions which 
attributed to the less leakage of cell material and enhance viability and vigour of seed. Electrical conductivity (EC) of 
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seed leachates is the direct indication of cell membrane damage. Higher value of EC is a clue for less damaged cell wall 
and vice- versa. 

Conclusion 
Magneto- priming not only shows good results under the controlled condition of laboratory but also improves germination 
and crop establishment under ex-situ circumstances. Higher and quicker uptake of water through seeds treated with 
magnetic field resulted in early protrusion of radicle and coleoptile. This kind of priming technique create uniform crop 
stand and also invigorate seeds for the adverse atmospheric situations. Every crop requires dissimilar intensity of 
magnetic field with different exposure duration from each other. Standardization of optimum strength and time is 
necessary for better results in case of both laboratory and on farm condition.  Use of magnetic field on the commercial 
level is bit questionable but with the help of proper management seeds can be treated with magnetic field. 
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Herbicides have become obligatory for increasing the agricultural production and to maintain the non-cropped area free 
from weeds and pests. In general, herbicides are formulated in such a way that they degrade from the environment after 
completion of their intended work, but a few of them persist in the environment and pose a serious hazard to the 
succeeding crop and also to the surroundings. Mostly the triaizines, isoxazolidinones, imidazolinones and a few of 
sulfonylureas are persistent herbicides. Herbicide usage becomes inevitable in the present day intensive agricultural 
system toobtain large harvests and minimize the yield loss due to weeds. The herbicide demand in India is rising sharply 
and could double in the next three years as an acute labour shortage makes them a cheaper option and a rally in farm 
goods prices prompts farmers to grow crops with extra care. Usage of herbicides occupy 44% of the total agrochemicals 
globally and 30% in India. Herbicides are a group of organic compounds that possess far-reaching environmental 
consequences when persistent in the soil. A persistence problem arises when the herbicides are applied scrupulously or 
continuously; the crop failure necessitates replanting; a susceptible crop follows a short-term crop which received a 
persistent herbicide; and the decomposition of the applied herbicide proceeds very slowly. The longer persistence of a 
herbicide poses a hazard to subsequent land use and is undesirable. Recent concerns of ground and surface water 
contamination by some of the herbicides has led to renewed interest on persistence and dissipation behavior of herbicides 
in the environment. An ideal soil applied herbicide should persist long enough to give an acceptable period of weed 
control but not so long that soil residues after crop harvest limit the nature of subsequent crops which can be grown. 
Various management techniques have been developed which can help to minimise the residue hazards in soil. 

Use of Optimum Dose of Herbicide 
Hazards from residues of herbicides can be minimized by the application of chemicals at the lowest dosage by which the 
desired weed control is achieved. Besides, applying herbicides in bands rather as broadcast will reduce the total amount 
of herbicide to be applied. This will be practicable in line sown crops or crops raised along ridges, such as cotton, 
sugarcane, sorghum, maize etc. 

Application of Farm Yard Manure 
Farm yard Manure is prepared basically using cow dung, cow urine, waste straw and other dairy wastes. It is highly useful 
and some of its properties are given below: FYM is rich in nutrients. A small portion of N is directly available to the plants 
while a larger portion is made available as and when the FYM decomposes. Complete decomposition of Farmyard manure 
will result humus. Humus will adsorb most of the amount of herbicide thus acts as safener. Pre emergence herbicides 
mostly absorbed by the radicle, root hairs and roots. If FYM will be there then herbicide will be absorbed by the 
humus/FYM thereby less quantity will enter in the vicinity of seed and lesser the amount lesser will be the toxicity. FYM 
can be applied as seed application, seed coating.  It can be applied by seed coating by various matters like charcoal 
(activated charcoal) as its surface area and adsorption capacity is very high. Thus, when herbicide come in contact with 
coated seed then adsorbed by the activated charcoal, thus germination won’t be affected. Safeners can also be applied 
as foliar application. This safener will works by inhibiting the adsorption or either by restricting/avoiding the direct 
contact or reaching the place of adsorption. Farmyard manure application is an effective method to mitigate the residual 
toxicity of herbicides. The herbicide molecules get adsorbed in their colloidal fraction and make them unavailable for 
crops and weeds. Besides, FYM enhances the microbial activity, which in turn degrades the herbicide at a faster rate. 

Ploughing / Cultivating the Land 
Herbicide toxicity can be reduced by ploughing with disc plough or intercultivators as the applied herbicide is mixed to 
a large volume of soil and gets diluted. Herbicide layer is inverted and buried in deeper layers with deep ploughing and 
thereby the residual toxicity got reduced. 

Use of Activated Carbon 
Activated carbon has a high adsorptive capacity because of its tremendous surface area which vary from 600–1200 m2/g. 
Incorporation of 50 kg/ha of activated charcoal inactivated completely chlorsulfuron applied at 1.25 and 2.50 kg/ha and 
did not affect theyield of maize compared to untreated control. Application of charcoal at 5.0 kg/ha along the seed line 
reduced the residual toxicity of atrazine in soybean crop. 

Use of Safeners and Antidotes 
Herbicide safeners, formerly referred to as herbicide antidotes, are chemical agents that increase the tolerance or 
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monocotyledonous cereal plants to herbicides without affecting the weed control effectiveness. The use of safeners 
offer several benefits like the selective chemical control of weeds in botanically related crops, the use of non-selective 
herbicides for selective weed control, the counteraction of residual activity of soil applied persistant herbicides such as 
triazines in crop rotation, offer greater insurance against crop damage particularly under situations like susceptible crop 
varieties, soil conditons or adverse weather condition, where crops are likely to receive phytotoxicity, can be used for 
demonstration of sites and mechanisms of herbicides action in plants. Otto L.Hoffman is regarded as the father of 
Safeners. In 1948, he first observed the antagonistic effect of 2,4,6-T, an inactive chemical analogue of 2,4-D on tomato 
plants, which were treated with sub lethal doses of 2,4-D. Some safeners are Na (1,8-naphthalic anhydride), Dichlormid 
as safeners for EPTC and butylate in Maize, R-29148, ready-made mix formulation with EPTC and butylate at 0.15-
0.30kg/ha to protect Maize. Oxabetrinil against chloroacetamides. 

Leaching the Soil 
Leaching the herbicide by frequent irrigation is possible especially in case of water-soluble herbicides. In this case, the 
herbicides are leached down to lower layers i.e., beyond the reach of the crop roots. 
  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
377 

Applications of Electron Spin Resonance Spectroscopy (ESR) in Food Analysis 
Article ID: 30142 

Sawant Sanket R.1, Nagawade Omkar S.1,  and Abhinav Dubey1 

1ICAR-Indian Agricultural Research Institute, New Delhi. 

 

Introduction 
In the last few years, the applications of the magnetic resonance techniques, particularly nuclear magnetic resonance 
(NMR) and electron paramagnetic resonance (EPR), in food chemistry have enormously increased (Gomez-Caravaca et 
al., 2016 and Drouza et al., 2017).  EPR spectroscopy is a sensitive and versatile technique for analyzing molecules that 
contain unpaired electrons, such as paramagnetic metal ions and organic radicals. The formation of organic radicals in 
foods is an indication of food degradation occurring mainly due to oxidation reactions. Metal ions present in foods are 
able to catalyze oxidation of the food components by activating O2 to produce reactive oxygen species (ROS). In addition 
to the analysis of the paramagnetic species in foods, EPR can be used for the evaluation of the food stability and shelf-
life. In order to perform such studies, acceleration of the radical production and degradation in food is needed. Several 
methods have been applied for the production of radicals in foods, including with microwave, UV, or irradiation, heating, 
and addition of oxidants. Stable organic radicals, such as tyrosyl and semiquinone radicals, can be detected (Siddiqui et 
al., 2017) directly by EPR. However, for the detection of transient radicals, spin traps are employed in order to be 
measured by EPR spectroscopy. The life of the short-lived radicals can also be extended by rapid freezing of the samples 
after their generation. In addition, time-resolved EPR can be used for the detection of short-lived radicals. Valuable 
information is acquired for the mechanisms involved in these reactions by measuring the EPR signal vs time. 

Endogenous Unpaired Electronic Spin Species in Foods 
1. Metal ions in food: Foods contain metal ions originated either from the raw starting materials or from contamination 
with metals from metallic containers or from contamination with metals during food processing (Capece et al., 2018). 
EPR spectroscopy is particularly sensitive in detection of Fe, Mn, and Cu metal ions, which can be found in food materials, 
because of their relative long relaxation times. 

2. Organic radicals: In addition to metallic radicals, foods might contain persistent organic radicals formed by the 
exposure of food in atmospheric oxygen or the food preparation processes. Metal ions might play an important catalytic 
role in the formation of organic radicals. An extensive EPR study of dry tea leaves from various origins has shown that 
except the semiquinone radicals, stable carbohydrate radical can also be detected (Socha et al., 2013). The same study 
showed that the type of radical is depended on the content of flavan-3-ols in tea. The teas owned the highest content 
of flavan-3-ols (unfermented teas) form carbohydrate radicals, whereas fermented teas have high quantities of 
semiquinone radicals. Troup et al. have investigated the organic radicals formed in roasted coffee beans and the brewed 
coffee solutions by EPR spectroscopy (Troup et al., 2015).They have assigned the radicals to high molecular-weight 
phenolic compounds present in the coffee brew and melanoidin compounds generated in the course of the Maillard 
reaction from reducing sugars and amino acid. 

Induction and Monitoring of Radicals in Foods 
1. Methods for induction of radicals: Several methods have been used for the induction of free radicals in foods, including 
irradiation with UV, microwaves, or radiation, heating, addition of ozone, metal ions, or other oxidants. The EPR signal 
of stable radicals formed in food could be monitored directly, whereas unstable radicals can be measured indirectly with 
the addition of spin traps. The use of EPR spectroscopy to monitor radicals in irradiated foods is a common practice. 
Microwave irradiation also causes formation of radicals in foods which can be monitored by EPR spectroscopy (Yakhin et 
al., 2017). X-band EPR studies of the effect of microwave radiation on rice flour and rice starch (Fan et al., 2016) have 
shown the formation of tyrosyl and semiquinone radicals, after food irradiation, localized in the starch and the protein 
fraction of rice flour. These radicals exist in the native rice flour; however, their intensity increases exponentially by 
increasing microwave power and radiation time. UV-irradiation is a very popular technique for the generation of radicals 
measured by EPR (Walton, 2016). Foods are directly irradiated with UV-light or after the addition of a photosensitive 
radical initiator in food. The radicals, produced from UV-irradiation, usually are trapped by spin traps before being 
measured by EPR. However, there are examples of direct measurement of stable radicals formed in food. For example, 
UV-irradiation of grains resulted in the formation of reactive oxygen species and stable semiquinone and phenoxyl 
radicals. The thermal stability of foods, in particular, edible oils, is a property associated with the storage life of food 
staff explored through various spectroscopic methods and rancimat analysis (Alvarenga et al., 2018). The thermal process 
of foods generates radicals that can be detected by EPR spectroscopy. An example of heating-induced radical formation 
is the coffee beans roasting with formed radicals, to be monitored in real time. The radicals produced from the heating 
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of edible oils are trapped with radical traps such as N-tert-butyl-_-phenylnitrone (PBN). Monitoring the signal of the PBN 
spin adducts by EPR consists a promising method for the determination of the lipid. Ozone is a nonthermal technology 
with promising application in food processing. It is primarily used as a disinfectant and antimicrobial agent for food 
safety applications and for food preservation (Fundo et al., 2018). However, processing of foods with ozone results in 
the formation of radicals that can be detected with EPR.  

2. Addition of radicals: A common use of EPR spectroscopy is the addition of reactive organic radicals, usually DPPH•, 
galvanoxyl radical, ABTS+•, TEMPO, TEMPOL, or Fremy’s salt for the determination of the antioxidant activity of foods 
(Kostecka-Gugała et al., 2015). The EPR signal is reduced after the addition of radicals in oil because of the reduction 
of the radicals from the antioxidant food components, Stable radicals can also be added as probes. The EPR signal of the 
radical is dependent on the environment around the radical, thus structural information can be required. 

3. Radical traps: The life time of organic free radicals is usually very short because they undergo bimolecular self-
reaction. Spin trap technique has been developed since 1968 for the detection and identification of the transient free 
radicals. Spin traps are diamagnetic molecules exerting a particular high affinity for reactive radicals, to which reactive 
radicals rapidly add to form persistent spin adducts, detectable in the EPR spectroscopy (Papadimitriou et al., 2005) 
Typically, there are two types of molecules serving as spin traps, the C-nitroso compounds and the nitrones. 

Conclusions 
EPR methodologies used for the study of foods, by observing endogenous unpaired electronic spin species and by the 
initiation and detection of radicals in foods. The use of EPR for analysis of foods is growing up rapidly. New methodologies 
in initiation and detection of radicals have resulted in the better understanding of the mechanisms involved in foo 
oxidation processes. The high sensitivity and versatility of EPR makes this technique a valuable tool in food science, and 
further applications are expected to emerge in the future. 
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Introduction 
In early December 2019, the Wuhan province of China reported the first outbreak of the fatal coronavirus disease caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). It was later declared as a pandemic by the World 
Health Organisation (WHO) on March 11, 2020, when more than 4.3 million cases were reported worldwide resulting in 
more than 291,000 deaths. The infection rate of disease in India is reported to be 1.7, significantly lower than in the 
worst affected countries. The pandemic triggered a severe socio-economic disruption around the world. With washing 
hands, wearing face masks, maintaining social distancing and monitoring and self-isolation as the recommended 
preventive measures, authorities well responded by implementing travel restrictions, lockdowns, workplace hazard 
control and facility closures. On March 24, 2020, our honourable Prime Minister ordered a nation-wide lockdown for 21 
days which was further extended till May 3, 2020. With all this restriction around the world, the major obstacle to cross 
was the procurement of food in some areas. Even though retail food businesses were operational during this lockdown, 
but significant issues were the production and processing of the food material taking into consideration the fish producing 
sector of the country.  

The Indian fisheries sector is set in a unique and diverse set of resources ranging from the pristine waters of the Himalayas 
to the sprawling Indian Ocean. The fisheries biodiversity of the country encompasses a broad spectrum of physical and 
biological components that support the livelihoods of millions of people. Although this disease does not affect fish, the 
sector has been adversely affected via changing consumer demands, market access, logistic problems and border 
restrictions. All this will have a massive impact on the fishers' and fish farmers' livelihood, along-with food security and 
nutrition for the populations that rely heavily on fish protein and micronutrients. A sudden fall in the prices of fish and 
fish products was also observed due to the mass misconception of the virus transmission through seafood. 

Major Glitches Faced in this Sector 
There are a set of activities which are interlinked in the production and processing of fish and fish products up to the 
final consumer stage.  Any halt in any of the location may hinder the smooth working of the process in the local, regional 
and global markets. Major activities are:  
1. Fishing  
2. Aquaculture production 
3. Processing 
4. Transport 
5. Marketing 

The chain of actions is susceptible to disruption by this pandemic outbreak and the cascading disruption in the interlinked 
activities may lead to an unfortunate outcome on the economy of the sector. Hence to safeguard the producer-buyer-
link, each stage of the fisheries and aquaculture food chain must be given all possible protection. 

Fishing Activities 
Due to the downfall in the demand and prices, a decline in the fishing activities is observed. Fishing of high-value species 
is highly affected due to reduced demands and also constraints in proper handling and working on the ship is observed 
due to implementation of sanitary measures such as social distancing of crew members. Labour shortage is also an 
alarming concern faced as migrant workers are barred from crossing the borders. Lesser crew members on the ship have 
resulted in more stress and fatigue for the crew members, altogether resulting in less working output.  In addition to 
these uneven sources' availability and also a lack of health aid at sea creates a higher risk for spreading of the virus. For 
the small fisherman, who are self-employed, their source of income is jeopardised due to these restrictions. Attention 
to these problems is needed along with strong policies which will further help in future.  

Mitigation Strategy 
1. The proper sanitary measure should be taken up by the crew member with minimum possible social distancing on the 
fleet. 
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2. Extension of the fishing season to compensate the losses. 
3. Strong governmental policies regarding the floor prices of different species, so to benefit all. 
4. Expanding governmental purchase of seafood for various institutes. 
5. Providing compensation to the owners and crew members of the vessel for their loss. 
6. Implementing a collaborative approach for fishing in the sea with taking in consideration everyone's benefit and also 
less stress with ensuring proper protocol of social distancing. 
7. Providing payroll and unemployment assistance for crew members and self-employed small-scale fish farmers. 

Aquaculture Production 
Uncertainty of the lockdown period and also the fluctuating market demands has created a problem for the farmers as 
they are unable to sell there produce leading to piled up the bulk quantity of live fishes with the extra cost of feeding 
so to keep them alive. Closure of food services such as hotels, restaurants have impacted the high-valued and shellfish 
aquaculture. Due to a wide range of restrictions on the airport clearing and transportation a steep decline for the brood 
stock and hatchery traders is detected. Not only them but the stocking for the farmers is also affected due to 
unavailability of the seed as the season is around the corner. At the same time, the small local farmers are benefitted 
with less competition due to import restrictions. 

Mitigation Strategy 
1. It is time to consider aquaculture at par to agriculture with considerations to crop insurance, power tariffs and levies. 
2. Easy access for fish farmers towards the credit and micro-finance programmes with lower interest rates, loan flexibility 
repayment, restructuring of loan and payment schedule.    
3. Promoting local producers with a decrease in imports and also stabilising the production with market demand and 
further future export ventures. 
4. Advanced technologies incorporation for high-quality disease-resistant seed in the local hatcheries for easy 
procurement of seed during the breeding season 
5. Establishment of government-approved advanced feed mills for cost-efficient feed manufacturing using the 
conventional and easily available feed resources. 
6. Encouraging farmers for applying new technologies in the farming system taking in considerably less labour input such 
as RAS, aquaponic system to maintain social distancing 
7. Already established farms should practice proper hygienic and sanitary measures. 

Processing Activities 
The processing industry is entirely reliant on the foodservice sector. Restriction in market access and also the drop in 
demand will result in more extended storage of fish and fish products which has implications such as quality change and 
additional costs. Panic buying has benefitted the sale of prepacked, frozen and canned fish products but continuous 
supply in the market is an issue due to the logistic interruption. Procurement of the raw material for the processing 
industry is one of the significant combats they need to handle. On the contrary, this unprecedented situation has opened 
doors for new ideas and innovations for efficient working of this sector in future. 

Mitigation Strategy 
1. Continuing support for the supply chain such as using temporary storage, diverting fish to the home market, replacing 
previously prepared fish for export and working with the processor to adjust the supply. 
2. Processing the fish that remains unsold.  
3. Exploring possibilities for freezing fish production with fish processing, refrigerating and distribution companies. 
4. Marketing directly to end consumers as a potentially powerful new approach for some businesses.  
5. Using alternative marketing strategies to help alleviate the need for prolonged storage. 

Transport and Marketing 
Trade of raw material and goods during this period has become a tedious affair due to the closure of borders and 
restrictions of air travels which have resulted in the hiked cost of transportation. The most affected segment by these 
hiked prices is the small and marginal fishers and fish farmers. Women fish vendors are posed to a greater risk of infection 
in the markets as they come in contact with various people, and physical distancing is challenging to implement 
consistently. Suitable hygienic and sanitary measures in the fish markets are the need of the hour for preventing the 
widespread infection. 

Mitigation Strategy 
1. In the international trade sector, a joint effort by Food and Agriculture Organisation (FAO), World Trade Organisation 
(WTO) and World Health Organisation (WHO) to ensure a continued flow of trade without border restrictions and 
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rectifying the chances of food shortages in different regions.  
2. Ensuring stability by reducing unnecessary regulatory burdens during the harvest and transportation to local markets. 
3. Improving hygiene and sanitation in the fish markets during the relief and recovery period also in future. 
4. Maintain proper social distancing in the markets and avoiding crowding at places.  
5. Adapting a programme design for broader and adequate coverage of fisheries and aquaculture sector in considering 
the delivery schedule, level of benefits, logistics etc. 
6. Enhancing remote surveillance and non-observer monitoring via cameras and electronic reporting systems. 

Coping with this Pandemic 
Different studies have inferred that this outbreak will redefine the lifestyle of people, instead of fighting with this 
disease, one should learn how to live with it. With the excellent news of recovering patients and decrease in the hotspot 
regions have boosted the morale of the people in lockdown but also the new case outbreak due to migrants has brought 
anxiety again. On April 11, 2020, the Union government exempted fisheries and the marine food industry from the 
coronavirus disease (COVID-19) lockdown, recognising them as part of the farm-to-fork supply chain.  Fisheries and 
aquaculture production contribute around 1% of India's gross domestic product (GDP) and over 5% of the agricultural 
GDP. Major exemptions were regarding the cold storage, sale, marketing, hatcheries and movement of fish and fish 
products. As specified in the lockdown measures, social distancing and proper hygiene practices must be maintained in 
each of the above activities. With our government eyes on this sector considering its potential, many policies have been 
formulated in the past few months. First national fisheries policy with Rs 45,000 cr was implemented to focus on 
aquaculture, mariculture among others in budget 2020. Alongside schemes under the umbrella "Blue Revolution Scheme" 
for overall development of fisheries have been formulated by the centre. The ministry has also composed the Pradhan 
Mantri Matsya Sampada Yojana (PMMSY) scheme for central and state government for empowering this sector in coming 
five years. With all these policies to strengthen the industry and mitigate the loss, the government should also ensure 
proper sanitation measures and awareness among the people in this field. The understanding can be improved with more 
training camps organised by the institutions in various segments of this sector, such as farm, market, processing etc. 
Promoting new technological interventions and government providing support for this infrastructure in this sector open 
for a new opportunity in this field and empowering the local producers for higher production to meet the market demand 
and decreasing the rate of imports. In a nutshell, a collaborative approach of higher authorities and the local farmers 
can help us to cope with this outbreak and bring new avenues in the future for better efficient working. 
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Abiotic stresses, especially salinity, drought, low or high temperature and other environmental extreams and biotic 
stresses like disease and pests etc are the primary causes of plant loss worldwide. So, stress breeding aimed at 
overcoming biotic and abiotic stresses need to be fastly and completely executed in order to increase the production to 
meet the demand. Identification of an ideal rootstock continues to remain a great challenge. Traditionally, indigenous 
wild species were used as rootstocks being propagated through seeds. The concept of scientific approach to identify 
efficient rootstocks for desired purpose started with focuses efforts at different research centers. The potential to 
produce new rootstocks by either conventional means or in combination with modern technologies is considerable and 
demonstrated. It is very important to choose right rootstocks so that the potential possibilities of the scion variety and 
rootstock and environment could gainfully be harnessed in sustainable fruit production. 

Introduction 
Stress: Any change from this optimal condition of any factor essential for its growth will lead to abnormal change in 
physiological processes & due to this the plant will experience tension, this state of plant is referred as stress. 

Advantage of Resistance Breeding 
1. It is a safe measure as fungicide and insecticide leave residue which are harmful for health. It is very cheap as farmer 
without any extra price can use resistance varieties. 
2. In case of stresses like air borne diseases, water logging, soil salinity etc., it is the best method to cover a large area 
of plantation.   

Sources of Stress Resistance 
1. Introduction: If an introduced variety execute well in the new environment and is agronomically desirable, resistant 
to the concerned insect pest and diseases may be released for cultivation. Thus, it is the quickest and the earliest 
method of developing a stress resistant variety. E.g: Introduction of Phylloxera vertifoliae resistant grape rootstock from 
USA to France.  

2. Selection: Stress resistant variants may be found in an existing variety of a crop. In such a case, selection for biotic 
and abiotic stress resistance plants is practiced to isolate stress resistant varieties. 

3. Hybridization: Hybridization is only course of action for the breeder, when the desired biotic or abiotic stress 
resistance is present in an agronomically inferior variety of the crop or in a related wild species. E.g: Breeding for fruit 
fly resistant variety in ber.  

4. Mutation: Generally, mutation has not been used to produce a successful biotic and abiotic stress resistant crop. The 
reasons are difficulty in screening of suitable mutations, the failure of such mutagenesis to generate positive changes to 
the genome and large number of progenies that must be handled. 

Depending upon different types of the biotic agent involved in producing biotic stresses, breeding methods can be 
grouped into three: 
1. Breeding for insect resistance 
2. Breeding for disease resistance 
3. Breeding for resistance to parasitic weeds. 

Mango (Mangifera Indica) 
Various stresses are: Malformation, Spongy tissue, breaking due to wind, Anthracnose disease, Salinity, Water logging, 
Stone weevil, Fruit fly.  
1. Resistance species: 

a. M.decandra, M.inocarpoides, M.laurina: Root stock for waterlogged soil. 
b. M.zylanica-Salinity tolerance. M.altissima: Resistance to leaf hopper.  
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c. M.minor, M.laurina, Tommy Atkins-Resistance to anthracnose.  
d. Olour- poly embryonic, regular bearer. Neelum- It is a heavy yielder and regular bearer. 

2. Hybrids: 
a. Alfazli: Alfazli is from a cross of Alphonso x Fazali, Regular bearer, free from malformation and fruit fly. Arka 
Neelkiran is a hybrid developed at IIHR, Bangalore by crossing Alphonso x Neelum and is ideal for high density 
planting, regular bearing habit. Free of fibre and spongy tissue. 
b. Au Rumani is from a cross between Rumani x Mulgoa, evolved at Fruit Research Station, Sangareddy, Andhra 
Pradesh. The tree is medium, precocious, vigorous, heavy yielder and regular bearer, free from fibre. Arka aruna 
is a progeny of the cross between Banganapalli x Alphonso, Free from spongy tissue. 
c. Arka Anmol is a semi-vigorous hybrid by crossing Alphonso and Janardhan Pasand. Regular bearer, good yielder 
and free from spongy tissue. Sindhu is a cross between Ratna x Alphonso. It is a regular bearer, free from spongy 
tissue. 

Banana (Musa Spp.) 
1. Various stresses are: Sigatoka disease, Panama wilt/ Fusarium wilt, Nematodes, Drought and Bacterial wilt/ Moko 
disease. 
2. Resistance species: 

a. Introduction of some cutivars of banana was made for resistance to biotic stresses. E.g. Lady Finger (EC 
160160) resistant to Bunchy top virus introduced from Australia. M.balbasiana-Drought resistant. Matti variety-
Sigatoka resistant. 
b. M.acuminata sub spp burmanica-Panama wilt, nematode, Sigatoka resistance. 
c. M.laterita- Sigatoka, panama wilt resistance. 

Guava (Psidium Guajava) 
Resistance species: 

a. P.friedrichsthalianum (China guava)- Nematode, guava wilt resistance, Dwarfing rootstock 
b. P.cattleianum- Tollerant to low temperature 
c. Pusa Srijan-Tolerant to wilt, Aneuploid 82-Dwarf rootstock. 

Sapota (Manilkara Zapota) 
1. Various stresses are: Chiku moth/leaf webber- Nephopteryx eugraphella, Leaf spot (Phavophelospora indica), 
Wilt/diebak- Fusarium spp  

2. Resistance species: CO1 and Cricket Ball-resistance to leaf spot where as CO2 and Kahli Patti are tolerant and Culcutta 
Round is susceptible (Prasad et. al., 2009). 

Citrus 
1. Various stresses are: Cold and frost injury, Water logging, Virus (Citrus greening, Tristiza/Quick decline, Exocortis), 
Canker and Gummosis. 

2. Resistance species: (Root stock breeding is mostly used) 
a. Trifoliate Orange-Phytophthora and nematode, Citrange-Freeze hardiness, Citrumello-Moderate Salinity and 
drought tolerance. 
b. Studies in citrus showed that the generation of new roots is key for recovery from the damage produced by 
short-term waterlogging, and can be achieved after 29 d in lemon grafted on Citrus aurantium L. (Ruiz-Sanchez 
et. al., 1996). 

Grape (Vitis Spp) 
1. Various stresses are: Salt, Nematode, Phylloxera, Anathracnose, Downy mildew, Powdery mildew and Grape vine fan 
leaf virus.  

2. Resistance species: V.vinifera-sucsceptible to phylloxera. V.rotundifolia-Resistant to Powdery mildew. 
V.berlandieri-Tolerant to high pH. 

3. Root stock as a source of resistance to stresses in grape: 
a. Dogridge (Vitis champini): Resistant to Phylloxera, nematodes and salts. Salt Creek: Resistant to salts and 
nematodes. Rupestris St. George (Vitis rupestris): Resistant to Phylloxera. 
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b. Temple: Impart resistant to scion against Pierce disease, anthracnose and downy mildew. 

Conclusion 
Remarkable advances in the last decade have allowed us to discover responses, mechanisms, and adaptations to stress 
in plants under controlled trial conditions. Biotic and abiotic stresses are significant determinants of quality and 
nutritional value of fruits during harvest, handling and storage. Crop management can have a significant influence on 
susceptibility to stress. In addition, climate change, disease and insect pest attack has created additional problems 
which may influence postharvest stress susceptibility of fruits. While breeding is underway to develop stress resistance 
that will allow them to adapt to stress, it is not clear that breeding for stress resistance in the field will also extend 
stress resistance characteristics to the harvested portion. To better evaluate the benefits, it is important to understand 
the basis of molecular and biochemical response networks to various stresses encountered in the field and in the 
postharvest continuum. 
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Introduction 
The artificial Intelligence term was devised by John McCarthy in 1956. He characterized it as "the science and building 
of making intellectual machines.” AI is the division of computer science that manages the examination and structure of 
wise specialists that sees its condition and takes activities that amplify its risks of achievement. AI might be characterized 
as: “The capacity to hold two unique thoughts as a primary concern simultaneously and still hold the capacity to work”. 
Comprehensively, AI has a subset called machine learning, which is a procedure by which a machine is made to learn 
with the assistance of PC projects and heaps of information, which together gets liable for the output. Once more, under 
machine learning, a subset called deep learning is characterized, the main distinction being that the last technique 
utilizes its own insight to settle on choices along these lines as the human brain does. A case of AI can be the speech 
recognition system, which is prepared with heaps of human voice information, and calculations are made to such an 
extent that in order to perceive expressions of various voice pitch, articulation, and so on. The created 
calculations/programs are advanced over and over for better output. 

Prerequisite of Artificial Intelligence (AI) in Agriculture 
The number of inhabitants on the planet is rising, and furthermore most of the individuals are moving towards 
urbanization, which is again making the absence of manpower for farming tasks at different levels. Subsequently, AI can 
assist us with alleviating the issue. Additionally, the exact and prudent utilization of assets, for example, water, seeds, 
manures, weedicides, and so on can be completed with the assistance of AI. Another perspective that AI can help 
agriculturists on is the harvest of the yields at the opportune time and furthermore harvest just the crops, which are 
prepared or matured for harvest.   

Components of AI 
AI has four fundamental components: 
1. Expert systems 
2. Heuristic problem solving 
3. Natural Language Processing  
4. Vision  
 
The expert system handles the circumstance as a specialist and gives a presentation. Heuristic problem solving is 
intended to assess a little scope of arrangements, which may include some mystery to locate a close ideal arrangement. 
Natural language processing gives correspondence among people and machines in characteristic language. Vision is the 
capacity to perceive shapes and highlights and so on naturally. 

General Steps for the Advancement of AI Systems 
1. Colossal information is gathered with the assistance of geographic information systems (GIS) and unmanned aerial 
vehicles (UAV), which contains both spatial and temporal information. Cell phones can likewise be utilized for constant 
observing just as for the assortment of information. 
2. Next, the gathered information with the assistance of Analytics is dissected and calculations or programming are 
shaped to acquire the best output with minimal mistake under various input conditions. 
3. At that point, with the utilization of the Internet of Things (IoT), the farmers can be made mindful of the distinctive 
farming items. Next, data can be scattered to them with respect to the diverse field conditions, for example, 
temperature, precipitation, soil moisture content, pH readings, soil texture, and so on, and furthermore proposals as 
needs would be recommended by AI.  

Utilizations of AI in Agriculture 
1. Irrigation at the correct time at the ideal spot is conceivable. 
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2. Weedicide and fertilizer sprayed distinctly at the right time where required.  
3. Utilized in hydroponics for the exact utilization of assets.  
4. Harvest of chosen fruits or vegetables or crops simply after maturity identification by AI.  
5. Genetic Research and advancement will be profited from the spatial and transient database utilized in AI.  
6. To predict crop damage. 
7. To grow totally computerized plants and industries. 
8. To design analyzes in science and molecular genetics. 
9. Utilization of AI robots to lead different farm activities, for example, irrigation, harvesting and so on. 

Imperatives in the Utilization of AI 
1. Absence of recognition with machine learning.  
2. AI systems likewise need a ton of information to prepare machines and to make exact expectations.  
3. Transient information is difficult to get, which is significant in the improvement of AI programs.  
4. Modeling for AI machines is intricate.  
5. The greater expense of the AI equipment. 
6. Coordinating AI with human brain choices difficult. 
7. No self-imagination of AI as of the human psyche. 

Conclusion 
Till now AI has not such an extraordinary impact straightforwardly on everyday citizens live and is restricted to certain 
territories like military, space, industry, clinical, neural networks, and topographical. For the advancement of AI 
frameworks, machine learning and deep learning must be made moderate monetarily and simple to learn. Information 
on coding dialects and model improvement must be spread at an enormous scope to the agriculturists. Temporal 
information assortment programs must be started at a beginning time with the goal that we have enough information 
for the AI model development. Additionally, the assembling of the AI equipment must be done locally, which not 
exclusively would make employment, yet in addition, make AI moderate for the farmers. At long last, attention to the 
farmers in regards to selection and future advantages of AI is the most significant perspective for the effective and 
enormous scope utilization of AI. 
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PMKISAN- Pradhan Mantri Kisan Samman Nidhi Yojana, an efficient step taken towards upliftment of farming community 
was taken up by the Government of India on 01. Dec.2018 with a view point that it would definitely augment the income 
of the farm families and help them in improving their economic status. The basic objective behind the scheme was to 
provide income support to all land holding eligible farmer families. PMKISAN would help in supplementing the income of 
farmers in procuring inputs to ensure proper crop health and generating appropriate yields. 

Eligibility Criterion 
PMKISAN is central government scheme with 100 percent funding coming from central government. Initially financial 
benefits have been provided to all small and marginal landholder farmer families with total cultivable land holding upto 
2 hectares under the scheme. Later on, all the farmers who are having landholdings were also included under the scheme. 
Under present scheme, a financial benefit of Rs.6000 per annum per family will be payable in three equal installments 
of Rs. 2000/- during every four months through direct benefit transfers.   

Exclusions 
The following categories of farmers will be excluded from the benefits of the scheme: 
1. Institutional Land holders 

2. Farmer families wherein its members belonging to following categories: 
a. Present/Former holders of constitutional posts 
b. Present or former ministers/ State Ministers and former/present Members of LokSabha/ RajyaSabha/ State 
Legislative Assemblies/ State Legislative Councils, former and present Mayors of Municipal Corporations, former 
and present Chairpersons of District Panchayats. 
c. All retired/ serving officers or employees of Central and State Government Ministries /Offices/Departments 
and its field units Central or State PSEs and Attached offices /Autonomous Institutions under Government and 
regular employees of the Local Bodies which excluded multi-tasking staff and Class IV and Group D employees) 
d. All superannuated/retired pensioners, getting monthly pension of Rs.10,000/-or more which excluded multi-
tasking staff and Class IV and Group D employees) of above category 
e. Persons who have paid Income Tax  
f. Other like Doctors, Engineers, and Architects registered with Professional governing bodies and carrying out 
profession by undertaking practices. 

Advantages to the Farmers 

 

Details to be Provided by Beneficiary 
Database of eligible beneficiary landholder farmer families include Name, Age, Gender, Category(SC/ST), Aadhaar 
Number (Aadhaar Enrollment Number)along with documents of identification such as Driving Licence, Voters’ ID Card, 
MNREGA Job Card, or any other identification documents issued by Governments, Bank Account Number and the Mobile 
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Number of the beneficiaries. In states like Assam, Meghalaya, J&K alternate prescribed documents will be collected for 
identity verification purposes. 

Conclusion 
PMKISAN is a small step taken by government in a direction for improving the farming community which in other way 
round can stated as a beginning of universal basic income. It would encourage the farmers to grow more thereby 
productivity can be enhanced and it would help them in earning better returns. The amount received if invested in 
agriculture would definitely provide high returns and promote agricultural growth. They may be encouraged to start new 
enterprises and get involve themselves in non-farm operations also. In this way, it can be concluded that PMKISAN scheme 
is a welcome step taken by GOI in order to support the farming community and growth of agriculture sector of the 
economy. 
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Summary 
A budding global population and altering diets are driving up the demand for food. Production is struggling to keep up 
as crop yields level off in many parts of the world, ocean health declines, and natural resources - including soils, water 
and biodiversity are stretched dangerously thin. The food security challenge will become more difficult, as the world 
will need to produce about 70% more food by 2050 to feed an estimated 9 billion people. Developing the potential to 
increase the productivity and incomes from smallholder crop, livestock, fish and forest production systems will be the 
key to achieve global food security over the next twenty years. Agriculture is a major source of greenhouse gas emissions. 
Mitigation can often be a significant co-benefit of actions to strengthen adaptation and enhance food security, and thus 
climate smart agriculture (CSA) can be the best approach for mitigation action compatible with national development 
priorities for agriculture. CSA is an approach that helps to transform and reorient agricultural systems to effectively 
support development and ensure food security in a changing climate. CSA aims to tackle three main objectives: 
sustainably increasing agricultural productivity and incomes; adapting and building resilience to climate change; and 
reducing greenhouse gas emissions. It is an approach for developing agricultural strategies to secure sustainable food 
security under climate change, to help the people who manage agricultural systems respond effectively to climate 
change.  The CSA approach pursues the triple objectives of sustainably increasing productivity and incomes, adapting to 
climate change and reducing greenhouse gas emissions where possible.  In this review we will cover objectives of climate 
smart agriculture, methodologies for achieving that objectives and impact on global agriculture.   

Introduction 
Climate smart Agriculture (CSA) is a relatively new approach to developing the technical, political and financial 
conditions for the achievement of sustainable development goals (FAO, 2015). An integrated approach to developing 
technical, policy and investment conditions to achieve sustainable agricultural development for food security under 
climate change. It integrates the three dimensions of sustainable development (economic, social and environmental) by 
jointly addressing food security and climate challenges. CSA brings together practices, policies and institutions that are 
not necessarily new but are used in the context of climatic changes, which are unfamiliar to farmers. Is a relatively new 
approach to developing the technical, political and financial conditions for the achievement of sustainable development 
goals.  

Climate change is likely to reduce agricultural productivity, production stability and incomes in some areas that already 
have high levels of food insecurity. Developing climate-smart agriculture is thus crucial to achieving future food security 
and climate change goals. Developing countries must undergo a significant transformation in order to meet the related 
challenges of achieving food security and responding to climate change. Population growth and food consumption 
patterns indicate that agricultural production will need to increase by at least 70 % to meet demands by 2050. Sustainably 
increases productivity Resilience (adaptation) Reduces/Removes greenhouse gases (mitigation) Enhances achievement 
of national food security. 
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History of CSA 
1. 2009: Term Climate-Smart Agricultural development 
2. 2010: 1st Global Conference on Food Security, Agriculture and Climate Change in The Hague - the concept of CSA was 
presented. 
3. 2012: At the 2nd Global Conference in Hanoi, Vietnam: Climate-Smart Agriculture Sourcebook advanced the CSA 
concept intending to benefit primarily smallholder farmers and vulnerable people in developing countries. 
4. 2013: 3rd Global Conference in Johannesburg, South Africa, discussions began on a climate smart agriculture alliance. 
5. 2014: Climate Summit in New York, the Global Alliance for Climate Smart Agriculture Action plan was presented. 
6. 2019: The 5th Global Science Conference on Climate-Smart Agriculture with objective of transforming food systems 
under a changing climate. 
 

CSA - Three Pillars 
1. Sustainably increasing agricultural productivity and incomes. 
2. Adapting and building resilience to climate change. 
3. Reducing and/or eliminating GHG emissions. 

Climate - Smart Practices 
1. Crop management: Intercropping with legumes, Crop rotations, New crop varieties (e.g. drought resistant), Improved 
storage and processing techniques and Greater crop diversity. 

2. Livestock management: Improved feeding strategies (e.g. cut ’n carry), Rotational grazing, Fodder crops, Grassland 
restoration and conservation, Manure treatment, Improved livestock Health and Animal husbandry improvements. 

3. Soil and water management: Conservation agriculture (e.g. minimum tillage), Contour planting, Terraces and bunds, 
Planting pits, Water storage (e.g. water pans), Alternate wetting and drying (SRI rice), Dams, pits, ridges and Improved 
irrigation (e.g. drip). 

4. Agroforestry: Boundary trees and Hedgerows, Nitrogen-fixing trees on farms, Multipurpose trees, Woodlots and Fruit 
orchards. 

5. Integrated food energy Systems: Biogas, Production of energy Plants and Improved stoves. 

Dimension - Climate Smart Agriculture 
1. Water smart: Direct seeded rice, Raised bed, Maize bed, SRI technology and Drip Irrigation 
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2. Weather smart: Weather forecast, Index based insurance and Seeds 
3. Nutrient smart: Nutrient expert decision support tool for agriculture 

4. Carbon smart and Energy smart: Residue management and No tillage or zero tillage 

5. Knowledge smart: ICTs, Gender empowerment and Capacity. 

Conclusion 
1. Developing countries must undergo a significant transformation in order to meet the related challenges of food security 
and climate change. 
2. Effective climate-smart practices already exist and could be implemented in developing country agricultural systems. 
3. Adopting an ecosystem approach, working at landscape scale and ensuring intersectional coordination and cooperation 
is crucial for effective climate change responses.  
4. Considerable investment is required- (knowledge gap, research and development of technologies). 
5. Institutional and financial support  
6. Strengthened institutional capacity 
7. Available financing, current and projected, are substantially insufficient to meet climate change. 
8. Synergistically combining financing from public and private sources  
9. Extension functionaries were having medium level awareness about impact of climate change on agriculture.  
10. They used electronic media, training and conferences and seminars as major sources of information for climate 
change.  
11. They needs training on climate smart agriculture aspects. 
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Introduction 
Our immune system does a remarkable job of defending us against disease-causing microorganisms. But sometimes it 
fails and allows germs to invade successfully and makes us sick. Our first line of defence is to choose a healthy lifestyle. 
Following general good-health guidelines is the single best step we can take toward naturally keeping our immune system 
strong and healthy.  

Every part of our body, including our immune system, functions better when protected from environmental assaults and 
bolstered by healthy-living strategies such as good hygiene, healthy foods, good water, nutritious fruits and vegetables, 
regular exercise, adequate sleep, proper washing and cooking of vegetables and stress management. Apart from these, 
it is needed to take a medicinal plant which contains alkaloids, flavonoids, terpenoids and minerals.   

Increasing Immunity in a Healthy Way 
1. Avoid smoking: Worldwide cigarette smoking is associated with numerous diseases and poses a serious challenge to 
the current healthcare system. Smoking impacts both innate and adaptive immunity and plays dual roles in regulating 
immunity by either exacerbation of pathogenic immune responses or attenuation of defensive immunity. 

2. Eating of fruits and vegetables: Eating of fruits and vegetables provide nutrients like beta-carotene, vitamin C, and 
vitamin E that can boost immune function. Because many vegetables, fruits, and other plant-based foods are also rich 
in antioxidants, they help reduce oxidative stress. What we eat affects our immune system. While no single food will 
upgrade our immune system, poor nutrition can have a negative effect on the immune system. Balanced diet of fruits 
and vegetables are rich in vitamins and minerals boosts immunity. Soda, processed foods, drinks high in sugar, refined 
carbohydrates, alcoholic beverages compress body immunity. 

3. Regular exercise: Physical activity may help to flush bacteria out of the lungs and airways. This may reduce your 
chance of getting a cold, flu, or other illness. Exercise causes change in antibodies and white blood cells (WBC). WBCs 
are the body's immune system cells that fight disease.Try to get regular, moderate exercise, like a daily 30-minute walk. 
It can help our immune system to fight against infection. Exercise can also boost our body's good chemicals and help to 
sleep better. Both of those are good for to immune system of body. 

4. Maintenance of weight: Lowering the risk of Type 2 diabetes and heart disease to maintain weight. Reducing impact 
on joints and to prevent or minimise effects of arthitris, various skin diseases and respiratory disease. 

5. Adequate sleep: Lack of sleep can affect our immune system. Studies show that people who don't get quality sleep 
or enough sleep are more likely to get sick after being exposed to a virus, such as a common cold virus. Lack of sleep 
can also affect how fast you recover if you do get sick. We need seven to eight hours of sleep each night to boost our 
immune system.Oversleeping also can throw your circadian rhythm off balance and stop you from getting enough sunlight 
exposure two problems that can weaken your immune system and produce disease easily. 

6. Avoid stress: In stress condition, the immune system's ability to fight off antigens (MICROBES) is reduced and we are 
more susceptible to infections. Stress hormone corticosteroid can suppress the effectiveness of the immune system (e.g. 
lowers the number of lymphocytes). Anxiety can trigger flight-or-fight stress response and release a flood of chemicals 
and hormones, like adrenaline, into our system. This can weaken our immune system, leaving us more vulnerable to viral 
infections and frequent illnesses. 

7. Good hygiene: The first line of defence is to keep germs at bay by following good personal hygiene habits.  
a. Probably wash hands after using the bathroom, before preparing or eating food, and after gardening or other 
dirty tasks. Wash up after blowing your nose, coughing, or sneezing; feeding or stroking your pet; or visiting or 
caring for a sick person. Hands to be wet thoroughly, lather up with soap or cleanser, and rub it into the palms 
and backs of hands and wrists. Clean fingertips, under nails and between fingers and rinse under running water. 
Dry the hands and wrists thoroughly. 
b. Mouth and nose is covered with a tissue when sneeze or cough, then dispose of it. If no tissue is handy, cough 
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or sneeze into elbow rather than into hands. 
c. Any serious cut or animal or human bite should be examined by a doctor and washed, bandage all cuts. Do not 
pick at healing wounds or blemishes, or squeeze pimples. 
d. Don't share dishes, glasses, or eating utensils. 
e. Avoid direct contact with napkins, tissues, handkerchiefs, or similar items used by others.  

Immune System and Age 
The effects of aging on the immune system are manifest at multiple levels that include reduced production of B and T 
cells in bone marrow and thymus and diminished function of mature lymphocytes in secondary lymphoid tissues. As a 
result, elderly individuals do not respond to immune challenge as robustly as the young. T cells (thymus cells) and B cells 
(bone marrow- or bursa-derived cells) are the major cellular components of the adaptive immune response. T cells are 
involved in cell-mediated immunity, whereas B cells are primarily responsible for humoral immunity (relating to 
antibodies). Flu vaccination, healthy diet, be active, low stress level, plenty of sleep, maintaining healthy weight, quit 
smoking are advisable. 

Macronutrient and Micronutrients 
Sufficient macronutrient and micronutrients are essential for immune system function. Fruits and vegetables are rich in 
nutrients like vitamins C and E, plus beta-carotene and zinc such as berries, citrus fruits, kiwi, apples, red grapes, kale, 
onions, spinach, sweet potatoes, and carrots. Fresh garlic help to fight viruses and bacteria, and old-fashioned chicken 
soup. Some mushroom varieties may also help immune system. 

Ayurvedic Herbs and Supplements 
There are many immune booster ayurvedic herbs and supplements help to support immune function and armored against 
the invisible enemy by incorporating the herbs in your diet.  Some of them are: 

1. Turmeric: Turmeric aids in make immunity stronger, the main life-saving ingredient is about 3-5 % of Curcumin that 
has healing properties. Turmeric helps the body naturally cleanse the respiratory tract, helps fight the infection and its 
anti-inflammatory qualities relieve individuals from the direct impact of cold and flu. Curcumin inhibits inflammation, 
relieves congestion and pain and thus improves your breathing. Boosting up the immunity and helps to fight against viral 
replication. Curcumin hence reduces the viral load.  

2. Ginger: Ginger contains a compound called gingerol that has analgesic, sedative, antipyretic and antibacterial effects. 
zingerone has antibacterial effects to help in curing cold and sore throat. It may possess powerful immune boosting 
properties. Ginger extract blocked the growth of several strains of respiratory tract pathogens. 

3. Amla: Vitamin C in Amla increases the immunity power in the body and promotes the elimination of natural toxins, 
maintains healthy digestion and absorption, nourishes and strengthens the body’s immunity and protects it against 
seasonal cough, cold and flu. It helps the body and mind adapt to the stress of modern life and promotes increased 
energy level.  

4. Tulsi (Basil Leaves): 
a. It is the ayurvedic solution to all basic human troubles and is a health refreshing herb-plant. Crushed leaves 
of tulsi are very effective in fever, cough, bronchitis and other diseases of lungs. It is a reduce throat pain, 
mouth ulcers, blood vessel protector, anti-stress element, and immunity booster. Tulsi contains two water-
soluble flavonoid, orientin, and viceninare that strengthen the immune system, protect the cellular structure. 

b. Home Remedy for Cough and Fever: The decoction of tulsi leaves, neem leaves, powder of ginger and powder 
of long pepper has the ability to reduce fever and its symptoms considerably. During fever, applying the paste 
of Tulsi leaves on cold feet is beneficial.  

5. Ashwagandha: Ashwagandha is popularly used for boosting immunity, anti-aging, joint pain, and insomnia. Due to its 
active ingredient, anolides, it is also used as an “adaptogen” to help the body cope with daily stress, as a general tonic 
and for improving thinking ability. 

6. Guduchi or Giloy: It is the Sanjeevani that is magical in numerous aspects of immunity boosters and is a universal 
herb that helps boost immunity. It treats chronic fevers, diabetes, and respiratory problems. It is a powerhouse of 
antioxidants that fight free radicals, keep your cells healthy and get rid of diseases. It can reduce the signs and symptoms 
of many life-threatening conditions like Dengue, Swine Flu, and Malaria as well. 
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Conclusion 
Based on our healthy habits and taking of medicinal plants in diet, the body shows positive responses and may suppress 
viral diseases. Usages of herbs have shown profound effects in reducing viral infections, healthy habits should be followed 
for good management of our health and boost immune system. 
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Summary 
Corona virus which is also known as COVID-19 (Corona Virus Disease 2019), is responsible for current pandemic and 
affected whole world. It causes diseases which can be grouped under respiratory diseases, which is actually classified as 
zoonotic disease. Corona viruses was studied long before, and was assumed to be commonly associated with common 
cold and less fatal complications. However, the current outbreak is associated with a novel strain of virus which is highly 
infectious as well as fatal. Diseases such as SARS is caused by this novel virus. Various measures to cure this disease has 
been still under study and in testing phase in different parts of the world.   

Introduction 
Coronavirus is not actually the name of single virus type, but actually, it is a group of viruses which share similar RNA 
fragment as their genetic material. These viruses are classified as group which are actually enveloped viruses. These 
group of viruses commonly cause infection in birds and mammals mainly. Different symptoms are recorded in different 
animals until now. Coronavirus which is the reason behind currently onset pandemic is not newly discovered. 
Coronaviruses are known to us already from decades and usually found in the medical conditions which were mild 
respiratory disorders or in other words “common cold”. While some of the coronaviruses are also involved in severe 
medical conditions such as SARS (Severe Acute Respiratory Syndrome), MERS (Middle East Respiratory Syndrome). 
However, the current onset of the pandemic is due to novel coronavirus (2019-nCoV), which was first identified in Wuhan 
city (capital of Hubei province) in China and now has infected as stated by the Centre of Disease Control and prevention 
(CDC). In December 2019, a novel corona virus (COVID-19) started an outbreak of pneumonia in Wuhan, China. 

Figure 1. A) Particles of nCoV virus; B) nCoV virus particles within human airway epithelial cells (Zhu et. al., 
2019). 

Transmission 
Coronaviruses normally are associated with mild or severe respiratory tract infection. The infected person can shed or 
release cough or aerosol along with these virus particles which can infect another person when came in contact. This 
virus can also spread by means of fomite or even by the fecal-oral route. Novel coronavirus or 2019-nCoV is so infectious 
that it has spread all around the world and infected around 4,126,890 people around the world and the graph is still 
increasing. 
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Table 1: General Consideration of Transmission of Coronavirus from Infected Person to Healthy 
Person 
Sr. no Infected person Healthy person Possibility of transmission 

1. Without mask Without mask Very high 

2. With mask Without mask Still high 

3. With mask With mask Less 

4. Without mask but nearby Without mask but nearby Very high 

5. With mask but nearby With mask but nearby Still high 

6. With mask and quarantined No physical contact with 
infected person 

Very less 

Figure 2. Chain of transmission 

Prevention of Infection 
For the prevention of coronavirus outbreak, the following precautions need to be followed: 
1. Avoid contact with the infected person: as there is no vaccine for coronavirus currently, and we cannot identify its 
patients just by looking at them or if they are asymptomatic. 

2. Social distancing: Keeping 6 feet (two-arm distance approximately) distance between two individuals is suggested 
for sick people at home as well as outside. This much distance may reduce the chances of a person getting infected by 
aerosol coming out of an infected person or carrier-studies also shows that asymptomatic patients may also spread virus 
therefore, social distancing is a must. 

3.Washing hands often: washing our hands may reduce the risk of transmission of the virus from fomites. Sanitizer with 
an alcohol content above 60% is also effective while washing hands using soap and water is most effective when it's done 
for at least 20 seconds. 

4. Avoid touching to mouth, eyes and face: this will reduce the risk of getting an infection if any particle has remained 
on your unwashed hands. 

5. Avoid grouping and gathering: this can exponentially increase the spread of infection among group members if even 
a single person turns out to be infected. 

6. Elderly and very young people: Above 60 and below 10 years old are at high risk of infection. At this age group, the 
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immune system of a person is usually weak and may not be capable enough to tackle the infection. Which may lead to 
fatal consequences.  

7. Properly covering of mouth and nose when outside: even if you are asymptomatic, you may spread the infection to 
others. Mask made up of cloth will also prevent you from direct infection from someone else. however, a face mask is 
not a substitute for social distancing in any way. 

8. Cleaning and disinfecting: cleaning and disinfecting of any commercial platform using appropriate chemicals like 
sodium hypochlorite in appropriate concentration is necessary, as the surfaces may have viruses on it which may further 
infect others. 

Medical Approaches of Treatment 
1. Testing of viral infection: The testing of viral infection can be done for either current infection of past infection. 

a. Past infection: For testing past infection, antibodies against a particular virus is been checked by the 
agglutination method. If the serum sample agglutinates (form cluster) indicates the patient had a viral infection 
in the past. However, the same method cannot be used for the detection of current infection as the antibodies 
need a couple of weeks to form. 

b. Current infection: This is tested by RT-PCR (reverse transcriptase-polymerase chain reaction) method.in this 
method, reverse transcriptase enzymes are used to make an opposite strand of viral RNA and make copies of it. 
This is a highly sensitive and full proof method to detect viral infection using a very specific probe. 

2. Curing of coronavirus: 
a. Vaccines: As such, for now, there is no cure for the COVID-19 infection because of which the whole world is 
shaken to tackle the very infectious virus. However, the only hope to get the virus under control is producing a 
vaccine. Till now there was no vaccine available in the world, effective against coronavirus (COVID-19). However, 
there is an urgent need for such a vaccine to control this outbreak. Various private and governmental 
organizations are working on the production of vaccine in various countries. WHO (world health organization) 
said in February 2020 that they do not expect any reliable vaccine before 18 months since then against COVID-
19.  

b. Drug production: This approach holds another hope for controlling the outbreak. There is a search for various 
bioactive compounds which can be effective against coronavirus symptoms, such as SARS. Various drugs have 
been tested at various hospitals for their effects on patients. R&D department of various drug manufacturing 
companies are now working on coming up with more and more efficient drugs as the need arises. 

c. Drug repurposing: This approach is based on the idea of using drugs for the treatment of coronavirus infection, 
which were meant for some other application or infection but might have certain properties which can be 
beneficial against the coronavirus infection. The number of such drugs is being tested as a part of the clinical 
trial in various hospitals across the world. Some drugs have shown positive results whereas some had no or 
negative results as well.  

d. Plasma therapy: This idea is based on the study done on various other viral infection, here the plasma, which 
is the fraction of blood of a person who had an infection but now has recovered, is been taken and injected into 
another patient which is suffering from the infection. This will lead to the transfer of antibodies which have 
generated in donor’s blood, being transferred to recipient body, stimulating the body to fight against virus 
particles. This technology is being tested even in India. Doctors and scientists are studying this technology for 
coronavirus and they said that it can be a promising cure for the virus. 

Conclusion 
COVID-19 (Corona virus disease 2019) has affected the whole world’s health and economy. The current ongoing pandemic 
has made us stop continuing our daily activities. So many nations worldwide have to be stop their trade, manufacturing 
and commercial activities to deal with this highly infectious and deadly virus. Coronavirus has infected lakhs of people 
worldwide and more than 3 lacs people died till date. The number is still increasing. Due to its infectious nature, people 
were asked to follow strict protocol during lockdown. These protocols and rules are made considering the measures to 
reduce or limit the transmission of virus and disease. Apart from this, large amount of money has been invested in finding 
the cure for the virus and disease. Various options for curing the diseases is under trial, scientists and doctors are hoping 
that the cure for this deadly virus will be available soon. However, this process may take few months or few years from 
now. Till then, maintaining social distancing and sanitation is the best way to keep this virus away, apart from following 
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the protocols given by ICMR. 
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Abstract 
Development in modern breeding strategies has led to the production of superior genotypes having multiple 
resistance/tolerance to biotic and abiotic stresses, which may have occurred due to the effect of climate change. A lot 
of sequence information is available in public databases as a result of modern sequencing platforms. Still, significant 
portions of beneficial/superior alleles have not been utilized yet. Narrowing this genetic information is important to 
identify a functional allele of novel genes from crop germplasm. Therefore, allele mining which is an efficient strategy 
to unlock a wealth of largely untapped natural and functional allelic variation existing within wild and cultivated 
resources for crop genetic resources has been introduced. The mutation is the major driving force that causes existing 
allelic diversity in crop plants. Realizing the importance of allele mining in traits like resistance to biotic and abiotic 
stresses, greater nutrient efficiency, enhanced yield and improved quality for crop improvement, concerted allele mining 
strategies are still undergoing in many international institutes. 
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Introduction 
Genetic diversity is the raw material for enhancing genotypes by using different breeding approaches. Genetic resources 
such as landraces, wild relatives and wild species harbor a large number of functional novel genes. Identification and 
interrogation of these functional alleles into modern cultivars leads to the development of superior and high yielding 
varieties to mitigate climate change. Therefore, crop gene pools need to be frequently updated, relooked and re-
sequenced to identify potential alleles for enhancement of modern cultivars. Accelerated discovery and annotation of 
the identified genes would help in the further development of allele-specific markers with the utilization of novel 
genomic tools. Similarly, alleles of an identified trait can be easily traced out in other genotypes with the help of these 
developed markers. This method is often known as “allele mining”. 

Allele Mining 
An allele is an alternative form of a gene found at a given locus on a chromosome. Mining means searching and allele 
mining implies searching for novel and functional alleles of known genes from the wide range of crop gene pools. It is 
used to find the evolutionary pattern of alleles, new haplotypes identification and for the developing allele-specific 
molecular markers for its use in the Marker Assisted Selection (MAS) method (Kumar et. al., 2010). The main aim is to 
find the key alleles conferring resistance to biotic and abiotic stresses, enhancing yield and quality control trait genes.  

Analysis of sequence variation of coding as well as non-coding and regulatory regions of agronomically important genes 
is known as “True allele mining”. For example, a ten-fold increase of waxy gene activity in rice was identified as a result 
of a mutation in 5’ splice site of the first intron (Deepak et. al., 2016). 
“Promoter mining” means searching nucleotide variation in regulatory element- binding sites (Fig 1). For example, the 
mutation in the promoter region of recessive bacterial resistance gene (xa13) imparting disease resistance in rice. 

Fig 1: Pictorial representation of true allele mining and promoter mining 
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Three Major Techniques in Allele Mining 
1. TILLING (Targeting Induced Local Lesions in Genomes): TILLING was first done in Arabidopsis for two chromo-
methylase genes in the late 1990s by McCallum. It is a reverse genetic tool used in the identification of single base-pair 
allelic variation, especially point mutations induced by chemical mutagens that use heteroduplex analysis in a high-
throughput manner (Kumari et. al., 2018). 

Principle: Gene segments are amplified using gene-specific primers and products are denatured and reannealed 
to form heteroduplex between the mutated sequences and its wild type counterpart. Heteroduplexes are cleaved 
by the endonucleases (ex: CEL I). CEL I endonuclease is isolated from celery. It belongs to the S1 nuclease family 
and is single-strand specific nuclease. It specifically recognizes mismatches in the heteroduplex and cleaves DNA 
in the 3’ end of the mismatched pair (Reddy et. al., 2014). 
TILLING consists of three main steps: 

a. Development of mutagenized population  
b. DNA extraction and pooling of individuals 
c. Mutation discovery 

Firstly, seeds of selected genotypes from allele mining sets are mutagenized using chemical mutagens (mostly Ethyl 
methane sulfonate) and resulting M1 generation plants are self-fertilized. The leaf samples are collected from M2 plants 
and DNA is extracted. The extracted samples are pooled for mutational screening. PCR amplification is carried out using 
gene-specific infrared dye-labeled primers. The forward and reverse primer is end-labeled with a fluorescent dye (green 
and red) that is detected under spectrophotometer at 700 nm and 800 nm, respectively. The PCR products are denatured 
and reannealed to form a heteroduplex that is subjected to cleavage using endonuclease such as S1 nucleases, T4 
endonucleases, etc. Cleaved products are visualized under denaturing polyacrylamide gel. The PCR product that 
represents mutations is sequenced and is used to develop an allele- specific marker for its future use in MAS. 

2. Eco-TILLING: A modified version of TILLING is used to find allelic variation in naturally existing populations. In this 
method of allele mining, the presence, type, and location of a point mutation or SNPs will be confirmed by sequencing 
the amplicon from the tested genotype that carries the mutation. 

Fig 2: Flow diagram for Tilling and Eco-Tilling method of allele mining 
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Although TILLING and Eco-Tilling (Fig 2) were proposed as cost-effective approaches for haplotyping and SNP discovery, 
these techniques have some limitations as it requires more sophisticated tools and involves several steps starting from 
making DNA pools of reference and test genotypes, specific conditions for efficient cleavage by nuclease, detection in 
polyacrylamide gels using Li-Cor genotype and confirmation through sequencing (Ramkumar et. al., 2010). 

3. Sequencing based allele mining: It involves amplification of alleles in diverse genotypes through PCR followed by 
DNA sequencing for the identification of nucleotide variation through alignment. It helps to analyze individual haplotype 
structure and diversity to infer genetic association studies in plants. It is less sophisticated or tedious compared to 
TILLING. However, it involves a high cost for sequencing. 

Conclusion 
Allele mining provides insight into the molecular basis of novel trait variations and identifies nucleotide sequence changes 
associated with superior alleles. The rate of evolution of alleles, allelic similarity and dissimilarity of a candidate gene 
and its allelic relationship with other members of a family could be studied. It is an efficient way for introgression of 
novel alleles through MAS. It is the vital link between effective utilization of genetic and genomic resources in genomics 
driven modern plant breeding. 
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Farm ponds are small tank like structure. It is constructed for many purposes. It has capability to storage of large 
quantities of water, especially during heavy rainfall and spring floods. It may be designed for irrigation, livestock 
watering, Fish culture, duck culture etc. It is also used for some extent for flood water harvesting and erosion control. 
Production or recreation are designed and constructed for: 
1. Easy access 
2. Adequate volume 
3. Water level manipulation. 

Farm ponds can be designed and built to serve multiple purposes with advanced planning. This article is designed to 
provide basic Information needed to design and construct a multiple-use farm pond. 

Kinds of Ponds 
There are two basic types of ponds: embankment pond and excavation pond. 

Embankment Pond 
This type of pond generally constructed across a stream. Such ponds consist of an earthen dam, which dimensions are 
evaluated on the basis of volume of water to be store. It is constructed in that area having land slope gentle to moderate 
and also where stream valleys are sufficiently depressed to permit a maximum storage volume with least earthwork. 

Excavated Pond 
This type of pond made by digging either the pond itself or the surrounding area to form levees. Ponds of this type are 
recommended and easily constructed, particularly in areas of flat topography. 

Selection of Farm Pond Site 
Selection of the pond site is one of the most important steps in construction. A good pond site contains:  
1. Largest storage volume can be obtained with least amount of earth work.  
2. Soil with sufficient clay to hold water  
3. An adequate water supply.  
4. Water can easily convey for various uses. 

Before making the final site selection, one should examine all potential sites considering economics, accessibility and 
safety. Economically speaking, construct a pond that provides the largest volume of water with the least amount of 
landfill. Liability is a final consideration. Dams should be high enough to provide a minimum depth of six feet year-round. 
Otherwise, dams must be high enough to compensate for continuous evaporation and seepage. Because a pond is simply 
a depression for holding water, the dam and bottom must be composed of soil which minimizes seepage. Clay soils are 
best for lining ponds because they minimize leakage. Sites containing gravel or sandy soils are unsuitable, often requiring 
costly earth moving. Limestone or shale areas are unsuitable because of possible fractures which create leaks. 

Water Supply 
The water supply must be sufficient to rapidly fill the pond and maintain a relatively constant water level. Small streams 
are satisfactory sources of water for most ponds if: 
1. The flow is sufficient to fill the pond and maintain the water level 
2. The stream is not subject to flooding 
3. The watershed is well vegetated 
4. The stream carries a little silt load, especially during flood periods. 

When streams are used as a water supply, a wise precaution is to build the pond adjacent to the stream (not dam the 
stream) and have an inlet pipe which can be screened or closed as needed. This provides control over siltation and 
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nuisance fish migration. Another common water source for farm ponds is surface run-off (waters which seep across the 
surface after rains). In these situations, expert advice from professional engineers is required for predicting available 
water supplies. Springs, wells, and ground water provide the best sources of pond water. Ground water usually is of the 
best quality to support aquatic life. 

Pond Construction 
Before construction, the pond owner should estimate the amount of fill for the dam and determine the cost for moving 
the dirt. Cost of drain pipe installation, spillway construction, clearing the pond area, and other items should be 
considered. Once a decision is made to construct the pond, the site should be cleared of all trees and brush. The dam-
site area should be marked with toe and grade stakes, all topsoil removed and a core trench excavated. Once the core 
trench has been filled with high quality clay soil, a drain pipe with anti-seep collars should be installed. Many types of 
drains are available.  

The one you choose depends on the costs, availability and suitability. The drain should be of sufficient size to drain the 
pond in a 3 to 7-day period. Filling the exposed portion of the dam is the most expensive operation in pond construction. 
All fill should be composed of high-quality clay soil applied in thin, well-packed layers. When completed the dam should 
have a 2:1 slope on the pond side and 3:1 slope on the downward side of the dam. The top of the dam should be 12 feet 
in width to allow vehicle traffic and prevent muskrats from burrowing through the dam (Figure 1). 

Spillway Construction 
Inadequate spillway capacity is the main cause of earthen dam failure. All dams require this protection which can be 
provided by one or several emergency spillways of sufficient size. The spillway should be adequate to release flood 
waters and minimize flows to less than one foot above the spillway. This reduces loss of valuable sportfish and structural 
damage. Spillway size should be related to the drainage area. Recommended spillway size can be calculated by adding 
15 feet to one-half of the total drainage area acres. For example, a 50-acre drainage area should have 40 feet of spillway, 
100 acres requires 65 feet of spillway, and 200 acres requires 115 feet of spillway. 

Other Construction Features 
1. The pond dam should be grassed immediately after construction to prevent erosion. A permanent species of grass, 
suitable for local area, should be used. A quality grass, properly fertilized, will quickly cover to prevent erosion and 
weed growth and will be easy to maintain.  

2. The pond bank should have a 2:1 slope to prevent excessive growth of rooted aquatic weeds. Irregular shaped ponds 
(non-circular) increase angler access. All pond edges and piers should be sodded with a suitable permanent species of 
grass. 

3. The pondside face of the dam can be protected from wind and wave action by riprapping the face of the dam with 
rock. Riprap should extend several feet below the low anticipated water level.  

4. Livestock should be excluded from ponds by fencing. A gravity-flow watering trough can be installed below the dam 
for livestock water.  

5. Pond inlets should be constructed so that inflows can be controlled and filtered. The filter prevents unwanted fish 
species from entering the pond.  

6. In drainage areas that contain silt or heavy loads of toxic chemicals, the surface runoff 
waters should be diverted via a ditch around the pond. Diversion ditches prevent excess turbidity, siltation, fertility and 
fish kills. 

7. Inspect and repair pond periodically. Fill gullies, replant grass, and riprap as needed. 

Fig.1 Cross-section view of farm ponds 
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Fig.2 Design of embankment of farm ponds 
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Introduction 
On 12th of May, 2020 at around 3PM when the nation awaited the Prime Minister to announce the lifting up of the 
lockdown, little did they know that it wasn’t the beginning of the end. After the three versions of lockdown in India, 
just in time when people were expecting it to end, the PM announced lockdown 4.0 but the norms were said to be much 
relaxed. The current pandemic has changed the very course of life in many countries and things are not really being 
expected to getting back to normal anytime sooner. The first stroke of this very pandemic became very evident from its 
first reporting in Wuhan, China on 31st December, 2019 just in time when the world was ready to welcome a new decade 
(WHO, 2020). Since then the world has never been back to normal. Gradually, the spread of this virus has grasped India 
too. The first reporting to this deadly pandemic was on 30th of January, 2020 in Thrissur, Kerala. Since then, the fangs 
of this pandemic have gripped the country fusing its venom to all sections and all sectors. To stop its spread in India, 
the Government of India had to take an extreme step which had never been taken earlier in the history of this nation 
i.e., initiating the first phase of lockdown (Lockdown 1.0) on 25th March, 2020 to 14th April,2020 for a period of 21 days.  
This had to be the toughest decision on the part of the GoI, choosing between peoples’ lives, livelihood and the economy. 
Thus, began a series of quarantine and shut down. All non-essential services, educational institutions, airlines and 
religious institutions remained closed to break the chain of infection. Prior to the first lockdown on 25th March, India 
had recorded a total of 606 positive reporting and 10 deaths while globally the infection had taken the lives of 20,912 
people and 4, 63,387 were under its shackles. The effects of the first lockdown had a drastic effect on every sector and 
every section of the economy not sparing even a single one. In order to combat the spread and handle the situation, 
different state governments extended the lockdown in their respective states and finally the Indian government 
announced the lockdown 2.0 from 15th April to 3rd May, 2020. Similarly, the third phase i.e. lockdown 3.0 was announced 
by the government from 4th May to 17th May, 2020. Though, the lockdowns have helped in combating the spread of 
infection in India but not much relief has been found as to increasing the number of people affected by it. 

Figure 1: Comparison of number of people affected by COVID-19 during different lockdowns. 
(Source: WHO,2020) 

Impacts of the Lockdown on Food and Agriculture 
The economically weaker sections of the society suffered the blow very hard. The laborers and daily wage earners were 
the worst affected as the industries and other businesses closed down depriving them of their earnings. India’s large 
informal sector is particularly vulnerable. Out of the national total 465 million workers, around 91% (422 million) were 
informal workers in 2017-18 (IFPRI,2020). Several estimates by the Centre for Monitoring Indian Economy show that 
unemployment rose from 8.4% in mid-March to 23% in the first week of April. The global pandemic caused by the COVID-
19 is definite to have a frictioned, widespread and prolonged impact on every segment of the Indian economy. Farmers 
and cultivators of India are bearing the sting of the pandemic, even though restrictions and lockdowns have mostly 
spared the agriculture and allied sectors. These disruptions have adversely affected the value chains between producers 
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and consumers. Retail prices have escalated, wholesale prices have begun to fall, while producers still struggle a big 
time to find buyers for their produce. In many areas, farmers lack adequate labor or equipment for harvesting their 
standing crops. The year-on-year analysis of the Wholesale Price Index (WPI) for food grains, oilseeds, vegetables, fruit, 
and poultry exhibits a sharp declining trend (GoI, 2020). The disturbance in retail supply chains of food grains and 
perishables is causing fluctuations in supplies and prices. At the outset, panic buying and hoarding by high-income 
segments has resulted in shortfall of essential commodities for low-income segments.  

A decline in profitability has also been seen in the allied sectors of animal husbandry like poultry and fisheries with 
respect to the restrictions and sanitary measures by various state governments and psychological ban by people 
themselves. But, the picture in the dairy sector is less bleak as consumers could shift from meat- based to dairy based 
protein. Many dairy farmers amidst this lockdown have started converting the excess milk into value added products 
which not only increase their shelf-life but also fetches a higher price. Products like tea, spices, sea food etc, which 
were exported, have been impacted heavily due to reduction in demand and domestic supply chain issues. The present 
Corona crisis has also resulted in the migration of the labor force from cities to the villages which could act as a win- 
win if they are encouraged and incentivized to join their family agriculture or animal husbandry. This lockdown has 
resulted in apprehensions of reduction of GST on milk fat and ghee from 12 per cent to 5 per cent (Rath, 2020). 

Measures Taken by the Government: Miles Covered 
The government announced a $22.6 billion relief package with a major food component on March 26,2020 which include 
cash transfer and benefits to the migrant workers. PDS has played a key role by providing 5 kg of rice or wheat and 1 kg 
of pulses per month free in two installments instead of the existing entitlement of 5 kg of wheat or rice per person per 
month to ensure the nutritional security of the needy. Several states, meanwhile, have announced their own relief 
packages too taking into account their existing socio-economic scenario. The central government’s Pradhan Mantri Garib 
Kalyan Yojana is aimed at providing safety nets for the poor who are hit the hardest by the COVID-19 lockdown. However, 
it is inadequate compared to the enormous scale of the problem.  

The government has provided Rs. 500 ($6.60) per month to the bank accounts of 200 million women via the Jan Dhan 
financial inclusion program. Agriculture ministry has launched a kisan rath mobile application to avoid disruption in 
agriculture supply chains, especially for perishable produce. The Union Minister of Agriculture & Farmers’ Welfare, has 
launched new features of National Agriculture Market (e-NAM) to strengthen agriculture marketing by farmers which will 
facilitate selling their harvested produce thereby decongesting mandis to effectively fight against COVID-19. It has been 
seen that the mandis linked to e-NAM have seen a 65 percent rise in the count post lockdown. The total count has 
escalated from 585 to 962 nationwide (The Hindu, 2020). Atmanirbhar Bharat as announced by the Prime Minister on 12 
May, 2020 is India’s way to become self-sufficient especially at the time of this crisis. Being ‘vocal for local’ would not 
only benefit the farmer producers of this nation but also would incentivize the local food industries including the cottage 
industries thereby ensuring its sufficient availability to the consumers. It would be remunerative for both the producers 
as well as the consumers. 

The Loopholes on the Road 
The government has correctly issued lockdown guidelines that exempting farm operations and supply chains related to 
agriculture and allied sectors but the implementation problems leading to labor shortages and falling prices need to be 
taken care of. Keeping supply chains functioning well is the most vital link to food security. The relief package allotments 
have seen to meet the cereal requirements of most beneficiary families but the pulses allocation is likely inadequate 
because given per month consumption is 4-5 kg. The migrant workers need both cash transfer and nutritional benefit; 
either of the two will not serve the purpose.  

Farm populations must be protected from the corona virus by making them aware of practicing social distancing. Farmers 
and agricultural workers should also be included in the government’s assistance package and any social protection 
programs addressing the crisis. As lockdown measures have restricted movements, demand has risen for home delivery 
of groceries and E-commerce. This trend should be encouraged and promoted for good. The government should promote 
trade by avoiding export bans and import restrictions to protect the interest of domestic producers and consumers. 

Conclusion 
COVID-19 is an unforeseen challenge for India and the economy’s dependence on informal labor make lockdowns and 
other social distancing measures hugely disruptive in terms of livelihood of the people. The central and state 
governments have recognized the challenges and responded aggressively to their best but this response has proved to be 
inadequate. India must be prepared to scale it up as events unleash themselves, easing the economic impacts through 
even greater public program support and policies that keep markets functioning and protect people’s health and 
livelihood. The current situation provides an opportunity for governments and other stakeholders to collaborate and 
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scale-up outreach such that many of the MSME models achieve self-sufficiency which they find it difficult to achieve on 
their own. Farmer producer organizations and companies too can be important partner institutions in this multi-
stakeholder approach, as the country prepares to ensure food security for all. 
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Introduction 
Fenugreek botanical name is Trigonella foenum-graecum in the subfamily of Papilioacae of the family of Leguminosae 
(bean family, Fabaceae). In India, it is popularly known as methi in Hindi, Oriya, Bengali, Punjabi and Urdu languages, 
as methya in Marathi, menthya in Kannada, vendayam or Venthayam in Tamil, menthulu in Telgu and uluva in Malayalam. 
It is termed as Medhika or Chandrika in Sanskrit language. 

Fenugreek seeds are small in size with a hard and smooth texture and oblong. Usually, fenugreek seeds are yellowish 
brown in color. Fenugreek leaves are consisting of three small obovate to oblong leaflets with are pale green and consist 
of three leaflets with toothed margins and used as condiments and as a flavoring agent for food preparations. Its seeds 
and leaves are common ingredients in dishes from the Indian subcontinent. The plant has been used traditionally in 
Indian Ayurvedic medicines as well as in traditional Tibetan and Chinese medication for several centuries. Modern 
research has also demonstrated that fenugreek seed and leaves are useful in the treatment of a number of diseases 
successfully. It is also used to take care of a variety of health problems in countries like Greece, Egypt, Italy, and South 
Asia. While seed and leaves has been used in alternative medicine to treat heartburn, high cholesterol, weight loss, 
upset stomach, constipation, "hardening of the arteries (atherosclerosis), gout, fever, blindness, and other conditions. 
The reason behind the rich medicinal properties of fenugreek is due to the presence of a wide diversity of important 
phytochemicals (diosgenin, trigonelline, fenugreekine, galactomannan and 4-hydroxy isoleucine). 
 
In addition to South Asia the crop is also grown in some parts of North Africa, Middle East, Mediterranean Europe, China, 
South East (SE) Asia, Australia, the USA, Argentina and Canada.  

India is the largest fenugreek producer in the world and once maintained and still holds the largest fenugreek harvested 
area in the world. But due to high internal consumption do not have a major share of the global fenugreek trade. The 
crop has been recommended for the dry and semiarid regions of Asia, Africa and Latin America. Hence, the crop has 
huge international demand in the associated pharmaceutical, nutraceutical and functional food industries. Being known 
as a Chemurgic crop, fenugreek has a widespread adoption in industrial sectors. Its seeds contain a reliable source of 
steroid diosgenin, which acts as a supplement in pharmaceutical industry. 

Furthermore, being a forage legume and a natural nitrogen fixer, it could be easily incorporated in the local crop cycles 
for natural replenishment of soil, for fixation of nitrogen and for feeding the livestock as hay or silage. The crop grows 
well under rainfed conditions and hence cost of production is lower compared to other commercial crop suitable for 
semiarid regions. 

The crop has been recommended for agricultural production in the dry and semiarid localities of the continents of Asia, 
Africa and Latin America. The plant has been used extensively for centuries as a traditional forage crop. 

Easily available in the market, methi can be a great alternative to many of the expensive skin and hair products, that 
you might be using. Various health benefits of methi seeds, leaves and ways to use them are listed below.  
1. Fenugreek, an annual plant is quite rich in protein minerals and Vitamin C. The young pods and leaves can be consumed 
in cooking as vegetable.  

2. Methi paste with curd can be applied it to scalp to get rid of dandruff. 

3. Paste of Methi seeds with honey are used to prevent outbreaks and are effective in blackhead treatment. It flushes 
the toxins accumulated underneath the epidermis layer and erases the irregularity of the skin.  

4. Burn marks can also be treated with methi seeds.  

5. Methi seeds are composed of natural fibers and chewing methi seeds in empty stomach, will help in reducing of calorie 
carvings.   
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6. Methi water is very helpful for the prevention of water retention in the body as well as bloating. 

7. Methi seeds destroy the free radicals in our body, which are causes of problems like wrinkles, fine lines, dark spots, 
and infections.  Paste of Methi seeds prepared with gram flour, and curd exfoliates the skin and removes dark circles. It 
also tones and cleanses the skin and simultaneously treat sun damages also. 

8. Methi seeds contains protein and nicotinic acid; hence the inclusion of methi seeds in diet is useful for healthy hair. 

9. Consumption of one tablespoon of methi seeds paste with added grated ginger before meals improves bowel 
movements and is an effective remedy against digestive problems and heartburns.  

10. The amino acid compounds presented in methi seeds promote insulin secretion in the pancreas, which lowers the 
blood sugar levels in the body and many studies have revealed significant improvement in diabetic patients upon 
consumption of methi seeds. 

11. Consumption of methi can improves kidney health. It also helps in prevention, as well as treatment of certain kind 
of kidney stones. Calcification is also reduced by this magical herb and is flushed through urine. 

12. A teaspoon of methi seeds with lemon and honey taken for 2-3 days helps to reduce fever and also due to the 
presence of mucilage, it has a soothing effect on soaring throat. 
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Introduction 
Essential oils can be obtained through several extraction methods including hydro-distillation (HD) which is the most 
conventional practice. Heat treatment is widely used in food and pharmaceutical industries for different purposes such 
as preservation and extraction. Conventional heating methods are usually designed based on conductive and convective 
heat transfers which are time and energy intensive and may adversely affect the product quality due to non-uniform 
heating (Sastry 2004, Kaur and Singh, 2016). In this regard, volumetric heating techniques (Ohmic heating) have called 
attention to the food industry as alternatives to traditional thermal processing for their rapid and uniform heating ability. 
As this traditional method is time and energy intensive, several alternative extraction techniques such as ohmic-assisted 
hydro-distillation (OAHD) have been emerged to improve the extraction performance. OAHD is a combination of ohmic 
heating and hydro-distillation, generates heat inside the materials and raises the temperature faster than conventional 
heating methods.  

This novel technique is advantageous in increasing the extraction yield, enhancing the extract quality and saving the 
process time and energy and has been proposed for essential oil extraction and ethanol distillation. Food material acts 
as a resistor in an ohmic process and converts electrical energy to thermal energy directly and quickly. Therefore, the 
process time can be shortened when ohmic heating is substituted for conventional methods. This technique can also 
reduce heat damage, nutrient loss, and fouling during thermal process of particulate and shear-sensitive food materials. 
However, ohmic heating poses several drawbacks including high capital cost, the possibility of thermal runaway and 
incapability to direct heating of non-electrically conductive materials such as fat globules (Verghese et al., 2014). 
Industrial applications of ohmic heating including aseptic processing, food sterilization, pasteurization, drying, and 
extraction (Pare, et al., 2014). However, application of ohmic heating for distillation process (i.e. combination of ohmic 
heating and hydro-distillation) is relatively new and this innovative technique has gained increasing interest over the 
last decade. 

Principles of OAHD 
Ohmic-assisted hydro-distillation (OAHD) (Figure 1) is a distillation system wherein the traditional heating source is 
replaced by ohmic heating (Gavahian et al., 2011). Therefore, it consists of an ohmic heater flask and a distillation 
section. The ohmic heater flask can be equipped with a Clevenger apparatus for essential oil distillation or a convenient 
condenser for distillation of water-soluble materials such as ethanol distillation. OAHD obeys the principles of ordinary 
distillation process in the distillation section. Unlike the conventional HD system, OAHD does not rely on conduction and 
convection modes of heat transfer. 

Fig. 1: Basic components of an OAHD system for both ethanol distillation (a) and essential oil extraction (b) are an 
electrical power. 
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On the other hand, OAHD generates heat directly inside the feed material, and thus a shorter come up time is expected 
in OAHD process in comparison to HD. Moreover, in the HD system, materials near the flask wall are subjected to a higher 
temperature history than the ones located in the center of the flask, especially while distilling a viscous material. This 
temperature gradient can result in an uneven heating of materials in traditional distillation systems. However, this 
drawback can be overcome by utilizing OAHD as this technique generates heat inside the feed material directly and does 
not rely on conduction and convection. In addition, while in HD process the thermal energy gradually penetrates into 
the solid particles of the feed mixture, OAHD can shorten the process time by generating heat deep inside the electro 
conductive particles similar to other applications of ohmic process. Electrical conductivity is an important factor in 
designing an OAHD process. 

Applications of OAHD 
Although OAHD can be applied to any process involving a combination of heating and distillation theoretically, to this 
date only two main applications i.e. essential oil extraction and ethanol distillation have been studied (Gavahian et al., 
2016).  

Essential Oil Extraction 
Essential oils are mixtures of volatile components that are stored in various parts of aromatic herbs. Extraction of 
compounds such as essential oils from natural solid matrices such as the glands of aromatic plants can be achieved by 
means of several techniques including HD, steam distillation and maceration. The former procedure is the conventional 
distillation method which is known to be time and energy intensive. Consumer demands, unpredictable energy cost in 
the future and environmental restrictions have boosted the development of clean technologies which avoid using 
chemicals and consume less energy such as employing renewable energy sources i.e. solar energy and emerging thermal 
technologies i.e. ultrasonic-microwave and ohmic heating as an alternative to conventional extraction methods. The 
applicability of OAHD has been widely investigated for various aromatic plants during the last decade (Table 1.) and this 
extraction procedure successfully separates essential oils from several herbs. 

Table 2: Summary of Conducted Investigations on Ethanol Distillation by OAHD 
Feed mixture (v/v) Distillate (v/v) Key findings 

10%  ethanol 47% OAHD was proposed for ethanol distillation as a promising time- and 
energy-saving technique 

13% corn beer 56% OAHD was quantitatively studied for ethanol concentration from corn beer. 
This method addressed the heat transfer problems of beer during HD and 
accelerated beer distillation without adverse effect on quality and quantity 
of the distillate 

10% ethanol 84% A three-step OAHD was performed to concentrate ethanol. OAHD was a 
time- and energy-saving method in all the steps and produced a final 
product with higher ethanol concentration as compared to HD ethanol. 
OAHD showed a better process control and was more economical and 
environmentally friendly than HD. 

(Source: Gavahian et al., 2016) 

Scaling Up and Possible Industrial Application Challenges 
1. To this date, the considerable achievements of the conducted research on OAHD are much valued from the scientific 
perspective. However, this emerging technology still has some limitations for the industrial application and 
commercialization.  

2. The first challenge might be the reluctance of distillation industries to employ OAHD instead of the conventional 
distillation system.  

3. Installing an OAHD system engages higher amount of capital investments than the traditional ones as it requires 
electrical and safety systems, power control unit and stable electrodes.  

4. A comprehensive economic study is needed to determine the overall cost and viability of OAHD commercialization.  

5. Similarly, life cycle assessment (LCA), as a quantitative tool to assess the sustainability, is necessary to evaluate the 
environmental aspects and potential impacts associated with this distillation process.  

6. Conducting LCA may also identify appropriate performance indicators and create common metrics to share with 
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industry and therefore, may speed up OAHD commercialization. Therefore, development of safety and quality-assurance 
protocols is a prerequisite for commercialization of this technology.  

7. Furthermore, OAHD is only applicable to electro conductive materials and therefore, in many cases, the feed mixture 
needs to be mixed sufficient amount of electrolyte.  

8. Although previous research showed that the quality of distillate was not affected by electrolyte concentration large 
amounts of dissolved salts and acids might escalate the electrode corrosion and consequently, increase the maintenance 
cost of an ohmic assisted distillatory system. 

Future Prospects 
1. This emerging distillation method has been touted as a potential alternative to HD for the recovery of target 
components from miscible and immiscible mixtures such as ethanol-water and aromatic herbs-water, respectively.  

2. As a volumetric heating method, OAHD offers several advantages such as a better process control, reduced distillation 
cost and shorter process time. In addition, this approach neither adversely affects the yield nor the distillate quality.   

3. There are still several challenges for scaling up and commercialization of OAHD including safety concerns and 
reluctance of industries to adopt an emerging technique.  

4. Economic study and LCA are also prerequisites for commercialization of this technique and therefore, industrial 
application of OAHD. 
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Introduction 
After the introduction of Green Revolution in India, no doubt that country has observed an increased in production of 
various field crops, horticulture crops,  fodder crops, cash crops etc. but side by side due to lack of awareness or concern 
regarding soil and fertility and injudicious use of fertilizers in long run, led to the decrease in fertility of soil. The 
continuous use of chemical fertilizer and less use of organic matter, not only decreases the organic carbon content but 
also disturbs the carbon-nitrogen ratio which affects the microbial activity and their decomposition rate in soil which 
later affect the soil nutrient availability and nutrient uptake results in decrease in production of crops, and adds costs 
to the farmer.  

In India organic cultural practices are studies and carried out from ancient Vedic period. In Rishi-Krishi, various 
“Fermented Soil Recipes” are described along with their composition and preparation methods. Even now government 
also had taken initiatives and scientists from different agriculture universities are also showing interests and researches 
are also carried out by using organic or Integrated Nutrient Management practices along with these fermented soil recipes 
at different concentrations. Most popular fermented soil recipes among farmers are Panchagavya, Jeevamrut and 
Amritpani. 

Ingredients and Flow Chart Preparation of Panchagavya 
Ingredients Quantity 

Cow ghee 1kg 

milk 2L 

Curd 2kg 

Dung 1kg 

Urine 1L 

Coconut 1 fruit 

Banana 1 dozen 

Sugarcane Juice 2L 

Jaggery 2kg 

For soil drenching the 5L is diluted in 100 L of water. 

Preparation of Panchagavya 
Step 1: Fresh cow dung and ghee are added and thoroughly mixed. 

Step 2: Incubate the mixture for 2 days. 

Step 3: after that cow urine is added. 

Step 4: Stir the mixture properly twice a day for one week. 

Step 5: After one week add jaggery and sugarcane juice in it 

Step 6: Stir the mixture properly twice a day for 3 weeks 

Step 7: After 3 weeks Panchagavya is ready for soil drenching. 

Ingredients and Flow Chart Preparation of Jeevamrut 
Ingredients Quantity 

Cow Dung 1kg 

Urine 1L 

Pulse floor 2kg 
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Jaggery 2kg 

Live Soil 1kg 

Water 200L 

For soil drenching the 5L is diluted in 100 L of water. 

Preparation of Jeevamrut 
Step 1: Fresh cow dung and ghee are added and thoroughly mixed. 

Step 2: After that Pulse floor, Jaggery and Live Soil which is collected from near the root zone of banyan tree is added 
in water. 

Step 3: Stir the mixture properly and regularly twice a day. 

Step 4: On fifth day, filter the solution with any piece of cloth and solution is ready for soil drenching. 

Ingredients and Flow Chart Preparation of Amritpani 
Ingredients Quantity 

Cow Ghee 250g 

Dung 10kg 

Honey 500g 

Water 200L 

For soil drenching the 5L is diluted in 100 L of water. 

Preparation of Amritpani 
Step 1: Prepare a mixture of Cow Ghee and Honey, kept aside. 

Step 2: Make a mixture of Cow Dung in Water along with already prepared mixture of Cow ghee and Honey.  

Step 3: Stir the mixture properly and regularly twice a day. 

Step 4: On fifth day, filter the solution with any piece of cloth and solution is ready for soil drenching. 

Advantages of Fermented Soil Recipes’ 
1. These fermented organic liquids can be applied as soil drenching as well as foliar spray at different concentrations. 
2. It increases microbial biomass and microbial activity in soil. 
3. It helps in increases the organic carbon content by accelerating the microbial degradation and decomposition which 
is due to increased microbial biomass. 
4. It helps in maintain C:N ratio. 
5. It helps in increasing the various enzymatic activities like Urease, Dehydrogenase and Phosphatase in soil. 
6. It increases the nutrient uptake by making them available in soil which was resulted due to increase breakdown of 
complexes in soil. 
7. Activity of microbes like lactic acid bacteria, yeasts, actinomycetes etc also supplies various plant growth promoters 
like auxins, cytokinin and Gibberellic acids which helps in enhancing various growth parameters like plant height, root 
length, plant biomass, yield etc. 
8. It increases the growth of shoot, lateral branches, number of flowers, fruit number, fruit yield, fruit weight etc. 
9. It increases the availability of macro and micro nutrients in soil. 
10. It also enhances the fertilizer use efficiency and increases the nutrient uptake which later results in increase in fruit 
quality parameters like protein content, fruit shape index, TSS, Ascorbic acids etc. 
11. Raw material is easily available at farmers’ farm so the cost of preparation is very low which cuts the farmers extra 
cost input and increases benefit cost ratio especially for small and marginal farmers. 
12. Using fermented liquid manures along with manure/chemical fertilizers or Integrated method also increases their 
efficiency and results in good production. 
13. It also helps the plant to with stand in adverse condition and other environmental stresses. 

Constraints 
1. Lack of interest and awareness among farmers, till today farmers prefers chemical/conventional method over organic 
cultivation practices. 
2. Misconception among farmers of low production regarding manures and organic management practices. 
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3. It is time consuming as it requires 20-25 days minimum for complete preparation of liquid formulations and on other 
hand chemicals are ready made and easy to use. 

Conclusion 
In order to maintain soil health and enhancement in productivity of land, these organic management activities and 
formulations not only boosts soil conditions and soil ecological viability but also helps farmers, especially small and 
marginal farmers in cutting down their cost of cultivation and increases the overall benefit by increasing quality and 
quantity production as compare to conventional farming practices which results in increasing farmers income from 
his/her unit area cultivation. 
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Introduction 
In an agrarian economy like Bihar, the prosperity depends upon the progress of agriculture. For accelerating the growth 
of agricultural production, subsidies are considered to be the most important tool. Agricultural subsidies are most 
common in both developed as well as developing countries. There is also social justification of subsidies and it is equally 
distributed in the region and groups of society for achieving the goal of rapid agricultural development. It is on account 
of these facts in the country a tremendous increase in agricultural subsidies has been recorded. Total agricultural 
subsidies during 2000-01 was Rs 50440 crores and it was increased to Rs 108982 by the year 2010 and it further registered 
an increasing trend continuously. 

In the same period per hectare subsidies increases Rs 2658 to Rs 5565 in the country. (CSO, New Delhi) but there have 
been large inter-regional disparities in the use of agricultural subsidies. There are mainly four types of agricultural input 
subsidies which have direct or indirect budgetary charges at as the state exchequer. These subsidies are fertilizer, 
electricity, irrigation and credit. The food and fertilizer subsidies, borne by the government of India, irrigation and 
power subsidies borne by the state government and credit subsidies borne by banking system. 

Scenario of Agricultural Subsidies in Bihar 
The state of Bihar is a predominantly agricultural region of the country and its prosperity depends on the progress of 
agriculture. Among the agricultural production incentives, subsidies considered to be accelerating the growth of 
agricultural production. On account of this ground, provision of agricultural subsidies in general and inputs subsidies in 
particular has been recommended for giving incentives to farmers for use new technology & increase in production. As 
per the data during the pre-green revolution phase the growth of food grains production was unstable or stagnant. But 
during the period of post green revolution food grains production was recorded increased significantly mainly due to 
increased use of agricultural inputs. In the state of Bihar agricultural subsidies utilization has also been observed 
increased over the period. 

Direct Subsidies in Bihar 
In the state, various types of direct subsidies i.e. soil health, crop specific, machinery specific, credit specific, animal 
husbandry specific, fish culture specific, sericulture specific, land improvement, construction of irrigation channel, tree 
plantation, seed production, horticulture specific and other cash subsidies. (source -agricultural Information office, 
Mithapur, Patna, Bihar). The performance of different items of subsidies found varied with variation of scheme. The 
fund allocation and utilization found below the set targets in many items. The food and civil supply also distributed 
subsidies on wheat, rice, kerosene, etc. through PDS. The directorate of Horticulture also granted subsidies for high-
tech nursery raising, tissue culture units, intensive horticulture, hybrid vegetables, mushrooms, makhana cultivation, 
etc. on 40 to 50 per cent subsidies as per items. 

Indirect Subsidies in Bihar 
The consumption of fertilizer in the state has increased rapidly and is got fifth position in fertilizer subsidies after AP, 
Punjab, TN, and Haryana. Therefore, subsidy bill has continuously increased over the years. Under fertilizer subsidies 
dual price frame work applied and only small and marginal farmers receive fertilizer at lower prices while other farmers 
had to pay higher price. In recent, provisions for fertilizer subsidies are made to direct transfer in bank account of the 
beneficiaries. The direct effect of fertilizer subsidy is to provide fertilizer to the farmers at a price lower than its 
economic price for promoting balance use of NPK nutrients by the farmers. 

Power Subsidy 
It is a basically difference between the overall cost of power supplies (generation plus distribution) in the state of Bihar 
and the revenue tariff being received from the farmers. In general, power supply conditions of the state were improving 
significantly during the past decade but still theft of power by nonagricultural users realized. The state has been on 
advantageous position with regards to ever increasing electric subsidy per hectare. 
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Irrigation Subsidy 
Irrigation water supplied from public irrigation system does not recovered the full cost of water due to its estimation is 
difficult to work out the value of irrigation subsidy. In the state many irrigation system are multipurpose and cost of 
water for irrigation cannot be calculated easily. In Bihar, revenue from major and medium irrigation projects indicates 
an increasing trend but the projects role in enhancing the level of irrigation was not so encouraging may be due to so 
many unexplained reasons. 

Conclusion 
The above discussions conclude that subsidies provided by the central and the state contributing a significant share of 
the GDP. There are so many official papers on subsidies had made a specific distinction between merit and non-merit of 
prevailing subsidies. In general, subsidies are put heavy burden on the exchequer & adversely affecting the economy 
growth. It also generated inequalities in social system. The W.T.O goals in agreement on agriculture to reduce input 
subsidies and limits of the support known as deminous level but in the Indian context it was found favorable due to 
negative support to agriculture sector. 

In the state ,up to independence, deficient in food but after introduction of the Green Revolution the state has turned 
into surplus in agricultural  production. This was mainly due to provisions for direct and indirect subsidies by the central 
and the state government. The direct subsidies are given under various schemes and are made for small farmers, marginal 
farmers, scheduled caste farmers and scheduled tribe farmers as a target group. In these, subsidies payment transfers 
directly to the ultimate beneficiary by a formal pre-determined route. The indirect subsidies are provided to the 
beneficiary indirectly. The  optimum use of agricultural inputs in Bihar were not practiced as a large extent and a vast 
gap in between recommended and existing doses due to higher inputs prices, poor economic conditions, low buying 
capacity, poor credit facilities, etc. of the target group. 
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Vitamins 
A vitamin is an organic molecule that is essential for human being metabolic process. It is present in human body, animals 
and plants. Normally thirteen vitamins are essential for cell growth, reproduction process and digestion. The word 
vitamin is coined by Casmir Funk during the year 1912.Vitamins source foods control several diseases like cancer 
(Kamangar and Emadi, 2012). 

Classification of Vitamins 
There are two classifications of vitamins: 
1. Water soluble vitamins (Vitamin B and C) 
2. Fat soluble vitamins (Vitamin A, D, E, K) 

Water Soluble Vitamins: Vitamin B1 
Chemical name Thiamine 

Deficiency disease Beri-beri 

Food source Pork, sunflower seeds, sea food, beans, brown rice, potatoes 

 

Water Soluble Vitamins: Vitamin B2 
Chemical name Riboflavin 

Deficiency disease Cracks in skin 

Food source Dairy products, banana, asparagus, green beans 

 

Water Soluble Vitamins: Vitamin B3 
Chemical name Niacin 

Deficiency disease Pellagra 

Food source Meat, fish, mushroom, tree nuts, yeast, peanut, butter 
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Water Soluble Vitamins: Vitamin B5 
Chemical name Panthothenic acid 

Deficiency disease Paresthesia 

Food source Egg, fish, grains, peas , peanut, broccoli, avocado, tomatoes 

Water Soluble Vitamins: Vitamin B6 
Chemical name Pyridoxine 

Deficiency disease Anemia 

Food source Banana, oats, boiled potatoes, sprouted grains, chick pea, groundnut, nuts 

Water Soluble Vitamins: Vitamin B7 
Chemical name Biotin 

Deficiency disease Dermatitis 

Food source Banana, nuts, meat, vegetables 

Water Soluble Vitamins: Vitamin B12 
Chemical name Cyanocobalamin 

Deficiency disease Anemia 

Food source Milk, peanut, pork, beef, yeast 

Water Soluble Vitamins: Vitamin C 
Chemical name Ascorbic acid 

Deficiency disease Scurvy 

Food source Citrus fruits, guava, broccoli, strawberry, capsicum, brussels, red chilli 

 

Conclusion 
Vitamins are important for human beings’ diet. It acts as a good source for increasing the immune system of our body. 
Several vitamins boost our immunity level from several diseases like Corona virus. 
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Introduction 
Population explosion and migration of people towards urban areas have necessitated pressure on the basic requirements 
like food, water and shelter (Cohen 2006). The global population in urban areas has increased by more than 50% since 
2010. Such uncontrolled population growth can also lead to hunger, poverty, malnutrition, social insecurity. These 
factors have spurred the development of peri-urban horticulture (Tacoli 2012; Van-Veenhuizen and Darso 2007) which is 
a form of gardening, be it either at the roof or balcony, helps in providing green spaces, improves the  air-quality and 
mitigating urban heat (Saiz et al., 2006; Shashua-Bar et al., 2009). This kind of green urban architecture often regarded 
as ‘Z Farming’ i.e., Zero-acreage farming which synergies agriculture with a building (Specht et al., 2013). Z-farming 
helps in reducing pressure on agricultural land (Specht et al., 2013), urban energy footprint (De Zeeuw, 2011; 
Oberndorfer et al., 2007), serve as resource-saving system and a source climate change adaption (Specht et al., 2013). 
Thus Z-farming through balcony or roof gardening which is mostly prevalent in metropolitan regions provides 
sustainability in urban food production.  

Since buildings in metropolitan cities are sparsely spaced, generally (Hui, 2011), balcony gardens provide green spaces, 
conceals unwanted pipelines and unappealing scenery of the buildings, boosts creativity and psychological benefits 
(Green 2004). Besides, it also uplifts the visual appearance of the buildings. But knowledge of such peri-urban production 
systems based on balcony gardens for vegetable crops are still lacking in India. 

The Major reasons that drive the concept of such type of gardening are: 
1. Recycling of city’s wastes and using them as input 
2. Production of food without the use of much chemical fertilizers and pesticides 
3. Promotion of social learning. 

Advantages of Balcony Vegetable Gardens 
1. Enhancement in food security 
2. Recycling of organic waste 
3. Provides economic advantage for urban areas 
4. Reduction of transportation emissions 
5. Inspires planners and designers. 

The Orientation of the Balcony Garden 
The face of a balcony garden is the key factor as it modulates light conditions and the plants to be chosen. For any 
significant phase of time, in the northern hemisphere, south-facing balconies are likely to receive direct sunrays for the 
greater part of the day provided there are no obstructions of adjacent buildings, whereas, north-facing ones do not such 
necessary sunlight. East facing ones receives fairly intense sunlight from morning to till the noon. On the other side, 
west-facing one receives full afternoon sunrays. 

Pots Required for Growing Vegetables on the Balcony 
If one has to opt for balcony vegetable garden then earthen pots may be painted to ensure better aesthetic values. 
However, planting can also be done in barrels and modern designer containers. Seedlings of vegetables can be raised in 
a pro-tray or small containers and later can be transplanted in bigger containers to save space. Brinjal, pepper, peas 
and cherry tomatoes can be grown in medium-sized containers. Bigger containers can be used mainly for indeterminate 
tomatoes, cucumber and beans. 

Vegetables Suitable for Balcony Garden 
Under right conditions, any vegetable which can be grown in a backyard/kitchen garden can also thrive in a balcony 
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garden. However, the following crops are best suited: 
1. Tomato: Tomatoes are one of the easiest one to grow in a balcony. If a balcony receives abundant sunlight for at 
least 6 hours, tomatoes can be grown. Seeds of tomatoes are to be sown in a pot with a minimum depth of 12 inches. If 
the aerial space is limited, a dwarf or determinate tomato variety can be chosen. Besides, cherry tomatoes can also be 
grown, as it is said to be nutritionally richer than the normal tomato and also fetches good yield. 

2. Lettuce: Growing lettuce in the balconies is also easy. Lettuce plants grow very rapidly and the gardener has the 
opportunity to harvest them at regular intervals. It is a low temperature loving crop, so utmost care needs to be taken 
as per the climate. In warmer regions, one needs to start growing lettuce in the winter season. Seeds can be sown in 
pots with minimum 6 inches depth and spaces in between the plants should be 6 inches. Leaf lettuce can be grown closer 
as compared to head lettuce. It is to be kept in mind that, the soil should be well-drained and should be watered 
frequently. 

3. Cucumber: Cucumber is a warm temperature loving crop that requires ample fertilizer and full sunight. If a good 
amount of space is available in the balconies then it is ideal to grow tall and climbing varieties rather than a dwarf and 
bushier ones to obtain a good yield. Tall varieties can be grown over a trellis in a container which is quite large in a 
space of 2 square feet. 

4. Chilli and peppers: After tomatoes, chilli and peppers are also easier and also productive to grow in the balconies. It 
fetches good yield if they are placed properly in a sunny place with a perfect dose of fertilizer on time. Pots having at 
least 12 inches depth are best to grow chilli and pepper. As both of these crops are prone to diseases, it is required to 
monitor them regularly. 

5. Carrot: The containers for growing carrots should sufficient depth to provide good space for the root growth. Choosing 
the right variety is of the utmost importance. The plants should be kept under slight to full sun along with regular 
watering to keep the soil moist. Excess watering should be avoided. 

6. Radish: Radish can be grown in medium to even small-sized pots. While growing in the balcony, pots should be at a 
depth of 6 inches whereas for larger radish varieties pots having 10 inches depth should be used. Depending upon the 
container size, radish seeds are to be sown. Harvesting can be done within one or two months depending upon the 
varieties/types. 

7. Beet: Beet root is the crop which grows rapidly and does not require large containers to grow. Containers having 
medium size with 10 inches depth are enough for growth. The soil to be used should be rich in compost and must be 
permeable.   

8. Peas: Almost all the pea varieties are suitable for growing in containers in the balcony but the dwarf and bushy types 
are better. The containers should have 10 inches depth. The winter season should be selected for this crop for its proper 
growth and yield. The pot soil should be friable and moist. 

9. Garlic: For garlic, at least four cloves are to be planted in a medium sized-pot and the pot should be left as such in a 
sunny area with slight watering. The garlic greens will start growing in a week or two. However, for harvesting the bulb, 
it takes around 5-6 months. 

10. Brinjal: For growing brinjal in the balcony, large pot with 12 inches depth and enough space is required. It gives 
good yield if the pots are kept under 8 hours of sunlight. 

Soil for Planting Balcony Vegetable Garden 
Soil should be loose, fertile, well-drained and rich in nutrient elements. Sometimes ready-made potting mixture can be 
used. This may be perlite, vermiculite, peat moss and compost. 

Mixing of slow-release organic fertilizer and hydrogel crystals give good results. Hydrogel crystals help to absorb excess 
water and later supplies the excess water to the plant root directly. These crystals are very much useful for this type of 
gardening as it saves both time and area. If possible, soil testing can be done to determine the soil type and their 
amendment. Soil pH is an important factor for plant growth. Generally, vegetables grow preferably at a pH of 6 to 7. 

Preparation of Seedlings 
For a balcony garden, vegetable seeds can be sown in the seed tray. After the germination process is accomplished, 
seedlings are to be transplanted when two real leaves are seen. Vegetable seedlings which do not transplant, it is 
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essential to transfer them on the separate pot.  For the cucurbitaceous vegetables namely cucumber, squashes, gourds, 
melons which cannot bear damage to their roots on transplanting needs to plant them at the right location.  

The depth of planting varies among crops. Tomatoes should be planted deeper as it fetches adventitious roots and 
strengthens plants. Lettuce or other leafy vegetables planted too deep cannot develop heads, whereas in case of celery 
too deep planting may impair roots. 

Fertilization 
There is no need to frequently fertilize the plants. Slow-release natural fertilizers if given once or twice in a season, 
plants grow gradually. Sometimes, the application of organic manure and compost to soil helps to boost the activity of 
micro-organisms. 

Watering and Aftercare of a Balcony Vegetable Garden 
Generally, no schedule for watering is required for the balcony vegetable gardens. In hot and dry weather conditions 
regular watering is recommended. Sometimes, a combination of sun and dry wind may dry out pots. For this purpose, 
installing a drip irrigation system will be helpful. Watering at night aggravates insect-pests and phyto-pathogens, so it is 
recommended to water the plants during the morning hours. The plants can be saved from different pests by apraying 
an organic pesticide like neem seed kernel extract @ 0.5%. 

Disadvantages of Balcony Vegetable Gardens 
1. Use of untreated wastewater can contaminate the vegetables and thus can lead to serious health hazards. 
2. Technical issues while setting up the garden. 

Additional Benefits 
Gardens of such concept help to maintain micro-climate for bees, butterflies, birds and spiders. Besides, it helps in 
mitigating climate change, recreation and valuable leisure time for inhabitants in urban areas. It encourages local 
production and balances family expenditure on vegetables (Vazhacharickal and Gangopadhyay 2014). 

Conclusion 
The high density of buildings in urban and peri-urban areas has diminished greenery and has substantially enhanced 
anthropogenic heat. Urban or peri-urban horticulture, especially in the form of balcony gardening of vegetable crops 
will effectively contribute to evapotranspiration resulting in cooling effect and reduces urban heat. Such production 
systems in an integrated, community-based approach would not only feed the population and prevent malnutrition but 
would also have a great impact on the environmental, economic and social aspects. 

References 
1. Cohen B (2006). Urbanization in developing countries: current trends, future projections, and key challenges for 

sustainability. Technology in Society.28(1) 63-80. 
2. De Zeeuw H (2011). Cities, climate change and urban agriculture. Urban Agriculture Magazine 25:39- 42. 
3. Green B (2004). A guide to using plants on roofs, walls and pavements (Greater London Authority, London). 
4. Hui SC (2011). Green roof urban farming for buildings in high-density urban cities. In Hainan China World Green Roof 

Conference, Hainan China World Green Roof, Hainan, China. 
5. Oberndorfer E, Lundholm J, Bass B, Coffman RR, Doshi H, Dunnett N, Gaffin S, Köhler M, Lui KKY and Rowe B (2007). 

Green roofs as urban ecosystems: ecological structures, functions, and services. BioScience. 57(10):823-833. 
6. Saiz S, Kennedy C, Bass B and Pressnail K (2006). Comparative life cycle assessment of standard and green roofs. 

Environmental Science & Technology.40(13):4312-4316. 
7. Shashua-Bar L, Pearlmutter D and Erell E (2009). The cooling efficiency of urban landscape strategies in a hot dry 

climate. Landscape and Urban Planning.92(3):179-186. 
8. Specht K, Siebert R, Hartmann I, Freisinger UB, Sawicka M, Werner A, Thomaier S, Henckel D, Walk H and Dierich A 

(2013). Urban agriculture of the future: an overview of sustainability aspects of food production in and on buildings. 
Agriculture and Human Values 31(1):33-51. 

9. Tacoli C (2012). Urbanization, gender and urban poverty: paid work and unpaid care work in the city. Human 
Settlement Group, International Institute for Environment and Development (IIED), London, UK. 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
424 

Role of Bamboo Species in Landscaping 
Article ID: 30159 

K. Kayalvizhi1, A. Sangari2, A. Ramesh Kumar3, A. D. Ashok4 
1Teaching Assist. (Horticulture), Institute of Agriculture, TNAU, Trichy-621712. 

2Asso. Prof.(Hort.), TNAU, Coimbatore-6410003. 
3&4Asst. Prof. (Hort.), Institute of Agriculture, TNAU, Trichy-621712. 

 

Introduction 
Bamboo is technically a grass which grows more rapidly than any other plant on the planet. Bamboo is a symbol of long 
life, strength and versatility for many cultures of the world. New bamboo shoots can grow as much as 3 feet in one day. 
Bamboo has been most widely used for shelter, food, paper and adornment. In landscape gardening, bamboo is used as 
hedges, topiary, ground cover, pot and container growing. The bamboo type which grows up to 5 feet with spreading 
habit usually covers large area and thus have wonderful foliage is suitable for container growing. Bamboo can be divided 
into two main categories namely clumpers and runners. Clumpers tend to produce new shoots very close to the main 
clump, i.e.  within a couple of feet of the clump each year. Runners, however, produce new shoots too far away from 
the original clump. Bamboo culms are known for their strength. Agronomically, bamboo plants consume lot of water, 
but they also need a well-drained soil.  

Black Bamboo 
There are bamboo types available in the globe.  Black bamboo is a type which is highly suitable for ornamental  and 
landscape gardening. It is botanically known as Phyllostachys nigra and belongs to the family Poaceae. It is native of 
China. Culms of Black Bamboo emerge a dark green and then turn to jet black after the first 6 months to one year. It is 
popular because of its graceful habit and the sharp accent of its culms color and the abundant lance-shaped leaves that 
are 4 to13 cm long. It is highly desirable as an ornamental plant. It grows to upto 30 feet, but can be controlled to grow 
any height in containers and confined spaces. It does great in pots, atriums, or outside in rock gardens. It can also grow 
indoors. It is used for lumber (timber), food and musical instruments. The species and the form P. nigra f. henonis have 
gained the Royal Horticultural Society's Award of Garden Merit. The form henonis is also known as Henon bamboo and as 
cultivar 'Henon'. 
Important ornamental species of bamboo that possess beautification and aesthetic value are listed below: 

Common Name & scientific 
Name 

Photo Description 

Java Black 
Gigantochloa atroviolacea 

 It is the most stunning and most 
loved of all the black clumpers 
and grows to around 10 m 
height. 

Barbelletta 
Bambusa chungii barbelletta 

 

It is an extremely popular 
species as it has blueish tinge to 
the culms but grows only 5-6 m 
height 

https://en.wikipedia.org/wiki/Lumber
https://en.wikipedia.org/wiki/Royal_Horticultural_Society
https://en.wikipedia.org/wiki/Award_of_Garden_Merit
https://en.wikipedia.org/wiki/Cultivar
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China Gold  
Bambusa eutuldoides viridi-
vittata 

 

 

China Gold is a fantastic 
ornamental, used for privacy 
screening, and can be 
maintained in a narrow garden 
bed simply by placing a root 
barrier down or cleaning out any 
unwanted culms. China Gold has 
very strong, thick walled bamboo 
poles. The shoots are also edible 
and great to throw into an Asian 
style dish. 

Giant Buddha Belly Stripey 
Bambusa vulgaris wamin 
striata 

 

 

It is a great ornamental bamboo.  
It has bulbous culms, the stem is 
light green in colour with thick 
dark green stripes. It would 
make a fabulous feature in the 
garden. 

Ghost Bamboo 
Dendrocalamus minor var. 
amoenus 

 

 

Ghost bamboo has stunning pale 
green striped/ white/silver 
ghostly culms of 40-65 mm 
diameter.   Hard timber.  With 
expansive dark green leaf mass, 
it makes quite an impact.  
It is a beautiful, ornamental, 
clumping bamboo that enhances 
almost any landscape situation.  
It is one of the world’s most 
beautiful tropical bamboos and is 
also one of the easiest to grow. 
On average it reaches 8 m height 
with a tight clumping habit at 
the base with the large canopy 
above. 
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Giant Buddhas Belly 
Bambusa vulgaris cv. wamin 

 

This is an open clumping species 
of bamboo used for features in 
larger gardens. The culms are 
not upright but rather shoot at 
different arching directions to 
create a really beautiful artistic 
look. 
The poles are also used often for 
artistic furniture and arbors. 

Timor Black 
Bambusa lako 

 

It features stunning chocolate 
brown, shiny culms and grows to 
a height of around 8 - 10 m. 
Timor Black has quite pretty, 
large green leaves and gives a 
very tropical feel with a great 
colour contrast. Timor Black is 
quite fast growing 

Chinese Dwarf 
Bambusa guangxienis 

 This is a shrub like bamboo not 
suitable for really damp areas, 
but prefers a sunny well-draining 
environment. 

Bambusa Chungii/Emperor Blue 
Bambusa chungii 

 A true ornamental bamboo 
originating from China.  A great 
grove bamboo possibly spreading 
3 m when mature. Stunning new 
summer shoots colour beige, 
silver and blue. Fairly sparse 
dark green leaf mass.  Tolerates 
sun, cold and shade. Makes a 
wonderful ornamental or 
beautiful tall screen without 
totally blocking out a view. 
Allows air and light to filter 
through while offering an 
expansive screen able to grow 
along a bank or sloping ground. 

Painted Bamboo 
Bambusa vulgaris vittata 

 Fast growing, tolerant to drought 
and suitable for sandy soil. Dwarf 
by cultivating in a pot or planter.  
Lovely to light up a dark spot or 
provide a huge screen/wind 
barrier. 
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Bamboo topiary 
Phyllostachys aureosulcata 
'Aureocaulis' 

 Suitable for trimming and making 
into a topiary fashion and pruned 
to about 6 feet tall, highlighting 
the bright yellow canes and dark 
green foliage. 

Common name  
Phyllostachys iridescens 

  

 

 

Restaurant decorated with black bamboo canes Container grown bamboo 
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The months of summer remembers the hot sun followed by desi food items and drinks. The only thing that gives relief 
from the scorching sun’s heat is a glassful of chilled beverage. Desi drinks score high when compared to preservative 
added chilled beverage as they are refreshing, energy-boosting and are healthy which ensure our mind cool and relax. 
To supercharge our immunity, keep the body hydrated and safeguard from infectious disease it is necessary to had 
these drinks. These drinks are made from the seasonal fruits, herbs and spices which makes our body healthy. 

List of Desi Drinks 
Koozh Panagam 

Neer Mor/Buttermilk Padaneer/Neera 

Tender Coconut Water  Sugarcane Juice     

Lime Juice/Lemonade Neeraagaram             

Jigarthanda Nannari Sherbet 

Koozh 
It is a typical porridge made up of fermented fingermillet (ragi) and pearl millet/broken rice prepared in the earthern 
pots and served with toppings of onion and fried green chilles. This becomes healthy breakfast in many villages which 
gives more energy and improves the immune system. It offers to Goddess Maariamman in the festive occasion. 

Koozh Topped with onion 

Panagam / Panakam 
It is a much-savoured household, age-old recipe earmarked for festive occasions.; confluence of the sweetness of 
jaggery, the uplifting aroma of Queen of spices “Cardamom”, and the sharp heat by the King of spices “Black Pepper” 
and few bits of Ginger. A glass of panagam gives a great balance of essential electrolytes and makes so refreshing. It 
acts as an all-time summer quencher. 

Panagam 
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Neer Mor / Buttermilk 
Delicious spicy buttermilk made from curd added with green chillies, ginger, cumin and garnish with flavouring 
karuvepillai (curry leaves), kothamalli (Coriander leaves) and a dash of lemon. At villages, people store it in earthern 
pots to cool it the organic way. Staple summer drink having digestive, probioic, hydrating and reviving properties. 

Neermor 

Padaneer / Neera 
The juice is extracted from the inflorescence of palm trees. It is sweet, translucent in colour. Otherwise known as Palm 
nectar It is susceptible to natural fermentation at ambient temperature. The fermented product of neera is toddy Fleshy, 
juicy tender palm fruit, cools our body. 

Packed Neera and Palm Fruit (Nungu) 

Tender Coconut Water / Elaneer 
Cheap, hygienic, organic and energetic drink. It is perfect to fight with hot summer. It strengthens our immune system. 

Tender Coconut Water 

Sugarcane Juice 
Readily available throughout the year, but demand increases on summer month. A glassful of juice awakens your sense 
and makes you to feel fresh. The taste of the juice   is enhanced by adding lemon and few bits of ginger. Rich in 
antioxidant and boots our immunity. 
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A clear cup of sugarcane juice 

Lime Juice / Lemonade 
Natural coolant rich in vitamins and minerals. A squeezed lemon is added with adequate amount of water along with a 
pinch of salt and sugar. It acts as electrolyte solution like ORS (Oral Rehydrated Solution). 

 

Neeragaram 
Usual morning drink or breakfast for many people who work in the fields.  Rice is soaked in water during night and 
morning this will be taken as drink by adding salt. Besides the taste, having nutritional benefits also. It makes the body 
cool and it has the properties to heal ulcer. 

Neeragaram added with curd and onion 

Jigarthanda 
South Tamil Nadu, Madurai’s iconic Jil Jil Jigaranthanda evokes. It is the combination of chilled milk with kadal passi 
(edible sea algae), nannari syrup, almond resin and dollops of ice-cream. This chilled drink is said to cool down instantly. 

Jigarthanda added with vanilla toppings 
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Nannari Sherbet 
Extremely effective coolant to beat heatstroke’s worst nightmare used in Ayurveda period onwards. Most popular 
welcome drink. Because of the ease availability and preparation. Nannari syrup was mixed with water and few ice cubes 
garnished with a piece of lemon acts as effective coolant. 

Nannari Sherbet 

Conclusion 
These flavourful chillers rehydrate the body to beat the heat. 
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India is an agriculture country. Agriculture is our primary economic sector in India and about two-thirds of the people 
are involved in the farming. Intensive farming increased productivity from the twentieth century onward. It substituted 
labor with synthetic fertilizers and pesticides, which caused increased water contamination, and also included subsidies 
to farmers. In recent years, the environmental impacts of traditional agriculture have been reversed, moving to organic, 
regenerative and sustainable trends in agriculture. But a growing number of progressive farmers and scientists are taking 
a different approach, shifting toward a more sustainable farming system - environmentally, economically, and internally. 
This process has scope for farms of all sizes, providing a diverse variety of foods, products, and fuels relevant to specific 
conditions and markets. It uses state-of-the-art, science-based methods that optimize efficiency and maximize profit 
while reducing environmental damage. 

Sustainable Agriculture is the Wave of Tomorrow 
Agriculture always creates significant strain on natural resources and the ecosystem. In agriculture, sustainability is a 
complex concept with many aspects including the economic (a sustainable farm should be a productive business 
contributing to a growing economy), the social (it should deal equally with its workers and have a mutually agreeable 
relationship with the local community) and the environment. 

Significance 
Sustainable farming often encompasses a wide range of production practices including conventional and organic 
cultivation. A regionally coordinated network of production practices for plants and animals is planned to achieve long-
term results such as: 
1. Development of enough human food, feed, fiber and fuel to meet the needs of an increasingly growing population. 
2. Protecting the environment and expanding the amount of natural resources 
3. Keeping agricultural systems economically viable 

Profits 
1. Preserving the ecosystem 
2. Economic Efficiency 
3. Leveraging non-renewable energy most effectively 
4. Public-health security 
5. Economic and social equality 

Sustainable Energy Practices 
Sustainable farming is not asking farmers to let their fields run wild, but simply to learn from the bag of tricks in nature. 
It is this aim of pursuing natural processes that has driven the movement for organic farming, a subset of sustainable 
practices. 

Let us see various practices of Sustainable farming in detail: 
1. Make use of renewable energy sources: The most relevant method is to use green energy sources. The use of solar, 
hydropower, or wind farms is environmentally friendly. Farmers can use solar panels to store and utilize solar energy for 
electrical fencing and pump and heater running.  

2. Integrated pest management: Integrated pest management a mix of pest control methods in the initial stages for the 
detection and monitoring of pests. One also needs to remember that not all pests are dangerous, so let them coexist 
with the crop make more sense than spending money removing them. 

3. Crop rotation: Crop rotation is a tried and tested process used to keep the soil fertile and nutritious, since ancient 
farming methods have been established. Crop rotation has a rational reason for this – crops are picked in a pattern to 
replenish the nutrients and salts from the soil that have been depleted by the previous crop cycle this season. 

4. Stop soil erosion: The secret to good crop is healthy soil. Old methods such as tilling the land, plowing etc. also work 
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wonders. Manure, fertilizers, cover crops, etc. also help to improve soil quality. In addition, crop rotation techniques 
can eliminate pests such as septoria, phoma, etc. Given that diseases are unique to crops, crop rotation can work 
wonders. 

5. Crop diversity: Farmers can grow the same crop varieties yielding small but significant variations between plants. 
This helps to relieve financial pressure. This cycle is known as crop diversity and its realistic use is on a down slope. 

6. Natural Pest Eliminators: Bats, birds, insects etc. serve as natural eliminators of pests. To keep those eliminators 
close, farmers build shelter. Ladybugs, mosquitoes, green lacewing larvae and flying insects all feed on pests, including 
aphids, fruit flies and mites. 

7. Regulated Grazing: A regular change for cattle from the grazing lands should be established. Moving livestock provides 
them with a range of pastures to graze. It means they are going to get various nutrients which are healthy for them. 
Such animals' excreta function as a natural fertilizer to the soil. 

8. Save Transportation Costs: Focusing production sales on the local market saves trouble with transport and packaging. 
This also does away with the need for storage space. 

9. Better water management: Selection of the right crops is the first step in water management. The local crops must 
be selected because they are more adaptable to the region's weather conditions. For dry areas, crops which do not order 
too much water must be picked. 

10. Remove weeds manually: Farmers with small farms can use their hands to remove weeds from crops where machines 
cannot be reached or crops are too fragile. This is a job that is very labor intensive and is not appropriate for large 
farms. 

Conclusion 
"Keep it simplistic" is good advice in other cases, but as far as agriculture is concerned, more complicated and complex 
is the most sustainable and productive systems — like nature itself. Sustainable energy is not only economical but it also 
helps to conserve our natural resources. Sustainable agriculture also helps to reduce the need for fertilizers and 
pesticides in chemical products. That makes the process healthier and more organic. 
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Introduction 
India is the second largest agro-based economy with year-round crop cultivation.  A large amount of agricultural waste 
is generated every year, including crop residues. According to the Indian Ministry of New and Renewable Energy (MNRE), 
India generates on an average 500 Million tonnes of crop residue per year. Crop residue contains the remains of leaves, 
stems, awns and remaining small grains after harvesting the cereal crops. Combined harvesters used for harvesting the 
crop do not remove complete plants and large amount of standing stubble remains in the field. Due to lack of proper 
disposal practices, approximately 92 metric tonnes of crop waste are burned every year in India (Bhuvaneshwari et al. 
2019). Farmers opt for burning the residue because it is an easy and quick way to manage the large amount of crop 
residue and prepare the field for the next crop well in time.  

Crop residue burning has become a major environmental problem causing health issues as well as contributing to global 
warming. The burning of crop residues generates numerous problems to the environment and human health. Emission of 
greenhouse gases leading to global warming, release of particulate matter and smog into the atmosphere that cause 
respiratory problems, loss of biodiversity of agricultural lands and the deterioration of soil health are the major 
detrimental effects of crop residue burning. Burning of crop residues greatly affects the soil health. There is a slow and 
steady reduction in soil health that eventually results in reduced productivity that cannot be overcome with increased 
additions of mineral fertilizers. Following are the harmful effects of crop residue burning on soil health: 

1. Physical properties: Burning of crop residue declines the organic matter content of the soil which in turn deteriorates 
soil physical health. Crop residue retention plays an important role in protecting soil aggregates from raindrop impact 
(Turmel et al. 2014). Due to poor organic matter content, soil aggregates are broken down and soil structure gets 
destroyed.  Retention of crop residue on the soil surface provides physical protection to the soil against wind and water. 
However, when crop residues are burnt, soil get exposed and becomes sensitive to wind and water erosion. Bare soil is 
directly exposed to harmful solar radiations which results in increased soil temperature, creating unfavourable conditions 
for plants and other soil organisms. Furthermore, there is rapid loss of moisture from the soil which can increase the risk 
of crop failure in areas facing water scarcity. 

2. Chemical properties: Burning of stubble can potentially result in changes in chemical properties of soil and disrupts 
nutrient cycles. Due to burning of crop residues, there is continuous loss of organic carbon from soil which can potentially 
deteriorate soil health and productivity in long-terms basis (Chan and Heena 2015). Due to decreased organic matter 
content, soil pH also rises towards alkalinity and reduces level of N and C in the top 0-15 cm soil profile. Poor organic 
matter content results in reduced cation exchange capacity, which is an important indicator of soil fertility.  Crop residue 
is an important and cheap source of organic carbon and nutrient elements, however, when burnt these are lost.  

It is estimated that when one tonne of paddy straw is burnt, it accounts for loss of approximate 5.5 kg nitrogen, 2.3 kg 
phosphorus, 25 kg potash, 1.2 kg sulphur, all secondary nutrients, 50 to 70 percent of various essential micro nutrients, 
as well as organic carbon (Anonymous 2014). On the other hand, if the crop residue is retained or incorporated in the 
soil itself, it gets enriched with organic matter and nutrients particularly with organic carbon and nitrogen.  

3. Biological properties: Burning of crop residue may increase the mineralization in short-term which result in increased 
nutrient available for the plants besides killing the pest and diseases associated with the stubbles and straw of preceding 
crops (Thakur et al. 2019). However, the heat generated from burning of crop residues raises the soil temperature 
causing the death of beneficial soil organisms. The heat from burning paddy straw penetrates 1 centimetre into the soil, 
elevating the temperature to 33.8 to 42.2 degree Celsius. This kills the bacterial and fungal populations critical for a 
fertile soil. Wheat straw burning can kill about 50 per cent of bacterial population in up to 2.5 cm of soil depth (Hesammi 
et al. 2014).  

There is also considerable reduction in amount and activity of soil enzymes involved in nutrient cycling. Frequent residue 
burning leads to complete loss of microbial population, which is important for maintaining soil health. As a result, soil 
health depletes rapidly eventually leading to reduced productivity, that cannot be overcome no matter how much 
mineral fertilizers are added. Burning of crop residue causes damage to many beneficial organisms present in the upper 
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layer of the soil. Due to the loss of ‘friendly’ pests, the wrath of ‘enemy’ pests can increase and as a result, crops might 
become more prone to diseases and infestation. 

What can be Done? 
Considering the adverse effects of crop residues burning on soil health, there is an urgent need to encourage the farmers 
to put it for beneficial uses instead of burning it. Some of the suggestions for sustainable management of crop residues 
are: 
1. Crop residue can be corporation of into the soil through adoption of conservation agriculture practices to prevent soil 
erosion from wind & water and to augment the soil moisture content. 

2. Farmers can also manage crop residues effectively by employing agricultural machines like happy seeder (for sowing 
of crop in standing stubble), rotavator (for land preparation and incorporation of crop stubble in the soil), zero till seed 
drill (for land preparations directly sowing of seeds in the previous crop stubble) etc. 

3. Crop residue can be used for cultivation of mushroom particularly species like Agaricus bisporus (white button 
mushroom) and Volvriella Volvacea (straw mushroom) 

4. Crop residues, instead of burning, can be converted into beneficial products such as biogas, biochar, bio-enriched 
compost or used as bedding material for cattle. 

5. Training should be organised for farmers for creating awareness about effects of crop residue burning, adoption of 
conservation agriculture practices and resource conservation technology through all ongoing State/Centre Sector 
Schemes. 

6. Awareness should be created of about various measures to prevent crop residue burning through mass media, print 
media, etc. just before the harvesting seasons. 

Conclusion 
Burning of crop residue is a very controversial issue. It not only pollutes the environment and creates severe health issues 
in human being, but also deteriorates soil health. Reduced soil organic matter, poor aggregation, reduced water and 
nutrient holding capacity, damage to soil bio-diversity, susceptibility to erosion are some of the many adversities arising 
due to the burning of crop residue. Although, several measures have been taken up by Government to eradicate this 
serious problem of crop residue burning, still it remains a burning issue. This indicates that there is still much needed to 
be done to tackle this issue. The management strategy of crop residue should be principally based on the local situation. 
It is highly important to create awareness among the farming community to understand the importance of organic carbon 
and emerging environmental concerns due to crop residue burning. 
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Abstract 
Multipurpose trees (MPTs) fulfill more than one basic need of human beings and have a high impact on food and health 
security of people, especially those living in and around the rural and forest areas. Palas (Butea monosperma) is one 
such multi-purpose tree of forest which is not only an important medicinal plant but also an important source of livelihood 
for people residing around forest area. The tree has been accepted traditionally in the form of natural medicine and 
commonly used herb in Ayurvedic medicine. The plant is widely used by the rural and tribal people in curing various 
disorders. Apart from this palas is an important source of natural gum and also indirectly produces lac resin by hosting 
lac insect. It finds use both medicinally and commercially with each part of the plant having utility thereby plays a 
significant role in the livelihood. 

Introduction 
Life is impossible without the vegetative world around us. Forest trees have great importance in our life as these trees 
provide us shade, habitat for animals, fruits, flowers, leaves, food, wood, fodder, etc. besides fulfilling our basic needs 
trees becomes a source of livelihood for those who live in the vicinity of rural and forest areas. Plants have been the 
main form of medicine in India since ages. The floras are repository of various active ingredients and organic mixtures. 
Many of them are used to make medicines. In traditional medicines, potential diseases are prevented by using natural 
raw medicines originating from plants. In this sequence, Palas is one such unique species (Fig 1a) which is famous for its 
medicinal properties. Due to its fire-like red-orange flowers, it is popularly known as ‘flame of forest’ (Fig 1b). Palas is 
called Dhak in Hindi, Palas in Marathi, Kesudo in Gujarati, Chamata in Malayalam, Kinsukamu in Telugu and Kinchukam 
in Tamil. 

 

Fig 1. a) Palas Tree; b) Palas: Flame of forest 

Palas in Vedas-Puranas 
Palas tree has been used curatively since ancient times. The tree is used in the worship and festivities of God all over 
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India. In Vedic literature, the Palas tree has been considered as a form of fire. Dried branches/ wood have been used in 
holy fires and also to treat burns and diseases. It is mentioned in the Rigveda as kimshuka (fruit of attractive color) 
(Sukta 85, Chapter 7, Mandal 10) It is mentioned in the Arthaveda for healing wounds. In the Upanishads the palas flowers 
are written in elaborate form. In this, the tree is considered the place of Lord Brahma. It is mentioned in the Charaka 
Samhita to treat diseases like arsha, diarrhea etc. In the Sushruta Samhita, Palas is mentioned in Raghradi, Mushkadi, 
Ambasthadi and Nyagrodhadi. In the Kashyapa Samhita, the use of Palas extract (the thick juice of the drugs after boiling 
plant parts in water) has been mentioned about children getting rid of the planetary issues. In the Sanskrit ancient 
scripture, Nighantu, the Palas tree has been addressed with the names Brahmavriksha, Kimushuka, Raktapushpa, 
Sahibdar, Vatpoya etc. In this, the name of Palas extract is called Tikta and Kashaya, Virya, Ushna. But Palas flowers 
are considered cold. According to Bhavaprakash Nighantu, the fruit is considered to be Ushna (hot) and is used for 
Prameha, Arsha Krimi and Vatakfaja Ranga. In Raja Nidhantu, full and seed are mentioned for Krish Pama (dermatitis). 
In Bhavaprakash Nidhantu, flowers and seed have been reported effective against worms and leprosy Disease. 

In the modern period, efforts are being made to explore the traditional properties of Palas and to discover the chemical 
secrets of its medicinal properties. So far 42 chemical substances have been identified in the study of plant chemistry. 
These include imide, lacatone, flavonoid, sterol and alkaloids. Special medicinal properties are found in different parts 
of Palas and most of them like antibacterial, contraceptive, carcinogens, wormicidal, anti-diarrhea, wound healing, liver 
cleaners, etc. have been successfully tested. 

Flowers 
Flowers are known by the names Tessu and Maduga (Fig 2a). In Ayurveda, use of Palas flowers is recommended against 
skin diseases, itching diseases, etc. Flowers are used in the treatment of diseases like jaundice, stiffness in the muscles, 
swelling of the cervix, obstruction of urine, etc. Flowers are also used as an astringent diuretic, aphrodisiacs, sunburn, 
diarrhea, arthritis, dermatitis, leprosy, blisters, poultice, menstruation and also have anti-inflammatory, anticancer, 
anti-fungal properties. Juice of flowers is used to prevent pus in urogenital areas. The juice of flowers is used to control 
body temperature and fever. It is also used for the prevention of leucorrhoea and diuresis. Flowers are also used to make 
vegetables. 

Dye 
Dye/ color is also made from flowers. Silk and cotton cloths are dyed with this color (Fig 2b). Tilak of the forehead is 
applied with color. Holi is played with the color of palas flowers. According to new research, color can be used in food 
and medicines. 

Leaves 
The leaves have medicinal values against inflammation of the eye, energy drink, aphrodisiac, arthritis, acne, piles and 
worms. The juice of the leaves is used to cure cold, cough and stomach disorders. Eye diseases are treated by putting 
leaf juice in the eye. The practice of making plates and donas from the leaves of Palas has been going on for centuries. 
It is used in marriage and other religious functions. It is a source of business and income for tribals. 

Wood 
Wood is durable in water; hence it is used to form the inner circle of a well. Wood coal is also used. In Gujarat, wood is 
used to make houses. A rope is made from the fibres and bark of the inner stem, which was being used to tie the wood 
of the boat in past. The bark fibre is used by tribal people in agriculture. 

Seed 
Seed (Fig 2c) powder is used in the treatment of worms in children, urinary disorders and urinary stones. 

Gum 
Red colored discharge comes out from the stem of the tree in summer (Fig 2d). It is known as Bengal Kino or Butea Gum 
or Kamarkas. Gum is used to prevent diarrhea. The gum is well known for restoring and contracting the muscles and 
tissues of females after delivery, hence popularly known as Kamarakas. Gum is used to get rid of cracks in toes, hence 
used in crack creams. The laddus (sweet dish) of palas gum is fed in Unani to increase sexual arousal. Gum is also used 
in diarrhea, acidity, eye, eye disorders, heat reduction, etc. 

Tree Bark 
Palas tree bark and its juice is used in antifungal formulations, wound healing, diarrhea etc. The powder of stem bark is 
used in wound healing. The juice of the stem is applied over the tonsils. Stem paste is used to remove inflammation of 
the body. 
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Root 
Juice of its roots is taken to remove weakness and fed 2-3 spoons daily at night. The powder of the roots acts as an 
antidote in snake bites. 

Fig 2. a) Palas Flower; b) Jacket coloured with Palas flower dye; c) Seeds; d) Gum 

Other economical uses: Palas tree is popular as shed providing tree due to its large leaves. Farmers in India plant the 
Palas tree on the bunds so that the soil of their field does not erode away. Its new leaves feed the animals as fodder. 
Tribal people use the leaves as umbrella and also to cover their houses for shed and also to avoid rain. 

Palas: A Lac Host Tree 
Palas tree is nature’s gift to mankind. This tree is used to produce lac resin (Fig 3) since time immemorial. Lac is produced 
(secreted) by the lac insect (Kerria lacca Kerr.) while feeding on the sap of this host tree. The secreted lac coating 
provides protection by forming a cover over the insects. Shellac (lac resin), red colored lac dye and wax are the main 
components of lac. The largest amount of lac is produced from this tree. Palas is abundantly found in India and therefore, 
cultivation of lac on Palas is an important tool for self-employment and economic development for the forest dwellers. 

 

Fig. 3. Lac on Palas branches 
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Summary 
Being capable of treating various diseases from its various parts, Palas is a wonderful medicinal plant. This is indeed a 
special tree as it can yield gum from its bark and lac resin by hosting lac insect on its branches. Being unique tree proving 
resin and gum together, perhaps it has got its place in the logo of the ICAR- Indian Institute of Natural Resin and Gum. 
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Noni, botanically known as Morinda citrfolia L, an underutilised, miracle plant with more than 150 nutraceuticals were 
found growing naturally in all types of lands right from sea coast to interior without proper care and management are 
now being cultivated as crop by the farmers of India. Noni has been used in folk remedies by Polynesians for over 2000 
years, and is reported to have a broad range of therapeutic effects, including antibacterial, antiviral, antifungal, 
antitumor, analgesic, hypotensive, anti-inflammatory, and immune enhancing effects. 

Introduction 
Morinda citrifolia, L. popularly known as Indian Noni or Indian mulberry is an ever-green small tree bearing flowers and 
fruits throughout the year. It is native to the Southeast Asia. Noni belongs to family Rubiaceae, the same of the coffee 
plant, and to the subfamily Rubioideae. The genus Morinda is present worldwide predominantly in tropical countries. It 
is also known in different names locally as Cheese Fruit, Forbidden Fruit, Headache Tree, Hog Apple, Mona, Mora de la 
India, Nino, Nona, Nono, Nonu, Nuna, Pain Bush, Pain Killer Tree, Pinuela, Wild Pine, etc. in various parts of the world. 
Noni fruits were traditionally being utilized as food and medicine. In the main land of India it is found along the coastal 
areas of Kerala, Karnataka, Tamil Nadu and many other places. Noni is termed as “Ayushka” (meaning “longevity”) in 
ancient Indian practice of Ayurveda. It is nature's abundance bundled in one fruit. It is the biggest pharmaceutical unit 
in the universe because it has more than 150 nutraceuticals, several vitamins, minerals, micro and macro nutrients that 
help the body in various ways from cellular level to organ level. Noni is one of the important traditional folk medicinal 
plants that have been used for over 2000 years in Polynesia. It has been reported to have a broad range of therapeutic 
and nutritional value. 

General Description of the Genus Morinda 
1. Plant: Woody vines, lianas, shrubs, medium-sized trees or tall canopy trees; raphides present; auciliary thorns absent. 

2. Leaves: Morinda citrifolia has a large, simple, dark green, shiny, deeply veined and elliptical leaves. They are opposite 
or whorled, 3 per node long or short petiolate, blades ovate, broadly elliptic, oblong or oblanceolate, chartaceous; foliar 
pellucid glands absent; domatia sparse or dense tufts of hairs or absent.  

3. Inflorescence: Inflorescence axillary or terminal, not frondose, globose, not subtended by bracts. 

4. Flowers: The flowers are small, white, bisexual and growing from a fleshy structure. They bloom and yield fruits year-
round. 

5. Fruits: Noni is identifiable by its “grenade-like” yellow fruit. The fruits oval in shape and grow in size up to 12 cm or 
more and has a surface covered by polygonal-shaped sections. In the beginning, it is green and turns light yellow or white 
and somewhat gelatinous when ripe. The mature Noni fruit has a foul taste and odour.  

6. Seeds: The seeds, which are triangular shaped and reddish brown, have an air sac attached at one end, which makes 
the seeds buoyant. 

        Noni plant                        Noni flower                           Noni fruits                    Noni seeds 
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Key Components of Noni and their Benefits 
1. Proxeronine: Produces endorphins that cheers you up and improves your state of mind.  

2. Xeronine: Supports body regeneration. 

3. Scopoletin: Has anti-inflammatory, anti-histamine, anti-bacterial and anti-fungal properties, lowers blood pressure, 
and binds to serotonin to help regulate sleep, hunger and temperature. 

4. Anthraquinone: Controls infectious bacteria Staphylococcus aureus, E. coli and Salmonella. 

5. Terpene: Accelerates the excretion of toxins. 

6. Damnacanthal: Inhibits growth of pre-cancerous cells. 

7. Amino acids: Builds up the protein. 

8. Phytonutrients and Selenium: Provide powerful anti-oxidant protection against free radicals. 

9. Fibre: Noni is rich in soluble and insoluble fibre. Soluble fibre cleans the blood, decreases cholesterol, binds to fats 
and balances blood sugar levels. Insoluble fiber is important for colon health. 

10. Nitric Oxide: Assures proper functioning of the body. 

Biological Properties of Noni 
1. Antibacterial activity: Acubin, L-asperuloside, and alizarin in Noni fruit, as well as other anthraquinone compounds 
in Noni roots, are all proven antibacterial agents. These compounds fight against infectious bacterial strains like 
Pseudomonas aeruginosa, Proteus morgaii, Staphylococcus aureus, Baciillius subtilis, Escherichia coli, Salmonella, and 
Shigela. 

These antibacterial elements within Noni are responsible for the treatment of skin infections, colds, fevers and other 
bacterial-caused health problems Recently, Duncan demonstrated that scopoletin, a health promotor in Noni, inhibits 
the activity of E. coli, commonly associated with recent outbreaks resulting in hundreds of serious infections and even 
death. Noni also manage stomach ulcer through inhibition of bacteria H pylori. 

2. Antiviral activity: Compound isolated from Noni roots named 1methoxy- 2-formyl-3-hydroxyanthraquinone suppressed 
the cytopathic effect of HIV infected MT-4 cells without inhibiting cell growth. 

3. Anthelmintic activity: An ethanol extract of the tender Noni leaves induced paralysis and death of human parasitic 
nematode worm, Ascaris lumbricoides, within a day. Noni is used as an effective insecticide. 

4. Analgesic activity: Noni fruits possess analgesic and tranquilizing activites. The analgesic efficacy of the Noni extract 
is 75% as strong as morphine with free of side effects. 

5. Hypotensive activity: The extract of Noni roots has a hypotensive effect. Ethanol extract of Noni roots lowered the 
blood pressure. Noni fruit juice also had a diuretic effect. 

6. Immunological activity: An alcohol extract of Noni fruit at various concentrations inhibited the production of tumor 
necrosis factor-alpha (TNA-α), which is an endogenous tumor promoter. 

7. Antioxidant activity: Noni is a medicinal plant that helps the human in different health conditions. It was believed 
that the Noni fruit juice contained significant level of antioxidants. 

8. Wound healing activity: It is well established that the Morinda leaf and fruit extracts are effective in healing the 
wounds (Mani, 2019). 
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Fig.2. Different products made from Noni- 1. Noni power capsules 2. Noni juice 3. Noni detox energy drops 4. 
Noni powder 5. Noni soap 6. Noni fairness cream. 

Conclusion 
The nutritive and medicinal values of the Morinda citrifolia have been clearly established with the research outcome 
that was completed in different laboratories in abroad. In India, the awareness on the importance of Noni has just come 
with the public and also with the scientific community. Hopefully furthermore useful and vital information will be 
emerged out of the research activities initiated on this wonder tree, Noni. 
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Introduction 
Earthworms live in the soil and feed on decaying organic material. After digestion, the undigested material moves 
through the alimentary canal of the earthworm, a thin layer of oil is deposited on the castings. This layer erodes over a 
period of 2 months. So, although the plant nutrients are immediately available, they are slowly released to last longer. 
The process in the alimentary canal of the earthworm transforms organic waste to natural fertilizer. The chemical 
changes that organic wastes undergo include deodorizing and neutralizing. 

Vermicomposting is the process of turning organic debris into worm castings. The worm castings are very important to 
the fertility of the soil. The castings contain high amounts of nitrogen, potassium, phosphorus, calcium, and magnesium. 
Castings contain: 5 times the available nitrogen, 7 times the available potash, and 1 ½ times more calcium than found 
in good topsoil. Several researchers have demonstrated that earthworm castings have excellent aeration, porosity, 
structure, drainage, and moisture holding capacity. The content of the earthworm castings, along with the natural tillage 
by the worms burrowing action, enhances the permeability of water in the soil. Worm castings can hold close to nine 
times their weight in water. “Vermiconversion,” or using earthworms to convert waste into soil additives, has been done 
on a relatively small scale for some time. A recommended rate of vermicompost application is 15-20 percent. 

Materials for Preparation of Vermicompost 
Crop residues, Weed biomass, Vegetable waste, Leaf litter, Hotel refuse, Waste from agro industries, Biodegradable 
portion of urban and rural wastes. 

Phase of Vermicomposting 
Phase 1 Processing involving collection of wastes, shredding, mechanical separation of the 

metal, glass and ceramics and storage of organic 
wastes. 

Phase 2 Pre digestion of organic waste for twenty days by heaping the material along with 
cattle dung slurry. This process partially digests the material and fit for earthworm 
consumption. Cattle dung and biogas slurry may be used after drying. Wet dung 
should not be used for vermicompost production 

Phase 3 Preparation of earthworm bed. A concrete base is required to put the waste for 
vermicompost preparation. Loose soil will allow the worms to go into soil and also 
while watering, all the dissolvable nutrients go into the soil along with water 

Phase 4 Collection of earthworms after vermicompost collection. Sieving the composted 
material to separate fully composted material. The partially composted material will 
be again put into vermicompost bed 

Phase 5 Storing the vermicompost in proper place to maintain moisture and allow the 
beneficial microorganisms to grow. 

Nutritive Value of Vermicompost 
The nutrients content in vermicompost vary depending on the waste materials that are being used for compost 
preparation. If the waste materials are heterogeneous one, there will be wide range of nutrients available in the 
compost. If the waste materials are homogenous one, there will be only certain nutrients are available. The common 
available nutrients in vermicompost is as follows: 

Organic carbon 9.5 – 17.98% 

Nitrogen 0.5 – 1.50% 

Phosphorous 0.1 – 0.30% 

Potassium 0.15 – 0.56% 

Sodium 0.06 – 0.30% 

Calcium and Magnesium 22.67 to 47.60 meq/100g 

Copper 2 – 9.50 mg kg-1 

Iron 2 – 9.30 mg kg-1 
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Zinc 5.70 – 11.50 mg kg-1 

Sulphur 128 – 548 mg kg-1 

Advantages of Vermicompost 
1. Vermicompost is rich in all essential plant nutrients. Provides excellent effect on overall plant growth, encourages 
the growth of new shoots / leaves and improves the quality and shelf life of the produce. 
2. Vermicompost is free flowing, easy to apply, handle and store and does not have bad dour. 
3. It improves soil structure, texture, aeration, and water holding capacity and prevents soil erosion. 
4. Vermicompost is rich in beneficial micro flora such as fixers, Psolubilizers, cellulose decomposing microflora etc in 
addition to improve soil environment. 
5. Vermicompost contains earthworm cocoons and increases the population and activity of earthworm in the soil. It 
neutralizes the soil protection. 
6. It prevents nutrient losses and increases the use efficiency of chemical fertilizers. 
7. Vermicompost is free from pathogens, toxic elements, weed seeds etc. 
8. Vermicompost minimizes the incidence of pest and diseases. 
9. It enhances the decomposition of organic matter in soil. 
10. It contains valuable vitamins, enzymes and hormones like auxins, gibberel. 
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Introduction 
Wheat is an important cereal crop which forms the base of the global food security, by providing 20 per cent of protein 
and calories consumed worldwide and up to 50 per cent in developing countries. Total area under wheat in the world is 
220 m ha with the production of 752 mT (Anon., 2017) and in India it is grown in an area of 31.46 m ha with production 
of 96.64 mT (Anon., 2016). Making it a second most important food crop being next to rice in India. However, due to 
widespread cultivation of wheat has also fostered numerous wheat parasites that can infect and lay waste to entire 
farming regions. One of the most fearsome and intractable in recent decades is wheat blast or brusone, caused by the 
fungus Magnaporthe oryzae. The wheat blast pathogen can cause loss up to 100 per cent under favorable environmental 
conditions (Cruz and Valent, 2017). 

Emergence and Spread of Wheat Blast (www.cabi.org) 

Symptoms 
1. Considered as a spike disease, but wheat blast can occur on all the aerial parts of the plant.  
2. Bleaching of the spikes is the most important and a visible symptom (Fig. 1a). 
3. Infection on the spike indicated by the appearance of the black spot on the rachis or peduncle which leads to the 
partial or total sterility due blockage of the translocation of photosynthates. 
4. Infected awns show brown to whitish discoloration and infected glumes show elliptical lesions with reddish-brown to 
dark-gray margins (Fig. 1b) 
5. Grains from the infected spike are usually small, wrinkled, deformed, and have low test weight (Fig.1c). 
6. On leaves, in the initial stage macroscopic lesions appears which water soaked to gray-green color (Fig. 1d.).   
7. Mature lesions often have a dark brown to reddish-brown margin that stops lesion expansion, and they also often have 
yellow chloratic halos (Fig. 1e). 
8. During sporulation blast lesions will have grey centers, but after sporulation center look like white to tan color.  
9. Rarely symptoms seen on leaf collar, culm, culm nodes and stem (Fig.2). 

            Fig.1a      Fig.1b         Fig.1c 

Continent/Country/Region First 
reported 

Origin Distribution Reference Note 

South America 

Brazil-Parana 1985 Introduced Widespread Igarashi et al., 
1986 

Six municipalities 
affected 

Bolivia 1996 Introduced Widespread Barea and 
Toledo, 1996 

Santa Cruz region 

Paraguay  2002 Introduced Widespread Viedma and 
Morel, 2002 

 

Argentina  2007 Introduced Widespread Alberione et al., 
2008 

Chaco province 

North  America 

USA-Kentucky - Native Absent, formerly 
present 

Pratt, 2012 

 

Asia 

Bangladesh  2016 Introduced Widespread Islam et al., 2016 8 District 

https://www.cabi.org/isc/datasheet/108643
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/108379
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/108544
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/108359
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/108812
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/108369
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
https://www.cabi.org/isc/datasheet/121970
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Figure 1. Symptoms of blast disease of wheat (Photo courtesy: Professor Md. Tofazzal Islam) 

Wheat Blast in Indian Scenario 
After the appearance of wheat blast in Bangladesh during 2016, there was a lot of concern about the appearance of 

wheat blast in Indian wheat ecosystem. Even though several newspapers reported the appearance of blast disease in 

India near Bangladesh boarder, but till now there are no official confirmation from the Indian scientists regarding the 

appearance of the disease. Indian scientists are very much active tackle the issue and have already sent a set of 

genotypes to Brazil to screen against the blast disease as precautionary measure, because once it appears, it may cause 

the loses up to 100 per cent. 

Integrated Disease Management 
1. Avoidance:  

a. Wheat seeds from blast infected field should be avoided 

b. Whenever there is prolonged precipitation a watch has to be kept for the blast 

c. Avoid the sprinkler irrigation because it can predispose wheat to blast disease 

d. Deep ploughing of infected plant residues and elimination of possible alternate hosts  

e. Fallow the strict quarantine measure  

f. Crop rotation by skipping wheat for one season   

2. Chemical control: 

a. Seed treatment with tricyclazole 75WP @  2g/kg or carbendagzim 50WP @ 2g/kg  

b. Spray with  carbendazim 50Wp @ 1g/L or tricyclazole  75 WP @ 0.6 g/L  or propiconazole  25EC @ 1ml/L or 

Isoprothiolane 40EC 2g/L may help to reduce the initial inoculum  

c. Spay at the flowering will be most effective.  

d. Fungicide inhibiting melanin production in appresoria have been found effective. 

e. Application of silicon containing basic ground blast furnace granules found effective (Agrios, 2005). 

f. Fungicides for control of wheat blast can be effective only for leaves but not for ears. So, timely application 

of fungicides is very much important  

g. Fungicides are not effective under warm, rainy weather at heading stage.  

3. Host plant resistance: 

a. So for only, eight resistance genes have been identified ( Rmg1 to Rmg8)  

b. Out of 8 Rmg genes only Rmg2, Rmg3, Rmg7 and Rmg8 have shown the host- plant resistance against MoT. 

c. The 2NS translocation  chromosome segment from the Aegilops ventricosa have shown head blast resistance 

under natural epidemics in Bolivia 2014 and 2015. 

Future Challenges 
Wheat blast has just started in Brazil during 1985 and within few years, has spread to many other countries in South 

America and now it has entered the South East Asian country i.e. Bangladesh. So there has to be very stringent measures 

to avoid the further spread of this disease to feed the over growing population specially for those who have highly 

dependent on the wheat as a staple food. 

 

Fig.1d 

Fig.1e Fig.1d 
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Introduction 
Farmers are lacking awareness on crop varieties to be grown in different situations which lead to low yields. In order to 
overcome the problem and to gain higher yields crop varieties should be selected according to the situation. 

Recommended Crop Varieties: Pulses 
1.Greengram: 

Kharif: LGG 407, LGG 460, TM 96-2, IPM 2-14 and WGG 42 
Rabi-Uplands: LGG 460, LGG 407, TM 96-2, WGG 42, IPM 2-14 
Rice fallows: LGG 460, TM 96-2, LGG 410, LGG 407, IPM 2-14 
Summer: LGG 460, PDM 54, LGG 407, WGG 42, IPM 2-14 

2.Blackgram: 
Kharif: LBG 752, LBG 20, T 9, Pant U 31 and LBG 787, TBG 104 & GBG 1 
Rabi uplands: LBG 752, LBG 685, LBG 645, LBG 709, LBG 20, PBG 107, LBG 787, T 9, PU 31, TBG 104 & GBG 1 
Rice fallows: LBG 648, LBG 645, LBG 685, LBG 709, LBG 752, LBG 787, TBG 104 & GBG 1 
Summer: LBG 752, PU 31, LBG 20, T 9, TBG 104, LBG 787 & GBG 1 

3.Redgram: 
Medium duration: LRG 52, LRG 41, LRG 38, LRG 30, ICP 8863, ICPL 332, ICPL 87119, ICPL 85063 and TRG 22 
Short duration: ICPL 84031 (Durga), ICPL 85010 and CORG 9701 
Wilt resistant varieties: ICP 8863 and ICPL 87119 
SMD resistant varieties: ICPL 87119, BSMR 736 and BSMR 853 
Rabi varieties: ICPL 85063, LRG 38, LRG 41, LRG 52 

4.Soybean: JS 335, PK 1029, MACS 58, MACS 124, MACS 450, PK 472, LSb 1, JS 80-21, LSB 18 (Bheem) and ADB 22 (Basara). 

5.Horsegram: PDM 1, PZM 1, PHG 62, PHG 9. 

6.Chickpea:  
Desi varieties: JG 11, JAKE 9218, Nandyal 1 (NBeG 3), JG 130 
Kabuli varieties: Swetha (ICCV 2), KAK 2 (PKV Kabuli 2), vihar (pooleji 95311), lam sanaga (LBeG 7), MNK 1. 

Recommended Crop Varieties: Oilseeds 
1. Groundnut: 

Early Kharif (March-April) (Irrigated): TAG 24, Greeshma, Rohini, Dheeraj, Dharani, Nitya Haritha, Abhaya, 
Bheema, Kadiri 7 and Kadiri 8 bold 
Kharif-Scarce Rainfall areas: Kadiri 9, Dharani, ICGV 91114 and Kadiri Anantha. 
Kharif assured rainfall areas with scope for supplemental irrigation during prolonged dry spells: Dheeraj, 
Kadiri 6, Dharani, Narayani, ICGV 91114, Abhaya, Prasuna, Kadiri 9, Nitya Haritha, Kadiri Amaravathi, Kadiri 
Harithandra, Kadiri Chitravathi. 
For excess rainfall conditions: Kadiri Chitravathi, Abhaya, Kadiri 9, Kadiri Amaravathi, Kadiri 7 Bold, Kadiri 8 
Bold. 
Kharif-Irrigated: Dheeraj, Kadiri 6, Dharani, Narayani, ICGV 91114, Abhaya, Prasuna, Kadiri 9, Nitya Haritha, 
Kadiri Amaravathi, Kadiri Harithandra, Kadiri Chitravathi, Bheema, Kadiri 7 and Kadiri 8 bold. 
Kharif-delayed monsoon situation (August sowings): Narayani, Dharani, ICGV 91114, Kadiri Anantha. 
Rabi (November-December sowings): Dheeraj, Kadiri 6, Dharani, Narayani, ICGV 91114, Abhaya, Prasuna, Nitya 
Haritha, Kadiri Amaravathi, Kadiri Harithandra, Bheema, Kadiri 7 and Kadiri 8 bold, TAG 24, Greeshma and 
Rohini. 
Rabi-rice fallows (January sowing): Kadiri 6, Narayani, Dharani, Dheeraj, TAG 24, Rohini and Greeshma. 
Kalahasti malady affected areas: Kalahasti, Prasuna, Kadiri 9. 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
449 

Varieties having tolerance to leaf spot and rust: Kadiri Anantha, Abhaya, ICGV 00350. 
Coastal sands: Kadiri 6, Greeshma, TAG 24, Narayani, Dharani. 

2.Sunflower: NDSH 102, LSFH 171, DRSH 1, KBSH 44, DRSF 113 

3.Safflower: Manjira, Sagaramutyalu, TSF 1 

4.Castor: 
Varieties: Jyothi (DCS 9), Kranthi (PCS 4), Haritha (PCS 124), Kiran (PCS 136), Jwala (48-1), PCS 262 (Pragathi). 
Hybrids: GCH 4 (SHB 18), DCH 32 (Deepthi), DCH 177 (Deepak), DCH 519, PCH 111, PCH 222. 

5.Sesamum: Gouri, Madhavi, YLM 17, YLM 66, Chandana 

Recommended Crop Varieties: Commercial crops 
1.Sugarcane: 

Early maturing: 85 A261, 84 A 125, Co 8014, 83 A 30, 87 A 298, 99 V 30, 86 V 96, 91 V 83, 2000 V 59, 2003 V 46, 
93 A 145, 2001 A 63, 2003A 255, 2005A 128, 2009V 127, 2005T 16 and 97A 85. 
Mid-late maturing: CoT 8201, Co A 7602, Co 7805, 83 V 15, 86 A 146, 88 A 162, 2002 V 48, 98 A 163 and 2000 A 
225. 
Late maturing: Co7219, Co7706 and 87 A 380. 
Moisture stress: Co T 8201, 87 A 298, 97 A 85, Co 7219, Co A 7602, 98 A 163, 2005 T16 and 2000 A 56. 
Swamp/water logged conditions: CoT 8201, 87A 298, 83V 15, 2000V 59, 2003V 46 and Co 7805. 
Saline-Alkaline soils: CoT 8201, 97 A 85, 93 A 145, 99 V 30 and Co 7219. 

2.Cotton:  
a. Suitable varieties/hybrids: 

i. Desi cotton varieties (G.arboreum. L): Aravinda, Srinandi (NDLA 2463), Yaganti (NDLA 2933) 
ii. American cotton varieties (G.hirsutum L.): kanchana (LPS 141), LK 861, L 389, L 603, L 604, 
narasimha (NA 1325), Sivanandi (NDLH 1755), NDLH 1938, MCU5 VT, LRA 5166 and LRK 516 

b. Intra-specific cotton hybrids: LAHH 1, LAHH 4, LAHH 5, Lam cotton Hybrid 7, NDLHH 390, NDLHH 240 and 
Orugallu Krishna (WGHH 2), NHH 44, JKHy 1, Savitha, H 6, H 8 and H 10 

Egyptian cotton varieties: Suvin, Jayalakshmi (DCH 32) 
c. Inter-specific cotton hybrids 
d. Bt Cotton hybrids: Officially identified private Bt cotton hybrids being cultivated and found suitable for the 
last 3-4 years. 

Conclusion 
Farmers has to select varieties based on season and situation to incur assured income. 
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Crop Varieties of Cereals and Millets Suitable for Different Situations 
Article ID: 30168 

Sahaja Deva 

 

Introduction 
Farmers are lacking awareness on crop varieties to be grown in different situations which lead to low yields. In order to 
overcome the problem and to gain higher yields crop varieties should be selected according to the situation. 

Recommended Crop Varieties: Cereals 
1. Rice: 

Varieties recommended for Kharif: 
Early Kharif plantings: Bharani (NLR 30491), Somasila (NLR 33358), Swetha (NLR 40024), MTU 1010 
(Cottondora sannalu), NLR 34449 (Nellore Mahsuri). 
Kharif Normal plantings: NLR 9674, Pardhiva, NLR 3041 (Nellore Sona). 
Kharif aged Nursery seedlings: Swarnamukhi, pardhiva. 
Low land submerged areas: Badava Mahsuri, Savitri, Bheema and Ksheera. 
Saline soils: Swarnamukhi, SOmasila, Deepti, Nellore mahsuri, Nellore sona, Panduranga. 
Late kharif plantings: Swarnamukhi, Nellore sona, Nellore mahsuri, Tarangini, SriDruthi, Chandra. 
Irrigated Dry situation: Swarnamukhi, Vijetha, SriDruthi. 
BPH prone areas: Vijetha, SriDruthi. 

Varieties recommended for Rabi: 
Rabi Normal plantings: Swarnamukhi, Cottondora sannalu (MTU 1010), VIjetha (MTU 1001), Nellore 
Mahsuri (NLR 34449), NDLR 8 (Nandyal sannalu), NLR 3041 (Nellore Sona), NDLR 7, Swetha (NLR 40024). 
Saline soils: Somasila (NLR 33358), Nellore Mahsuri (NLR 34449). 
Late Rabi plantings: Cottondora sannalu (MTU 1010), Vijetha (MTU 1001), Nellore Mahsuri (NLR 34449), 
tarangini, Chandra, Swetha, Somasila. 
BPH prone areas: Cottondora sannalu (MTU 1010), Vijetha (MTU 1001), Tarangini, Sri Druthi, Chandra 

2. Maize:  
Hybrids: 

Long duration (100-120 days): DHM 113, 900 MGold, 30 B 07, NK 30, Bio 9681, NK 6240, Pro 311, MCH 
36, SMH 3904, JKMH 2492. 
Medium duration (90-100 days): DHM 111, DHM 117, DHM 121, Kohinoor, Prabhal, Bisco 855, JKMH 175, 
Bio 9637, MCH 2, KH 510, KH 9541, KMH 25K60, S 6217. 
Short duration (<90 days): DHM 115, Pioneer 3342, KH 5991, DKC 7074 R, JKMH 1701, MMH 133, Bio 605 
and Sun Vaman. 

Speciality corn – Hybrids: 
Sweet corn: Sugar 75, Bright Gene. 
Popcorn: BPCH 6. 
Baby corn: HM 4, DHM 115, Prakash, HIM 128, PEH 1 and PEH 2. 
Quality protein: HQPM 1, HQPM 4, HQPM 5, HQPM 7and vivek QPM 9. 

Varieties: 
Sweet corn: Madhuri, Priya, Win orange, Almora sweetcorn. 
Popcorn: Amber popcorn, Pearl popcorn, VL popcorn. 
Baby corn: VL 42, Him 123, Him 129, madhuri, VL78, JH 3459 and VL Baby corn 1. 

3.Jowar: 
Kharif: 

Varieties: PSV 1, Palem 2, CSV 10, CSV 11, CSV 13, CSV 1, Srisaila (PSV 56), N 15 and NTJ 5. 
Normal rainfall areas of coastal districts: CSV 10, CSV 11, CSV 13, CSV 15, PSV 1, Palem 2, Srisaila (PSV 
56), CSV 17, CSV 20, CSV 23, N 15 and NTJ 5. 
Hybrids: CSH 10, CSH 11, CSH 14, CSH 16, CSH 18, CSH 21, CSH 23, CSH 25 and CSH 30. 
Normal rainfall areas of coastal districts: CSH 10, CSH 11, CSH 16, CSH 18, CSH 21. 

Maghi, Rabi and Summer: 
Varieties: NTJ 2, NTJ 4, NTJ 5, CSV 216R, CSV 14R, M 35-1, Kinnera and N 15. 
Normal rabi areas of coastal districts: CSV 14 R, CSV 216R, M 35-1, NTJ 4, N 14, NTJ 5, N 15, CSV 18 
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and CSV 22. 
Hybrids: CSH 15 R, CSH 16. 
Normal rabi areas of coastal districts: CSH 15R, CSH 19R. 
Rice fallows: CSH 13R, CSH 15R, CSH 16. 
Sweet stalk sorghum: SSV 84, CSV 19SS and CSH 20SS. 

4.Bajra: 
Open pollinated varieties: ICMV 221, ICTP 8203, Raj 171, ICMV 155, ABV 04. 
Hybrids: HHB 67, ICMH 356, RHB 121, PHB 3. 

Recommended Crop Varieties: Millets 
1.Finger millet: 

Kharif: 
Short duration (80-90 days): Maruthi and Champavathi. 
Medium duration (100-115 days): Saptagiri, Bharathi, Godavari, Srichaithanya, vakula and Tirumala. 

Rabi: 
Short duration (80-90 days): Maruthi and Champavathi. 
Medium duration (100-115 days): Spatagiri, Bharathi, Godavari, vakula and Hima (white ragi). 

2.Foxtail millet: Prasad, krishnadevaraya, narasimharaya, srilakshmi, suryanandi (SiA 3088), SiA 3085, SiA 3156. 

3.Little millet: OLM 20, OLM 36, OLM 203, OLM 208, OLM 217, BL6M DHLM 36-3, Co 4. 

4.Prosomillet: Co 4, TNAU 143, TNAU 151, TNAU 164, TNAU 202 and PR 18. 

5.Kodomillet: TNAU 86, JK 13, JK 48, JK 65, JK 98, DPS 9-1. 

6.Barnyard millet: Sushruta, VL Madira, Co2 and DHBM 93-3. 

7.Browntop millet: GPUBT 6. 

Conclusion 
Farmers has to select varieties based on season and situation to incur assured income. 
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Introduction 
In the 21st Century, the millennium development goals are to feed the growing population, to eradicate hunger and 
malnutrition by ensuring adequate food supply and to the people. Present day plant breeding techniques for developing 
input-efficient crop varieties along with diffeent farming systems has increased the food production beyond the 
sustainable level in an environmentally sound way from limited arable land rather than any other agro-chemistry and 
mechanization process.The first and foremost requirement in plant breeding is the availability of genetic variability for 
the traits of interest. If natural variability is not available to the extent of the requirement, then variability can also be 
created by conventional methods viz., recombination, heterosis, mutation and polyploidy breeding and non-
conventionally (biotechnological means) by genetic engineering and somatic embryogenesis. 

When compared among the conventional methods for creation of novel genetic variation, polyploidy stands to be one of 
the best options. Polyploids are mainly classified into three types viz., haploids, diploids and triploids depending on the 
variation in the chromosome number. Haploids can be made into doubled haploids (DHs) in which have homozygous 
alleles at all loci. Thus, DHs can be deployed as parental inbred line for production of hybrid varieties (in cross-pollinated 
species) or can directly be used as new varieties (self-pollinated species). Heterozygous nature often renders a high 
degree of inbreeding depression in cross-pollinated species. Thus, double haploidy technique serves as an efficient tool 
for the production of inbred lines in a short period of time in such species with very high level of inbreeding depression. 
Besides, it also serves as a viable tool to shorten the breeding cycle. 

Double Haploids and its Origin 
Plants or cells with a gametic chromosome number (n) are known as haploids and are developed from diploid species 
(2n=2x) by meiosis. These haploid cells/plants are also known as monoploid. Generally, these are sterile due to the 
inability of their chromosomes to pair during meiosis, small in size and thus exhibit lesser vigour. Therefore, to include 
them in any genetic improvement program, their fertility needs to be restored. A line or plant which is obtained by 
doubling the chromosome number of haploid individual or plant is regarded as double haploids (DHs). Through 
conventional breeding methods, to attain complete homozygosity requires at least seven generation of self-pollination 
that requires more time and effort. In this direction, double haploidy is a biotechnological technique that can overcome 
such hurdles in breeding programmes. The doubled haploid population also serves as a mapping population for mapping 
complex traits viz., yield and resistance to biotic and abiotic stresses.Guha and Maheshwari, (1964) were the pioneer in 
haploidy technique as they could isolate a haploid embryo from in-vitro culture of datura anthers. This method was also 
successful in tobacco by Nitsch and Nitsch (1969). Since 2003, Maluszynski and co-workers made attempts and published 
protocols for haploid induction in over 250 plant species in different families of across the plant kingdom. Thus, to obtain 
a double haploid individual, two steps are to be followed, firstly, haploid induction and secondly, doubling of the 
chromosome number of the haploid individual. 

Advantages of DHs 
1. Creation of genetic variation is possible at the haploid level. 
2. It helps in evolutionary and cytogenetical studies. 
3. DH can develop homozygous lines in a short period of time and thus helpful for the plant breeders. 
4. DH population is efficient in rapid identification molecular mnarkers linked to the traits of interest. 
5. DH also helps to perform mapping in crops which have long gestation period. 
6. It helps in studying the inheritance of quantitative traits, QTL mapping, functional genomics, gene identification. DH 
population also serves as a base material for performing Targeting Induced Local Lesions in Genomes (TILLING). 
7. It also helps in transferring sterile cytoplasm of Cytoplasmic Male-sterility into a desirable background in a single step 
avoiding many generations of backcrossing. 
8. Self-incompatible, dioecious and species that suffer from inbreeding depression upon selfing; haploidy may be the 
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only way to develop inbred lines. 

Factors Affecting Haploid Induction and Subsequent Regeneration 
1. The genotype of donor plants for haploid induction 
2. Physical factors viz., light and temperature during tissue culture 
3. Physiological conditions viz., growth at higher illumination and lower temperature of donor plants. 
4. The developmental stage of microspores, ovules and gametes. 
5. Treatment before culture i.e., hot treatment of cultured microspores and cold treatment of inflorescences. 
6. Composition of the culture medium. 

Genetic Architecture of Double Haploid Population 
In double haploid method, only two types of genotypes occur for a pair of alleles, ‘A’ and ‘a’, with the frequency of ½ 
‘AA’ and ½ ‘aa’, while in normal diploid, three genotypes occur with the frequency of ¼ ‘AA’, ½ ‘Aa’, ¼ ‘aa’. Thus, the 
probability of obtaining desirable genotype by the doubled haploid will be (½)×n while the same in diploid will be (¼)×n, 
where, n is the number of loci under segregation. From this, it is clear that the efficiency of isolating a desirable 
individual is high in double haploids. 

Methods of Haploid Induction 
1. In-vivo method: In-vivo method involves methods like distant hybridization which are followed by elimination of 
chromosome, parthenogenesis, bulbosum technique and inducer-based technique. Parthenogenesis is a process of 
development of an embryo from the egg cell without fertilization. Such embryo may develop either from haploid egg 
cell (haploid parthenogenesis) or from diploid egg cell (diploid parthenogenesis). It involves pseudogamy, semigamy and 
apogamy.  

a. Pseudogamy: It is the situation when the egg and sperm nuclei fail to fuse even though pollination serves as 
a stimulus for embryo development.  
b. Semigamy: It is the situation where the haploid sperm nucleus enters the egg cell but fails to fuse with the 
haploid egg-nucleus. Each of such nucleus divides independently giving rise to a haploid embryo that contains 
sectors of male and female origin.   
c. Apogamy: The production of sporophyte directly from gametophyte, without any fusion of gamete is known 
as apogamy. The resultant sporophytes which are derived from gametophytes possess the same chromosome 
number (apospory, diplospory). 

The first haploid induction method was the ‘bulbosum’ method. Across most genotypes, this method is to produce large 
numbers of haploids. On the other hand, in maize, the haploid inducing lines have been used to produce haploids by the 
development of unfertilized egg cells (Inducer-based approach). Haploid seed induction rate of inducer lines ranges from 
8 to 12 %.   

2. In-vitro method: In-vitro method involves two processesviz., androgenesis and gynogenesis. The process of induction 
and regeneration of both haploids originating from male gametic cells is known as androgenesis which has applicability 
in numerous plant species due to its high effectiveness and potential for commercial exploitation. On the other hand, 
gynogenesis is the in-vitro induction of maternal haploids originating from the female gametic cells. The process can be 
achieved with the in-vitro culture of various flower parts which are un-pollinated, such as placenta attached ovules, 
ovules, ovaries or whole flower buds.  

Gynogenesis is mainly used in the plants where androgenesis and other induction methods have failed. In comparison to 
androgenetic ones, gynogenetic regenerants exhibit higher genetic stability and a lower rate of albino plants. Using un-
pollinated flower parts,gynogenetic induction has been successful in several vegetable crops such as onion, beet root, 
cucumber, squash etc. But till date,its application is mainly restricted to onion and beet root breeding at a commercial 
scale. The efficiency of this method and its success is greatly influenced by the genotypeof the mother plant and growth 
conditions after induction. 

Approaches for DH Production 
There are two approaches for double haploid production. They are anther culture and ovary culture. 
1. Anther culture: It is a process of production of haploid plants on a suitable culture medium by placing the anther or 
isolated pollen grains on them. The first haploid plant was produced by anther culture was by Guha and Maheswari 
(1984). 

Achievements:  
a. Haploid plants have successfully been produced in potato, brinjal, chilli, cabbage, cauliflower and 
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asparagus. 
b. A new sweet pepper variety Haihua-3 was developed through anther culture in China. This variety has 
wider adaptability and is tolerant to diseases. 

2. Ovary/ovule culture: It isanother method of production of haploids by the culture of unfertilized egg cells or other 
haploid cells of the embryosac. The resultant plants which produced are called as gynogenic haploids.  

Achievement: Kobayashi et al. (1993) developed ovule culture techniques for sewwet potato and in two of its 
related species i.e. I. triloba and I. trifida. The ovules from the former crop could be successfully cultured 5-6 
days after pollination, while in the latter two, it was successful in 3-4 days after pollination. 

Methods for the Production of Haploid Plants in Vegetable Crops 
Crop species Mode of haploid development 

Asparagus officinalis Direct/indirect androgenesis 

Beta vulgaris Direct/indirect androgenesis 

Brassica oleracea  Direct/indirect androgenesis 

Capsicum annuum(Sweet Mini-
pepper) 

Anther culture-derived variety released forcommercial cultivation 

Cucumis sativus Indirect androgenesis 

Lycopersicon esculentum Direct/indirect androgenesis 

Raphanus sativus Direct androgenesis 

Solanum tuberosum Direct/indirect androgenesis 

S. melongena Direct/indirect androgenesis 

Chromosome Doubling 
It is a process of doubling the chromosomes of haploid individuals aimed mainly at restoring the fertility. This process is 
generally achieved by the use of anti-microtubule agents. Under in-vitro conditions, anther or ovule cultured haploid 
plants can either be easily acclimatized or can be grown normally. Such vigorous growth haploid plants are observed in 
onion, but in most of the cases, it shows reduced vigour. However, during the flowering stage, haploid plants produce 
inflorescences with malformations because of the presence of only one set of homologous chromosome. This results in 
abnormal meiosis resulting into no seed set.  

Therefore, duplication of the chromosome complement is prerequisite in the haploid plants. In 1974, Sunderland and co-
workers described that in early stages of embryo development a common spindle is formed by synchronous division of 
two or more nuclei. The rapid occurrence of a small proportion of triploid re-generant supports the nuclear fusion theory. 
Kasha (2005) reviewed that with delay in cell wall formation might be associated with nuclear fusions which resulted in 
chromosome doubling. 

Methods of Chromosome Doubling 
1. Endomitosis: It is also regarded as ‘Nuclear Restitution’.  It is a process of chromosome multiplication and separation.  

2. Endoreduplication: It is a phenomenon of chromosome doubling without cytokinesis. 

3. C-mitosis: It is a phenomenon of endomitosis under the influence of colchicine. 

4. Nuclear fusion: It occurs when two or more nuclei synchronously divide and develop a common spindle. Thus, through 
this fusion, two or more nuclei could be formed. These nuclei may either be doubled, polyploid or aneuploid chromosome 
number. 

Other Chromosome Doubling Agents 
1. Colchicine 
2. Acenanaphthene 
3. Chloramphenicol   
4. Nitrous oxide   
5. Parafluorophenyl alanine   
6. 8- hydroxyquinone 

Application of Doubled Haploids in Genetic Improvement 
1. QTL mapping: Quantitative traits are controlled by loci with small cumulative effects. Such loci can effectively be 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
455 

identified by conducting mapping in a double haploid population. Besides, double haploids are true-breeding and thus 
constitutes immortal mapping population and thus can be maintained efficiently in large numbers (Lynn 2019). 

2. Backcross breeding: In such breeding procedure, genes from a donor are introgressed into a recipient elite line. 
Molecular markers provide ease in this process in which selection is based on the genotype (marker) rather than the 
phenotype. The combination of molecular marker along with doubled haploidy requires less time for the development 
of homozygous lines with the trait of interest (Lynn 2019). In 1994, Chen and co-workers carried out marker-assisted 
backcross breeding in barley and achieved success in a short period when they applied doubled haploidy in BC1 progeny 
to select stripe rust-resistant lines. 

3. Bulked Segregant Analysis (BSA): In this analysis, for a particular trait of interest, the population is screened. The 
resultant genotypes at the two extreme ends (say high yield and low yield) are used to form two bulks. Using doubled 
haploid population here helps to eliminate the presence of heterozygote in the bulks which sometimes gives erroneous 
co-segregation.  

4. Construction of genetic maps: The purpose of genetic maps is to understand the organization of genomes, to map a 
phenotype of interest and to estimate the magnitude of the effects of the loci of interest. It is possible to produce a 
genetic map within two years of the initial cross in any type of species in DH populations. Genetic maps of pepper, 
barley, rapeseed, rice and wheat have been constructed using DH populations.    

5. Elite crossing: DHs allow crossing between selected elite-homozygous lines and their selection within a short period 
as compared to conventional breeding methods which take 10-15 years for cultivar development. 

6. Cultivar development: DH helps to obtain uniformity which is the general requirement of the cultivated line in most 
species. Thomas et al., 2003 reported that more than 200 varieties have been developed through double haploidy in 
different crops. 

Disadvantages of DHs 
1. Induction of DH through non-conventional method (tissue culture) involves high initial cost for facility establishment. 
2. DH induction protocols substantially vary not only among species but also among genotypes within the same species. 
3. The over-usage of doubled haploidy may reduce genetic variation in breeding germplasm. 
4. Health and legal concerns related to handling the chromosome doubling chemical agents. 

Application of Doubled Haploidy in Vegetable Crops 
1. Onions: Tissue culture techniques, especially through double haploidy, has substantially enhanced the development 
of the stable line with improved quality and yield, quality along with large numbers of DH lines of different genotypes 
and resistance to diseases were obtained (Lim et al., 2004). 

2. Melons: The DH plants from melon resulted in recovery of stable lines with multiple disease resistance, increased 
yield and improved quality traits. The lines also required less management practices through chemical means (Lofti et 
al., 2003). 

3. Cole crops: Klima et al., (2004) investigated the efficiency of plant regeneration from microspore-derived embryos 
on some selected botanical varieties of Brassica oleracea. The percentage of regeneration of plant from sub-cultured 
embryos in Kohlrabi ranged from 11.11 to 63.64%, in cabbage from 5.88 to 52.00% and in Cauliflower from 23.53 to 
46.19%. 

4. Capsicum: Use of haploid lines in Capsicum and spontaneous haploid plants among the evaluated material was first 
reported by Christensen and Bamford (1943). On the other side, by using colchicine, haploid plants were produced in 
cultivars of Capsicum sp. (Toole and Bamford, 1945). 

Conclusion 
DH has and will serve as a very powerful tool for the production of completely homozygous lines from heterozygous 
plants. After the discovery of in-vitro androgenesis method in 1964, techniques have been gradually improved. In the 
current situation, the techniques are sufficiently elaborated for a wide variety of plant species. In addition to plant 
breeding, double haploidy has been extensively employed in genetic studies viz., genomics, gene mapping, linkage and 
QTL mapping as well as a target population for carrying out mutation. 
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Introduction 
Precision Agriculture is information and technology-based farm management system to identify, analyze and manage 
spatial and temporal variability within fields for optimum productivity and profitability, sustainability and protection of 
the land resources by minimizing the production costs. Rapid socio-economic changes in India are creating new scopes 
for the application of precision agriculture. In agricultural operation, there is a need to minimize the input losses and 
developing a suitable environmental condition for better productivity. The main input in crop production is seed, 
fertilizer, water and chemicals. Seed is an important input in agriculture so it is necessary to minimize the seed lost and 
maintaining the proper germination condition of seed. Proper placement of seed during sowing operation is highly desired 
for optimum growth and high productivity. The seed need to be placed at proper depth in order to allow the maximum 
survival rate of germination. If the sowing depth is too shallow, the seed will not get enough moisture for sprouting and 
if the depth is too deep, the seed does not get enough energy and oxygen to survive. Achieving the desired seed depth 
and plant population largely depends on the performance of the sowing machinery. 

Need of Precision Planting 
In India, main sowing machinery are seed drill, no-till drill, seed cum fertilizer drill and planter. The main components 
of sowing machinery are seed box, metering mechanism, seed tube, furrow opener and ground wheel. The problem 
associated with sowing machinery is that sowing depth is not maintained, seed rate changes while working and there is 
blockage in seed and fertilizer tube. When depth of sowing is not maintained as recommended then the germination of 
crop is not uniform and therefore productivity decreases. The seed rate varies (increase or decrease) during field 
operation which causes seed loss and non-uniform crop intensity. The farmer may not be able to identify the seed 
blockage problem in the seed tube during sowing because sowing is done below the soil surface. The seed blockage is a 
major problem during sowing, which creates a large unsown area. All these problems are major factor for lesser 
productivity of crops. 

Application of Sensor Technology 
All the above mention problems of sowing machinery cause the lesser production of crop. Therefor need to address these 
problems efficiently and economically. Sensor-based technology is one of the ways to solve the above problem described, 
as it can easily provide real time feedback on sowing depth, seed rate and seed blockage. Sensors are cost effective, 
simple and can work effectively in dusty field conditions. Sensor will be attached to the sowing machinery which will 
provide information about the depth of sowing operation, seed rate and blockage in seed tube. Hardware systems, 
sensors, software systems, control systems, display boards, red bulbs, and alarm will be needed for developing this type 
of sowing machinery. 

Sensor Used 
1. Ultrasonic sensors or linear variable differential sensors for measurement of depth of sowing. 
2. Hall sensor for calculating rotational speed of seed shaft and operating speed of machinery. 
3. Photoelectric sensor or capacitive sensor for checking status of seed tube blockage. 

Constraints in Precision Planting 
1. Lack of knowledge of sensor. 
2. Difficulty in programing of system software. 
3. Mounting problem of control system and display board on tractor. 

Conclusions 
The problem with sowing machinery is that the sowing depth is not maintained, the seed rate varies during the sowing 
operation, and there is blockage in seed and fertilizer tube. Sensor technology is one way to quickly and efficiently 
address these problems. Sensors provide real time feedback to eliminate the mention problems associated with sowing 
machinery. Which provide uniform seed germination throughout the field, eliminating the problem of seed blockage and 
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also seed rate will be maintained throughout the sowing operation.  
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Methods of Irrigation 
There are three commonly used methods: surface irrigation, sprinkler irrigation and drip irrigation (Fig 1). 
1. Surface irrigation: Surface irrigation is the application of water by gravity flow to the surface of the field. Either the 
entire field is flooded (basin irrigation) or the water is fed into small channels (furrows) or strips of land (borders). 

a. Basin irrigation: Basins are flat areas of land, surrounded by low bunds (Fig 4). The bunds prevent the water 
from flowing to the adjacent fields. Basin irrigation is commonly used for rice grown on flat lands or in terraces 
on hillsides. Trees can also be grown in basins. The basin method is suitable for crops which are unaffected by 
standing in water for long periods. 

Figure 4. Basin irrigation on the hillside and trees 

ii. Furrow irrigation: Furrows are small channels that carry water down the land slope between the crop 
rows. Water infiltrates into the soil as it moves along the slope and the crop is usually grown on the 
ridges between the furrows (Figure 5). This method is suitable for all row crops and for crops that cannot 
stand in water for long periods (eg. Maize, Sugarcane, Brinjal, Tomato, Bhendi). 

Fig.5 Furrow Irrigation 

iii. Border irrigation: Borders are long, sloping strips of land separated by bunds (Figure 6). They are 
sometimes called border strips. Irrigation water can be fed to the border in several ways: opening up 
the channelbank, using small outlets or gates or by means of siphons or spills. A sheet of water flows 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
460 

down the slope of the border, guided by the bunds on either side (eg. Groundnut, Finger millet, Sesame). 
Fig. 6 Border Irrigation 

2. Sprinkler irrigation: Sprinkler irrigation is similar to natural rainfall. Water is pumped through a pipe system and then 
sprayed onto the crops through rotating sprinkler heads. 

3. Drip irrigation (a. Surface; and b. subsurface drip irrigation): The water is conveyed under pressure through a pipe 
lines to the fields. In which, water can be discharged at a slow rate onto the soil through emitters or drippers which are 
located close to the plants. Hence, drip irrigation is considered to be effective irrigation in terms of water conservation 
as water soaked only the root zone. Drip irrigation is also called as trickle irrigation. 

Figure 3. Irrigation methods 
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Basic Principles in Irrigation 
Irrigation water is applied to ensure the sufficient moisture availability in the soil to meet crop water requirement. 
Plants require adequate water to complete their life cycle which can be either supplied by rainfall or substituted with 
irrigation. When water supplied through rainfall is not sufficient, plants must be irrigated by using different methods 
based on the water requirement of crops. The main source of irrigation to several crops in India mainly supplied through 
lakes, rivers and wells. 

The commonly used methods are surface irrigation, sprinkler irrigation and drip irrigation. The surface irrigation can be 
further classified in to basin, furrow and border irrigation. Hence, a reliable and suitable irrigation method of water 
supply may result in improvement in agricultural production. To supply the adequate water and selection of irrigation 
method needs complete understanding of principles of irrigation. In this chapter, basic principles of irrigation and method 
of irrigation are discussed in detail. 

The main driving force in determining the water requirement of crops in a specific growth periods may differ with crops 
and growth stages which can be determined by weather, soil, water and requirement of water during its different growth 
stages. The water cycled from different water bodies to the atmosphere as result of evaporation and transpiration and 
it is transformed as rain and return to the earth. In the present scenario of climate change, the irrigation cycle was 
typically changed due to change in rainfall pattern. Thus, change in rainfall pattern leads to failure of crops especially 
in dry land and rainfed areas. Sometimes excess rainfall also damages the crop. 

The irrigation requirement of crops mainly influenced by the following factors that includes, 
1. Soil: The suitability of a particular land type (eg. black soil, red soil, alluvial soil) for irrigated agriculture may depends 
on soil characteristics, soil profile, and soil texture (sand, silt and clay). 
The yield of a crop may determine by the following factors such as, Adequate moisture holding capacity of a soil which 
may avoid either excess of loss of water through deep percolation or evaporation. It can be useful in nutrient mobilization 
and optimum plant growth etc. 

Crop require adequate drainage through the root zone for proper aeration. Suitable soil texture and structure to ensure 
the easy field operation such as ploughing, weeding and other intercultural operations. Soil should not fall under extreme 
soil conditions such as acidity, sodicity, salinity, or any other toxic elements. 
In addition, soil depth, water holding capacity, bulk density also determines the water availability after the irrigation 
which influence the irrigation interval period from one irrigation to other. 

2. Climate: The climate of a particular location will remain constant and accordingly selection of crops maybe based on 
the location. In addition, each crop has their own requirement of weather during its various growth stages. 

The major weather or climatic elements important for agriculture are solar radiation, rainfall, temperature (maximum 
and minimum), humidity (morning and evening), sunshine duration, photoperiod and wind speed. The weather is the set 
of all external phenomena in a given atmosphere at a given time whereas climate is the over the periods. The crops have 
their critical and optimum climatic requirements in its growth periods. The rainfall distribution in space and time 
determines the strategy for planning of crop production. Besides, rainfall amount, intensity, distribution as well as length 
of growing periods are also important factor in determining the crops and or cultivar. 

3. Topography: The topography largely determined the irrigation methods in crop production practices. The topography 
also affects the effectiveness of labour work force. Similarly, topography also influences the efficiency of irrigation, 
drainage, erosion, size and shape of fields or plots, selection of crops, and land configuration methods. The agricultural 
field has to be leveled according the topography which helps in increasing the water use efficiency. 

4. Water Source: The main water source in India is monsoon rain which contributed major food grain production. Besides, 
canal irrigation through catchment like lakes, rivers are vogue in ancient time periods from 2000 BC. In addition, wells, 
bore wells are also considerably used for various crops and plantation trees. The source of irrigation water may be 
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selected according to the need of the farm. The use of rain water also followed in most of the area wherein other sources 
are limited. It can be either small catchment, farm ponds etc.  

The main factors to be consider for the source of water is irrigation water quality which includes pH (optimum is 6.0–
8.5), electrical conductivity (EC), toxic element load (Boron, Nitrate, Chloride, Iron etc), dissolved metals (Arsenic, 
Lead, Cadmium).The main soluble constituents are calcium, magnesium, sodium as cations and chloride, sulphate, bio 
carbonate as anions. The other ions are present in minute quantities are boron, selenium, molybdenum and fluorine 
which are harmful to animals fed on plants grown with excess concentration of these ions. The source of water must 
meet the quality standards of irrigation water category for various crop uses. 

5. Crops: The crops or cultivar can be selected based on the location and climate. Each crop has its own duration to 
attain the maturity. Hence, growth period of a particular crop requires periodical application water. Certainly, the rate 
or amount of water requirement may vary according the different growth phases. Each crop has unique critical period 
in its life cycle which compulsorily require irrigation to meet the moisture demand of the soil. These periods are called 
critical period of irrigation (Table 1). 

Table 1: Critical Period for Irrigation in Different Crops 
Crops Critical Stages 

Rice Initial tillering, flowering 

Wheat Crown root initiation and booting, flowering, milk and doughstages 

Wheat Boot stage; dough stage 

Pulses Flowering and pod maturation. 

Peas Flowering stage. 

Berseem After each cutting. 

Gram Pre flowering and flowering. 

Pigeonpea Flower initiation, pod filling. 

Sorghum Initial seedling, flowering, grain formation. 

Barley Boot stage, dough stage 

Maize Early vegetative, taselling and silking stage. 

The selection of crops will be done based on the water availability in a particular season. The cultivar selection also 
played major role in determining the water requirement (eg. short duration, drought tolerant varieties etc) (Table 2). 

Table 2: Water Requirements of Different Crops in Surface Irrigation Methods 
Crop Duration (days) Total Water Requirement (mm) 

Rice 110-140 1250 

Sugarcane 360 2200 

Groundnut 105-115 510 

Sorghum 105 500 

Maize 100-115 500 

Ragi 95-105 310 

Cotton 165 600 

Blackgram 65-75 280 

Soybean 85-95 320 

Sesame 85 150 

Sunflower 90-110 450 

In addition, with above, there are other factors are also determining the irrigation methods which includes, availability 
of energy sources and capital investment. 

Field Water Balance 
The field water balance is an account of water (rainfall and irrigation) added to the soil, subtracted from the soil (through 
evaporation, transpiration and percolation losses), and stored within a given volume of soil during a given period of time 
in a given field. The water stored in the soil can be influenced by the different matric potential such as osmotic potential, 
capillary, gravitational potential and potential due to external gas pressure. 
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The total water inflow, stored, outflow can be calculated in any of the field condition on the farm size and or regional 
size which may determine the irrigation water requirement. The inflow water either can be calculated based in the 
occurrence of rainfall and supply of irrigation water. The loss of water can be quantified based on the measuring the 
amount of surface run-off and deep percolation loss. Similarly, the water stored in the soil can be studied based on the 
soil moisture status. The major factor controlling the evaporation and transpiration are crop, weather, soil and 
agronomical management practices. 
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Types of Weeds 
There are several types of weeds. Weeds are grouped into different categories on the basis of certain common features 
among them. Understanding the classification of weeds helps in managing them in a better way. Chadha et.al.1996. 

Based on the Relative Position of Occurrence 
Based on the relative position of occurrence, weeds may be: 
1. Absolute weeds: Plants which do not have any economic value or less economic value and are present in cropped 
fields or other places where their presence is not desired. e.g. Echinochloa (in rice fields); Gomphrena (in maize fields) 

2. Relative weeds: Crop plants/ economically useful plants when present in another crop field. e.g. Ground nut in maize 
field or Maize in sorghum field. 

Based on Origin Weeds 
Based on origin weeds are grouped into two types. They are: 
1. Indigenous weeds / Local weeds: Those weeds which are native of a region/country are known as Indigenous weeds. 
e.g. purple nutsedge 

2. Alien weeds / foreign weeds: Those weeds which are from foreign countries are called alien weeds. e.g. Parthenium. 

Based on Plant Morphology 
Based on plant morphology, weeds are classified into two types. They are: 
1. Monocot weeds: Those weeds which have only one cotyledon (true leaf). These are further classified into: 

a. Grasses: e.g. Bermuda grass 
b. Sedges: e.g. Purple nutsedge 

2. Dicot weeds: Those weeds which have two cotyledons (true leaves) are called as dicot weeds. These are also called 
as Broadleaved weeds (BLWs). e.g. Parthenium. 

Based on Lifecycle 
Based on lifecycle, weeds are grouped into three types. They are: 
1. Annual weeds: Those weeds which complete their life cycle within one season or year are called as annual weeds. 
The annual weeds propagate through seeds. e.g. Amaranthus. 

2. Biennial weeds: Those weeds which complete their life cycle in two seasons or two years are called as biennial 
weeds. e.g. wild carrot. 

3. Perennial weeds: Those weeds which live for three or more seasons or years are called as perennial weeds. They 
produce seeds more than once in their life cycle. Based on the ecological affinity to water, weeds are broadly classified 
into four groups.  

4. Wetland weeds: Those weeds which are mostly found in wetland or moist areas are called as wetland weeds. E.g. 
Echinochloa. 

5. Garden land weeds: Those weeds which are found in garden land situations  are called as garden land weeds. They 
require more soil moisture but do not normally tolerate water logged situations. E.g. Parthenium. 

6. Dryland weeds: Those weeds which are commonly found in dry land areas are called as dryland weeds. E.g. Euphorbia. 

7. Aquatic weeds: Those weeds which are found in the water bodies are called as aquatic weeds. They have special 
adaptations to survive under water logged situations. e.g. Eichhornia, lotus, hydrilla, Typha Based on the dependence 
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on other plants weeds can be classified into two major groups. They are: 
a. Non-parasitic weeds: Those weeds which can live on their own without anydependence on other plants are 
called as non-parasitic weeds. These weeds can prepare their own food. E.g. Amarantus. 
b. Parasitic weeds: Those weeds which depend on other plants either partly or completely for their food are 
called as parasitic weeds. The parasitic weeds either partially or totally on other plants for their food. The plants 
on which the parasites depend for their food are called as host plants. 
If the parasite is partially depending on its host then it is known as partial or semi parasite. They are green in 
colour. They draw water and nutrients from the host and synthesize their food material. 

If the parasite is totally depending on its host for its host then it is known as complete or total parasite. The total 
parasites are not in green colour. They directly draw the food from the hosts. 

Some parasites are attached to root of the host plants. Such parasites are called as root parasites. Whereas some 
parasites are attached to the stem of the host plants. These are called as stem parasites. 

Thus, there are four groups of parasitic weeds: 
Partial root parasite: e.g. Striaga 
Partial stem parasite: e.g. Loranthus, Viscum 
Total root parasite: e.g. Orabanche 
Total stem parasite: e.g. Cuscuta 
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Integrated Weed Management 
Weeds can be controlled by several methods. Continuous use of the same method leads to build up of tolerant weeds. 
Therefore, it is necessary to combine two or more methods to achieve better control of weeds. Integrated weed 
management (IWM) is a weed management system that uses all suitable techniques in a compatible manner to reduce 
weed population. The IWM includes cultural, physical, biological and chemical methods. By using two or more of these 
methods, weeds can be controlled effectively and economically. 

Advantages of IWM 
1. Higher weed control efficiency. 
2. Shifts crop-weed competition in favour of crops. 
3. Prevents the weed shift towards perennial nature. 
4. Prevents the resistance of weeds to herbicides. 
5. No danger of herbicide residue in the plant or soil 
6. No environmental pollution 
7. Higher net returns 
8. Suitable for higher cropping intensity 

Mechanical Methods of Weed Control 
Mechanical methods of weed control involve the use of either implements or hands for physical removal or destruction 
of weeds. Mechanically weeds can be controlled by hand pulling (e.g. hand weeding), using weeding tools (e.g. hand 
hoeing) and passing implements (e.g. Inter-tillage implements). Some of the mechanical methods of weed control are 
given below. 
1. Stale seed-bed technique: This is the method of weed control wherein one or two flushes of weeds are induced and 
destroyed before taking up sowing. In stale seed-bed technique, the land is ploughed once or twice using a cultivator 
before the receipt of rainfall to provide favourable conditions for germination of weed seeds. Later, these weed seedlings 
are destroyed by tillage operation. The implements like country plough, blade harrow, peg toothed harrow or cultivators 
may be used for this purpose. This method mainly aims at reducing the intensity of weed seeds in soil. 

2. Summer ploughing: Immediately after the receipt of the summer rain, the land is ploughed. This controls the weeds 
by Killing the weeds which have already emerged. Burying a part of weed seeds deep into the soil. Exposing a part of 
weed seeds to sunlight and birds Any tillage implement can be used for summer ploughing. Apart from controlling weeds, 
summer ploughing also has the other advantages such as control of soil borne insect pests and pathogens, in-situ 
conservation of rain water and reducing erosion. 

3. Hand pulling: The emerged weed seedlings are pulled out and thrown out of the field or pushed into the field. This 
method is mostly used in wetlands. This is the most efficient method of controlling weeds but time consuming and labour 
intensive. 

4. Hoeing: Hoeing is working with hand tools or implements drawn by bullock in the inter-rows. The implements used 
for this purpose are: 

a. Cultivators 
b. Peg toothed harrow  
c. Blade harrow (Guntaka) 
d. Danties 
e. Dryland weeders 
f. Junior hoe 
g. Rotary weeder 
h. Cono-weeder 

5. Hand weeding: In this method the weeds are removed using hand tools. Usually women folk are employed for hand 
weeding. Hand weeding is usually carried out with weeding tools called hand-hoe in arable crops and by spades in 
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plantation crops. This method of weed control is more tiresome, time consuming and costlier. Hand weeding should be 
done at 3-4 weeks after sowing. 

6. Submergence: Flooding is common in wetlands. Continuous submergence of rice field is found to control weeds to a 
great extent. In rice, submergence of water to a depth of 5 cm is found to be adequate to control most of the weeds. 
 
7. Mulching: Mulch refers to a protective covering of material on soil surface. Act of applying mulch is called mulching. 
Mulching is an important and effective method of weed control in gardens and horticultural crops. Materials used as 
mulch include crop residues, straw, leaves, paper, plastic films, gravel and dry soil. Weeds are controlled by mulching 
due to higher soil temperature and shading. 

8. Digging: Weeds are removed by digging up to deeper layers so as to remove undergrounds storage organs. It is very 
useful in the case of perennial weeds and it is practiced with the help of pick axes or crow bars. 

9. Burning: Burning is the cheapest method of controlling mature unwanted vegetation in non-cropped areas like field 
bunds, road sides, ditch banks etc. It is also used to dispose of heaped weeds. 

Cultural Methods of Weed Control 
Several cultural practices like tillage, planting, fertilizer application, irrigation etc., are employed for creating 
favourable condition for the crop. Cultural methods alone cannot control weeds completely, but help in reducing weed 
population. Hence, they should be used in combination with other methods. Das et.al 2012. 

1. Sowing/Planting method: Sowing of clean seeds without weed seeds should be done. Transplanting is another 
operation which reduces weed population since the crop has an additional advantage due to its age. The clean field 
preparation for transplanting helps in reducing weed germination. 

2. Crop rotation: The chances of some weeds occurring is higher, if the same crop is grown year after year. Crop rotation 
can eliminate or at least reduce difficult weed problems. e.g. obnoxious weeds like Cyperus rotundus can be controlled 
effectively by including lowland rice in crop rotation. Cotton-Sorghum crop rotation effectively controls striga. Chauhan 
et.al. 2012 

3. Intercropping: Intercropping is growing two or more crops simultaneously on the same piece i.e. along with the main 
crops’ intercrops are grown in definite rows. e.g. Cotton + Black gram. 

Advantages of Chemical Weed Control 
1. Many (pre-emergence) herbicides give early weed control. 
2. Very high control can be obtained, particularly in case of perennial and obnoxious  weeds. 
3. Large area can be covered in a short time. 
4. Reduces the cost of pre-planting tillage. 
5. Possible in areas where the availability of labour is scarce/costly. 
6. Can be used for weed control in areas where inter-cultivation is not possible. 
7. Economically cheaper. 

Limitations of Chemical Weed Control 
1. Herbicides kill only selected species of weeds and all weeds are not controlled with one chemical. 
2. Excess dose may injure the crop plants. 
3. The lower doses result in poor weed control 
4. The soil should be wet at the time of application of herbicides. 
5. Indiscriminate and improper use may pollute the environment. 

Herbicide Formulations  

1. Soluble Powders(SP) Sodium salts of 2,4 – D,TCA 

2. Water Soluble Concentrates (WSC) Diquat, Paraquat. 

3. Wettable Powers(WP) Atrazine 80% WP, Diuron 80% WP 

4. Emulsifiable Concentrate(EC) 2,4 – Dester, Alachlor,  Pendimethalin 

5. Granules (G) Granules of Butachlor, Anilofos. 
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Introduction 
Mushrooms which are having medicinal properties have been known since thousands of years to produce biometabolites 
which are used or studied as possible treatment for diseases. Most of the cancer-related deaths can be prevented or 
reduced by modifying our diet with mushrooms, because they contain antioxidants. The name Cordyceps has been 
derived from two Latin words, i.e., cord and ceps meaning club and head, respectively. Cordyceps militaris belongs to 
the phylum Ascomycota classified in the order hypocreales, as spores are produced internally inside a sack, called ascus 
(Wang et al. 2008). It is an entomopathogenic fungus, which often grows parasitically on lepidopteron larvae and pupae 
of insects and spiders. It normally inhabits on the surface of insect’s pupae in winters and leading to the formation of 
fruiting body in summers justifying its name as ‘‘winter-worm summer-grass’’. 

There have been a variety of pharmacologically active compounds (e.g., Cordycepin) reported from Cordyceps sp. Among 
them Cordycepin has received much attention due to its broad-spectrum biological activity. It is known to interfere with 
various biochemical and molecular processes including purine biosynthesis, DNA/RNA synthesis and mTOR (mammalian 
target of rapamycin) signaling transduction. 

Fig 1: Cordyceps infection to the host 

Infection to the Host 
Cordyceps usually infects insects at different stages of their development ranging from insect larvae to adult. Insect’s 
epidermis is covered with a thick layer of cuticle (procuticle and epicuticle) which is also known as integument. Insect’s 
integument comprises chitin, proteins and lipids. Beside this, it also contains variety of enzymes and phenolic compounds 
(Leger et al. 1991). Epidermis is formed by a single layer of epithelial cells followed by a thick layer of procuticle. 
Procuticle is differentiated into an inner soft part known as an endocuticle while the outer hard part is called exocuticle. 
Epicuticle and wax are known to constitute the outermost covering of the cuticle. This not only serves as a protective 
barrier against pathogenic organisms but also prevents water loss and acting as an interface between insect and its 
environment. Out of all these components, chitin which is a kind of heteropolysaccharide made with the polymerization 
of N-acetyl glucosamine through 1–4 b-linkage constitutes an important structural component of insect’s integument. 

Pathogen has to invade this tough integument covering to gain entry into the host. Infection begins with the dispersion 
of fungus conidia on insect’s surface. Once conidia get settled, they start germinating within a few hours under suitable 
conditions. To get protection from the environmental ultraviolet radiations, protective enzymes like Cu–Zn superoxide 
dismutase (SOD) and peroxidases are secreted by the fungal conidia. These enzymes provide protection to the conidia 
from reactive oxygen species (ROS) generated due to UV rays and heat in the environment (Wanga et al. 2005). Besides 
this, conidia secrete certain hydrolytic enzymes like proteases, chitinases and lipases which lead to the dissolution of 
the integument and play a very important role in infection to the host.  
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These enzymes not only provide a penetration path to the conidia but also provide nutrition to the germinating conidia 
(Ali et al. 2010). Further a short germ tube protruding out of the conidia starts thickening at the distal end which is 
known as appressorium. This appressorium maintains a kind of mechanical pressure on the germinating germ tube further 
improving the penetration effect of germ tube so as to reach into the insect’s haemolymph (Hajek and Leger 1994). As 
the germ tube penetrates the epicuticle layer of insect’s integument, it starts forming a plate-like structure called 
penetration plate.  

The penetration plate further produces secondary hyphae, which cross the epidermal layer and reach into the haemocoel 
of insect’s body. From these hyphae, protoplast bodies bud off and start circulating into the insect’s haemocoel. Fungus 
now starts growing into a filamentous mode invading internal organs and tissues of the host. During growth inside the 
host, fungus produces various kinds of toxic secondary metabolites, which are insecticidal. These secondary metabolites 
take the insect to its final life stage and ultimately insect dies out. Fungal mycelium emerges out through the cuticle 
and lead to the formation of fruiting body under suitable environmental conditions (Webster 1980). Morphological 
features of fruiting body include stipitate, yellowish-orange to orange to reddish-orange fruiting stroma which is 
cylindrical to slightly clavate in shape. Stipes of 1.5- to 3-mm thickness with fertile clava terminal (2.0- to 6.0-mm wide) 
are also commonly seen in the fruiting body with overall stroma of about 1.5- to 7.0-cm tall which can vary in length 
depending on the size of the host. 

Metabolites Isolated from Cordyceps 
Cordyceps, especially its extract has been known to contain many biologically active compounds like Cordycepin, 
cordycepic acid, adenosine, exo-polysaccharides, vitamins, enzymes etc. Out of these, Cordycepin, i.e., 3-0-deoxy 
adenosine isolated from ascomycetes fungus C. militaris, is the main active constituent which is most widely studied for 
its medicinal value having a broad-spectrum biological activity. 

Cordycepin: Mode of Action 
The structure of Cordycepin is very much similar with cellular nucleoside, adenosine and acts like a nucleoside analogue. 

Inhibition of Purine Biosynthesis Pathway 
Once inside the cell, Cordycepin gets converted into mono-, di- and tri-phosphates that inhibit the activity of enzymes 
like ribose-phosphate pyrophosphokinase and 5-phosphoribosyl-1-pyrophosphate amido transferase which are used in de 
novo biosynthesis of purines. 

Cordycepin Provokes RNA Chain Termination 
Cordycepin lacks 3- hydroxyl group in its structure, which is the only difference from adenosine. Adenosine is a 
nitrogenous base and acts as cellular nucleoside, which is needed for the various molecular processes in cells like 
synthesis of DNA and/or RNA. 

During the process of transcription (RNA synthesis), some enzymes are not able to distinguish between an adenosine and 
Cordycepin which leads to incorporation of 3-deoxyadenosine or Cordycepin, in place of normal nucleoside preventing 
further incorporation of nitrogenous bases (A, U, G, and C), leading to premature termination of transcription. 

Cordycepin Interferes in mTOR Signal Transduction 
Cordycepin has been reported to shorten the poly A tail of m-RNA which further affects its stability inside the cytoplasm. 
It was observed that inhibition of polyadenylation with Cordycepin of some m-RNAs made them more sensitive than the 
other mRNAs. At higher doses, Cordycepin inhibits cell attachment and reduces focal adhesion. Further increase in the 
dosage of Cordycepin may shutdown mTOR (mammalian target of rapamycin) signaling pathway (Wong et al. 2010). The 
name mTOR has been derived from the drug rapamycin, because this drug inhibits mTOR activity. The mTOR inhibitors 
such as rapamycin and CCI-779 have been tested as anti-cancer drugs, because they inhibit or block mTOR signaling 
pathway. mTOR is a 298 kDa serine/threonine protein kinase from the family PIKK (Phosphatidylinositol 3-kinase-related 
kinase). The mTOR plays a very important role to regulate proteins synthesis.  

However, mTOR itself is regulated by various kinds of cellular signals like growth factors, hormones, nutritional 
environment, and cellular energy level of cells. As growth factors bind with cell receptor, Phosphatidyl inositol 3 kinase 
(PI3K) gets activated, converts phosphatidyl inositol bisphosphate (PIP2) to phosphatidyl inositol trisphosphate (PIP3). 
PIP3 further activates PDK1 (phosphoinositide dependent protein kinase 1). The activated PDK1 then phosphorylates AKT 
1 kinase and makes it partially activated which is further made fully activated by mTORC2 complex. The activated AKT 
1 kinase now activates mTORC1 complex that leads to the phosphorylation of 4EBP1 (translational repressor) and makes 
it inactive, switching on the protein synthesis (Wong et al. 2010). The study confirmed that under low nutritional stress, 
Cordycepin activates AMPK which blocks the activity of mTORC1 and mTORC2 complex by some unknown mechanism. 
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The inactivated mTORC2 complex cannot activate AKT 1 kinase fully, which in turn blocks mTOR signal transduction 
inhibiting translation and further cell proliferation and growth. 

Pharmaceutical and Therapeutic Ability of Cordyceps Sp. 
Cordyceps species is also known as traditional Chinese medicine (TCM) as it has wide applications in pharmaceutical and 
health sector (Ng and Wang 2005; Russell and Paterson 2008). This medicinal mushroom was in the limelight during the 
Chinese National Games in 1993, when a group of women athletes broke nine world records, committed that they had 
been taking Cordyceps regularly. It has been seen previously reported that Cordyceps also enhances physical stamina 
making it very useful for the elderly people and athletes. Recent literature further confirms that Cordyceps enhances 
cellular energy in the form of ATP (adenosine tri-phosphate). Upon hydrolysis of phosphates from ATP, lots of energy is 
released which is further used by the cell (Dai et al. 2001; Siu et al. 2004). The studies by many researchers in the past 
on Cordyceps have demonstrated that it has anti-bacterial, anti-fungal, larvicidal, anti-inflammatory, anti-diabetic, anti-
oxidant, anti-tumor, pro-sexual, apoptotic, immunomodulatory, anti-HIV and many more activities.  

Cordyceps has a long history of use as a lung and kidney tonic, and for the treatment of chronic bronchitis, asthma, 
tuberculosis and other diseases of the respiratory system. The cardiovascular effects of Cordyceps are being noticed 
more frequently by researchers as it works through variety of possible ways either by lowering high blood pressure via 
direct dilatory effects or mediated through M-cholinergic receptors resulting in improvement in the coronary and cerebral 
blood circulation (Zhu et al. 1998b). Thus, Cordyceps has implications at the therapeutic level as well by rectifying the 
abnormalities in rhythmic contractions (also known as cardiac arrhythmia).  

Cordyceps extract has also been found as a promising source to increase cardiac output up to 60 % in augmentation with 
conventional treatment of chronic heart failure (Chen 1995). The product from wild type and cultured Cordyceps has 
also been shown to significantly decrease blood viscosity and fibrinogen levels preventing myocardial infarction (Zhu et 
al. 1998b). Another study showed that the fermentation products of Cs-4 reduce myocardial oxygen consumption in 
animals under experimental lab conditions revealing dramatic anti-anoxic effects. These studies provide strong evidence 
that Cs-4 and its fermentative solution prevent platelet aggregation stimulated by collagen or adenosine di-phosphate 
(ADP). An intravenous injection of concentrated Cordyceps extract (90 lg/kg per min, i.v.) resulted in 51–71 % reduction 
in 51Cr-labeled platelet aggregation in the endothelial abdominal aorta in rabbit. 

Conclusion 
Cordyceps being an ancient medicinal mushroom used as a crude drug for the welfare of mankind in old civilization is 
now a matter of great concern because of its unexplored potentials obtained by various culture techniques and being an 
excellent source of bioactive metabolites with more than 21 clinically approved benefits on human health including anti-
diabetic, anti-tumor, anti-oxidative, immunomodulatory, sexual potentiator and anti-ageing effects (Das et al. 2010b). 
Cordycepin alone has been widely explored for its anti-cancer/anti-oxidant activities, thus, holding a strong 
pharmacological and therapeutic potential to cure many dreadful diseases in future. Further investigations need to be 
focused on to study the mechanistic insight into the mysterious potential of this medicinal mushroom on human health 
and promoting its cultivation strategies for commercialization and ethno-pharmacological use of this wonderful herb. 

References 
Hardeep S. Tuli , Sardul S. Sandhu ,A. K. Sharma, (2014). Pharmacological and therapeutic potential of Cordyceps with 
special reference to Cordycepin. Springer. 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
472 

Problems and Prospects of Hybrid Rice Research in India 
Article ID: 30177 

Rahevar Parthsinh1, Zalak Chauhan2 

1Sardarkrushinagar Dantiwada Agricultural University, SKnagar-385506, Gujarat. 
2Anand Agricultural University, Anand – 388110, Gujarat. 

 

Summary 
Rice is a dietary staple of more than half of the world's human population, making it the most consumed cereal grain. 
Hybrid rice is the commercial rice crop grown from F1 seeds of a cross between two genetically dissimilar parents. 
Demand for rice is rapidly increasing with the increase in population, especially in low developed countries. ICAR initiated 
hybrid rice breeding in India in collaboration with IRRI and developed many cultivars. Development of aromatic rice 
hybrids will be more remunerative to Indian farmers assured seed replacement more demand for seed supply. So let’s 
have some detailed information about it. 

Introduction 
Rice (Oryza sativa L. 2n = 2x = 24) is a dietary staple of more than half of the world's human population (most of Asia 
and Latin America), making it the most consumed cereal grain (Arvanitoyannis and Tserkezou, 2008).  In rice, heterosis 
was first reported by Jones (1926) who observed that some F1 hybrids had more culms and higher yields than their 
parents. However, Heterosis in rice was first exploited and commercially utilized in China (Yuan et al., 1994). First 
hybrid rice was put into commercial production in China in 1976. More than 50% area of rice is covered by hybrid rice in 
China. India is the first country after China to exploit hybrid rice technology on a commercial scale (Sing et al. 2013). 
India’s hybrid rice project was started in the late 1980s. Hybrid rice research is located in 12 rice research centers of 
India. In India, APRH-1 is the first rice hybrid, released in 1994. More than 45 rice hybrids have been released in India 
till now. In India, 1 million ha area is occupied by hybrid rice. About 20% yield advantage is economic over 
commercial/check varieties. DH technology may be useful in hybrid rice research. 

What is Hybrid Rice? 
Hybrid rice is the commercial rice crop grown from F1 seeds of a cross between two genetically dissimilar parents. Good 
rice hybrids have the potential of yielding 15-20% more than the best pure line variety grown under similar conditions. 
To exploit the benefits of hybrid rice, farmers have to buy fresh seeds in every cropping season. 

Why Hybrid Rice? 
We need to go for hybrid rice because Yield levels of semi-dwarf varieties of the green revolution era have plateaued. 
Demand for rice is rapidly increasing with the increase in population, especially in low developed countries. Hybrid rice 
has shown 15-20% higher yield potential than pure line rice varieties under farmer’s field conditions. Hybrids have shown 
their ability to perform better under adverse conditions of drought and salinity. 

A Brief History of Hybrid Rice 
1. 1926 - Heterosis in rice reported.  
2. 1964 - China started hybrid rice research 
3. 1970 - China discovered a commercially usable genetic tool for hybrid rice (male sterility in wild rice - WA). 
4. 1973 - PTGMS rice was found in China. 
5. 1974 - First commercial three-line rice hybrid released in China. 
6. 1976 - Large scale hybrid rice commercialization began in China.  
7. 1979 - IRRI revived research on hybrid rice. 
8. 1981 - PTGMS rice genetics and application was confirmed. 
9. 1982 - Yield superiority of rice hybrids in the tropics confirmed (IRRI). 
10. 1990s - India and Vietnam started hybrid rice programs with IRRI. 
11. 1991 - More than 50% of China’s rice land planted to hybrids. 
12. 1994 - First commercial two-line rice hybrid released in China. 
13. 1994 - 1998 - Commercial rice hybrids released in India, Philippines Vietnam. 

How is Hybrid Rice Developed? 
Rice is a strictly self-pollinated crop. Therefore, for developing commercial rice hybrids, the use of a male sterility 
system is essential. Male sterility by genetic or non-genetic makes the pollen unviable and such rice spikelet’s are 
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incapable of setting seeds through selfing. Thus, a male sterile line can be used as a female parent of a hybrid. The seed 
set on male-sterile parents is the hybrid seed that is used for growing the commercial hybrid crop. 

Hybrid Rice Breeding Program in India 
ICAR initiated hybrid rice breeding in India in 1989 in collaboration with IRRI, through National Network and the first set 
of hybrids released in 1994. The research network consists of 12 active research centers across the country each with a 
specific mandate. UNDP/FAO supported the program from 1991-2002. MRF support to fill the critical gaps since 1996. 
ICAR supported the program under NATP until 2004. 45 rice hybrids have been released and many identified in the 
country so far. The rise in hybrid rice area has remained very slow; reaching less than a million ha in about 12 years i.e. 
about the same duration during which China’s hybrid rice area surpassed 15 million ha. While hybrid rice breeding in 
China was treated as a mainstream national. Rice improvement program, India continued to treat it as a project mode. 
In India, only CMS based hybrid seed production is done.  

While there are certainly technical and economic challenges posed by hybrid rice, interest in the technology remains 
significant in India and South Asia more broadly. Hybrid rice is high on the agenda of many public policymakers and 
corporate decision-makers as a means of boosting stagnant yield growth, improving national food security, and rising 
incomes. Less cited, but of general interest to many, is promoting hybrid rice as a means of sustainable intensification 
of production on a smaller area of land, allowing for greater diversification into other, higher-value crops. This section 
analyses the key challenges associated with hybrid rice in India by drawing on the conceptual framework described 
earlier. In particular, this section focuses on key constraints related to investment, collaboration, and risk management 
strategies associated with the stages of discovery, development, and delivery. (Spielman et al. 2013).  

Status of Hybrid Rice Breeding Programme in UP 
University Status Hybrids Released Seed  Production 

GBPUAT Partner, Hybrid Rice Network 
Support ended in 2004 
No State grant available 

PSD 1 (1997)- Uttarakhand 
PSD 3 (2004)- Uttarakhand 

Tie up with Syngenta, being 
marketed in WB & Bihar 

NDUAT   Same as above NSD 2 (1998)- UP 
NUSD 3 (2004)- Saline and alkaline 
belt of UP 

 

Advantages of Breeding Hybrid Rice for Rainfed Lowlands in U.P. 
Strong breeding base in rainfed lowland. Availability of high yielding (3-5 t/ha) elite breeding lines with submergence 
tolerance. Sub1 and Saltol genes already introgressed in widely grown rainfed lowland varieties and being tested, which 
could be used for developing parental lines. Heterosis for micronutrients can be exploited using rainfed lowland 
germplasm known to be rich in micronutrients (Jalmagna). Farmers’ familiarity with the rainfed low land program 
through the participatory breeding approach. 

Future Prospects of Hybrid Rice Technology 
High-profit margins (75 Rs/kg)- very attractive to seed companies. The development of aromatic rice hybrids will be 
more remunerative to Indian farmers- PRH 10 (Pusa 6A x PRR 78) first tropical aromatic hybrids. Assured seed 
replacement- more demand for seed supply. Improvement of hybrid rice technology will further reduce the cost of seed. 
The present calculation is at the productivity level for 1250 kg per ha. There is a prospect to achieve 2500 kg/ha. Hybrid 
rice seed production technology is both labor and knowledge-intensive.  

Hybrid seed production demands so additional man days/ha. Rural employment generating technology like hybrid cotton 
technology. Additional operations require in hybrid rice seed production such as Differential seeding. Differential 
transplanting of seed and pollen parent. Gap filling, Rouging, Flag leaf clipping, GA¬3 application. Supplementary 
pollination, Separate harvesting of pollination row, Careful harvesting, threshing and post-harvest handling of seed and 
pollen parent. 

Conclusion 
Hybrid rice is a proven and successful technology for rice production, having contributed significantly toward improving 
food security, raising rice productivity, farmers’ income and providing more employment opportunities over the past 
three decades. The use of a male sterility system is a prerequisite for commercial exploitation of heterosis in rice. 
Perfect synchrony between the parental lines, suitable GA3 dose and favorable outcrossing traits of CMS lines are the 
bottleneck of successful commercial cultivation of developed hybrid rice.  

Hybrid rice technology has two major components—research and seed production. Both components must be strong to 
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ensure an appropriate impact of this technology at the farm level. Hybrid rice seed production and cultivation are 
beneficial than the HYVs. 
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Summary 
People often get confused about the difference between canola oil and rapeseed oil. Rapeseed oil and canola oil also 
get mixed up because they can be labelled incorrectly outside of Canada and the United States. We all know that mustard 
family (Brassicaceae) is larger than most with Over 40 genera, including more than 200 wild and cultivated species. 
“Canola” is a term used in commerce, not science. So, let’s know what is the difference between Mustard, Rapeseed 
and Canola. 

Introduction 
We might have heard that canola oil is great for cooking at high heat. Unless it’s cold-pressed, canola oil tastes very 
neutral and has a light texture, which makes it ideal for things like stir-frying, baking, and deep-frying. People often get 
confused about the difference between canola oil and rapeseed oil; these two plant-based cooking oils, however, are 
different. Both canola and rapeseed belong to the cabbage or mustard family. The plants’ flowers have that 
characteristic bright yellow colour, and you get oil from both of the seeds by crushing. 

Relations 
Rapeseed oil and canola oil also get mixed up because they can be labelled incorrectly outside of Canada and the United 
States. In the 1970s canola was created through traditional plant cross-breeding by removing two things found in the 
rapeseed plant: glucosinolates and erucic acid. Erucic acid was removed because it was believed to be inedible or toxic 
in high doses. The newly developed plant was renamed “canola” – a combination of “Canadian” and “Oil” (or ola) to 
make this difference apparent. By definition, if a seed is labeled “canola” it has to have less than 30 micromoles of 
glucosinolates and less than 2% of erucic acid (Knutson, 2014). 

Origins 
The mustard family (Brassicaceae) is larger than most. Over 40 genera, including more than 200 wild and cultivated 
species, are in the U.S. and Canada alone. Brassica is the genus from which current varieties of rapeseed and canola 
have been developed. Rapeseed, canola, and mustard cannot be categorized into distinct even well-characterized 
species for two reasons: first, the weeds and the crops in Brassica have close genetic relationships, so inter-crossing 
among them is common; second, the names of the crops (rapeseed, canola, and mustard) are not specific to any single 
species. Current rapeseed and canola varieties of North America come from either the Brassica napus or the Brassica 
rapa (formerly B. campestris) species. Both B. napus and B. rapa include spring and fall-planted varieties and both edible 
and industrial oil types. “Rapeseed” may refer to both the edible and high erucic acid industrial types. Since “canola” 
is used only for the edible types, common agricultural use of the words “rape” and “rapeseed” has come to mean the 
non-canola types. Origin of the agricultural term “rape” is not clear, but it likely comes from “rapa,” the Latin word for 
turnip (Callihan, 2000). 

“Canola” is a term used in commerce, not science. Commerce has established standards only for the chemical 
composition of the seed oil and meal, not for the plant description. The word “canola” originated in Canada from the 
English word “Canada” and the Latin word “oleum” which means “oil.” Canola is rapeseed that meets food quality 
standards. Canola has less than 2 percent erucic acid in the oil and less than 30 micromoles of total glucosinolate per 
gram of defatted meal (30 micromoles per gram is about 1 percent of the meal dry weight, depending on the type of 
glucosinolate). Erucic acid is desirable in rapeseed because it is a valuable industrial oil, but it is undesirable in canola 
because high concentrations in food are suspected to cause heart and liver damage to humans. Glucosinolates give the 
distinctive mustard flavor to plants and seeds of the mustard family, but in large quantities, they are goitrogenic and 
can cause dietary disorders when fed to livestock.  

Although canola, rapeseed, and mustard are not botanical terms, currently they are all selections from species and 
varieties of Brassica. Those species and varieties are mostly quite distinct botanical groups. Seeds of several other species 
of the mustard family may contain oil of canola or rapeseed quality. Future research and development may add other 
species to this oilseed group. Several species within the Brassica genus including B. carinata (Abyssinian mustard), B. 
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juncea (Indian mustard) and B. napus (oilseed rape), B. nigra (black mustard), and B. rapa (turnip rape) are grown as 
oilseed crops. Brassica napus and B.  rapa species are classified as “rapeseed,” while B.  carinata, B.  juncea, and B. 
nigra are classified as “mustard”. While B. nigra was grown as an oilseed in the past, it is currently grown exclusively as 
a condiment crop. A closely related species, B. oleracea (cabbage, kale, and cauliflower) is primarily a biennial plant 
grown as a vegetable, not as an oilseed. All of these Brassica species naturally produce long-chain fatty acids in their 
seed oil and defense-related secondary metabolites called glucosinolates found throughout the entire plant. Of these six 
Brassica species, three are diploids (B. nigra, B. oleracea, and B. rapa), and three are amphidiploids (B. carinata, B. 
juncea and B. napus), which combine the chromosome sets of the diploid species. The three diploid Brassica Species B. 
nigra, B. rapa, and B. oleracea are thought to have arisen approximately 4–8 million years ago, while the three 
amphidiploid species are very young in evolutionary terms, arising spontaneously in the last. (Peter et. al. 2015). 

Where does Canola Come from? (HORN, J., 2007) 
It’s pressed from the seeds of a special variety of Brassica napus, a plant in the mustard family closely related to bok 
choi and turnips. Brassica napus’s unfortunate common name is rapeseed (from rapum, Latin for “turnip”). But that’s 
not its only problem. Rapeseed typically contains high levels of erucic acid (which makes oils go rancid quickly, is toxic 
in large doses, and may cause cancer) and glucosinolate (which tastes so bitter and unpleasant that it’s undesirable even 
in animal feed). But in the 1950s and 1960s, Canadian scientists began developing strains of it with lower levels of the 
problematic chemicals. In 1974, a University of Manitoba professor named Baldur Steffanson introduced a rapeseed 
variety with extremely low erucic acid and glucosinolate content that was dubbed canola, for Canadian oil. Thanks to 
the name (in Europe the oil is still called rapeseed oil, or even—take this, marketers—rape oil), canola growers have 
spoken carefully when describing their product. A particularly vicious e-mail rumor that falsely blamed canola for mad 
cow disease and claimed it was the source of mustard gas made the rounds a few years back, and public misconceptions 
still plague producers. In reality, canola oil was granted a qualified health claim by the FDA that its low saturated-fat 
content reduces the risk of heart disease. There is some legitimate controversy, however. More than 60 percent of the 
canola crop in Canada (where most of it is grown) comes from genetically modified seed, making it illegal in Europe and 
opposed by activists throughout the world. 
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Conclusion 
Weeds and the crops in Brassica have close genetic relationships, so inter-crossing among them is common which leads 
to creation of large variation. The names of the crops (rapeseed, canola, and mustard) are not specific to any single 
species. Current rapeseed and canola varieties of North America come from either the Brassica napus or the Brassica 
rapa (formerly B. campestris) species. Both B. napus and B. rapa include spring and fall-planted varieties and both edible 
and industrial oil types. So, rapeseed and mustard are the naturally originated whereas canola is man-made. 
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Introduction 
Surinam cherry, a Brazilian cherry exotic fruit referred by different names such as the  Pitanga ,Cayenne cherry, Florida 
Cherry, Surinamkirsche, Surinam-Kirschmyrte, Cayena,  nagapiry, French cherry and Red Brazil cherry. Botanically, the 
Surinam Cherry is known as Eugenia uniflora belonging to family Myrtaceae and order Myrtales.  Origin of this plant is 
from Surinam, Guyana and French Guiana to southern Brazil. It was first described botanically from a plant growing in a 
garden at Pisa, Italy. Portuguese travelers carried the seed from Brazil to India. It is found commonly growing in Israel, 
Argentina, Venezuela and Colombia; also along the Atlantic coast of Central America; and in some islands of the West 
Indies–the Cayman Islands, Jamaica, St. Thomas, St. Croix, Puerto Rico, Cuba, Haiti, the Dominican Republic, and in the 
Bahamas and Bermuda. However in India, fruits are cultivated in the Nilgiri hills (Tamil Nadu) at elevations between 458-
1678 meters. The fruits also grow in parts of Goa and throughout Maharashtra, as well as Kerala. Some gardens in the 
north India throughout the plains grow Surinam cherries as an ornamental shrub. Surinam cherries are rich source of 
antioxidants and vitamins A and C. It is propagated by seeds. In Florida and the Bahamas, there is a spring crop, March 
or April through May or June; and a second crop, September through November, coinciding with the spring and fall rains. 
The fruits should be picked only when they are so ripe as to fall into the hand at the lightest touch, else there will be 
undesirably resinous. 

Surinam Cherry 

Taxonomical Classification 
Kingdom- Plantae; Order- Myrtales;   Family-Myrtaceae;   Genus- Eugenia; Species- uniflora. 

Botany 
Surinam Cherry (Eugenia uniflora) is a shrub or small tree usually 6 metres (20 ft) tall with a 20 cm (8״) diameter. The 
small while flowers appear in the springtime. Later flowers develop into ribbed fruits 2 to 4 cm (0.79 to 1.57 in) long, 
starting out as green, then ranging through orange, scarlet and maroon as they ripen. 

1. Leaves: The leaves are ovate, glossy, without stipules, and held in opposite pairs. Newly emerged leaves are bronze, 
copper or coppery-pinkish in color, maturing to a deep glossy green. The leaves turn red during winter. 

2. Flowers: Flowers bear four white petals and are borne on slender long stalks, with a conspicuous central cluster of 
white stamens ending in yellow anthers. 

3. Fruits: Fruit type is berry. Fruits are red, subglobose, conspicuously longitudinally 8-ribbed, 1-2 cm long, pericarp 
fleshy, 2-3 mm thick. One fairly large seed, 8-15 mm in diameter, seed coat loosely coherent to pericarp and cotyledons. 

Medicinal Use of Surinam Cherry 
Surinam cherry is rich source of vitamin A and vitamin C .They are also high in iron, calcium, niacin, and some B complex 
vitamins. Its dark red color is indicative of its antioxidant content which help to prevent the free radicals that are the 
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major cause for inflammation and diseases. Also, the fruits and leaves contain various properties and essential oil which 
includes turpentine, citronella & cineole. Concoctions from the fruit and or the leaves may help clearing symptoms of 
stomach upsets (diarrhea), fevers, respiratory problems and colds. 

Traditional Use of Surinam Cherry 
Traditionally, the leaves were stripped and laid on the floor of shelters, as you walk on them and bruise them their 
essence repels flies.  Essential oils of leaves can repel flies and other insects. 

Toxicity 
The seeds are extremely resinous and should not be eaten. The strong, spicy product  from bushes being pruned irritates 
the respiratory passages of sensitive persons. 

Processed Products of Surinam Cherry 
Surinam cherries can be processed into various products such as jam, jelly, wine chutney and pickles. 

1. Surinam cherry jam        2. Surinam cherry jelly 

       3. Surinam cherry wine      4. Surinam cherry chutney 

5. Surinam cherry pickles 
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Conclusion 
Being a minor tropical fruit crop, potential of Surinam cherry is yet to be explored and required promotion and publicity 
among local, national as well as international market. Surinam Cherry presents edible and medicinal properties. 
However, uses of Surinam cherry crop as a potential edible source is limited to Florida, Brazil, Hawaii, Argentina, 
Venezuela and Colombia ,therefore ,it is required to familiarize the food value of this crop in other countries also, as it 
contains various numerous health benefits. To fully utilize food value of this crop more researches should be conducted 
and increase uses of its culinary and processed products. 
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Introduction 
Coffee is an intricate mixture of more than a thousand chemicals and rich in caffeine, vitamin B2 (riboflavin), magnesium, 
plant chemicals like polyphenols including chlorogenic acid and quinic acid, and diterpenes including cafestol and 
kahweol. Some studies argue that decaffeinated and caffeinated coffee may have the same health effects and suggest 
that it’s not the caffeine that is responsible for most of coffee's health benefits.  

Low to moderate doses of caffeine (50–300 mg) may cause increased alertness, energy, and ability to concentrate, while 
higher doses may have negative effects such as anxiety, restlessness, insomnia, and increased heart rate. Still, the 
cumulative research on coffee points in the direction of a health benefit. Moderate consumption of 3-5 cups to little bit 
more of 6-10 cups of coffee daily might lowers the risk of several disease conditions. Some people face various side 
effects of drinking coffee so it is not necessary to start drinking coffee if you do not already or else you should decrease 
the consumption. Decaffeinated coffee is a good option if one is sensitive to caffeine. As it also offers similar health 
benefits as caffeinated coffee does. The extra calories, sugar, and saturated fat in a coffee house beverage loaded with 
whipped cream and flavored syrup might offset any health benefits found in a basic black coffee. 

Pros of Drinking Coffee 
1. Caffeine is a stimulant and boosts physical performance: It increases some of the body’s processes like messages 
moving between the brain and body can travel faster and due to this reason person feels more alert or focused after 
consuming caffeine. Drinking coffee can boost alertness and cognitive performance as well as improve short-term 
memory. Drinking coffee is also associated with a range of other health benefits, including lowering the risk of 
cardiovascular disease and type 2 diabetes. 

2. Coffee may help you lose weight: Coffee contains magnesium and potassium, which assist the human body to use 
insulin that further regulates blood sugar levels and reduces the craving for sugary treats and snacks. 

3. Coffee helps you burn fat: Caffeine helps fat cells to break down body fat and use it as fuel for training. 

4. Coffee reduces risk of cancers: Studies also suggested that coffee may decrease the development of prostate cancer 
in men by 20 %, and also endometrial cancer in women by 25 %. Apart from that it may also prevent developing of 
carcinoma of basal cells which is the most common type of skin cancer. 

5. Coffee reduces risk of stroke: Normal consumption of coffee (that is 2-4 cups a day) can helps to lower the risk of 
stroke. 

6. Coffee reduces risk of Parkinson’s disease: Studies have shown that regular coffee drinking decreases risk of 
Parkinson’s disease by 25 % as there are some evidences that suggest that coffee might causes activity in the part of the 
brain affected by Parkinson’s. 

7. Coffee protects your body: The presence of number of antioxidants in coffee work as little warriors that fight and 
protect us against free radicals inside our body. 

8. Coffee may lower risk of Type II diabetes: Caffeine decreases sensitivity towards insulin and impairs glucose 
tolerance thus, reduces risk of type 2 diabetes. 

9. Coffee protects our brain: High caffeine levels in your blood reduce the risk of Alzheimer disease and also of 
dementia. 

10. Coffee brightens our mood helps fight depression: Caffeine stimulates the central nervous system and boosts 
production of neurotransmitters like serotonin, dopamine, and noradrenaline, which elevate the mood. 
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Cons of Consuming Overdose of Coffee: What is Caffeine Overdose? 
In general, caffeine will begin to start affecting the body if there are more than 15 milligrams per liter (mg/L) in the 
blood and a higher concentration of 80 to 100 mg/L can be fatal. Caffeine overdose is generally happened by taking a 
dietary supplement or consuming caffeine tablets rather than from drinking coffee. These supplements increase the risk 
due to having higher levels of caffeine than foods and drinks.  

Taking supplements that contain caffeine or consuming using purified caffeine powder is highly dangerous as compared 
to drinking normal coffee and causes an overdose. According to the United States Food and Drug Administration (FDA) 
one teaspoon of caffeine powder can be equivalent to 28 cups of coffee. Caffeine overdose can cause very fast or 
irregular heartbeat, shakiness, vomiting, confusion, and panic attack. Following are some disadvantages or bad effects 
of drinking or consuming overdose of caffeine: 
1. Ventricular fibrillation: Ventricular fibrillation is the major cause of the deaths caused by caffeine overdose. In this 
condition, lower chambers of the heart vibrate rather than contracting regularly thus; it stops the heart from beating 
normally and leads to cardiac arrest. 

2. Cholesterol Caution: Boiled or unfiltered coffee contains higher levels of cafestol, a compound that can increase 
blood levels of low-density lipoproteins (LDL) cholesterol which can lead to the various health related issues. 

3. Prudence for Pregnant and Nursing Women: The American College of Obstetrics and Gynecology says it's safe for 
pregnant women to get a moderate amount of caffeine that is not more than 200 mg which is equivalent to 2 cups of 
coffee per day, but warns that it's still not clear if higher intakes could increase risk of miscarriage. Since ¬caffeine can 
pass into breast milk, nursing moms should cut down if their babies are restless or irritable. 

4. A Sleep Stealer: Coffee can cause insomnia and restlessness and if one is having trouble in sleeping he or she has to 
cut down on caffeinated coffee, or to drink it only early in the day as generally it takes about 6 hours for the caffeine 
to clear our system, although it varies from person to person.  

5. Coffee can kill you: If you drink 80-100 cups (23 litres) in a short session than this dose is lethal and will amount in 
10-13 grams of caffeine within your body. Before you reach this point, however, you'll be vomiting most of it out since 
23 litres of any liquid is a lot. 

Conclusion 
“I think it’s important to be aware,” Goldberger said, “that caffeine is generally safe in the doses most people consume. 
But it does have the potential to be dangerous at extremely high doses, and there are people who have some sensitivities 
to it.” The bottom line: If you stick to regular coffee, tea, and the other energy drink and avoid consuming these 
beverages in Herculean doses you should be just fine. 
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Introduction 
Non-performing loan (NPL) is merely a default loan or close to being in default. It is a debt where the borrower is late 
on making payments or is in danger of missing them. The payments which are late by 90 days are considered as non-
performing loans. The chances of getting them paid back are minimal which make it as a bad debt. 

The bank provide loans to the borrowers with the hope of receiving it back as scheduled. But this situation does not exist 
every time. In many cases borrowers run out of money or fall into situations where they cannot repay their debt and 
that is how loans become non-performing. The stock price is more likely to be affected when the bank book has more 
non-performing loans. It is indeed a bad news for banks and the nation as they could affect the general economy too. 

Types of Non-Performing Loans 
There are 3 types of non-performing loan. The first one is a loan in which 90 days’ worth of interest has been capitalized, 
refinanced, or delayed due to an agreement or an amendment to the original agreement. The second one is a loan in 
which payments are less than 90 days late, but the lender no longer believes the debtor will make future payments. And 
finally, a loan in which the maturity date of principal repayment has occurred, but some fraction of loan remains 
outstanding. 

Causes of Non-Performing Loans 
The main causes of NPL are high interest rate, low GDP, poor credit appraisal, inflation, unemployment and improper 
lending to agriculture sector. NPL have negative impact on the economy and financial institutions. The main cause of 
non-performing loans is due to choosing the wrong customer at the time of loan sanctioning. The bad loans provided to 
the wrong customers may also default the small customers. 

Calculation of Non-Performing Loans 
The efficiency of any lending companies can be measured by comparing the available non-performing assets with other 
companies. The non-performing loans are calculated by adding ninety plus day late loans (and still accruing) to 
nonaccrual loans, and then dividing the total by the total amount of loans in the notebook of the bank. 

What Banks Do with Non-Performing Loans? 
The bank lend money to the borrowers with the expectation of scheduled repayment. On few occasions the borrowers 
are unable to earn and fail to repay the loan amount which hits the activity of a bank. The chances of getting back these 
non-performing loans are very less. The bank can also procure the assets which were kept as securities during payment 
default. For the loans that aren’t backed by specified assets, banks often have harder time to regain what they have 
owed. Banks have the option to sell non-performing loans to outside investors or collection agencies. Sometimes bank 
makes partnership with the collection agencies which collect the bad debts in exchange for a percentage of whatever 
the amount is recouped. 

How Non-Performing Loans Upshot the Banks? 
Usually the bank collects interest for the lent money, which is how they make business. The unpaid loan not only eats 
the banks money but also make them go bankrupt for lending new loans. Banks with more amount of such non-performing 
loans will have a less attractive stock investment which make its stock price to go down. At this situation, the bank 
should reevaluate their lending practices and take steps to protect their best interests. The increased NPLs put pressure 
on recycling of funds and reduces the ability of banks for lending more and thus results in lesser interest income. Thus, 
the increased incidence of NPLs not only affects the performance of the banks but also the economy as a whole. 

Solving of NPL Loans 
Generally non-performing loans are resolved in two ways namely Centralization and Decentralization. All the concerned 
parties including the banks, regulators, and government get together to find solutions and these generally takes the form 
of a central organization in case of centralization. Decentralization is common for bad loans arising from bad lending. In 
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this approach the banks are left alone to manage their own bad loans by giving them incentives, legislative powers, or 
special accounting or budgetary advantages. 

NPL in India 
Non-performing loans are common in Indian agriculture sector where the farmers fail to pay back the loan amount mainly 
as a result of losses due to floods or drought. The percentage of non-performing loans in India reflects the health of the 
banking system. A high percentage of these loans faces difficulty in collecting interest and principal, which may lead to 
less profits for the banks and possibly bank closure. The loan amount that is non-performing should be the gross value 
of the loan as recorded in the balance sheet, not just the amount that is overdue. The government of India has said that 
the Non-performing assets of public sector banks stood at Rs.7.27 lakh crore as on 2019. India’s Non-performing loans 
stood at 9.1 per cent in March 2019, compared with the ratio of 11.2 per cent in 2018. The ratios are released every 
year by Reserve Bank of India. 

Conclusion 
Thus, the NPL brings reduced income which in turn leads to depleted cash flow. It is also considered as a negative 
indicator. NPL is simply said as unrecoverable principle, so the principal must be replaced by the banks to keep their 
depositor’s funds intact. Companies react to high levels of non-performing loans by tightening credit policies. As a result, 
the rating of the lending decreases as the ratio of NPLs increases. It can be said that the loans and investments are the 
lifeblood of a bank and this lifeblood of a bank is often polluted by a germ called Non-Performing Loans. 
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Introduction 
Rainfall is the major contributor of the precipitation in Indian tropical region and the spatial and temporal uneven 
distribution of rainfall leads to occurrence of flood and drought in different region simultaneously. In India the natural 
hazards such as drought adversely affects the water availability for domestic, agricultural and industrial uses. Drought 
is the extreme of hydrologic phenomena, which represents creeping type disaster due to water deficit for longer 
duration. It ruins the agriculture, energy, recreational facilities, development of pollution problem and several other 
activities, which directly or indirectly affects the national economy.  

It is one of the important components of hydrologic cycle. The amount and distribution of rainfall holds key for success 
of agricultural production, since rainfall distribution varies greatly over time. The total amount of rainfall as well as 
distribution largely affects the agricultural and non-agricultural operation. Drought affects the agricultural operation 
such as drying of crop, germination of seed disease susceptibility in period of plant growth, applying irrigation, fertilizer 
insecticides, and herbicides are important agricultural activities for which probability of occurrence of drought, normal, 
abnormal month or season may used to determine the probable economic gain or losses. 

In the present study Darbhanga district was selected. Darbhanga is semi-arid subtropical climate. The topography of the 
area is gentle slope from north to south with a depression on the centre. There are three well-marked seasons in this 
district, the winter, the summer and rainy season. The winter seasons starts in November and continue till February 
through March is also pleasant. Westerly wind being to blow in the second half of March and temperature rises 
considerably. May is the hottest month when the temperature goes up to 420C. Rain sets in towards the middle of June 
with the advent of the rainy season, temperature drop but humidity rises. The moist heat of the rainy season is very 
oppressive till august. The rain continues till the middle of October.  The average annual rainfall of the Darbhanga 
district is 1040.80 mm. The Soil of the Darbhanga is highly calcareous and a mixture of clay and sand, which makes it 
suitable for rice and Rabbi Crops.  

Subramanium and Subramanum (1964) studied about application of water balance concept for a climatic study of drought 
in south India the suggested the drought classification as follows: 
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Computation of Drought 
There are various definitions of drought used in different countries according to the purposes and area of interest of the 
investigation. The drought estimation was made on the basis of following definitions given by Sharma et al. (1979) in the 
present analysis. 
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1. Drought month:  A month receiving rainfall less than or equal to 50% of average monthly rainfall is called a drought 
month. 

2. Abnormal month: A month receiving rainfall more than or equal to 200% of average monthly rainfall is called an 
abnormal month. 

3. Normal month: A month receiving rainfall between 50% and 200% of average monthly rainfall is called a normal month. 

4. Drought year: Any year receiving rainfall less than or equal to average annual rainfall minus standard deviation is 
called a drought year.  

In which is the mean annual rainfall and is the standard deviation of the annual rainfall, and is calculated by the following 
equation: 
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i xx
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Where,  
  n = total number of data. 
 

ix  = ith data. 

 x = Mean.  

   = standard deviation. 

5. Abnormal year: A year receiving rainfall more than or equal to average annual rainfall plus standard deviation is 
called an abnormal year.  

6. Normal year: A year receiving rainfall between the limits of annual rainfall corresponding to drought and abnormal 
year is called a normal year. 

Computation of Expected Rainfall 
The graphical method has been used for computation of expected, monthly, seasonal, and annual rainfall values. The 
data were plotted on probability paper using the rainfall on the log scale and percent chance of occurrence of rainfall 
on probability scale. The plotting positions have been computed by Weibull’s (Chow, 1964) method as it was found by 
Jena and Senapati (1981) that Weibull’s equation approximates closely the linear relationship between the rainfall and 
plotting positions than the other equations and is expressed as: 

Plotting position in percent chance = 100
1n

m


+
                             ... 6 

Where,  
 m = the rank number when the data are arranged in descending order with highest event marked as 1, and 
    n = total number of years for which the data are available. 

Fig.1 Distribution of rainfall at Darbhanga district  
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Fig. 2. Graphs between rainfall and probability (%) of months April 1981 to 2010 by Weibull’s Method 

Conclusion 
The drought analysis of Darbhanga was carried out using 30 years rainfall data, collected from Statistical Department, 
Govt. of Bihar, Patna and Statistical Department, Govt. of Bihar, Darbhanga. 

Based on the results obtained following conclusions were drawn:  
1. It was found that about 39.44 % of total numbers of months were normal months during the period of 30 years (1981-
2011). Similarly, the normal years are demarcated with the annual rainfall ranging from 728.25 mm to 1353.35mm and 
it is obtained that 73.33% of total 30 years are normal years. 

2. About 12.22% of the total months were abnormal months. In which about 68.18% abnormal months falls between 
October to May and rest 31.82% during monsoon season. The extent of abnormal year was about 16.66% of total 30 years 
i.e. 1981, 1985, 1987, 1998 and 2007. 

3. From the analysis it was found that about 45% of total months during 30 years were drought months. The major portion 
of drought occurs during the Rabi season which is about 61.72% of the total months. And percentage distributions of 
drought during the Rabi Season are 13%, 24%, 29%, 18% and 16% respectively. Similarly, the drought years shared about 
10% of total 30 years for Darbhanga. The years 1992, 2002 and 2010 were the drought years. 

4. On the basis of expected monthly rainfall computed at various probability levels the drought year and drought months 
were also predicted and it is found that at 90% probability level the expected annual rainfall is below the drought level 
(i.e. 708.69 /728.25mm). Similarly, there are hazardous distributions of rainfall during Rabi Seasons. There by, 
preventing the farmers to go for the Rabi crops under rainfed condition. In order to run successful, the Rabi crops, there 
must be some irrigation facilities in the areas. 
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What is Plant Factory? 
Crop productivity is being increasingly challenged by weather vagaries induced water shortages, and insufficient 
available land. The world’s population is expected to grow to 9.3 billion in 2050. Alarmingly, there will be a 72% increase 
in urban population. Industrialization has limited the option for bringing more land for crop production. The possibility 
of cultivable land expansion is less than 10% (FAO, 2009). The availability of good quality freshwater resources follows a 
similar trend. It is estimated that there is sufficient water globally but it is unevenly distributed. Therefore, to feed the 
burgeoning population the possibilities are intensification of cultivation and increased crop yield though plant breeding. 
Feeding the population with balanced diet, protection of consumers’ health, sustained economic growth are the triple 
targets of all the developing countries. Concurrently environmental protection is also to be ensured as intensified 
cultivation may corrode the natural wealth if not planned judiciously. All these targets demand a new form of agricultural 
production systems whose design is like an indoor vertical farming.  

Plant factory system is one such system which is supported by artificial lighting for efficient production. These 
components all together are called as “plant factory with artificial lighting (PFAL)”. PFAL refers to a plant production 
facility which is thermally insulated and nearly airtight warehouse-like structure. In the PFAL, multiple culture shelves 
with electric lamps on each shelf are vertically stacked. The other components include air conditioners, air circulation 
fans, CO2 and nutrient solution supply units, and an environmental control unit. Stacking more culture shelves vertically 
increases the efficiency of land use. Fluorescent lamps (FLs) have been mainly used in PFALs due to their compact size, 
but presently lightemitting diode (LED) lamps are being used. Because LEDs are having compact size, low lamp surface 
temperature, high light use efficiency, and broad light spectra. 

Traditional Farming and Plant Factory 
Traditional faming is a soil culture where crops are grown in natural environment. The plant grown in traditional farming 
utilizes the soil for its anchoring and nutrients. It uses the atmospheric sunlight and carbon dioxide to produce its food 
through the process called photosynthesis. Since it is open air system of cultivation the crop yield and quality of the 
produce are very much influenced by weather parameters.  

Plant factory is a soil less cultivation system, where the nutrients are supplied through solutions in the required quantity. 
The light in different spectrum is provided by different colour bulbs. The carbon dioxide is provided through artificial 
source. The inputs for photosynthesis are provided in the required quantity at appropriate time thereby avoids wastages. 
Since all the growing conditions are controlled the produce will be of good quality. 

        Open field farming           Plant factory 
   Photo courtesy: https://www.riococo.com/         Photo courtesy: https://www.123rf.com/ 

The Difference Between Green House and Plant Factory Cultivation 
In the natural farming system, crop yield and quality are subject to weather conditions which sometimes leads to unstable 
and abridged quantum of supply of plant-derived quality food. The first-generation advancement of protected farming 
is greenhouse cultivation. But the greenhouse production is not energy efficient because incident light is not regulated. 
In the sunny days, the solar light intensity is too high while it is low at dawn, sunset, and night. The issue of low light 
intensity persists for longer period on cloudy/rainy days, and throughout the winter season. But in the Plant Factory 

https://www.riococo.com/
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energy efficiency is too good. The temperature and relative humidity inside a greenhouse are considerably affected by 
solar light intensity, and thus it is difficult to optimize the environment. In order to lower the temperature, greenhouses 
are often ventilated.  

This gap paves way for entry of insects and diseases inside the greenhouse. Furthermore, light quality and lighting 
direction are not controllable in the green house but it can be done in plant factory. Excessive agrochemicals are often 
used in greenhouse which uses more fossil fuels for regulating the temperature of greenhouses. Fossil fuels are a 
nonrenewable energy and excessive use results leads to depletion of resources but excessive emission of environmental 
pollutants like CO2. This excess carbon emission is accounted as one of the potential sources of global warming and 
climate change. On contrary, PFAL is an ideal fabricated indoor system, advanced, and intensive form of hydroponic 
production system. In PFAL the growing environment is optimally managed. PFAL is an integral form of “closed plant 
production system” (CPPS), where all inputs supplied to the PFAL are effectively utilized by plants. The environmental 
emission is not significant. 

A Model Plant Factory 

Advantages of PFAL 
If PFAL is designed and managed properly, it has the following potential advantages over the conventional production 
system:  
1. It can be fabricated in any piece of land because neither solar light nor soil is required;  
2. The plants in PFAL is not affected by the external weather vagaries leads to assured production;  
3. Assured year-round production and productivity is over 100 times that of open field cultivation;  
4. Produce with targeted nutrient status is possible and the quality can also be manipulated especially by altering light 
quality. 
5. The produces are pesticide-free and need not be processed before eating;  
6. Less bacterial load ensures enhanced produce shelf life. The plant factory produces normally have a bacterial load of 
less than 300 CFU g-1. Which is 1/100 to 1/1000 less than that of field-grown produce;  
7. Transportation cost and energy for transportation can be reduced by building PFALs near urban areas; and  
8. High resource use efficiency (water, CO2, fertilizer, etc.) and the pollution emission is low. 

Bottlenecks of Plant Factory Concept 
1. High initial cost 
2. Limited types and varieties of crops available to production 
3. Need cultivation technology to improve for higher production 
4. Lack of human resource with both cultivated skills and facility management skills 
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Conclusion 
The estimated world population will be 9.3 billion by 2050; simultaneously 50% of the arable land will be unusable for 
farming. However, the food production ought to be increased by 110% to feed the world. United Nations Organization 
(UN), has projected that the issue of food crisis will be the very critical and it would be the researchers’ first problem 
solving priority. The fact of climate change is attributed for this crisis. Additionally, the soil erosion and degradation 
due to traditional and overburdened farming methods has wiped off the soil wealth which will not support expected food 
production support.  These issues urge to develop and apply new crop production techniques to improve the food 
productivity. The traditional farming systems are principally based on soil, water and therefore vulnerable to disasters. 
Hence, there is a need to change and develop the economic policies of current farming systems. PFALs are not a 
replacement for conventional greenhouses or open-field production. Rather, the rapid development of PFALs has created 
new markets and business opportunities. PFALs are being used in Japan and other Asian countries for commercial 
production of leafy greens, herbs, and transplants. 
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Animals are having nervous systems, which involves neurons that are responsible to sense the external signal and results 
reaction to that particular action.  Unlike animals plants do not have nervous system. In Sanskrit plants are known as 
“ACHAR” meaning immovable. Neither having neurons nor ability to move how are plants fighting against their enemy?  

It has been proved by various scientists that plants are having locomotion, meaning they respond to signals like light, 
water, wind etc. by movements in their organs and in cellular levels the organelles. It has been seen by a number of 
plant scientists and ecologists that when plant leaves touches the leaves of other plants, they understand the competition 
for light they are going to face. In those cases plants result more shoot growth and less root growth as compared to 
similar plant growing solo. The signals from above stimuli usually received by the plants and reacting to that, these 
produce some chemicals. Now these chemicals not only communicate intra plant (i.e. among the organs/ organelles in 
the same plant) or inter plant (i.e. among the group of plants belonging to same family) but also among stranger plants. 
For example sagebrush releases chemicals which are perceived by tomato and tobacco.  

These chemical signals can move through air or soil. For instance when a lawn is mowed or leaves from a tree are 
damaged a peculiar smell can be sensed. This is due to the chemicals, released by the plants which are generally volatile 
in nature. Another matter to observe is that, when a plant is fed by insects it is initially by one or two part of a plant or 
in case of crop it is one or two particular area of the field. Why so? The possible answer to this is the reception of 
chemical signal or alarm or warning by other part of plant and field. Those parts/ organs produce anti insect defense 
system. The concentration and mixture tells about the severity as well as type of stress plant or plant part is facing. A 
number of plant scientists have considered this as chemical languages.  

Plants use their roots to talk or communicate through soil as well.  It can be through chemicals in a similar fashion. But 
sometimes it is through ultrasonic waves. Plant responds to sound. Example for this is the response of flowers to the 
sound of pollinators. But inter-plant communication through ultrasonic wave is a field to explore yet. It has been found 
particularly in case of water stress and physical injury. These are also known as distress screams. The sound emitted is 
in the range of 20-100 kHz and can be detected from a distance of 3-5 meters. Researchers all over the world working 
in this particular area believe that the sounds are generated by the process called cavitation, where air bubbles form, 
expand and explode in the xylem causing vibrations. Those vibrations can be sensed by the roots of other plants nearby. 
However human has dramatically underestimated the capabilities of plants’ senses, which is predicted now as much 
more complicated as thought before. 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
492 

Study on Viroid Disease in Plants 
Article ID: 30185 

Naresh  Kumar1, Satyadev Prajapati1, Lalita Lakhran1 

1Ph. D. Scholar, Department of Plant Pathology, SKNCOA (SKNAU)- Jobner, Jaipur Rajasthan (India). 

 

Introduction 
Viroids are nonprotein-encoding and highly structured, single-stranded RNA molecules, currently considered to be the 
smallest plant pathogens (Diener 1971). The absence of a protein coat distinguishes viroids from viruses. Based on 
biochemical and structural characteristics, viroids are taxonomically divided into two families: Avsunviroidae and 
Pospiviroidae (Hadidi et al. 2003). Rod like structures are typical for the pospiviroids, whereas more branched structures 
are typical of the avsunviroids (Codoner et al. 2006). Another key difference between the two families is the location of 
replication. Avsunviroids replicate in the chloroplast, while pospiviroids reproduce within the nucleus (Flores et al. 2005).  

The viroid first discovered—the type-species of the pospiviroids—is Potato spindle tuber viroid (PSTVd) by Diener 1971. 

Viroids are notorious for causing plant diseases of considerable economic importance (Flores et al. 2005). The induced 
symptoms depend largely on the host plant and the viroid in question but are usually characterized by diminished growth, 
stunting, leaf epinasty, necrosis, and flower and fruit deformations (Flores et al. 2005, Hammond 2009). In potato crops, 
yield losses caused by PSTVd vary according to isolate, cultivar, and climatic conditions, with losses exceeding 60% 
(Pfannenstiel & Slack 1980). 

Distribution 
During the last decade most of the European viroid research has focused on the pospiviroids. Their swift transmission, 
combined with the substantial risk they impose on economically important agricultural crops, has led to their listing as 
a quarantine organism in the EU. Currently, two pospiviroids, namely Potato spindle tuber viroid (PSTVd) and 
Chrysanthemum stunt viroid (CSVd) (Diener & Lawson 1972) are listed as A2 quarantine pest species by the European 
and Mediterranean Plant Protection Organisation. Tomato apical stunt viroid (TASVd) is the only pospiviroid to be 
included on the EPPO alert list, indicating that this viroid can possibly present a risk to EPPO member countries (EPPO 
2011). 

General Mechanisms of Viroid Transmission 
The worldwide transmission of viroids is clearly related to human activity, mainly in the form of international trade. 
Vegetative propagation of plants and trafficking of commercial crops have been the main contributors to the global 
spread of these minute plant pathogens.  The considers vegetative propagation of infected plant material to be the main 
source of viroid infection. In addition, both mechanical contact between infected and healthy plants and contamination 
with infected greenhouse materials play an important role (Verhoeven et al. 2010). It has been hypothesized that the 
start of viroid epidemics in greenhouses is most commonly initiated by the presence of infected plants, with secondary 
spread being facilitated by insect activities.  The latter organisms, and many other insect species, have been postulated 
as potential vectors of pospiviroids, but the importance of this form of vector transport has not yet been fully established.  

It can be assumed that viroids, because they are not enveloped and do not encode any (movement) proteins, would have 
completely different ways of transmission as compared to plant viruses. To date, it is commonly believed that mechanical 
transmission through physical contact with insect parts and products (e.g., pollen) is the most important transmission 
route. However, the importance of transencapsidation and transcomplementation also need to be investigated. 
Transmission through transencapsidation of a viroid into a virus capsid has received some, but not much, attention in 
the past in scientific studies. Transencapsidation can be defined as encapsidation of the nucleic acids of a virus or viroid 
into the virion of another virus. Earlier, transencapsidation was observed frequently for different luteo- and potyviruses 
(Falk et al. 1995). 

Conclusion 
The role and importance of insects as vectors in the transmission of viroids are still unclear. The limited numbers of 
studies exploring vector abilities of different species of insect have led to contradictory results. So far, only two species 
of aphids (M. euphorbiae and M. persicae) and bumblebees (B. terrestris) have been proven to play a role in viroid 
transmission. Furthermore, the exact mechanism and potential consequences of transencapsidation remain unresolved. 
Differences in experimental design, test organisms, viroid isolates, and inoculation period hinder accurate comparison 
of the results. To address this problem, we recommend well-designed transmission experiments that use a broader range 
of viroid isolates and insect species. The latest molecular and visualization techniques can be used to detect and locate 
viroids within a host.  
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Further research is clearly needed to fill the aforementioned gaps in viroid  epidemiology and to address the risks 
associated with the pathogenic nature of viroids. New information on viroid epidemiology is a prerequisite for the 
development and successful implementation of control strategies. For now, we recommend precautionary management 
measures until definitive answers become available. 
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Introduction 
India accounts for 2.45% of land area where 4% of water resources of the world that represents 16% of the world 
population where total utilizable water resource in the country has been estimated to be about 1123 BCM that is 690 
BCM from surface and 433 BCM from ground where 85% (688 BCM) of water usage is being diverted for irrigation but it 
may increase to 1072 BCM by 2050 where as the  annual groundwater recharge is about 433 BCM in which 212.5 BCM used 
for irrigation and 18.1 BCM for domestic and industrial use (CGWB, 2011) there for the water availability for irrigation is 
expected to reduce to 162.3 BCM while total annual ground water draft in India is only 22.72 BCM for domestic and 
industrial purposes against 222.36 BCM for irrigation (Central Ground Water Board, 2014) and the present population 
growth-rate is 1.9% per year and it is  expected to cross the 1.5 billion mark by 2050 there we should be think an alternate 
way for efficient water resource management through enhanced water use efficiency and water recycling. So waste 
water treatment and recycle is an alternative way for replacing this demand for irrigation purpose and reduce the crucial 
demand of freshwater in domestic purpose. 

Fig-1:  Projected water demand by different sectors (CWC, 2010) 

Waste Water Production and Treatment Status in India 

Fig-2: Sewage generation and treatment capacity in 498 Class I cities and 410 class II towns in India. (CPCB, 2009) 
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As per CPCB estimates that the total wastewater generation from Class I cities (498) and Class II (410) towns in the 

country is around 35,558 and 2,696 MLD specially the states of Maharashtra, Delhi, Uttar Pradesh, West Bengal and 

Gujarat are the major contributors of wastewater that is 63% (CPCB, 2007a) which is also reported by UNESCO and WWAP 

(2006,Van-Rooijen et al., 2008) whereas apart from domestic sewage  about 13468 MLD of wastewater is generated by 

industries of which only 60% is treated. So waste water recycle and quality treatment are now being the most important 

and alternative way of irrigation water in towards sustainability in Irrigation purpose for higher crop productivity. 

Some of the Widely Used Indigenous Methods of Waste Water Treatment are 
1. Bio-refineries wastewater treatment: It is the anaerobic biological treatment of bio-refinery effluents are widely 

applied as an effective step to removing 90% of the Chemical Oxygen Demand (COD) in the effluent stream and during 

this stage, 80–90% BOD removal takes place and biochemical energy recovered is 85–90% as biogas but this treatment 

processes alone are not sufficient to meet tightening environmental regulations there for the tertiary treatment can 

further reduce color and residual COD. 

2. Waste water treatment using constructed wetlands: A good design constructed wetland should be able to maintain 

the wetland hydraulics which are namely the hydraulic loading rates (HLR) and the hydraulic retention time (HRT) which 

affects the treatment performance of a wetland but one of the major constraints to field-scale constructed wetland 

systems in developing countries like India is the requirement of a relatively large land area that is not readily available. 

3. Bio accumulator: The plant having high rate transpiring trees like sisal, mahogany, Eucalyptus, poplar, bamboo, neem 

(Azadirachta indica), shisham (Dalbergia sissoo) they are mostly for non-edible products like fuel and timber are planted 

near the developing green belts around the cities can be another approach to overcome health hazards, which have their 

high transpiration capacity remove the heavy metal and some some of the pesticide elements are the good source of 

waste water treatments. 

4. Wastewater treatment using low cost activated carbons: A variety of low cost activated carbons were developed 

from agricultural waste materials viz., coconut shell, coconut shell fibers and rice husk were fully characterized and 

utilized for the remediation of various pollutants viz., chemical oxygen demand (COD), heavy metals, anions, etc., from 

industrial wastewater because of carrying out the process s to be endothermic and exothermic, respectively where the 

kinetics of COD adsorption was also carried out at different temperatures to establish the sorption mechanism and it is 

reported that COD removal was 47–72% by coconut shell fiber carbon (ATFAC), 50–74% by coconut shell carbon (ATSAC) 

and 45–73% by rice husk carbon are to be most effective methods for waste water treatment. 

Recent Status of Wastewater Treatment and its Successful Application are 
1. Cereals: Along 10 km stretch of the Musi River (Hyderabad, Andhra Pradesh) where wastewater from Hyderabad is 

disposed-off, 2100 ha land is irrigated with waste water to cultivate paddy and wheat in Ahmadabad and Kanpur. 

2. Vegetables: In New Delhi, various vegetables are cultivated on 1700 ha land irrigated with wastewater in area where 

they cultivate the vegetables like Cucurbits, eggplant, okra, and coriander in the summers and  Spinach, mustard, 

cauliflower, and cabbage in the winters are grown at these place. 

3. Flowers: Farmers in Kanpur start to grow roses and marigold with wastewater and Hyderabad, the farmers cultivating 

Jasmine through wastewater. 

4. Agro forestry: Hubli-Dharwar in Karnataka the plantation trees viz., sapota, guava, coconut, mango, arecanut, teak, 

neem, banana, ramphal, curry leaf, pomegranate, lemon, galimara, mulberry are cultivated  with waste water. 

Conclusion 
It is here by conclude that waste water treatment and recycle with the indigenous through methods of sustainability to 

the environment are the most utilizable for coming generation towards of our food security and reduced the demand or 

pressure of ground water an alternative way for economy boasting with the scope of some employment generation for 

the skill youth are the greatest source for coming generation and govt should come forward with some scheme and make 

some experimental laboratory and provide research funding in the university level. 
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Recurrent Selection 
There are four basic recurrent selection schemes, based on how plants with the desired traits are identified: 

Simple recurrent selection. This is similar to mass selection with one or two years per cycle. The procedure does not 
involve the use of a tester. Selection is based on phenotypic scores. This procedure is also called phenotypic recurrent 
selection. 

Recurrent selection for general combining ability. This is a half-sib progeny test procedure in which a wide genetic based 
genotype is used as a tester. The test cross performance is evaluated in replicated trials prior to selection. 

Recurrent selection for specific combining ability. This scheme uses an inbred line for a tester. The test cross 
performance is evaluated in replicated trails before selection. 

Reciprocal recurrent selection. This scheme is capable of exploiting both general and specific combining ability. It entails 
two heterozygous populations, each serving as a tester for the other. Two genetically different populations are altered 
to improve their crossbred mean. To achieve this, individual plants from two populations are selfed and also crossed 
with plants from the reciprocal female tester population. 

Recurrent Selection for Specific Combining Ability 
It was proposed by Hull in 1945 with an objective is to isolate lines from a population that will combine very well with a 

given inbred. Large part of the heterosis is due to non-additive gene action i.e. Dominance and epistasis. So, it depends 

on specific gene combination and is designed as specific combining ability. The inbred is used as tester to isolated lines 

with high specific combining ability. 

1. First Year: Several plants are selected from the population and self-pollinated. Selected plants used as males are also 

crossed to an outstanding inbred used as the tester. 

2. Second Year: Replicated yield trial is planted using test cross progeny. 

3. Third Year: Selfed seeds from the outstanding progenies are planted in separate progeny rows in a crossing block. All 

possible inter cross are made by hand. Equal amount of seed from the inter crosses are composited. This completes the 

original selection cycle. 

4. Fourth Year: The composited inter cross is planted and the operation of the first year are repeated. 

5. Fifth Year: Evaluation under replicated yield trial. 

6. Sixth Year: Selfed seed from outstanding progenies are planted and crossed in all possible intercrosses are 

composited. The cycle may be repeated. 

Genes Introgressed Through  Markers 

Species Trait(S) Gene/Qtls Foreground 
Selection 

Background 
Selection 

Reference 

barley barley yellow dwarf 
virus 

Yd2 STS not performed Jefferies et 
al. (2003) 

barley leaf rust Rphq6 AFLP AFLP van Berloo et 
al. (2001) 

barley stripe rust QTLs on 4H and 5H RFLP not performed Toojinda et 
al. (1998) 

barley yield QTLs on 2HL and 3HL RFLP RFLP Schmierer et 
al. (2004) 

maize corn borer resistance QTLs on chromosomes 7, 
9 and 10 

RFLP RFLP Willcox et 
al. (2002) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib46
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib46
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib123
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib123
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib120
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib120
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib130
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib130
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maize earliness and yield QTLs on chromosomes 5, 
8 and 10 

RFLP RFLP Bouchez et 
al. (2002) 

rice bacterial blight Xa21 STSa RFLP Chen et 
al. (2000) 

rice bacterial blight Xa21 STSa AFLP Chen et 
al. (2001) 

rice bacterial blight xa5, xa13 and Xa21 STS, CAPS not performed Sanchez et 
al. (2000) 

rice bacterial blight xa5, xa13 and Xa21 STS not performed Singh et 
al. (2001) 

rice bacterial blight+quality xa13, Xa21 STS and SSR AFLP Joseph et 
al. (2004) 

rice Blast Pi1 SSR ISSRb Liu et al. (2003) 

rice deep roots QTLs on chromosomes 1, 
2, 7 and 9 

RFLP and SSR SSR Shen et 
al. (2001) 

rice Quality waxy RFLPa AFLP Zhou et 
al. (2003a) 

rice root traits and aroma QTLs on chromosomes 2, 
7, 8, 9 and 11 

RFLP and SSR RFLP and SSR Steele et 
al. (2006) 

rice submergence tolerance Sub1 QTL phenotyping 
and SSRa 

SSR Mackill et 
al. (2006) 

rice submergence 
tolerance, disease 
resistance, quality 

Subchr9 QTL, Xa21, Bph 
and blast QTLs and 
quality loci 

SSR and STS not performed Toojinda et 
al. (2005) 

wheat powdery mildew 22 Pm genes phenotyping AFLP Zhou et 
al. (2005) 

 
  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/table/tbl1/?report=objectonly#tblfn1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/table/tbl1/?report=objectonly#tblfn1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib99
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib99
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib52
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib52
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/table/tbl1/?report=objectonly#tblfn2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib68
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/table/tbl1/?report=objectonly#tblfn1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib138
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib138
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib111
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib111
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/table/tbl1/?report=objectonly#tblfn1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib72
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib72
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib121
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib121
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib139
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610170/#bib139
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Introduction 
A blockchain is a ledger in which agents take turns recording information on the process of generating, transacting and 
consuming a product or service. The ledger is collectively managed by all participating parties typically through a peer-
to-peer network. A new record must be verified by the network before adding it to the blockchain. Any alteration to the 
recorded data should follow consensus decision-making protocol, meaning the majority of the parties involved should 
agree. Blockchain is a transformative ICT that has the potential to revolutionize how data is used for agriculture. 

Detailed Process of How Blockchain Can Transform the Way Crops or Food Items are Produced 
Step 1 - IoT devices generating data: The population across the globe is expected to touch 9.6 billion by 2050 and 
therefore, to feed the increasing population, the farming industry is adopting IoT devices and sensors. In IoT-enabled 
smart farming, a system is built for keeping an eye on the crop field using sensors (temperature, pH, soil moisture, 
humidity, light). 

IoT sensors and devices generate data which can help farmers make well-informed decisions related to the growth of 
the crops. The information gathered from the IoT devices first need to be structured before getting saved on the data 
storage. 

Step 2 - Cleaning and Enrichment of the collected data: Before saving the collected data on the blockchain, there is a 
need to ensure that it is structured and understandable. Data Enrichment is done to add more value to improve the 
quality of the captured information. The following two steps ensure that the data is cleaned before it gets stored on the 
distributed storage platform: 

a. Adding Meta Information: Information related to timestamp, demography, and type should be added to the 
data for making it more structured. 
b. Making data ready for compliance: Saving data on the blockchain does not mean that it should not be 
compliant. Instead, it makes compliance enforcement more seamless. Meeting compliance ensures that the 
personally identifiable information associated with the data collected from IoT devices is protected and follows 
security measures. Once the data is enriched, it is put into the machine learning-ready format. 

Step 3 - Making the data more insightful with machine learning algorithms: Machine Learning is applied to the data 
generated from the sensors to provide useful insights. Predictive models can drive several high-value uses-cases 
including: 

a. Crop Quality Recommendations 
b. Crop Identification 
c. Crop Yield Prediction 
d. GrowScore (Automated crop growth factor) 
e. Crop Demand Prediction 

From the information captured through machine learning algorithms, farmers and other stakeholders will be able to 
make improvements in the irrigation system from time to time. The insightful data should be stored on the blockchain 
to enable agriculture market participants such as growers, innovators, producers, service providers and retailers to 
access it transparently. 

Step 4 - Data gets saved on the blockchain: The high-value data gathered by applying machine learning gets stored in 
IPFS (Interplanetary File System), a distributed storage platform having addresses hashed and stored on the blockchain. 

Unlike the existing method to store essential information in the centralized server which has a risk of single point of 
failure, the data is distributed across every node in the network preventing a central authority to control the system. 
The information captured in the blockchain will trigger smart contracts to process rules defined within them. Smart 
contracts facilitate the exchange of data stored on the blockchain within the specific stakeholders in the system. Since 
information will be visible to every agriculture market participant, it will become seamless for them to bring efficiency 
in crop or food production. 
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Uses of Blockchain in Agriculture 
Crop and Food Production: Catering the needs of the increasing population by growing more food with minimal resources 
while reducing environmental footprint, maximizing customer satisfaction, enabling transparency across the supply chain 
and guaranteeing fair income to farmers while handling the vagaries of the weather- the agriculture sector has a lot of 
challenges to overcome while improving profitability under unfavorable environmental conditions. 

From farmer to manufacturer and grocer, blockchain coupled with IoT is remodeling the food production industry. The 
blockchain is all set to make farming a sustainable practice by optimizing farming resources including water, labor, and 
fertilizer using a simplified approach. 

Conclusion 
The blockchain is still a very recent technology, so there’s a long way to go before its full set of applications can be 
developed and put into practice. However, it’s becoming increasingly clear that there are opportunities in the agriculture 
industry. The global agriculture industry is now worth over 2.4 trillion dollars and has over one billion people involved 
worldwide. Now, more than ever, there is an opportunity for innovation. 
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Green Marketing 
Green marketing is the marketing of environmentally friendly products and services. It is becoming more popular as more 
people become concerned with environmental issues and decide that they want to spend their money in a way that is 
kinder to the planet. 

Green marketing can involve a number of different things, such as creating an eco-friendly product, using eco-friendly 
packaging, adopting sustainable business practices, or focusing marketing efforts on messages that communicate a 
product’s green benefits. 

Green Marketing Methods 
Beyond making an environmentally friendly product, business owners can do other things as part of their green marketing 
efforts. The following can all be part of a green marketing strategy: 
1. Using eco-friendly paper and inks for print marketing materials 
2. Skipping the printed materials altogether and option for electronic marketing 
3. Having a recycling program and responsible waste disposal practices  
4. Using eco-friendly product packaging 
5. Using efficient packing and shipping methods 
6. Using eco-friendly power sources 
7. Taking steps to offset environmental impact. 

Golden Laws of Green Marketing 
1. Customers should be Aware: If a company needs to sell the products, it should make sure that the customers are 
better aware of the benefits of “green” products and their growing necessity. The customer should know the main reason 
behind the issue of the products that are eco-friendly. 

2. Reassure the Buyers: Marketers should understand that they need to convince the customers by promoting the true 
quality and ethically show the performance of the product, because it would be very difficult to sell the products to 
customers only on the lines that they are eco-friendly. 

3. Transparency: Marketers should be ethical in claiming their products as eco-friendly. They should be genuine and 
transparent about their claims. The business policies should also go with it. 

4. Consider Pricing: It is possible that marketers charge a greater price for their “green” products because of their high 
cost of production and use of higher-quality ingredients. Many customers might not afford these high prices, so the 
company needs to consider a reasonable price and target the appropriate audience effectively. 

5. Customer Participation: The marketer should involve the customers in the initiative of green marketing. Once the 
customer is a part of this cause, he or she will understand the concept better and the issues of pricing etc. can be 
resolved. 

Importance of Green Marketing 
It is well known that increasing production and business activities are polluting the natural environment. The damages 
to people, crops, and wildlife are reported in different parts of the world. As resources are limited and human wants 
are unlimited, it is necessary for marketers to use resources efficiently, so that organisational objectives are achieved 
without waste of resources. So green marketing is inevitable. 

Not only marketers but consumers are also concerned about the environment, and consumers are also changing their 
behaviour pattern. Now, individual as well as industrial consumers are becoming more concerned about environment-
friendly products. 

Advantages of Green Marketing 
1. Environmental Advantages: Going green is an environmentally responsible choice. It is estimated that 40 percent of 
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all greenhouse gases in the United States comes from energy production that businesses use to heat, cool and light 
workplaces. Reducing these energy needs reduces carbon dioxide output, helping to control global warming. As 
businesses use more natural resources than individual consumers, recycling business materials and conserving water 
contribute to conservation on a larger scale. 

2. Economic Advantages: The reduction in waste equals lower operating costs and more savings. Eco-friendly business 
equipment and practices such as – low-wattage or LED lights, use of natural lighting, water conservation policies, 
mandatory recycling and hybrid company vehicles save money on utilities, fuel and office supplies. This generates instant 
cash flow. Further going green puts a business in a positive light in the eyes of customers, potential investors, 
distributors, activists, watchdog groups, communities and prospective employees. 

3. Sustainability: Going green is about sustainability; this sustainability translates to sustainable profits in green sectors 
with secure futures. The future-safe markets include biomaterials, green buildings, personal transportation, smart grids, 
mobile applications and water filtration. 

4. Efficient Use of Resources: Today, human demands and needs are unlimited but resources are short enough that 
cannot fulfill the human needs. Markets need to facilitate the consumers by utilizing resources efficiently. 

5. Planned Techniques: It needs to develop well planned techniques and innovative policies to achieve the 
organizational goals effectively without any wastage of time and other resources. Green marketing examples of different 
products and services develops a growing interest among customers throughout the world. 

Conclusion 
Green marketing encourages consumers to use eco-friendly products and manufacturers to develop more. The awareness 
about the products should be done through advertising so that individual buying behaviour can be changed which can 
have an impact on the welfare of the environment. 

Green marketing involves focusing on promoting the consumption of green products. Therefore, it becomes the 
responsibility of the companies to adopt creativity and insight, and be committed to the development of environment-
friendly products. This will help the society in the long run. 
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Introduction 
In-situ hybridization (ISH) is a technique used for localization and detection of specific nucleic acid sequences. It was 
first reported by Gall and Pardue (1969). It detects a sequence by hybridizing the complementary strand of a nucleotide 
probe to a particular sequence. It is based on the principle of specific annealing of a labeled probe to complementary 
sequences of a target nucleic acid, DNA or mRNA in a fixed specimen which is followed by the detection and subsequent 
visualization of the nucleic acid hybrids with cytological methods. 

Method Overview 

Overview of in situ hybridization© study.com 

Steps of In-Situ Hybridization 
1. Preparation of Tissue: It is performed to increase hybridization efficiency and reduce nonspecific background 
staining. 

a. Treatment with proteases: For this purpose, mainly proteinase K is used which facilitate access of the target 
nucleic acid. 
b. Acetylation: It is mediated by acetic anhydride reduces the binding of charged probes to tissues.  

2. Requirements of an ideal probe: Sensitivity, specificity, penetration ability, stability and ideal size- 50–300 bases.  

3. Labeling of probe: Radioactive isotopes: 32P, 35S or3H; Non-radioactive labels: Biotin, digoxigenin or fluorescent dye 
(FISH). 

Types of In-Situ Hybridization 
1. Fluorescence In Situ Hybridization (FISH): It is a molecular cytogenetic technique which uses fluorescent probes 
that bind to only the parts of a nucleic acid sequence with a high degree of sequence complementarily. It is an effective 
technique that enables direct visualization of genetic alterations in the cell. 

FISH Technique© Abnova.com 

2. Multicolor FISH: Two or more probes are each specifically labeled, combined, and then identified with different 
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fluorescent colors. It can detect multiple chromosome sites. 

Different coloured probes are used to detect the hybridized target nucleic acid ©Pei du et al. 2016 

3. Genomic In Situ Hybridization (GISH): GISH is a technique that allows distinguishing the genomes in a cell. With this 
technique, it is possible to differentiate the genomes in a hybrid. Whole-genome is used as a probe as only a small 
portion of DNA was used as a probe in FISH  

4. Chromogenic In Situ Hybridization (CISH): CISH enables examination of gene amplification, gene deletion, 
chromosomal translocations, and chromosomal number. It uses conventional peroxidase or alkaline phosphatase 
reactions using bright-field microscopy on tissues fixed by formalin and embedded in paraffin. These peroxidases- or 
alkaline phosphatase-labeled reporter antibodies interact with a hybridized DNA probe and are then observed with an 
enzymatic reaction. Its advantage is that it not diminish over time, its low cost, the ability to use a light microscope, 
and permanent staining. 

Recent Advances in In-Situ Hybridization 
1. Double ISH Localization: It enables the simultaneous detection of multiple target nucleic acids such as two mRNAs, 
DNA, and mRNA or nucleic acids and proteins. Combination of non-radioactive and radioactive ISH methods which are 
mainly used for the detection of two mRNAs in the same tissue section.  

2. In Situ PCR: This method combines the high sensitivity of PCR with the anatomical localization by ISH. A combination 
of PCR increases the copy numbers to levels readily detectable by ISH methods. It can detect low copy numbers of 
specific genes. 

General Applications 
Gene expression, detection of chromosomal abnormalities, detection of deletions and amplified genes or in physical 
mapping. 

Applications in Plant Pathology 
1. Identification of pathogens in plants: In-situ hybridization offers detection at very early stages. Cucumber green 
mottle mosaic virus (CGMMV) was detected efficiently using FISH. 

2. Pathogen identification and profiling: Detection of bacterial and mycobacterial pathogens based on probes targeting 
unique ribosomal RNA sequences can be performed. Using already available probes species of pathogens identified are 
hybridized. 

3. For detection of fungi in plants: This technique provides plant pathologists with a tool to study the morphology of 
rust fungi. This may aid in the elucidation of the life cycles of these plant pathogenic fungi and the determination of 
fungal growth patterns in host tissue. 

4. Identification of mutant strains of microbes: Due to selection pressure pathogens often show mutation and their 
management causes a huge constrain. ISH confirms that the existing strain is mutated. If the pathogen fails to hybridize 
with known probes and visualization does not occur we can conclude its mutation.  

5. Detection of pathogens in the environment: The unculturable and non-sporulating fungi remain a major challenge 
when studying biotrophic, endophytic, and mycorrhizal groups. In situ hybridization is highly sensitive and accurate can 
detect pathogens in the environment even at low concentrations. 

6. To check progress and rate of spread of disease in plants: ISH allows detecting the spread of a disease and its rate 
of spread by visualizing the strength of signal visualized. This was successfully performed in the detection and spread of 
downy mildew fungi using FISH technique. 
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Conclusion 
In situ hybridization is a procedure of molecular genetics that allows us to detect several DNA sequences in an organism. 
The usefulness of this detection ranges from observing the introgressed gene from another organism, checking on the 
chromosomal abnormalities, identifying pathogen species in infected plants at early stages, mutational changes and so 
on. This method is based on tracing genetic material rather than phenotype or other methods, proving to be reliable and 
not dependent on the environment. This change is important to design management strategies as the detection time will 
be reduced. 
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Abstract 
Crop insurance is one of the effective measures of risk management in agriculture, yet penetration of crop insurance in 
India is way below the target. Econometric analysis of crop insurance demand suggests a reciprocal causation between 
farm economic performance and demand for crop insurance. The three key determinants of crop insurance demand are 
- farm income characteristics that defines farmers affordability; farm management characteristics that defines farmers 
ability to take decision on crop insurance; and farm characteristics that defines farmers willingness to take crop 
insurance based on expected profitability. The study suggests, while subsidies can improve liquidity at farm level and 
help increase crop insurance penetration among small farmers, awareness of insurance product is a fundamental 
constraint in the rural areas. Spread of knowledge on insurance products through institutional channels will be the key 
to increase coverage. 

Introduction 
Agriculture is a pre-historic occupation and the risks involved in this occupation are also ancestral. Even after decades 

of farming, a farmer is exposed to the same endemic risks every cycle. The risk in agriculture lies in its fundamental 

character. A large part of agricultural cost is incurred without any certainty of income. The quantum and value of output 

are affected by factors, largely, out of control of the farmers. To name a few are, weather patterns, global supply-

demand determined price situation, exchange rates etc.  

The Government of India (GoI) has made various efforts to address farmers’ grievances. However, the policies 

addressing farmer’s needs have been either insufficient, ad hoc or merely subject to political wrangling. There 

is a need for financial safety net that does not consist only of direct transfers and loan waiver s—short-term 

solutions that often prove to be counterproductive—but a framework that is timely, consistent and improves 

agricultural productivity and, in turn, farmers’ quality of life (Rai, 2019). Crop insurance is perceived as one of 

the effective tools that can cushion the shock of crop loss by assuring farmers protection against natural hazards.  

Introduction of a crop insurance scheme was taken up in India soon after the Indian independence in 1947. However, the 

crop insurance schemes in India, till today are evolving in terms of scope, spread and structure. The first crop insurance 

bill and a model scheme of crop insurance was introduced in India in Oct, 1965. In 1970, the draft bill and the model 

scheme were referred to an expert committee headed by Dr. Dharam Narain. Thus, for over two decades the issue of 

crop insurance continued to be discussed and debated. Different experiments on crop insurance on a limited, ad-hoc 

and scattered scale started from 1972-73. The first crop insurance program was on H-4 cotton in Gujarat. All such 

programs, however, resulted in considerable financial losses. The program(s) covered 3110 farmers for a premium of Rs. 

4, 54,000 and paid claims of Rs. 3.79 million. (Nagentran and Rajendran, 2017).  

India’s first crop insurance scheme was based on the “individual farm approach,” which was later dissolved for 

being unsustainable. The next insurance scheme was then based on the “homogeneous area approach.”  

(Nagentran and Rajendran, 2017). In 1985, the Comprehensive Crop Insurance Scheme was implemented for 15 

years; improvements were made based on the area approach linked with short-term crop credit. Its successor, 

the National Agricultural Insurance Scheme, was implemented to increase the coverage of farmers, those with 

existing loans and those without. However, despite the modifications, the scheme failed to cover all fa rmers, 

and in Kharif season 2016, the GoI formulated the Pradhan Mantri Fasal Bima Yojana (PMFBY) to weed out the 

issues in the previous crop insurance schemes (Rai, 2019).  

The PMFBY made several improvements as compared to the previous schemes, i.e, the National Agricultural Insurance 

Scheme and the Modified National Agriculture Insurance Scheme. One of the key success of the scheme has been the 

increase in coverage both in terms of numbers of farmers covered and area insured. A significant deviation of the PMFBY 

scheme from the earlier scheme is heavy subsidies given by the Central Government on the premium. This brings to fore 

the key question if demand for crop insurance is driven by subsidy payment rather than on risk management. In 

this paper, we analyse the key determinants that influence farmer’s demand for crop insurance.  
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The PMFY scheme was implemented in Feb-2016 and was allocated an initial budget allocation of INR 55 bn. It increased 

to INR 157 bn in F21 budget. The massive increase in outlay shows the importance of the government to insure all farmers 

and guarantee financial support and flow of credit to them in the event of crop yield loss. The implementation of 

PMFBY has achieved 41% coverage of farmers as compared to 28% coverage in the prev ious schemes.  

One of the key deviations of PMFBY from earlier schemes were that they were claim-based insurance schemes. 

The NAIS was backed by a government-funded insurance company called “Agriculture Insurance Company,” 

which collected premiums from farmers without any subsidy and then used that money to pay the claims at the 

end of the season. On the other hand, the PMFBY allows a subsidy in the premium-based system, which is 

implemented through a multiagency framework of select private insurance compan ies, the ministries of 

agriculture, GoI and state governments in coordination with commercial banks, cooperatives, regional rural 

banks and regulatory bodies, e.g. the Panchayati Raj.  Thus, the premium is subsidised by the centre and state 

governments to reduce the burden on farmers (Rai, 2019).   A comparison of the PMFBY scheme from the 

previous two schemes is given in the table below. In the following two kharif season (kharif 2016 and kharif 2017) 

after its introduction, the scheme had failed to achieve the target of increasing number of farmers covered and area 

insured. There are several structural and financial constraints that has been widely cited as the reasons to reach the 

target. However, for a targeted focus on improving the penetration of crop insurance schemes it is crucial to identify 

the factors that influence demand for crop insurance.   

The rest of the paper in organised as follows: section 2 gives an econometric analysis of the determinants influencing 
demand for crop insurance and section 3 concludes the paper. 

Determinants of Crop Insurance Demand 
Several studies on determinants of insurance demand suggest that financial and economic performance indicators, such 
as, farm output (Mishra and Goodwin, 2003), farm income (van Asseldonk et al. 2002, Ogurtsov et al. 2009) or return on 
equity (Enjolras and Sentis 2008) can have an impact on the insurance purchase decisions of farmers. Thus, there is a 
reciprocal causation between economic performance and demand for crop insurance. 
 
To identify the impact of farm economic performance on crop insurance, data from the nationally representative survey 
of farm households conducted by NSSO during July 2012 – June 2013 (NSSO, 70th round) is used. The key factor used to 
analyse the farm economic performance are the following:   
1. Income related characteristics include factors, like, land size, farm investment, input cost, subsidies.  
2. Farm management characteristics are variables describing experience and skills of the farmer through proxies like 
age, education. These variables show the ability of the farmer to allocate his inputs. 
3. Farm characteristics are variables that describe the farm’s environment and its adaption to this environment. It 
includes factors like, crop type, crop diversification.  

Hence, temperature is the most important factor for growing the crops under protected cultivation. Maximum and 
minimum daily air temperatures inside and outside of polyhouse were recorded with the help of a digital thermometer. 
The least count of the digital thermometer was 0.1°C. The temp required for gerbera under polyhouse during day hour 
is 20-24°C and in night hour is 18-21°C. 

Table 2: Ordinary Least Squares Estimation Results of Farm Economic Performance and Insurance 
Demand 
  X Pr(>|t|) 

Dep Var: Farmers with crop insurance (yes=1; No=0)  

Intercept  -227.5553 0.0002 

Production Related Characteristics 

Land size 0.0598 0.0000 

Investment 0.0029 0.0018 

Input cost -0.023 0.0001 

Subsidies 0.1437 0.0041 

Farm management 

Age 0.0002 0.3162 

Education 0.1993 0.0003 

Farm Characteristics 

Crop type - High valued crops) 0.9101 0.0002 

Crop diversification -0.6490 0.2612 
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It is evident from the above analysis that affordability is a key determinant influencing demand for crop insurance. While 
increase in investment, land size increases the probability of demand for crop insurance, increase in farm cost reduces 
the probability.  Subsidies improve liquidity of farms and their competitiveness in market. Farmers having access to 
insurance schemes with higher subsidies are more likely to take crop insurance policies. Thus, while large farmers with 
higher investment is likely to demand crop insurance for risk management, subsidies on premium are essential to increase 
the penetration among small farmers.   

Secondly, farm management characteristics- essentially defined in terms of education level of farmers determines the 
risk management practice. Age of a farmer have little influence on crop insurance demand while education level of the 
farmers is a strong determinant. Education influences the awareness of crop insurance schemes and therefore the ability 
of the farmers to take decision on taking crop insurance policies. This conforms with the findings of several studies in 
the past that cites information asymmetry and lack of awareness as the primary constraint to crop insurance demand 
(Raju and Chand, 2007, 2008; Mukherjee and Pal, 2017). One of the reasons as Banerjee and Duflo (20111) points out is 
incomplete understanding of how insurance works. Insurance is a sophisticated product, and it is bought with the 
expectation that one never need to use it. In years when there is no crop loss, farmers tend to view the insurance 
premium as a loss. Clearly, better knowledge about the benefits of formal insurance can lead to increasing the 
penetration of crop insurance.   

Thirdly, farmers investing in high valued crops, like, sugarcane, cotton have a higher probability of taking crop insurance 
as compared to farmers producing cereal crops. Access to crop insurance encourages farmers to shift investment on 
inputs away from low yield and low volatility crops to riskier crops which give high profitability. Evidence of such shifts 
have been found in recent studies (Cole, Giné, and Vickery 2017; Mobarak and Rosenzweig 2012). However, our analysis 
shows crop diversification has a negative impact on crop insurance demand. This is possibly because crop diversification 
is also one of the measures of risk management and therefore can also be used as a substitute of crop insurance. 
Nevertheless, though diversification may not directly lead to increase in coverage of farm insurance but shifting to 
profitable crops can be a significant determinant.  

To identify the relationship between farm economic performance and demand for insurance, we derived an index 
measuring farm economic performance at the state level using data from the NSSO, 70th round and number of farmers 
insured under PMFBY. The scatter graph below representing states clearly shows high correlation between farm economic 
performance and demand for insurance. 

Fig 1: Farm Economic Performance and No. of Farmers with Crop Insurance 

 
Clearly, farmers decision on taking crop insurance is largely dependent on the economic performance at farm level. 
Affordability, awareness and the willingness to shift to profitable crops are the key factors that influences demand for 
crop insurance.  

Conclusion 
Crop insurance is perceived as one of the effective measures of risk management in agriculture. However, there is a 
reciprocal causation between economic performance and demand for crop insurance. While on one side, crop insurance 
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can offset the risk in income, at the other end, income is also one of the key factors influencing demand for crop 
insurance.  Large farmers with high investment have a high probability of taking crop insurance. However, small farmers 
take insurance only if they are given subsidies. Accordingly, PMFBY scheme that allowed subsidy in the premium-based 
system achieved 41% coverage of farmers as compared to 28% coverage in the previous schemes.  Nevertheless, despite 
the subsidies given, coverage of insurance scheme is still below the target. Lack of awareness on insurance product is 
one of the fundamental constraints in the rural areas. Educating farmers through institutional channels on insurance 
products is the key to increase coverage. 
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Introduction 
Plant parasitic nematodes (PPNs) are obligate parasites causing serious damage and yields loss in different plants. Several 
economically important genera parasitize various crop plants. The root-knot, root lesion, and cyst nematodes are the 
three most economically damaging genera of PPNs on crops within the family Heteroderidae. Therefore it is very 
important to devise various management strategies against PPNs. Genetic engineering has proven to be a promising and 
effective tool for harboring nematode resistance in plants and has demonstrated its significance in the field of plant 
nematology. In this regard we have discussed the use of genetic engineering for the development of nematode resistance 
in plants. Hope this information will provide an array of possibilities towards induced resistance against PPNs in different 
crops through genetical engineering. 

Engineering Plants for Nematode Resistance 
Resistance genes from natural resources have been cloned from numerous plant species and transferred to other plant 

species, for instance, Mi gene from tomato for resistance against M. incognita, Hs1pro-1 from sugar beet (Beta vulgaris) 

against H. schachtii, Gpa-2 from potato against Globodera pallida and Hero A from tomato against G. 

rostochiensis (Fuller et al., 2008). The overexpression of different protease inhibitors (PIs) such as cowpea trypsin 

inhibitor (CpTI), PIN2, cystatins, and serine proteases has been used for producing nematode resistant plants (Lilley et 

al., 1999). Another main strategy was the targeted suppression of important nematode effectors in plants using RNA 

interference (RNAi) approach. Unlike these strategies, some recent researches have suggested that nematode resistance 

could be enhanced in plants by modifying the expression of particular genes in syncytia (Ali, 2012; Ali et al., 2013a,b). 

Plant Natural Resistance Genes 
Several natural host resistance genes have been cloned from some plant species and could be transferred to other plant 
species. For instance, Mi-1.2 from tomato against M. incognita (Williamson, 1998), Hs1pro-1 from Beta 
procumbens against beet cyst nematode    H. schachtii (Cai et al.,1997) , Gpa-2 from potato against potato cyst 
nematode (PCN, Globodera pallida) (van der Vossen et al., 2000) and Hero A from tomato against G. pallida and G. 
rostochiensis (Sobczak et al., 2005) and Cre loci from Aegilops spp. against cereal cyst nematodes in wheat (Safari et 
al., 2005) are some examples that could be used in future to develop cyst nematode resistance in crop plants. Transgenic 
expression of resistance proteins also induces the expression of PR (pathogenesis related) proteins to establish nematode 
resistance in plants.  

The potato roots expressing Hero A gene showed high levels of several salicylic acid (SA)-dependent PR genes in the 
incompatible interaction with PCN at 3 dpi (Uehara et al., 2010). They confirmed that SA inducible PR-1(P4) was a 
hallmark for the cultivar resistance conferred by Hero A against PCN and that nematode parasitism resulted in the 
inhibition of the SA signaling pathway in the susceptible cultivars. 

Use of Proteinase Inhibitor Coding Genes 
Proteinase inhibitors/PIs are molecules, mostly protein in nature, which inhibit the function of proteinases/proteases 
released by the pathogens. After the pest attack and wounding, a variety of proteinase inhibitors are produced into the 
plants. In case of PPNs, these PIs become active against all the four classes of proteinases from nematodes, i.e., serine, 
cysteine, metalloproteinases, and aspartic. The PIs used for nematode resistance studies are CpTI (Hepher and Atkinson, 
1992), sweet potato (Ipomoea batatas) serine PI (sporamin or SpTI-1) (Cai et al., 2003), PIN2 (Vishnudasan et al., 2005), 
rice (Oryza sativa) cystatin (Oc-IΔD86) (Urwin et al., 1998), and some others cystatins from maize (Zea mays), taro 
(Colocasia esculenta), and sunflower (Helianthus annuus) (Fuller et al., 2008). 

The anti-nematode potential of plant PIs was firstly described in transgenic potato expressing the serine PI, the cowpea 
(Vigna unguiculata) trypsin inhibitor (CpTI) against PCN (G. pallida). Moreover, the combinations of different PIs could 
be helpful to couple specificity with wide range of resistance Other important proteinase inhibitors are sporamin (SpTI-
1) and PIN2, which have shown good resistant response in plants. 
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Nematicidal Proteins 
These proteins could be characterized as anti-nematode proteins because these are directly involved in inhibiting the 
nematode development on the plants. Lectins, some antibodies, and Bt Cry proteins are some examples of these 
proteins. The toxicity of lectins is characterized by their ability to obstruct intestinal function of organisms exhibiting 
or ingesting them (Vasconcelos and Oliveira, 2004). The defense mechanism conditioned by the lectins is vital as several 
lectins bind with glycans. Overexpression of a snowdrop (Galanthus nivalis) lectin GNA driven by cauliflower mosaic virus 
promoter (CaMV35S) has been exploited to exhibit anti-nematode activity in several plants, i.e., Arabidopsis, oilseed 
rape (Brassica napus), and potato, in response to RKNs, CNs and lesion nematodes (Ripoll et al., 2003). 

Plantibodies are the antibodies expressed in plants and also potential candidates for the development of nematode 
resistance. RKNs and CNs depend on secretions of their pharyngeal glands to mimic re-differentiation of plant cells into 
specialized nematode feeding sites like giant cells or syncytia. Direction of plantibodies opposite to the active proteins 
from these secretions could be attenuated to suppress the parasitic ability of the nematode. There are only a few reports 
available in the literature regarding the use of plantibodies for nematode resistance (Sharon et al., 2002). 

Chemodisruptive Peptides 
Plant parasitic nematodes are highly dependent on their chemoreceptive neurons to sense distinct chemical stimuli for 
invasion into the plants. Nematodes use acetylcholinesterase (AChE) and/or nicotinic acetylcholine receptors for proper 
functioning of the nervous system. Chemodisruptive peptides are another important strategy to minimize the invasion 
of PPNs into the plant roots. Two peptides have been shown to bind with these receptors to inhibit their proper function 
(Winter et al., 2002). Both of these peptides disrupted nematode ability of chemoreception by blocking their reaction 
to chemical signal at very minute concentrations of up to 1 nm. Transgenic potato plants expressing a secreted peptide 
that inhibited nematode AChE leading to disorientation of invading nematode G. pallida, which resulted in a 52% decline 
in the number of female nematodes (Liu et al., 2005).  

The peptide is considered effective after its uptake from chemoreceptor sensillae through retrograde transport along 
nematode neurons to cholinergic synapses. Costa et al. (2009) has demonstrated that cyst nematode 
acetylcholinesterase gene (AChE) is expressed in chemo-and mechanosensory neurons of C. elegans, which further 
supports this hypothesis. Similarly, Wang et al. (2011) reported indirect evidence to support the mechanism by which 
such peptide disrupts chemosensory function in cyst nematodes. The peptide exhibits disulphide-constrained 7-mer with 
the amino acid sequence CTTMHPRLC that binds to nicotinic acetylcholine receptors. Incubation in the peptide solution 
or root-exudate from transgenic plants that secrete the peptide disrupted normal orientation of infective cyst nematodes 
to host root diffusate. 

Utilization of RNA Interference to Suppress Nematode Effectors 
RNA interference has emerged as a very useful tool for gene-silencing aimed at functional analysis of different genes by 
suppressing their expression in a wide variety of organisms including PPNs. In this strategy, the nematodes uptake double-
stranded RNA (dsRNA) or short interfering RNAs (siRNAs) from the plants expressing these RNAs, which elicit a systemic 
RNAi response in nematodes. A schematic diagram elaborating the mechanism of in planta RNAi is shown in Figure 2. 
The transgenic expression of dsRNA targeting a specific nematode effector gene could be handful to suppress the 
expression of that effector gene, which is crucial for infection process. There are many review articles mushroomed out 
recently emphasizing the usefulness and application of RNAi technology to induce nematode resistance in plants by 
silencing the expression of nematode effectors. 

Conclusion Remarks 
As a consequence of enormous yield losses in crop plants imposed by the PPNs, the understanding of plant–nematode 
interaction is becoming of utmost importance. Here bt it is concluded that the use of different transgenic strategies has 
shown good promise for nematode resistance. These have been helpful for reduction of nematode population on the 
plants on individual basis; however, by stacking all these molecular strategies together in the one plant will result in 
additive resistance, almost near to immunity against nematodes in crop plants. 
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With the global upsurge in population and rapid urbanization, farmers across the globe are left with the daunting task 
of feeding more mouths every year it has prompted the large-scale use of fertilizers. As a result of resource constraints 
and low use efficiency of fertilizers, the cost to the farmer is increasing dramatically. Nanotechnology offers great 
potential to tailor fertilizer production with the desired chemical composition, higher nutrient use efficiency that may 
reduce environmental impact and boost the plant productivity. Nano-fertilizers are very effective for precise nutrient 
management in precision agriculture by matching with the crop growth stage for nutrient and by providing nutrient 
throughout the crop growth period. 

Introduction 
Intensive farming practices introduced and evolved since the inception of green revolution have been deemed 

unsustainable as the utilization efficacy of applied chemicals including mineral fertilizers has remained below 30% 

(Albanese et. al., 2012). Fertilizers play a pivotal role in agricultural production and contribute to the tune of 35-40% of 

the productivity irrespective of crops. In contrast to this the extent of multi-nutrient deficiencies are alarmingly 

increasing year by year which is closely associated with a crop loss of nearly 25–30%. Because of the limitation in arable 

lands and water resources, the development of agriculture sector is only possible by increasing of resources use efficiency 

with the minimum damage to production through effective use of modern technologies. In this context nano-fertilizers 

may be used as a strategy to regulate smart release of nutrients that commensurate with crop requirement in addition 

to higher-absorption rate, utilization efficacy and minimum losses.  

Zeolite based nano fertilizers are capable of releasing nutrients especially NO3⁻ – N for more than 50 days while nutrient 

release from conventional fertilizer (urea) ceases to exist beyond 10 – 12 days. They also provide more surface area for 

different metabolic reactions in the plant which increases the rate of photosynthesis and produce more dry matter and 

yield of the crop in addition to preventing plant from different biotic and abiotic stress. Thus nano-fertilizers have 

potential to fulfil plant nutrition requirements by maintaining sustainability in crop production systems without 

compromising the crop yields. 

Classes of Nano-Fertilizers 
A nano-fertilizer is any product that is made with nano-particles or uses nanotechnology to improve nutrient efficiency 
(Mikkelsen, 2018). In short, encapsulation of fertilizers with nano-particles offers wide perspective for developing plant 
nutrient sources with greater absorption and nutrient use efficiency. Generally, three classes of nano-fertilizers have 
been proposed which are as follows: 
1. Nano-scale fertilizer: In which plant nutrient sources are encapsulated within the nano-particles of varying nature 
and chemical composition. 

2. Nano-scale additives: In which particles having dimension in the range of nano-particles are used as additives in 
preparation of traditional fertilizers.   

3. Nano-scale coating: In which nano-particles such as polymer film are used as thin coating materials for traditional 
fertilizers. 

Advantages of Nano-Fertilizers Over Conventional Fertilizers 
Mineral nutrients if applied to crops in the form of nano-fertilizers hold potential to offer numerous benefits for making 
the crop production more sustainable and eco-friendlier (Subramanian et. al., 2015). Some of prominent advantages are; 
1. They feed the crop plants in a controlled manner in contrast to quick and spontaneous release of nutrients from 
chemical fertilizers. 
2. They are more efficient in terms of nutrient absorption and utilization resulting in lesser losses in the form of leaching 
and volatilization. 
3. They become available as soon as plants are in position to internalize the released nutrients. Also, fertilizers coated 
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with thin layer of polymer avoid premature contact with soil and water that leads to negligible loss of nutrients. 
4. Nano-particles results in higher uptake of nutrients due to free passage from nano sized pores and by molecular 
transporters as well as root exudates.  
5. Comparatively higher solubility and diffusion that impart superiority of nano-fertilizers over conventional synthetic 
fertilizers. 
6. They are required in smaller quantities in comparison to synthetic fertilizers because of their higher use efficiency. 
7. In addition to above ones, they also increase the stress tolerance capacity of crops by nearly 10 times. 
8. They offer lower risk of environmental pollution. 
9. In general ultimately increases the crop yield by 17-54%. 

Limitations of Nano-Fertilizers 
Despite many advantages, nano-fertilizers are also associated with few drawbacks which are as follows; 
1. Absence of stringent monitoring and lack of legislation are prime limitation in rapid development and adoption of 
nano-particles as a source of plant nutrients. 
2. The production and availability of nano fertilizers in required quantities is another important limitation in their 
adoption as a source of plant nutrients. 
3. The higher cost of nano-fertilizers is another hurdle in their adoption under varying soil and climatic conditions. 
4. Lack of recognized formulations and standardization leads to contrasting effects of the same nano- fertilizers under 
various soil and climatic conditions. 
5. Implementation of uniform size of nano-particles (1–100 nm) is required as many products are being claimed as nano 
but in fact are submicron and micron in size. 

Conclusion 
Nano-fertilizers applied alone or in conjunction with organic materials have the potential to increase the use efficiency 
of plant nutrients and to reduce the soil toxicity, adverse effects of excessive use of chemical fertilizer in addition to 
reduced fertilizer application frequency leads to a way for sustainable crop production with higher productivity that will 
helps to feed the generations. However, their general adaptation as a source of plant nutrients depend on various factors 
like effective legislation, production as per requirement and associated risk management. Hence further research work 
related to these aspects is required for their large-scale adoption in crop production in effective manner. 
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Introduction 
Plant viruses are viruses that affect plants. Like all other viruses, plant viruses are obligate intracellular parasites that 
do not have the molecular mechanism to replicate without a host. To transmit from one plant to another and from one 
plant cell to another, plant viruses must use strategies that are usually different from animal viruses. Plants do not 
move, and so plant-to-plant transmission usually involves vectors or carriers such as insects, nematodes and 
plasmophorids.  

Nematodes are present in almost all environments both on land and in the sea and have many different lifestyles, 
including parasitism on animals and plants. Over 20,000 species of nematodes are known, of which perhaps 10 % are 
plant parasites. Considering their diversity, it is perhaps surprising that, again, only two groups of nematodes, the 
trichodorid nematodes and the longidorid nematodes, are responsible for transmitting viruses. Plant-parasitic nematodes 
in their own right have a considerable impact on agriculture. Worldwide, yield losses attributed to nematode attack have 
been estimated at 5–12 % per year, although if nematode numbers are allowed to build up by a failure of control practices 
then yield loss can be far higher. 

On this basis this literature is written to provide new information about the mechanism of virus transmission, control of 
plant disease caused by viruses and their vectors nematodes. 

Nematode – Virus Interaction 
In nematode – virus complex, nematode serves as a vector. Numerous virus - nematode complexes have been identified 
after the 1st discovery that Xiphinema index was the vector of grapevine fan leaf virus. Xiphinema spp., Longidorus spp., 
and Paralongodorus spp. tansmit the ring spot viruses which are called “NEPO” derived from Nematode transmitted 
polyhedral shaped particles. Teichodorus spp. And Paratrichodorus spp. transmit the rattle viruses and called “NETU” 
derived from Nematode transmitted tubular shaped particles. All these nematodes have modified bottle shaped 
oesophagus with glands connected by short ducts directly to the lumen of the oesophagus. This actually of nematodes. 
Certain examples of the viral diseases and the nematode vectors are given in the following table. 

 Virus Nematode 

NEPO - Virus Arabis Mosaic Xiphinema  diversicaudataum 

Arabis mosaic,  
Grapevine fan leaf,  
Arabis mosaic, 

Xiphinema  paraelongatum 

 Peach rosette mosaic, 
peach yellow bud mosaic virus, 
Cherry rasp leaf virus, 
Grapevine yellow vein virus, 

Xiphinema americanum 

 

 Virus Nematode 

NETU - Virus Tobacco rattle Paratrichodorus  pachydermus 
Paratrichodorus  teres 
Trichodorus  christei 

Pea early mosaic Paratrichodorus  pachydermus, 
Paratrichodorus  teres, 
Trichodorus  viruliferus. 

Virus Transmission 
All known virus-transmitting nematodes are ectoparasites. They belong to two families in the order Longidoridae and 
Trichodoridae, with the following characteristics: 
1. Family: Longidoridae (Genera: Longidorus, Xiphinema): Slender, 4 - 8 mm long nematodes with 80-140 /µm long 
hollow odontostyle. For feeding, the stylet is inserted in the deeper layers (vascular cylinder) of root tips of a host plant 
and, after production of saliva, the cell contents are sucked up by the stylet. The punctured cells develop some necrosis, 
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whereas the root shows swelling of the tip and reduced cell elongation. Several species of both genera transmit the 
isohedral nepoviruses. In spite of the fact that virus does not circulate or multiply in the body of the nematode, there is 
a considerable degree of virus-vector specificity.  

2. Family: Trichodoridae (Genera: Trichodorus, Paratrichodorus): Rather plump, 0.5-1.5 mm long nematodes with a 
20-80 /µm long stylet (onchiostyle; a slender tooth implanted on the dorsal pharyngial wall). Similar to the Longidoridae, 
they feed on root tips but also on growing tips of stem parts in the soil. The stylet, being a rather short tooth, is used 
only to tear the wall of epidermal cells by repeated thrusts while the lips are pressed firmly against it to suck in the cell 
contents. The nematodes also feed on cells of the deeper layers as soon as they become exposed after destruction of 
the epidermal cells. The root reacts by stopping cell elongation and starts division of cells below the attacked ones. 
Trichodoridae transmit only the rod-shaped tobraviruses, i.e. tobacco rattle virus and pea early browning virus. 

Transmission Mechanism 
Nematodes acquire and transmit the virus by feeding, which requires as little as one day. Once acquired, the virus 
persists for longer period in the nematode body than in vitro. For example, the grapevine fan leaf virus will exist for as 
many as 60 days in Xiphinema index. Two types of mechanisms are observed in virus transmission  

1. Retention through close biological association between virus and vector as in Xiphinema. 
2. Retention of virus mechanically as in Logidours. Virus is retained in the inner surface of the guiding sheath of 
Longidorus, cuticle lining of the lumen of oesophagus in Trichodorus and Paratrichodrous, cuticle lining of stylet 
extension and oesophagus in Xiphinema. The virus particles are released into plant cell with the help of oesophagus. 

Transmission Characteristics 
1. Trichodorids may retain the virus for up to a year. 
2. Acquisition time may be less than an hour to several days, depending on the feeding characteristics of the nematode. 
3. Retention sites:  

a. Longidorus - odontostyle area 
b. Xiphinema - odontophore and oesophagus region 
c. Trichodorus - onchiostyle and  esophagus. 

4. The virus particle is selectively and specifically adsorbed at retention site - indicating a specific association between 
protein coat of virus and cuticular surface.   
5. Virus doesn’t pass through the egg stage. 
6. Virus does not replicate in the nematode. 
7. Virus is not retained through a molt. In Xiphinema and Trichodorus, although the lining of the esophagus is not shed 
at a molt, it undergoes structural changes and virus particles may pass into the intestine. In Longidorus the stoma, 
odontostyle and guiding sheath are shed. 

Fig 2 – Virus retention site of different nematode species 
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Chemical Control of the Nematode Vector 
1. Cultural Control: By their nature, ectoparasitic nematodes can survive in soil or persist on weed hosts for long periods 
of time. Fallowing will only reduce populations, not remove them. Soil ripping to that depth on 30 or 60 cm centers may 
increase the speed of root death, but this tactic has not been fielding tested. Heat is a useful root killing agent but we 
are unable to deliver the required heat using current methods. Soil flooding for months will not kill old grape roots or 
nematodes. Selected rotation crops will reduce population levels of certain nematode species over time. This will have 
little value for endoparasites but should be tested with ectoparasites. Drip-irrigation-applied fertilizers that release 
ammonia may reduce population levels of ectoparasitic nematodes when applied repeatedly. 15 kg/ha of nitrogen in 
urea salt when re-applied three to five times at 30 to 45-day intervals can reduce population levels of most ectoparasites 
by half.  

2. Chemical Control: Organophosphate and  carbamate nematicides are lethal to ectoparasitic nematodes when used as 
single treatments at high rates via drip irrigation. Treatments with currently-available commercial nematicides only 
reduce populations about 50% for 6 to 8 months after treatment. Multiple treatments with low rates of phenamiphos (1 
kg/ha) are ineffective against ectoparasites. When multiple treatments are used against endoparasites for several years, 
population levels of ectoparasites such as X. americanum can be observed to increase above the non-treated population 
levels. 

Soil fumigation with methyl bromide or 1,3-Dichloropropene is effective for killing old roots 1.5 and 2 m deep in soil. 
Such treatments can also give 99.9% reduction of all nematode species in the top 1.5 to 2 m of soil when properly applied. 
Two to six years after such treatments, the nematodes do return unless resistant rootstocks are replanted. 
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Introduction 
Plant parasitic nematodes are obligate parasites feeding on roots of crop plants. Globally plant parasitic nematodes 
accounts for a huge annual yield loss. Among the plant parasitic nematodes, Meloidogyne spp. is one of the most 
damaging nematode genera which is widely distributed and infecting important agricultural and horticultural crops. 
Their polyphagus nature and their ability to infect a variety of important crops make them one of the notorious crop 
pests. Globally they are responsible for billions of yield loss every year. 

There are more than 100 reported species of Meloidogyne globally. Among them, M. incognita, Meloidogyne 
javanica,  Meloidogyne arenaria, and Meloidogyne hapla are considered as major root knot nematode species infecting 
most of the cultivated crops. The other root knot nematode species like Meloidogyne graminicola, Meloidogyne exigua, 
Meloidogyne chitwoodi, Meloidogyne fallax, Meloidogyne naasi, Meloidogyne minor, Meloidogyne enterolobii etc are 
considered as minor root knot nematode species with restricted distribution. 

Nowadays, these minor root knot nematode species are spreading quickly and emerging as major problems in crop 
production. Among these minor root knot nematodes, M. enterolobii is now spreading quickly to different cultivated 
crops and new areas where it was not existing earlier. Like most of the other root knot nematodes, M. enterolobii is also 
polyphagus and can infect vegetable crops, ornamentals and fruit crops. Because of its ability of reproducing on root-
knot nematode resistant crops (i.e Mi-1 gene carrying genotypes) it has emerged as a growing economic threat. 

Systematic Position 
Kingdom Animalia 

Phylum Nematoda 

Class Chromodorea 

Order Tylenchida 

Family Meloidogynidae 

Genus Meloidogyne 

Species enterolobii 

Distribution 

Fig 1 – Meloidogyne enterolobii 
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Meloidogyne enterolobii was originally described from a population collected from the pacara earpod tree (Enterolobium 
contortisiliquum ) in China in 1983. In 2001 it was reported for the first time in the continental USA in Florida. Now it is 
successfully distributrd all over Brazil, Venezuela, China, Cuba, France, South Africa, Switzerland, United States, and 
West Africa. 

Host Range: Tomato, Tobacco, Okra, Capsicum, Sweet potato, Soyabean,  Guava, Melon, fig. 

Economic Impact 
M. enterolobii is considered as a very damaging pest because of its wide host range, high reproduction rate and the 
induction of large galls (Castagnone - Sereno, 2012). Although few detailed studies are available, M. enterolobii is 
referred to as a highly aggressive species (i.e., a very successful parasitic species with high infestation rate on the roots 
of host plants) and induces more severe root galling than other root-knot nematode species. In a microplot experiment, 
tomato yield losses of up to 65% have been observed (Cetintas et al., 2007). In two greenhouses in Switzerland, yield 
losses of up to 50% and severe stunting of tomato rootstocks and cucumber were observed (Kiewnick et al., 2008). In 
heavily infested areas, cultivation may become unviable, as exemplified for guava in Brazil (Carneiro et al., 2007). In 
okra (Abelmoschus esculentus), Silva et al. (2019) verified the pathogenicity of this nematode under controlled 
conditions.  

Risk and Impact Factors 
1. Invasiveness: 

a. Invasive in its native range 
b. Proved invasive outside its native range 
c. Has a broad native range 
d. Abundant in its native range 
e. Highly adaptable to different environments 
f. Long lived 
g. Gregarious 
h. Has propagules that can remain viable for more than one year 
i. Reproduces asexually 

2. Impact outcomes: 
a. Host damage 
b. Negatively impacts agriculture 
c. Negatively impacts cultural/traditional practices 
d. Damages animal/plant products 

3. Impact mechanisms: 
a. Induces hypersensitivity 
b. Interaction with other invasive species 
c. Parasitism (incl. parasitoid) 
d. Pathogenic 
e. Rapid growth 
f. Rooting 

4. Likelihood of entry/control: 
a. Highly likely to be transported internationally accidentally 
b. Highly likely to be transported internationally illegally 
c. Difficult to identify/detect as a commodity contaminant 
d. Difficult to identify/detect in the field 
e. Difficult/costly to control 

Symptoms 
Meloidogyne enterolobii affects growth, yield, lifespan and tolerance to environmental stresses of infested plants. 
Typical above‐ground symptoms include stunted growth, wilting and leaf yellowing. Typical root galls are found below‐
ground which can be large in size and numbers (Cetintas et al., 2007). Overall, damage due to M. enterolobii may consist 
of reduced quantity and quality of yield. Plant infection with secondary plant pathogens might be enhanced 
following M. enterolobii infestation, such as being described for Fusarium solani on guava (Gomes et al., 2011). 

https://onlinelibrary.wiley.com/doi/full/10.1111/epp.12120#epp12120-bib-0012
https://onlinelibrary.wiley.com/doi/full/10.1111/epp.12120#epp12120-bib-0040
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Morphology 
Second‐stage juveniles are vermiform, annulated, tapering at both ends, 250–700 μm long, 12–18 μm wide, tail length 
15–100 μm and hyaline tail part 5–30 μm in length (Yang & Eisenback, 1983). Females are characteristically globular to 
pear‐shaped, pearly‐white and sedentary. Their body is annulated, 400–1300 μm long, 300–700 μm wide and shows lateral 
fields each with 4 incisures. The stylet is dorsally curved, 10–25 μm long, with rounded to ovoid stylet knobs, set off to 
sloping posteriorly. The perineal pattern is round to ovoid; the arch is moderately high to high and usually rounded. The 
vermiform males are annulated, slightly tapering anteriorly, bluntly rounded posteriorly, 700–2000 μm long and 25–45 μm 
wide. The stylet is 13–30 μm long, with stylet knobs, variable in shape. 

Meloidogyne enterolobii closely resembles other tropical root‐knot nematodes such 
as M. incognita, M. arenaria and M. javanica. In general, it can be separated from other species within the genus by 
perineal pattern shape, male and female stylet morphology; morphology of the male; body length and morphology of 
the lip region, as well as tail and hyaline tail part in second‐stage juveniles according. The other two Meloidogyne species 
listed are usually not associated with M. enterolobii and can also be clearly distinguished by their demarcated hyaline 
tail end. 

Detection and Inspection Methods 
The presence of M. enterolobii in infested soil and planting material can be determined by sampling of suspected 
material and subsequent extraction of second‐stage juveniles using standard methods of Nematode Extraction. 
Microscopic examination at 800–1000 times magnification is necessary for correct identification of the nematode species. 
Presence of females and males can assist in identification. However, as morphological characters of M. enterolobii are 
often similar to other Meloidogyne species, identification to species level is usually based on a combination of 
morphological/morphometrical characters and biochemical or molecular methods (isozymes or PCR). 

Means of Movement and Dispersal 
As is the case for other plant‐parasitic nematodes M. enterolobii's own movement is limited at most to a few tens of 
centimetres in the soil. The main routes for nematode dissemination are by infested planting material and soil, such as 
traded host plants or cuttings with roots, traded soil bearing products such as potatoes, soil attached to equipment and 
machinery and irrigation water. 

Management 
The most efficient control method is preplant soil fumigation with methyl bromide (Mbr). That can reduce the M. 
incognita reproduction by almost 100%. However, the soil fumigant methyl bromide has been phased out in 2005 because 
of its negative effects on the ozone layer.  

Some methyl bromide alternatives have been tested, such as Metham sodium plus chloropicrin and 1,3-Dichloropropene 
(1,3-D) provided equal or  better Meloidogyne control than methyl bromide. Other alternative such as Multiguard, which 
is a formulation of furfural, a compound derived from sugarcane waste, which has been reported to have both 
nematicidal and antifungal properties.  

Nematode-resistant cultivar is another method to control nematode population. Two bell pepper cultivars, Carolina 
Wonder and Charleston Belle, have been widely planted in the United States. However, while these varieties offer 
resistance to M. incognita, they are susceptible to M. enterolobii. 

Crop rotation can be used to control M. enterolobii. The root-knot resistant varieties are not suggested to be planted in 
the field all over the seasons because that will select more M. enterolobii, which will survive and become a big 
population. Meanwhile, less severe yield loss of susceptible bell peppers has been observed when growing them after 
resistant crops. 
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Introduction 
Water is a most abundant substance on the earth occurring naturally in the form of inorganic liquid. In several developing 
countries agriculture is the main occupation to meet food and other essential needs of the life but in near future, these 
countries would face major challenges in achieving sustainable food security. In case of India agriculture is the largest 
consumer of water and it approximately accounts 82 per cent of annual freshwater withdrawals in the country. On the 
other hand, the population continues to grow and per capita availability of water is tending to decrease thus ensuring 
food security for the population is a major challenge ahead for the government in near future. The anticipated water 
demand of our country is increasing with years and by 2080 nearly 1447 billion cubic meter water is needed but total 
utilizable water is 1122 billion cubic meter i.e., 690 billion cubic meter from surface water and 432 billion cubic meter 
from ground water source but with improved practices we can reduce anticipated water demand to 1180 billion cubic 
meter that is almost near to that of total utilizable water.  

The yield and quality of the agriculture produce mainly depends upon the agronomic practices like nutrient and water 
management. Hence it requires agricultural intensification with the scientific usage of irrigation water economically 
i.e., right source, right method, right amount, right place and right quantity is essential. Thus, concerted efforts are 
needed to harness the available quantities of water for achieving higher productivity per drop of available water. Among 
the different agricultural techniques, micro-irrigation, variable rate irrigation and wireless smart automated irrigation 
methods are the most effective methods for enhancing the use efficiency of water at present scenario. 

Approaches for Precision Water Management 
1. Micro irrigation systems: Micro irrigation includes methods like sprinkler and drip irrigation (Surface and sub-surface) 
that have higher application and overall efficiency when compared to surface irrigation as these methods provides higher 
water use efficiency due to proximity and focused application with minimal conveyance, evaporation, runoff and deep 
percolation loss of water. Micro irrigation also helps to improve all facets of the production process, from reduction in 
input consumption to increased productivity of the crop (Figure 1). 

Fig. 1: Impact of micro irrigation on input savings and productivity increase of crops 

2. Variable rate irrigation: Variable rate irrigation (VRI) is a site-specific management of water and it encompasses a 
combination of improved precision agriculture tools that enables a centre pivot irrigation system to optimize irrigation 
application in the field. This technology allows farmers to easily apply varying rates of irrigation water based on 
individual management zones within fields. Management zones are field areas having homogenous features for landscape 
and soil properties. These features lead to similar crop yield potential and input-use efficiency of the crops. 

The steps for adopting VRI for a particular field are as follows: 
a. Measure field variability through a soil electrical conductivity (EC) survey 
b. Build the VRI prescription layer 
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c. Schedule irrigation 
d. Monitor the field during the crop season 

Variable amount of irrigation water can be applied by adopting overhead irrigation systems like Mid-elevation spray 
application (MESA), Low-elevation spray application (LESA) and Low-energy precision application (LEPA) and also by 
other means like estimating soil moisture content by different methods in the field. 

Overhead irrigation systems performed better with higher application efficiency compared to normal furrow method of 
irrigation. However, among overhead irrigation systems, LEPA method was found best with 95 % application efficiency 
(Mitchell et. al., 2016). 

Table 1: Application Efficiency (%) of Different Irrigation Distribution Systems: 

Irrigation systems Application efficiency (%) 

Furrow irrigation 60 

Mid-elevation spray application (MESA) 78 

Low-elevation spray application (LESA) 88 

Low-energy precision application (LEPA) 95 

3. Wireless smart automated irrigation: In this system soil image captured by the android application, which is installed 
in the Smartphone placed within the closed chamber. The application converts the captured colour images into gray 
scale images and calculates the histogram values of the converted gray scale images. From the histogram, the system 
decides that the soil is wet and doesn't need to irrigate when the total numbers of pixels present in the gray scale image 
exceed 5000 at pixel intensity in and around 200. Otherwise the soil is dry and responds according to the values received 
from the sensors integrated with the system. Based on the wetness of the soil and the rain sensor input, the ARM micro 
controller operates the motor through the motor control unit.  

The working of this irrigation system is classified into three major categories based on the moisture content of the soil 
and inputs from sensor unit. The categories are as follows:  

a. Soil is in wet condition - Motor needs to be in OFF state.  
b. Soil is in dry condition and possibility of rainfall - Motor needs to be in OFF state.  
c. Soil is in dry condition and no possibility of rainfall - Motor needs to be in ON state. 

The system continuously captures the soil image & sensor inputs and manages the agricultural field by repeatedly doing 
the above-mentioned process at predefined time intervals. Finally, the status about the irrigation process is updated 
periodically to farmer's mobile through SMS. 

This system utilizes only 58.57 and 86.97 % of water and saves 41.43 and 13.03 % of water compared to the manual flood 
irrigation and drip irrigation method. Hence on an average, it utilizes only 717.5 mm of water for paddy cultivation as 
against 1225 and 825 mm under manual flood irrigation and drip irrigation method (Barkunan et. al., 2019). 

Conclusion 
Adoption of micro irrigation systems like sprinkler, surface and sub-surface drip irrigation, overhead irrigation systems 
coupled with center pivot system and automated smart irrigation systems according to the farmers capability, availability 
of land and with the choice of the crop surely will help to get higher productivity with better use efficiency of available 
water. 
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Introduction 
Rice is an important source of food for more than half of the population of world and is mainly grown in South and South-
east Asia. As per the historical accounts of rice cultivation in Asia, dry direct seeded rice (DSR) is probably one of the 
oldest methods of crop establishment. But at present scenario, scarcity of important agricultural resources likes water 
and labour encourages the shift of normal puddled transplanted rice into direct seeded rice as it saves water (25%), 
energy (27%), man days per crop (35-40) with reduced methane emissions and early maturity of crop by 7-10 days. Besides 
many advantages, the direct seeded rice systems are heavily infested with weeds. About 350 species have been identified 
as weeds of rice, from which grasses resulting serious problems followed by sedges and broad-leaf weeds that cause 
major losses to rice production around the world. The higher number of weed species, weed genera and weed families 
were noticed under dry seeded (50, 38 and 22, respectively) and wet seeded rice system (57, 44 and 28, respectively) 
when compared to transplanted rice (21, 18 and 13, respectively). Similarly, the per cent reduction of yield due to the 
weed infestation in different rice establishment methods was also found highest in dry seeded rice i.e., up to 94 per 
cent followed by 85 per cent in wet seeded rice system when compared to 46 per cent in normal transplanted rice 
(Arunbabu and Jena, 2018). Therefore, the DSR crop faces severe weed challenges, so successful weed management is 
necessary to achieve higher yields. 

Since weeds are unlikely to be eliminated from rice fields, preventive and curative approaches are important and 
complementary to each other. Curative approaches have however, received far more attention. Therefore, a close 
examination of preventative approaches may provide opportunities for improved weed management. Preventive weed 
management includes practices that carried out either prior to planting of the crop or outside of the crop production 
area to limit the dispersal and persistence of weed propagules in both time and space for creating conditions which 
prevent weed emergence within the crop (Rao et. al., 2017). These approaches include efforts to limit the dispersal and 
persistence of weed propagules it may be seeds or vegetative propagules in both time and space by creating conditions 
which prevent weed emergence during the crop. 

Preventing Reproduction, Dispersal and Weed Seed Emergence 
The most critical element for successful long-term weed seedbank management is the prevention of weed reproduction. 
Weed seedbank densities can be greatly reduced by eliminating seed production for a few years through minimizing seed 
rain. However, the substantial production of propagules of important weeds of DSR can also occur “externally” during 
fallow periods or in rotational crops that follow rice harvest, or in field borders, bunds, or fallow fields adjacent to rice 
production areas. Hence preventing seed production includes preventing reproduction on bunds and borders and during 
fallows. 

Weeds present on the bunds and borders can be controlled through the application of herbicides, hand weeding and 
mowing before flowering and seed setting by weeds or by sowing weed suppressive green manure, smother crops and 
fodder crops on bunds. In situations where, immature weeds are present following the harvest of the crop or tillage or 
during fallow period herbicide applications may prevent seed maturation or their vegetative expansion. In addition, 
cover cropping and a clean fallow period is another best option for suppressing weeds during fallow periods. Dispersal is 
a critical element in determining the rate of spread of invasive species as it allows weeds to colonize new areas. Dispersal 
of weed seeds occurs mainly through contaminated seeds, farm machinery, irrigation water, manure and compost and 
also other modes like wind, insects, earthworms, ants etc. Thus, weeds are often dispersed by more than one agent 
hence no single preventive measure will be sufficient to avoid the spread of important weed species. 

Management Strategies Includes 
1. Screening the rice seeds for weed seed contamination and use of certified seeds 
2. Sanitation of equipment is an important practice for minimizing the dispersal of weeds seeds in DSR via planting and 
harvesting equipment 
3. Filtering irrigation water flow at field entry points with nylon nets 
4. Collecting and removing floating weed seeds from the water surface 
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5. Adoption of drip irrigation 
6. Maintenance of high temperature during composting 
7. Providing cattle with certified feeds or feeding with fodder devoid of weed seeds  
8. Growing recommended fodder crops in the fallow period for feeding cattle would help to minimize weed seed 
dissemination by livestock which, otherwise, would feed on weeds. 

Once dormancy has been broken and the seed will germinate, its ability to reach the soil surface varies to a great extent 
by weed species. Commonly germination and emergence can be inhibited: 
1. Through propagule burial as emergence decreases with increase in depth. 
2. With mulches as mulching suppress germination and emergence of weed seeds. 
3. Through water management using anaerobic germination tolerant rice cultivars. 

Promoting Predation, Decay and Fatal Germination of Weed Seeds 
Seed predation represents a significant way for weed mortality and thus it contributes in reducing the weed seedbank. 
Weed seed predation occurs mainly by small mammals, birds, rodents and insects (beetles, crickets, ants and slugs) in 
both non-crop habitats and in agricultural systems. This can be achieved through:   
1. Promoting population of vertebrates and invertebrates during fallow period in the field. 
2. Maximizing seed exposure through changes in tillage and irrigation timing. 
3. Integrated rice-duck farming. 

The persistence of weed seeds may be strongly influenced by agronomic practices in direct seeded rice systems, which 
in turn affect agents of seed decay like soil microorganisms. Generally, decay of weed seeds in the soil may occur due 
to soil-borne microbes such as bacteria, fungi and viruses either alone or in combination with other mechanisms of seed 
death like aging and senescence, physiological death, fatal germination and seed predation. 

Weed Seed Decay Can Be Promoted By 
1. Manipulating tillage: as seed decay like seed predation, is usually more rapid on the soil surface, in such situation 
non-inversion tillage or no-till may result in greater rates of weed seed decline. 

2. Use of soil amendments: as Organic amendments like cover crops or compost may also influence weed seed decay 
by altering soil microbial communities. 

3. Irrigation management: since the abundance of soil microorganisms depends critically on levels of soil moisture 
irrigation management also promotes seed decay. 

If all weed seeds could be induced to germinate at the same time, weed management would be simpler. Unfortunately, 
weed seeds are capable of remaining in the soil for many years and a large variation in germination timing both between 
and within species makes management challenging. 

Two General Strategies for Promoting Fatal Germination Includes 
1. Stimulate weed seed germination and kill emerged weeds before planting the crop (e.g., stale seedbed practices, 
crop rotation). 
2. Inhibit weed seed germination during the period of crop establishment by reduced tillage, use of pre-emergence 
herbicides, mulching, inters owing with other crops and flooding. 

Conclusion 
The potential yield loss due to weed infestation is considerably higher in DSR compared to transplanted rice but weed 
management is very difficult under DSR system. At present weed control is mainly achieving through application of 
herbicides alone but it is not sustainable in addition to environmental and human health issues. Hence weed management 
is essential with integration of curative and preventive weed management approaches with more significance on later 
one for getting higher yields and large-scale adoption of DSR by the farmers. 
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Introduction 
Turmeric, the golden spice of life is one of the most essential spices used as important gradient in culinary all over the 
world. It is a multipurpose crop valued for its medicinal properties, coloring pigment and spicy flavour. The annual 
growth rate for area and production for the last 10 years worked out to 3.7 and 9.1% respectively. The ban on artificial 
colour has prompted the use of curcumin as a food colourant. In pharmaceuticals it is valued for the anti- cancerous, 
anti-inflammatory, antiseptic, and antimicrobial as well as antiproliferative activities.Turmeric (curcuma spp.) is an 
internationally important spice crop. The plants are herbaceous, perennial, 80-90 and height with a short stem and 
tufted leaves and native to tropical South East Asia. India is the largest producer, exporter and consumer of turmeric in 
worlds and accounts for more than 46 per cent of the world trade. In India, the area, production and productivity of 
turmeric was 172000 ha, 851000.70 tonnes and 4952 kg per hectare respectively and share 6.02 per cent value of spices 
exported from India. It occupies 6.6 per cent of total area and spices in India. India is the largest producer, exporter and 
consumer of turmeric in worlds and accounts for more than 46 per cent of the world trade. The tremendous increase in 
the demand of this plant has created the need of commercial cultivation using scientific technology. The annual growth 
rate for area and production for the last 10 years worked out to 3.7 and 9.1% respectively. 

    An over view of turmeric field in Purnea (Bihar)       Pigmentation of rhizomes 

Medicinal Value of Turmeric 
1. Turmeric is said to possess contraceptive properties. If three cloves past is taken daily before breakfast during the 
menstruation and for three more days after is claimed to be an effective contraceptive.  
2. Many skin ailments can be cured by the regular application of oil mixed with turmeric powder. It may be also help in 
beautifying the skin. 
3. Clean white cloth dyed in turmeric dried in sun can be used for wiping sore eyes thus eye in infections. 
4. It is applied to the culs and wounds as an antiseptic and for healing the external and when taken with desi ghee and 
milk it heals the internal injuries. 

Turmeric + Litchi as an Intercrop 
5. For curing cracks on the sales of the feet, mix half an ounce of castor oil with a teaspoonful of turmeric powder. Apply 
twice a day wash off after 15 to 20 minutes. 
6. Charred and powder haldi mixed with salt makes a good denitrifies. It prevents halitosis pyorrhea and dental decay. 
7. A hot poultice made of haldi powder applied three or four times a day alleviates the pain of abscesses, and after 
makes they sub side without the necessity of incision. 
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8. Turmeric powder boiled in milk along with a dash of black pepper powder may be taken 2-3 times a day for sore 
throat, cough, cold, pharynitis, laryngitis and other acute upper respiratory infections. 

Economic Importance 
Turmeric is valued globally as a condiment, food colourant, dye, drugs and medicine. The rhizome contains yellow 
colouring component curcumin (3-9%), essential oil (5-9%) and oleoresin (3-13%). Curcumin is gaining more importance 
in food industries, pharmaceuticals, preservatives and cosmetics. The ban on artificial colour has prompted the use of 
curcumin as a food colourant. In pharmaceuticals it is valued for the anti-cancerous, anti-inflammatory, antiseptic, 
antimicrobial and antiproliferative activities .Turmeric is used daily extensively by all classes of people in the preparation 
of tasty curried dishes. It is not only used for colouring but also adds flavor to the curries. Turmeric is used as dying 
agent in cotton textile industries. It is regarded very high by the Hindus and is used in canonicals and religious functions. 

Cultivation Practices 
Turmeric is a tropical crop and needs a warm and humid climate with an optimum temperature of 20 to 30oC for normal 
growth and satisfactory production. It thrives best on Sandy, loamy or alluvial, loose, friable and fertile soil rich in 
organic matter status and having a pH range of 5.0 to 7.5. Alkaline soil is not suitable for its cultivation. The crop cannot 
withstand water logging. It grows at all places ranging from sea level to an altitude of 1200 m above mean sea level. As 
a rainfed crop turmeric needs a well distributed annual rainfall of 250 to 400 cm for successful production.  The selected 
and a healthy, disease-free whole or split mother rhizome finger are used as a planting material. The selected planting 
material should be treated prior to planting with 0.25% solution of Agallol for 30 minutes. It is shade dried and stored in 
a cool dry or in the earthen pits plastered with mud. 

Improved Varieties 
Varieties Crop 

duration 
(days) 

Fresh yield 
(tonns/ha.) 

Curcumin (%) Oleoresin (%) Dry matter 
(%) 

Rajendra Sonia 225 27.0 8.4 10.0 18.0 

Sugundham 210 15.0 3.1 11.0 23.3 

Suvarna 210 17.5 8.7 13.5 20.0 

IISR Prabha 205 37.47 6.53 15.0 19.5 

IISR Prathiba 225 39.12 6.21 16.2 18.5 

At least 2-6 deep ploughings are done so as to get the fine tilt. Beds are prepared of 1 to 1.2-meter width and 15 cm. 
height and of convenient length. The spacing of about 40 cm. between the beds is kept and sowing is done by ridges and 
furrows. Generally, the turmeric crop is planted from April to May in Northern regions. Turmeric rhizomes are planted 
in the furrows by dibbling. To maintain the plant density in an area spacing of 30 cm between rows and 20 cm between 
the plants may be adopted. About 18 to 20 quintals of healthy disease-free rhizomes would be sufficient to planting in 
a hectare. Turmeric needs very heavy manures and fertilizers the highest yield and maximum profit was obtained from 
the application of 25-30 t/ha well decomposed FYM or compost, 60kg each P2O5 and K2O and 25 kg N as basal dose and 
100 kg N/ha in 3 or 4 equal splits 30, 45, 90 and 120 days after planting as top dressing. To maintain the soil moisture 
and free from weeds to be mulched immediately after planting with green leaves @ 130-140 q/ha. It may be repeated 
at 50 days after planting with same quality of green leaves.  Hoeing and weeding in turmeric are very necessary to 
produce good yield. Generally, 3 to 4 weeding are done depending on the nature of soil and intensity of the weed growth. 

Aftercare Diseases 
1. Leaf blotch: Leaf blotch is caused by Taphrina maculans and appears as small, oval, rectangular or   irregular brown 
spots on either side of the leaves which soon become dirty yellow or dark brown. The leaves also turn yellow. In severe 
cases the plants present a scorched appearance and the rhizome yield is reduced. The disease can be controlled by 
spraying mancozeb in the proportion of 3gm per liter of water or combination of Carbendazim and Mancozeb in the ratio 
of 3gm in 1 liter of water. 

2. Leaf spot: Leaf spot is caused by Colletotrichum capsicum and appears as brown spots of various sizes on the upper 
surface of the young leaves. The spots are irregular in shape and white or grey in the centre. Later, two or more spots 
may coalesce and form an irregular patch covering almost the whole leaf. The affected leaves eventually dry up. The 
rhizomes do not develop well. The disease can be controlled by spraying Zineb at the rate of 3gm per liter of water or 
Copper Oxy Chloride in the ratio of 3.5gm per liter of water. 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
528 

3. Rhizome rot: The disease is caused by Pythium graminicolum or P.aphanidermatum. The collar region of the pseudo 
stem becomes soft and water soaked, resulting in collapse of the plant and decay of rhizomes. Treating the seed rhizomes 
with Mancozeb 50gms in 15 liters of water for 30 Minutes prior to storage and at the time of sowing prevents the disease. 
When the disease is noticed in the field, the beds should be drenched with combination of Carbendazim and Mancozeb 
in the proportion of 3 gm per liter of water. 

Insect Pests 
1. Shoot borer: The shoot borer is the most serious pest of turmeric. The larvae bore into pseudo stems and feed on 
internal tissues. The presence of a bore-hole on the pseudo stem through which fraps is extruded and the withered 
central shoot is a characteristic symptom of pest infestation. The adult is a medium sized moth with a wingspan of about 
20 mm; the wings are orange yellow with minute black spots. Fully-grown larvae are light brown with sparse hairs. 
Spraying Malathion at the rate of 2.5ml per liter of water or Dichlorovos at the rate of 2 ml per liter of water at 21-day 
intervals during July to October is effective in controlling the pest infestation. The spraying has to be initiated when the 
first symptom of pest attack is seen on the inner most leaf. 

2. Rhizome scale: The rhizome scale infests rhizomes in the field (at later stages of the crop) and in storage.  Of Adult 
(female) scales are circular (about 1mm diameter) and light brown to grey and appear as encrustations on the rhizomes. 
They feed on sap and when the rhizomes are severely infested, they become shriveled and desiccated affecting its 
germination. Treat seed material with Quinalphos by dissolving 7.5ml in 10 liters of water (for 20-30 minutes) before 
storage and also before sowing in case the infestation persists. Discard and do not store severely infested rhizomes. 

Harvesting 
The rhizomes were ready for harvest in the second fortnight of February the maturity of the crop was assessed when 
leaves shown the complete drying appearance. The rhizomes were dug carefully with the help of kudal. After digging of 
rhizomes adhering soils was removed carefully with the help of secateurs and were kept in coal and dry place for 
recording post-harvest studies. The yield of turmeric can be obtained from fresh rhizomes varies from 200 – 250 q / ha.                                         

Processing of Turmeric 
Fresh turmeric is cured for obtaining dry turmeric. The fingers are separated from mother rhizomes. Mother rhizomes 
are usually kept as seed material. Curing involves boiling of fresh rhizomes in water and drying in the sun. In the 
traditional method of curing, the cleaned rhizomes are boiled in water just enough to immerse them. Boiling is stopped 
when froth comes out and white fumes appear giving out a typical odour. The boiling should last for 45-60 minutes when 
the rhizomes turn soft. The stage at which boiling is stopped largely influences the colour and aroma of the final product. 
Over cooking spoils, the colour of the final product while under-cooking renders the dried product brittle. In the improved 
scientific method of curing, the cleaned fingers (approximately 50 kg) are taken in a perforated trough of 0.9 m x 0.5 m 
x 0.4 m size made of GI or MS sheet with extended parallel handle. The perforated trough containing the fingers is then 
immersed in a pan; 100 liters of water is poured into the trough so as to immerse the turmeric fingers.  

The whole mass is boiled till the fingers become soft. The cooked fingers are taken out of the pan by lifting the trough 
and draining the water into the pan. The water used for boiling turmeric rhizomes can be used for curing fresh samples. 
The processing of turmeric is to be done 2 or 3days after harvesting. If there is delay in processing, the rhizomes should 
be stored under shade or covered with sawdust or coir dust. The cooked fingers are dried in the sun by spreading them 
in5-7 cm thick layers on bamboo mats or drying floor. A thinner layer is not desirable, as the colour of the dried product 
may be adversely affected. During night time, the rhizomes should be heaped or covered with material which provides 
aeration. It may take 10-15 days for the rhizomes to become completely dry. Artificial drying, using cross-flow hot air 
at a maximum temperature of 60 degree centigrade also gives a satisfactory product. In the case of sliced turmeric, 
artificial drying has clear advantages in giving a brighter coloured product than sun drying which tends to undergo surface 
bleaching. The yield of the dry product varies from 10-30% depending upon the variety and the location where the crop 
is grown.Dried turmeric has a poor appearance and a rough dull outer surface with scales and root bits. The appearance 
is improved by smoothening and polishing the outer surface by manual or mechanical rubbing. Manual polishing consists 
of rubbing the dried turmeric fingers on a hard surface.  

The improved method is by using a hand operated barrel or drum mounted on a central axis, the sides of which are made 
of expanded metal mesh. When the drum filled with turmeric is rotated, polishing is affected by abrasion of the surface 
against the mesh as well as by mutual rubbing against each other as they roll inside the drum. Turmeric is also polished 
in power operated drums. The yield of polished turmeric from the raw material varies from 15-25%. The colour of the 
processed turmeric influences the price of the produce. For an attractive product, turmeric powder (mixed with little 
water) may be sprinkled during the last phase of polishing. 
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Preservation of Seed Rhizome 
Rhizomes for seed purpose are generally stored by heaping in well ventilated rooms and covered with turmeric leaves. 
The seed rhizomes can also be stored in pits with saw dust, sand along with leaves of Strychnos nuxvomica (kanji ram). 
The pits are to be covered with wooden planks with one or two openings for aeration. The rhizomes are to be dipped in 
Quinalphos 7.5ml in 10 liters of water solution for 15 minutes if scale infestations are observed and in Mancozeb 35gm 
in 10 liters of water to avoid storage losses due to fungi. 

Conclusion 
Turmeric is an internationally important spice crop. It is native of India and commercial crop of tropical areas. The ban 
on artificial colour has prompted the use of curcumin as a food colourant. In pharmaceuticals it is valued for the anti- 
cancerous, anti-inflammatory, antiseptic, and antimicrobial as well as antiproliferative activities it is a multipurpose 
crop valued for its medicinal properties, coloring pigment and spicy flavour. 
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Introduction - Meaning 
Stratum means Layer. Society similarly consists of several layers of certain criteria. The   hierarchical system exhibited 
in the societies whereby its members are placed in positions that are higher or power, superior or inferior in relation to 
each other in form of layers is known as social stratification. Communities are socially stratified in various ways like 
income, wealth, occupation, caste, creed, family name, education, sex, and age which form the different social classes. 
Caste and class are two imp form of social stratifications 

Definition 
1. Lundberg(1968): SS is the division of population into two or more layers, each of which is relatively homogenous and 
between which there are differences in privileges, restrictions, rewards and obligations. 

2. Gisbert: SS is the division of society into permanent groups of categories linked with each other by the relationship 
of superiority and subordination. 

Differentiation 
It is considered the first stage in reaching stratification. In this stage people are only sorted and classified into groups. 
Stratification happens when differentiation is continued/ fixed over a longer  period of time. Thus, it is a temporary 
/short term sorting process to assign people into groups on the basis of certain role and status. Ex. Nomads, Civilised, 
Natives, Foreigners, Africans Anglo-Indians. 

Functions of Social Stratification (Shankar Rao and Chitamber)  
1. A means of accomplishing essential jobs in the society: Duties in army according to ranks. Division of  labour according 
to castes. 
2. Regulation and control of  Individual/Group relationships and Participation: It  gives access to certain areas and 
restriction to others 
3. Promotes social structure and integration: Caste system has integrated Indian society so far. 
4. Simplification of relations leading to easy socialization: Service holders support service holders 
5. Prevents Waste of resources: SMS are not assigned office administration but technical assignments 
6. Promotes pride and prestige of a particular class: Sambalpuri Sari, Heroism of Paikas 
7. Enhances social progress through healthy competition: Non-Bramhins study Sanskrit to reduce the age-old upper caste 
dominance. 

Basis for Social Stratification 
1. Ethnic or racial criteria: Basing on Origin & culture - Ex. Aryans, Dravidians 

2. Social criteria: Based on Ascribed status, Property, and ancestry-Land lord, Tenants. King. Subjects,  

3.Universal criteria: Prevalent World over –Wealth, Ancestry, Religion, Functional utility, biological Factors. 

4.General criteria:  
a. Based on conquest: Winner and Losers 
b. Race and  cultural diff: Aryan, Dravidian, Anglo Indian, Red Indians 
c. Division of labour: Caste system 
d. Allocation of power/privileges: BPL, APL, OBC, Elites.   

5. Forms of Social Stratification: Three important forms social stratification include. 
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Caste System and Class System 
1. Caste System: The term CASTE is derived from Portuguese Casta meaning lineage or breed or race whose Indian 
equivalent is Jati or Varna. India is a casteist society having more than 2800 castes & subcastes.The ancient Aryan society 
was stratified into 4 Varnas like Bramhins, Kshatriyas,Vaishyas and Shudras.The additional caste of Harijans formed by 
Mahatma Gandhi include all Outcastes which is a complex stratified social structure of numerous sub-castes. 

Definition: A caste is asocial category whose members are assigned a permanent status within a given social 
hierarchy and whose contacts are restricted accordingly. (Lundberg,1968).  
A.G. Green: Caste is a system of stratification in which mobility up and down the status ladder, at least ideally 
may not occur. 

Hence a caste is a closed class having most rigid and clearly graded type of social stratification and an extreme form of 
closed class system. 

Characteristics of a caste system: 
a. It is determined by birth having no vertical mobility. 
b. It is a closed class system with clearly demarcated status/role of members. One is born into a caste, lives and 
dies in it. 
c. Strict restriction and punishment for violating caste norms. 
d. Specific occupation for each caste as hereditary process. 
e. Each caste has its own custom, tradition and values. 
f. Lower castes are less privileged deprived of civil and religious facilities. 
g. Castes are endogamous groups restricting marriage and other social functions. 
h. Subordination and unrest among lower castes. 

However, some changes have happened in caste system due to social reform movements, influence of industrialization, 
spread of English education, introduction of social legislation. introduction of democratic institutions, influence of 
modern transport and communication systems and frequent contact between rural and urban people. 

2. Social Class: While the caste system is confined to Indian subcontinent, Social class is a type of stratification in 
modern societies found universally. A no. of individuals having the same status   and position in society form a social 
class. Status refers to position of individual or a group in relation to others in the society. 

Definition:  
a. Ogburn & Nimkoff: A social class is the aggregate of persons having essentially the same social status in a 
given society. 
b. Max Weber: It is the aggregate of individuals who have the same opportunities of acquiring goods, and the 
same exhibited standard of living. 

Social class is not a familial inheritance like caste hence can be acquired and changed according to one’s efforts, ability 
and achievement. Inter class mobility is possible to other strata. Ex Rich,Poor, Elite, Advanced, Backward, Civil, Defence, 
Political etc. 

Characteristics of a social class: 
a. A class is a status group that is achieved by ability and not by birth. 
b. Class system is universal in nature unlike the caste system. 
c. Status, prestige and position are enjoyed by rich and affluent classes in every society. 
d. Recognition of superiority and inferiority complex among classes. 
e. Members in a social class have an in-group solidarity and class consciousness. 
f. Interclass mobility is possible and frequent in every society. 

The Backward Classes 
It consists of the SCs, STs, and OBCs. When the SC/ST are better defined the OBCs are a residual category. The Kaka 
Kalekar Committee in 1953 identified as many as 2399 communities as socio economically backward classes. Second 
backward class commission (Mandal) in 1980 estimated 5000 castes under OBCs consisting of 52% of Indian population 
who need 27% reservation. (PM was VPS).                                         
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Comparison of Characteristics Between Class and Caste 
Characteristics Social Class Social Caste 

Pervasiveness Universal Peculiar to India 

Status Achieved Ascribed 

Change & Mobility Open system/Mobility is 
expected/possible 

Closed system 

Religious Links Class is Non-religious Connected to Hinduism 

Transparency Permissive &Progressive Conservative/Reactionary 

Material possession +vely correlated -vely correlated 
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With the increase in awareness about the risks related to consumption patterns and concern about the food they eat 
by the people we could observe a great shift in the past 10years or so. It would be the concern for animals or the body 
intolerances or many other factors has put people in a path of VEGANISM. This is among the trending things where one 
could find a lot of scope for the development of gear necessary to such people. 

One word that changed her outlook on life forever and set the tone for her transformation. 
“VEGAN” 

Let me first explain you what this word means …. 
A vegan is an extreme form of vegetarian. 

Vegan is totally a new concept, which came into being due to ill-treatment of animals for satisfying human needs. 
Therefore, veganism is for social good and it is mostly like a revolution for the society, which most people are opting 
these days. The primary reasons for adopting veganism is: 
1. People are very much conscious about the diet. 
2. Due to emerging health problems (like the number of heart attacks due to increase in cholesterol in the human body). 
3. Lifestyle. 
4. Because of religious and ethical beliefs. 
5. Political reasons and etc…, 

There is a huge difference between vegetarian and vegan. 
“Vegetarian” is a diet …. it’s purely based on diet. 

“Veganism” is a lifestyle based on ethics. It goes beyond the diet. Veganism is a way of living which seeks to exclude, as 
far as is possible and practicable, all forms of exploitation of, and cruelty to, animals for food, clothing or any other 
purpose. 

It doesn’t simply dictate what you eat, but your ethics, important political issues, and what products you use in your 
home and your daily routine; not just your belly it’s you and your lifestyle. Vegans… 
1. Do not consume any animal products. 
2. Do not wear animal-based clothing like leather, wool …do not have animal-based decor in their homes, and generally 
do not allow things into their lives that come from dead or live animals. 
3. Do not use any products that are tested on animals. 
4. Vegans are animal advocates, animal rights and possibly environmentalism would be important issues for a vegan. 
After all this ….as I mentioned at the start., it’s not just a word …it’s the world. 
 
In my opinion this is good for society, for us and for animals which will no longer be subjected to cruelty for the 
production of meat and other animal products. This requires a strong will and moral conviction. This also helps in reducing 
the carbon foot print, global warming. 

Stand against the ill treatment towards animals. Save your planet for your future generation by reducing your carbon 
footprint. 

It’s not just a word…it’s the WORLD…. …. …. Be a SERAPH in the life of animals and for the sustainability of mankind. 
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Summary 
Traditional intercropping has been suggested  in cotton (due to wide spacing, its long duration and slow initial crop 
growth nature) to enhance total productivity, increase the monetary returns, diversify crop to produce food, fodder and 
improve intrinsic capacity of natural resources, greater land use efficiency and soil fertility enrichment and insurance 
against aberrant weather condition. 

Introduction 
COTTON –  “ A King of fibres”  
Arabic word – (Kutun) 
Spanish word – (Algodon) meaning cotton fiber, 
1. Important cash crop and fiber crop, 
2. Genus – Gossypium  
3. Family -Malvaceae  

Cotton often referred as “White gold” because of its higher economical value among cultivable crops for quite a long 
period. Cotton is a soft fiber that grows around the seeds. Raw material for textile industries , which is the most widely 
used natural fiber cloth in clothing today. Provides employment to nearly 60 million people and accounting for about 16 
per cent of India’s export earnings. India is the pioneer country for the cultivation of cotton hybrids on commercial scale. 
After releasing of Hybrid 4 developed by Dr. C. T. Patel in 1971 from Main Cotton Research Station, Surat. 

Cultivated Species of Cotton: 

Species  Chromosome No.  Origin  

Old World Cotton  

G. herbaceum     2n=26  Africa  

G. arboreum  2n=26  Indochina  

New World Cotton  

G. hirsutum  2n=52  Central America  

G.barbadense  2n=52  South America  

Worldwide Production Contribution of Cotton (2016-17) 

Source-Ministry of Agriculture, GOI 

Indian Scenario 
1. Steady increase in India’s annual production  
2. Due to the development of the new technologies the production of cotton  increasing in India day by day.  
3. Has the  largest area in the world under  cotton cultivation  
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4. Major exporter of cotton  
5. Mostly imports Long and Extra Long Staple (ELS) cotton from the US  
6. States of Gujarat, Maharashtra and Andra Pradesh are the major producer of cotton. 

Selecting the Right Cotton Varieties  
There are two type of cotton variety is available 
1. American Upland cotton (Gossypium hirsutum) 

Advantages: 
a. High yields 
b. Longer staple (higher price) 
Disadvantages: 
a. Required more water 
b. Required more manure 
c. More prone to pests  
Suitable for: Deep soils, Heavy soils and Good irrigation facilities. 

2. Indian ‘Desi’ cotton (Gossypium arboreum, G. herbaceum) 

Advantages: Better drought resistance and More pest tolerant. 
Disadvantages: Low yields and Mostly shorter staple (lower price).  
Suitable for: Shallow soils, Sandy soils and Little/no irrigation. 

Cotton Cultivation in Gujarat 
In the last 13 years, >500 Bt cotton hybrids notified for commercial cultivation in Central zone of India including Gujarat. 
Cotton area has increased by > 36 % in last ten years. The yield stepped up from 139 kg in 1960 to 707 kg in 2014-15. 
Each kg increase in lint yield/ha adds  nearly Rs. 42.5 Cr of wealth to the State. Gujarat is a preferred  destination for 
foreign buyers since long time. 

Why Farmers Prefers Intercropping? 
1. Climatic changes-imposed variation in onset, withdrawal and rainfall distribution of monsoon in recent times which 
adversely affected crop production. 
2. Monocropping, erratic rains, poor soils, continuous use of inorganic manures, increased sap sucking pests’ attacks 
reduced its productivity and profitability. 
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3. In this to ward off these problems ensure heavy expenses and farmer often get indebted. 
4. An option to this tragedy is to grow compatible intercrops to best utilize. 

Important Requirements for Successful  Intercropping 
1. The time of peak nutrient demands of component crops should not overlap. 
2. Competition for light should be minimum among the component crops. 
3. Complementarily should exist between the component crops. 
4. The differences in maturity of component crops should be at least 30 days. 

Cotton Based Intercropping System 
1. Intercropping systems under rainfed condition: 

Cotton+onion (1:5) 
Cotton+chilli (1:1) 
Cotton+groundnut (1:3) 
Cotton+greengram (1:3) 
Cotton+soybean (1:3) 
Cotton+peas (1:2) 

2. Intercropping systems under irrigated condition: 
Cotton+chilli (1:1) 
Cotton+onion (1:5) 
Cotton+soybean (1:2) 
Cotton+Sunhemp (as greenmanure) (1:2) 

Conclusion 
From the foregoing discussion it can be concluded that intercropping of soybean, black gram, green gram, cowpea, 
groundnut, French bean, bhindi, maize, tomato, fennel and long melon in cotton are agronomical feasible and 
economically viable.  Intercropping helps to improve the quality, nutrients uptake and soil fertility status. 
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Introduction - Meaning 
Stratum means Layer. Society similarly consists of several layers of certain criteria. The   hierarchical system exhibited 
in the societies whereby its members are placed in positions that are higher or power, superior or inferior in relation to 
each other in form of layers is known as social stratification. Communities are socially stratified in various ways like 
income, wealth, occupation, caste, creed, family name, education, sex, and age which form the different social classes. 
Caste and class are two imp form of social stratifications 

Definition 
1. Lundberg(1968): SS is the division of population into two or more layers, each of which is relatively homogenous and 
between which there are differences in privileges, restrictions, rewards and obligations. 

2. Gisbert: SS is the division of society into permanent groups of categories linked with each other by the relationship 
of superiority and subordination. 

Differentiation 
It is considered the first stage in reaching stratification. In this stage people are only sorted and classified into groups. 
Stratification happens when differentiation is continued/ fixed over a longer  period of time. Thus, it is a temporary 
/short term sorting process to assign people into groups on the basis of certain role and status. Ex. Nomads, Civilised, 
Natives, Foreigners, Africans Anglo-Indians. 

Functions of Social Stratification (Shankar Rao and Chitamber)  
1. A means of accomplishing essential jobs in the society: Duties in army according to ranks. Division of  labour according 
to castes. 
2. Regulation and control of  Individual/Group relationships and Participation: It  gives access to certain areas and 
restriction to others 
3. Promotes social structure and integration: Caste system has integrated Indian society so far. 
4. Simplification of relations leading to easy socialization: Service holders support service holders 
5. Prevents Waste of resources: SMS are not assigned office administration but technical assignments 
6. Promotes pride and prestige of a particular class: Sambalpuri Sari, Heroism of Paikas 
7. Enhances social progress through healthy competition: Non-Bramhins study Sanskrit to reduce the age-old upper caste 
dominance. 

Basis for Social Stratification 
1. Ethnic or racial criteria: Basing on Origin & culture - Ex. Aryans, Dravidians 

2. Social criteria: Based on Ascribed status, Property, and ancestry-Land lord, Tenants. King. Subjects,  

3.Universal criteria: Prevalent World over –Wealth, Ancestry, Religion, Functional utility, biological Factors. 

4.General criteria:  
a. Based on conquest: Winner and Losers 
b. Race and  cultural diff: Aryan, Dravidian, Anglo Indian, Red Indians 
c. Division of labour: Caste system 
d. Allocation of power/privileges: BPL, APL, OBC, Elites.   

5. Forms of Social Stratification: Three important forms social stratification include. 
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Caste System and Class System 
1. Caste System: The term CASTE is derived from Portuguese Casta meaning lineage or breed or race whose Indian 
equivalent is Jati or Varna. India is a casteist society having more than 2800 castes & subcastes.The ancient Aryan society 
was stratified into 4 Varnas like Bramhins, Kshatriyas,Vaishyas and Shudras.The additional caste of Harijans formed by 
Mahatma Gandhi include all Outcastes which is a complex stratified social structure of numerous sub-castes. 

Definition: A caste is asocial category whose members are assigned a permanent status within a given social 
hierarchy and whose contacts are restricted accordingly. (Lundberg,1968).  
A.G. Green: Caste is a system of stratification in which mobility up and down the status ladder, at least ideally 
may not occur. 

Hence a caste is a closed class having most rigid and clearly graded type of social stratification and an extreme form of 
closed class system. 

Characteristics of a caste system: 
a. It is determined by birth having no vertical mobility. 
b. It is a closed class system with clearly demarcated status/role of members. One is born into a caste, lives and 
dies in it. 
c. Strict restriction and punishment for violating caste norms. 
d. Specific occupation for each caste as hereditary process. 
e. Each caste has its own custom, tradition and values. 
f. Lower castes are less privileged deprived of civil and religious facilities. 
g. Castes are endogamous groups restricting marriage and other social functions. 
h. Subordination and unrest among lower castes. 

However, some changes have happened in caste system due to social reform movements, influence of industrialization, 
spread of English education, introduction of social legislation. introduction of democratic institutions, influence of 
modern transport and communication systems and frequent contact between rural and urban people. 

2. Social Class: While the caste system is confined to Indian subcontinent, Social class is a type of stratification in 
modern societies found universally. A no. of individuals having the same status   and position in society form a social 
class. Status refers to position of individual or a group in relation to others in the society. 

Definition:  
a. Ogburn & Nimkoff: A social class is the aggregate of persons having essentially the same social status in a 
given society. 
b. Max Weber: It is the aggregate of individuals who have the same opportunities of acquiring goods, and the 
same exhibited standard of living. 

Social class is not a familial inheritance like caste hence can be acquired and changed according to one’s efforts, ability 
and achievement. Inter class mobility is possible to other strata. Ex Rich,Poor, Elite, Advanced, Backward, Civil, Defence, 
Political etc. 

Characteristics of a social class: 
a. A class is a status group that is achieved by ability and not by birth. 
b. Class system is universal in nature unlike the caste system. 
c. Status, prestige and position are enjoyed by rich and affluent classes in every society. 
d. Recognition of superiority and inferiority complex among classes. 
e. Members in a social class have an in-group solidarity and class consciousness. 
f. Interclass mobility is possible and frequent in every society. 

The Backward Classes 
It consists of the SCs, STs, and OBCs. When the SC/ST are better defined the OBCs are a residual category. The Kaka 
Kalekar Committee in 1953 identified as many as 2399 communities as socio economically backward classes. Second 
backward class commission (Mandal) in 1980 estimated 5000 castes under OBCs consisting of 52% of Indian population 
who need 27% reservation. (PM was VPS).                                         
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Comparison of Characteristics Between Class and Caste 
Characteristics Social Class Social Caste 

Pervasiveness Universal Peculiar to India 

Status Achieved Ascribed 

Change & Mobility Open system/Mobility is 
expected/possible 

Closed system 

Religious Links Class is Non-religious Connected to Hinduism 

Transparency Permissive &Progressive Conservative/Reactionary 

Material posession +vely correlated -vely correlated 
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Insects are the indispensable link in food webs. They are among the most diverse groups of animals on the planet. They 
are both economically helpful (producing silk, honey, shellac, and pollinating agricultural crops) and have devastating 
consequences as agricultural pests and bearers of disease. 

What are Edible Insects? 
The practice of eating insects is known as entomophagy. People throughout the world have been eating insects as a 
regular part of their diets. Although, this practice should be specified as human entomophagy. Most commonly eaten 
insect groups are beetles, caterpillars, bees, wasps, ants, grasshoppers, locusts, crickets, cicadas, leaf and plant 
hoppers, scale insects and true bugs, termites, dragonflies and flies. 

Global Scenario 
It is estimated that insect-eating is practiced regularly by at least 2 billion people worldwide. From ants to beetle larvae 
eaten by tribes in Africa and Australia as part of their subsistence diets to the popular, crispy-fried locusts and beetles 
enjoyed in Thailand. In Tropical, sub – tropical countries such as, Zimbabwe, Mexico, Thailand and many others 
temperate regions of countries like Japan and some parts of China insects are being eaten. Here, insects are renowned 
for their nutritional and economic benefits. Regional and national estimates have also been made: Van Huis (2005) 
identified 250 edible species in Africa; Ramos et al. (2008) listed 549 species in Mexico. 

Indian Scenario  
The ethnic people of India also consume insects as food. Practice of entomophagy is quite common among the ethnic 
people of North East India particularly among the tribes of Arunachal Pradesh, Assam, Manipur, and Nagaland and to 
lesser extent by the tribes of Meghalaya and Mizoram. Comparatively this practice is much lower (consisting about one 
to five insect’s species ) among the ethnic people of Kerala, Tamil Nadu, Madhaya Pradesh, Odisha of South and Central 
part of India. (Chakrabvorty, J et al., 2014). 

Why Eat Insects? 
Insects have been well-recognized worldwide as nutritious food, since insects provide –Proteins (amino acids such as 
methionine, cysteine, lysine, and threonine), Carbohydrate, Fats, Some minerals (calcium, iron, zinc, phosphorous), 
vitamin A, B complex, C. 
1. Health and nutritional benefits: 

a. Insects are healthy, nutritious alternatives to mainstream staples such as chicken, pork, beef and even fish 
(from ocean catch). 
b. Many insects are rich in protein and good fats and high in calcium, iron and zinc. 
c. Insects already form a traditional part of many regional and national diets. 

Table1: Protein Content of some edible insects: 

Edible Insects Protein gram/100gm dry weight, 

Caterpillars 50-60 gm 

Palm Weevil grubs 23-36 gm 

Orthoptera 41-91 gm 

Ants 7-25   gm 

Termites 35-65 gm 

(Ramos et al., 2005). 

2. Environmental sustainability: 
a. Insects promoted as food emit considerably fewer greenhouse gases (GHGs) than most livestock (methane, for 
instance, is produced by only a few insect groups, such as termites and cockroaches). 
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b. Insect rearing is not necessarily a land-based activity and does not require and clearing to expand production. 
Feed is the major requirement for land. 
c. Reduction in crop pest load. 
d. The ammonia emissions associated with insect rearing are also far lower than those linked to   conventional 
livestock, such as pigs. 
e. Insects are very efficient at converting feed into protein (crickets, for example, need 12 times less feed than 
cattle, four times less feed than sheep, and half as much feed as pigs and broiler chickens to produce the same 
amount of protein). 
f. Insects can be fed on organic waste streams also. 

3. Livelihood (Economic and social factors): 
a. Insect harvesting/rearing is a low-tech, low-capital investment option that offers entry even to the poorest 
sections of society, such as women and the landless. 
b. Mini livestock offer livelihood opportunities for both urban and rural people. 
c. Insect rearing can be low-tech or very sophisticated, depending on the level of investment. 

Problems for Adopting Entomophagy by the People 
1. The unconventional nature of entomophagy has meant that farming insects for food and feed has largely been absent 
from the great agricultural innovations in livestock farming that emerged in past centuries with a few exceptions, such 
as bees, silkworms and scale insects  
2. Insects have also failed to feature on the agendas of agricultural research and development agencies worldwide, 
including at FAO. 
3. Till now, references to insects for food and feed have been largely anecdotal. It is therefore unsurprising that insects 
are still lacking from the diets of many rich nations and that their sale for human consumption remains part of a niche 
food sector of novelty snacks. 

Future of Entomophagy 
Sooner or later due to the rapid horizontal urban and industrial development earth will lose its arable and cultivable 
land. The need-based demand of fresh water in industrial and agriculture sector is not limiting. It will directly 
propersonate to the crises of fresh water for food production. Livestock production is hampering the environment and 
its forage tro meet ration is much lesser than insect, Instead Considering the nutritious component of edible insects 
Entomophagy may be the best alternative for future as a food. 
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Introduction 
Climate change is happening since long back and the only truth is living being can sustain this change up to a threshold 
limit. With this changing climatic scenario, getting adequate quantity of agricultural produce to feed the increasing 
population is a difficult task. According to study, food production needs to increase by 100-110% by 2050 (Tilman et al., 
2011). UNFCCC estimated that in agriculture, forestry and fisheries sector, about 14 billion US Dollar will be needed 
annually by 2030 to mitigate the impact of climate change (Frankhauser et al., 2010). United Nations Food and 
Agriculture Organization estimated the requirement of 70% increase in agricultural productivity by 2050 to feed the 
growing population (Sheikh and Zahurul, 2019). Crop model always seeks to study the complexity of agriculture-climate-
management interaction which provides us the yield forecast in long run. Quantification of this interaction for supporting 
agricultural management strategies and policy decision at multi-dimensional aspects from farm to the continent is 
essential (Rotter et al, 2011). 

Use of Crop Modelling 
The adaptation of crop production system with this changing climate and population pressure may either be planned or 
autonomous. Planned models are at the government level i.e. infrastructure development, policy development, subsidy 
etc. and autonomous models are mainly at farmer’s level i.e. trial and error, farmer’s experience etc. Matthews et al. 
(2013) suggested four areas those contributed by crop modelling in crops and cropping systems i.e. determining where 
and how good future crops will grow, how crop modelling contributes to crop improvement programs, assessing or 
identifying suitable crop management practices to be followed in the future and assessing the climate variability and its 
risk on crop production.  

1. Current and future crop geospatial distribution: Climate change is likely to be both beneficial and harmful for crop 
production and productivity in different region of the globe i.e. negatively affect the crop production in Africa and there 
will be increase in income from crop diversification or use of under-utilized crops etc. Identification of ‘analogue 
climates’ which have similar climatic parameters to future climates for increasing the crop productivity. Migration of 
climate change with climate change limited by some geophysical barriers i.e. rice crop movement from SE-Asia towards 
N-Asia was limited by Himalayan mountain region. These trade-offs between crop production and ecosystem services 
have to be studied. Therefore, there is the need to improve current crop models towards pest and disease risks and land 
capability risk for a better management in future crop production. 

2. Contribution to crop improvement programs: There are several opportunity of crop models in crop improvement 
programs i.e. genomic research in modifying plant function through increasing rate of photosynthesis by transferring C4 
pathway to C3 crops, introducing Nitrogen fixing attributes to cereals, increasing resistance to biotic and abiotic stresses 
and utilizing hybrid vigor and these have implications for the plant’s energy budget. Marker assisted selection and 
proteomics are some of the methods for crop improvement, but for initial effect of linking alleles directly to phenotypic 
responses, and using this as an input for model development of plant breeding systems may be helpful to architect 
suitable cultivar functioning better by understanding genotype x environment interactions. 

3. Adaptation of crop management practices: Management of crops along with its improvement is very much required 
i.e. changing varieties and planting date can avoid yield reduction up to 10-15%, resilience can be built by introducing 
heterogeneity and use of organic and conservation agriculture. Issues of crop management can potentially be addressed 
by linking agent-based modelling to existing crop models.  

4. Weather variability and crop risk assessment: The use of probabilistic climate scenario helps in indicating the range 
of possible conditions under which farmers may take decisions, while adaptive management provides a buffer against 
uncertainty.  
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5. Integration of climate prediction and agricultural models: Though researchers are constantly working on 
understanding the closest relationship between climate variability crop simulation, a mismatch between the scale of 
dynamic climate models and crop simulation models always complicates the task. Weather extremes i.e. draught, flood 
etc. have direct impacts on farmer’s livelihood and assets and change in management strategies with respect to climate 
variability is much more important for sustainable resource management and long-term rural prosperity. Rainfall 
variability is the major concern for livelihood risk in smallholder particularly in rainfed dryer environments. Soil nutrient 
depletion is another recognized constraint of for crop production which is affecting sustainability of livelihood. The 
success of these integrations depends on how much intrinsic value we are giving to the seasonal climate forecast which 
should be based on modification of decision maker’s goal within the system being managed. 

Examples of Agricultural Production System Models  
Since last two decades, crop modelling approach has developed like never before. Decade ago, crop modelling was 
dominated by APSIM, CropSyst, DSSAT, EPIC and STICS, but it has expanded the scope of agricultural production system 
models that can be applied in a range of applications i.e. climate change and adaptation food security, policy assessment, 
development of tools for farmers and/or policy application, farmer advice, resource use and efficiency, plant breeding, 
bioenergy, livestock and crop-livestock model and yield gap analysis. Among more than 250 models developed, most 
prominent were AQUACROP, INFOCROP, OMS, RECORD and OpenMI. These new models are important for application in 
whole farm management, across landscapes, gene-phenotypic relationship etc. 

Conclusion 
With the ever-increasing population growth and growing industrialization, there is a negative correlation estimated with 
the availability of agricultural land that leads to increasing the demand for food. Climate change, further have its 
detrimental impact on food production and aggravate the need of food demand. Crop simulation models are seemed to 
be useful to sustain the production system forecasting the outcomes to a given climatic situation that ease the decision 
making. Crop simulation is being used for characterizing and predicting the crop growth and yield under different climatic 
conditions and crop management options. Use of Crop model in agriculture with the climate change scenario is an 
innovative and efficient technology as a decision-making tool for the agricultural production system. 
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Introduction 
Drumstick scientifically known as Moringa oleifera is well known for its multipurpose attributes as a food (leaves and 
pods) and non-food (moringa oil) commodity. The family Moringaceae, includes 14 species, of which the Moringa tree 
(Moringa oleifera Lam.) – popularly known as drumstick tree, horseradish tree, malunggai,  kalamunggai, saijan, katdes, 
ben oil tree and benzoil tree – is widely cultivated (Emongor, 2011, Prasad & Joshi, 2015, Joshi et al, 2016). They contain 
essential vitamins, protein and micronutrients. Moringa is anexceptionally nutritious vegetable.  It is easy to grow and 
care for and it provides nutritious food, especially to the poor communities, throughout the year, rather than being 
seasonal as most vegetables (Litsinger, 2014). The crop is attacked by many insect pests and among these bud worm 
(Noorda moringae), Hairy caterpillar (Eupterote mollifera), pod fly (Gitona distigma), bark caterpillar (Indarbela 
tetraonis) and leaf caterpillar (Noorda blitealis) are pests of economic significance because they cause significant 
agricultural losses to moringa. 

Pest of moringa 

Leaf Caterpillar, Noorda blitealis W. (Crambidae: Lepidoptera) 
N. blitealis larvae feed on the leaves of moringa while hanging from the under surface of leaflets in a thin  silken web, 
resulting in the drying of the leaves into a papery structure.  In severe attacks, 100 percent defoliation of whole trees 
has been reported. This is a destructive pest in Niger (Litsinger, 2014). The leaf eating caterpillar (N. blitealis Wlk.) is 
the sporadically serious pest of drumstick throughout the year especially in South India. 

Budworm, Noorda moringae Tams. (Crambidae: Lepidoptera)  
It is one of the important pests of Moringa in India. This is a destructive specialist pest only recorded on Moringa.  The 
larvae bore into the flower buds and can cause shedding of up to 78 %.  The infestation is highest during summer.  (David 
& Ramamurthy, 2016). 
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Hairy Caterpillar, Eupterote mollifera W. (Eupterotidae: Lepidoptera) 
This is a common pest of Moringa that can also become serious.  The larvae defoliate the trees quickly, and then collect 
on tree trunks and branches in groups (David & Ramamurthy, 2016). Severe infestation leads to defoliation of the tree. 
In addition to moringa, it recorded as a host of pest includes, Castor, Brassica oleracea and mulberry. 

Aphid, Aphis craccivora Koch. (Aphididae: Hemiptera) 
This small brown aphid has been observed to sporadically infest the tender shoots of Moringa from January to March.  It 
reproduces rapidly parthenogenetically. It is known to feed on a wide range of host plants. David BV, Ananthakrishnan, 
2004). 

 

Pod-Fly, Gitona distigma Meigen (Drosophilidae: Diptera) 
This pest was fi  rst reported in 1968.  It is a serious pest of Moringa, with losses as high as 75 percent (Ragumoorthi & 
Subba Rao, 1997). Affected fruit start drying and splitting from tip. Oozing of gummy exudate from fruit comes out. 

 

Bark-Eating Caterpillar, Indarbela quadrinotata Wlk. (Metarbelidae: Lepidoptera) 
It is a primitive lepidopteran pest and only about 14 species of these moths under 3 genera have been reported from 
India. Among these, the genus Indarbela is the largest containing 12 species of which, at least 5 species occur in southern 
India. Hosts of economic importance: I. quadrinotata is highly polyphagous pest. Newly hatched larvae initially feed on 
the bark and subsequently bore into the trunk. The tunnel entry remains closed with a frass covering which is drawn out 
into a sleeve through which the larva moves. The tunnel is used as shelter by the larva and is kept clean of the faecal 
pellets. Zig-zag galleries and silken webbed masses comprising of chewed material and excreta of larva are seen on the 
trunk of infested tree. 

IPM Strategies 
The following pest management practices should be adopted for various pests of drumstick:  
1. Collect and destroy the mealy bug infested leaves, twigs and fruits.  
2. Flooding of orchard with water in the month of October kill the eggs. 
3. Ploughing of orchard in November.  
4. Avoid plant stresses - healthy plants are much less susceptible to attack  
5. Release Cryptolaemous montrouzieri beetles @ 10/tree or @ 30 larvae/plant twice at 15 days interval.  
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6. The Coccinellid Menochilus (Chilomenes) sex maculatus (F) is a predator of the nymphs and adults, and the 
Hymenopterous parasite Anaysis alcocki (Ashm.) Anagyrus dactylopii and Aenasius advena are three parasitoids on mealy 
bugs.  
7. Release of coccinellid Scymnus coccivora @ 10 beetles /tree or @ 30 larvae/plant is a good predator of both nymphs 
and adults.  
8. Collect fallen infested fruits and destroy them.  
9. Provide summer ploughing to expose the pupae.  
10. Immersion of fruits in hot water (45 to 47°C) for 60 minutes to kill eggs and maggots  
11. Use 10 methyl eugenol traps per acre.  
12. Field release of natural enemies Opius compensates and Spalangia philippines.  
13. Apply well rotten sheep manure @ 4 t/ acre in two splits or poultry manure in 2 splits  
14. Control ants and dust which can give the scale a competitive advantage.  
15. Spray dormant oil in late winter before spring.  
16. Spray horticultural oil, if needed, year-round.  
17. Adopt bagging of fruits.  

Use of braconid parasitoids (Apanteles spp.) to parasitize larvae. 

Conclusion 
It is clear that insects of various groups associate with moringa crops. These are potential pest species which pose threats 
to crop production of moringa. It is therefore necessary to develop and follow an IPM approach to reduce the number of 
applications of hazardous chemicals. 
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Introduction 
There are natural and anthropogenic causes of climate change. According to the Intergovernmental Panel on Climate 
Change (IPCC) global warming is caused by human activities such as the burning of fossil fuels, deforestation and 
agriculture. Human activities have resulted in elevated concentrations of greenhouse gases (CO2, CH4, N2O) in the 
atmosphere since the start of the industrial era around 1750 (IPCC, 2007). The carbon dioxide concentration in the 
atmosphere increased from a pre-industrial concentration of about 280 parts per million by volume (ppm) to 379 ppm in 
2005. The same applies to the methane concentration (from 715 parts per billion by volume (ppb) to 1774 ppb), and 
nitrous oxide concentration (from 270 ppb to 319 ppb) in the atmosphere (IPCC, 2007).  

The 2007 assessment report of the IPCC concluded that an increase in anthropogenic greenhouse gas concentrations is 
very likely to have caused most of the increases in global average temperatures since the mid-20th century’. However, 
according to other scientists, the current emphasis on the role of carbon dioxide may not be correct and the history of 
climate change has been insufficiently taken into consideration. They argue that changing solar activity also has a strong 
influence on the climate system (Van Geel et al., 1999). Van Ulden and Van Dorland (2000) investigated these opposite 
opinions and analysed different natural contributions to temperature change from 1882 to 1999. 

Food Demand 
As the global population heads for more than nine billion people by 2050 (under medium growth projections), the world 
is rapidly becoming urbanized and wealthier. Food preferences are changing to reflect this, with declining trends in the 
consumption of staple carbohydrates, and an increase in demand for luxury products - milk, meat, fruits and vegetables 
- that are heavily reliant on irrigation in many parts of the world. The production efficiency of animal products is lower 
than for crops and so extra primary production from pastures, rangelands and arable farming is needed to meet food 
demands. Future global food demand is expected to increase by some 70% by2050, but will approximately double for 
developing countries. All other things being equal (that is a world without climate change), the amount of water 
withdrawn by irrigated agriculture will need to increase by 11% to match the demand for biomass production. 

The FAO (2002) definition of food security is: 
‘‘A situation that exists when all people, at all times, have physical, social, 
and economic access to sufficient, safe and nutritious food that meets their 

dietary needs and food preferences for an active and healthy life.” 

Projection for the 21st century  
Climate models project a further increase (0.2 °C per decade) in global temperature (IPCC, 2007).Changing hydrology is 
predicted to cause a difference in water discharges between high-latitude areas and low-latitude areas. An increase in 
precipitation at high latitudes and a decrease in precipitation at low latitudes are expected (Bates et al., 2008). This 
will lead to an increase in river discharges at high latitudes and several wet tropical areas and a decrease in river 
discharges in the dry tropics and dry regions at mid latitudes (Bates et al., 2008). In many regions there is also a potential 
risk of flooding, due to an increase in heavy precipitation (Bates et al., 2008). Many dry areas (Mediterranean basin, 
western United States, southern Africa and north-eastern Brazil) will suffer in the future from a decline in water 
resources (IPCC, 2007). Drought-affected areas at low and mid-latitudes will expand (IPCC, 2007).  

Furthermore, the water quality will be affected by higher water temperatures, floods and droughts and salinisation, 
with consequences for human health, agriculture and ecosystems (Bates et al., 2008). For example, an increase in 
bacterial and fungal content due to higher water temperatures could cause diseases (e.g., botulism), which can affect 
humans and animals (Roijackers and Lürling, 2007). Climate change not only involves the atmosphere. There is a strong 
interaction with the biosphere, most notably soils and vegetation (with a crucial and complex role for the stomata of 
plants where exchange between the plant and the atmosphere takes place). As a result, the hydrological and 
biogeochemical cycles are closely interconnected but processes like evapotranspiration are not always fully understood 
(Hutjes et al., 2003). 
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Impact of Climate Change in Water Hydrology 
Climate change will significantly impact agriculture by increasing water demand, limiting crop productivity and by 
reducing water availability in areas where irrigation is most needed or has comparative advantage. Global atmospheric 
temperature is predicted to rise by approximately 4 ˚C by 2080, consistent with a doubling of atmospheric CO2 
concentration (FAO water report 36). Mean temperatures are expected to rise at a faster rate in the upper latitudes, 
with slower rates in equatorial regions. Mean temperature rise at altitude is expected to be higher than at sea level, 
resulting in intensification of convective precipitation and acceleration of snowmelt and glacier retreat. 

In response to global warming, the hydrological cycle is expected to accelerate arising temperatures increase the rate 
of evaporation from land and sea. Thus, rainfall is predicted to rise in the tropics and higher latitudes, but decrease in 
the already dry semi-arid to arid mid-latitudes and in the interior of large continents. Water-scarce areas of the world 
will generally become drier and hotter. Both rainfall and temperatures are predicted to become more variable, with a 
consequent higher incidence of droughts and floods, sometimes in the same place. 

Conclusion 
Climate change will significantly impact agriculture by increasing water demand, limiting crop productivity and by 
reducing water availability in areas where irrigation is most needed or has comparative advantage. Global atmospheric 
temperature is predicted to rise by approximately 4˚C by 2080, consistent with a doubling of atmospheric CO2 
concentration. Mean temperatures are expected to rise at a faster rate in the upper latitudes, with slower rates in 
equatorial regions. Mean temperature rise at altitude is expected to be higher than at sea level, resulting in 
intensification of convective precipitation and acceleration of snowmelt and glacier retreat. 
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Introduction 
Pigs are much more heat susceptible than other animals so it is important to look for strategies to lessen heat stress 
during stretches of hot weather. In India the pig population is mostly concentrated in north region where mostly warm 
and humid conditions are prevalent. Extraordinary warm conditions can bring about death losses if consideration is not 
given to giving supplemental cooling to animals, yet more normally losses are acknowledged in diminished growth 
performance in nursery, growing, and finishing pigs, alongside diminished reproduction in the breeding herd. Heat stress 
can influence pigs of all ages, yet becomes more pronounced and occurs in heavier pigs at lower temperatures, because 
of lower ideal temperatures for these animals. 

Pork Industry Handbook, Extension Bulletin E-2574 

Why are Pigs So Sensitive to Heat Stress? 
Pigs are extremely sensitive to changes in temperature because they do not have functional sweat glands and, therefore, 
do not have a way of efficiently cooling themselves. In addition, pigs have relatively small lungs for their body size, 
making it difficult for them to remove excess internal heat. Heat dissipation is also slow due to thick subcutaneous fat 
layer. 

Signs of Heat Stress in Pigs  
Some of the major signs of heat stress are open mouth breathing, vocalization (squealing), blotchy skin, stiffness, muscle 
tremors, increased heart rate and increased body temperature(more than 104° F ).  

Minimizing Heat Stress 

Animal Age, Weight Optimum Temperature (°F) Desirable Temperature Limits (°F) 

Lactating sow 60 50-70 

Litter, newborn 95 90-100 

Litter, 3 weeks old 80 75-85 

Prenursery, 12-30 lbs 80 75-85 

Nursery, 30-50 lbs 75 70-80 

Nursery, 50-70 lbs 65 60-70 

Growing- finishing 60 50-70 

Gestating sows 60 50-70 

Boars 60 50-70 
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There are various techniques and areas producers can access and use to limit heat stress in their pigs. 

Water Supply 
Ensuring adequate quantities of quality water are available is extremely important to ensure pigs to not become 
dehydrated. Cool drinking water provides the most heat relief. A large amount of the water consumed during hot weather 
is utilized to dissipate heat via evaporative heat loss from respiration. Waterers need to be adjusted and functioning 
properly, with enough waterers available to allow adequate access. Average water consumption of lactating sows is 
twice higher at 29°C than at 20°C. In the nursery the nipple flow should be 1 to 1½ cups per minute, while in the finisher 
the flow rate should be at least 3 to 4 cups per minute. Provide constant water, the watering system should deliver a 
minimum 1 liter per minute and ideally 2 liter per minute. Supplying water at 15°C instead of 22°C improved performance 
of both lactating sows and their litters during summer period. Required amount of Water/hog/day is 2-3 L / kg of dry 
feed and in summer, it get increased to 4-5 L/kg dry feed. 

Wet Skin Cooling 
Pigs, under common conditions outside, wallow in mud to cool themselves. The mud itself doesn't give huge cooling 
straightforwardly, however rather evaporative cooling happens as the mud dries, while it additionally gives a defensive 
obstruction against the sun. In restriction frameworks, water sprinkler frameworks and trickle coolers can likewise give 
compelling supplemental evaporative cooling. In bunch pens, sprinkling water in 1 to brief interims each 20 –30 minutes 

permits dampness to vanish off the pig's skin before wetting and beginning the cooling procedure once more, and is more 
compelling than leaving waterers on continuously.  For sows separately housed in  gestation or farrowing stalls, dribbling 
water on the necks and shoulders joined with air movement likewise gives direct evaporative cooling. 

Nutrition 
Pigs will lessen deliberate feed utilization at temperatures over their optimal range so as to diminish the measure of 
heat being produced because of digestion. In this way, diets should be reformulated to be more nutrient rich in the 
summer, meaning that the nutritional requirements (amount / day) are still fulfilled. Counting higher levels of fat, such 
as meat fat, white oil, or vegetable oil, may increase caloric thickness while also decreasing the warmth measure 
produced during assimilation. Usually, fat is added at 2-6 percent of the diet. During hot weather, fibrous products such 
as soybean hulls, wheat mids, alfalfa, etc. should not be fed as caloric density is much lower and would also lead to 
increased heat release during digestion. 

Adequate Ventilation 
Rapid movement of air over pigs increases the rate of loss of evaporative and convective heat, which is especially 
important in buildings in confines. In warm weather, providing and operating supplementary fans over pens to increase 
air velocity to at least 3 mph is very successful. In addition, the exchange of air in manually ventilated buildings in hot 
weather should be increased to improve the elimination of damp air from barns. 

Ventilation rates during summer (Midwest Plan Service, MWPS-8) 

Type of Pig Rate, cfm/hd 

Sow and Litter 500 

Prenursery Pig,12-30lbs 25 
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Nursery pig,30-75lbs 35 

Growing pig,75-150 lbs 75 

Finishing pig150-220 lbs 120 

Gestating Sow 150 

Boar 300 

 

Adequate Insulation 
Properly built and maintained buildings should provide sufficient insulation levels not only to avoid unnecessary heat loss 
during the winter, but also to help mitigate the build-up of solar heat during the summer. Buildings that were originally 
constructed a built with appropriate insulation levels could later have reduced capacity. Age and rodent infestation will 
significantly decrease the isolating material's isolating value, or R-value, and must therefore be measured at least once 
annually. 

Shade 
Pigs reared outside must have places that are either naturally shaded by trees or have structures built to provide relief 
from the light. Shade provides relief by blocking a considerable proportion of the sun's radiant heat load. Excellent roof 
materials when constructing artificial shade sources include non-insulated aluminum or bright galvanized steel. The 
reflective surface helps in deflecting radiant rays from the sun. 

Conclusion 
Summer stress in pigs leads to huge economic losses to farmers. So, minimize the heat stress the farmers should practice 
the methods to reduce the heat stress. Based on the economics of a pig farm farmer should incorporate the methods 
that are feasible for him to reduce the impact of heat stress on pigs. By providing proper hydration, nutrition, ventilation, 
shade, adequate insulation and various external cooling methods heat stress in the pigs can be well managed. 
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Abstract 
The current global emergency of the coronavirus infection has crippled the global development and emerged as a 
pandemic affecting and killing lakhs. Severe stagnation in world supply chains has also gravely affected the global 
economy. The situation in developing countries is even scary where balancing live and livelihood is a seemingly invincible 
challenge. A precarious situation arises with asymptomatic cases of infection- they are silent carriers that in many cases 
go unnoticed. However, trying to understand the reason behind such asymptomatic patients, their immunity emerged 
the major factor. This signifies and emphasizes how balanced dietary intake of nutrients like vitamins, minerals, 
nutraceuticals and probiotics can be the ammunitions to strive against pathogens in lack of medications. The medical 
research for COVID-19 are underway and possible medications may also be hoped, however this is a timely reminder of 
how much research and policy initiatives are needed to sustain nutrition for tackling future pandemics. 

Introduction 
The inception and vulnerability of the Novel Coronavirus (COVID-19) as a highly contagious disease has made the entire 
world bushwhacked. From the very first case of outbreak in December, 2019 (Siche, 2020), nearly five months have 
elapsed however the spread has been still on a rise. The seemingly global medical emergency has by large affected 4.7 
million people and resulted in demise of more than 0.3 million as of May 18, 2020 {Source: COVID-19 Dashboard by the 
Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU)}, and have crippled the entire 
human development. The economic crisis has been estimated to be around US $ 300 billion through world supply chain 
impacts (McKibbin and Fernando, 2020). Earlier pandemic experiences reveal quarantines, social distancing and lockdown 
bear impact on societal and economic growth (Hanashima and Tomobe, 2012). They also often lead to severe 
repercussions towards a person’s social life and affect both mental and physical health (Naja and Hamadeh, 2020). 

The research endeavors for suitable drugs and vaccines is underway, but in the absence of which alternative strategies 
are needed to be chalked out that may even enable tiding over future pandemics. A well-functioning immune system 
can be a viable tool to accentuate such alleviation from harmful pathogens (Taghdir et al., 2020). A critical outlook of 
adequate food security, dietary and nutritive management can thus be looked into for augmenting the adaptive immunity 
against diseases. 

Asymptomatic COVID-19 Cases: A Classic Double-Edged Sword  
A typical phenomenon arises regarding the asymptomatic coronavirus cases. The term asymptomatic in its simplest sense 
suggests people who do not display any symptom at all while incubating the virus in their bodies, while they end up 
transmitting the virus to a lot of people and fuel the pandemic in a scary manner. The increasing reports of asymptomatic 
coronavirus patients pose significant public health issue (Al-Tawfiq, 2020), but an interesting feature comes in purview 
if we try to unearth and isolate this population. It strictly encompasses the population having a very well-developed 
immune system imparting resilience to the individuals against the viral pathogen (Aman and Masood, 2020). This further 
explores how important immunity is to a better sustenance in this apocalyptic world.  

Ensuring Nutritional Security to Combat Pandemics 
The vehement need of nutritional security can be assessed from our previous pandemic experiences which show that 
nutrient availability through dietary intake and disease incidence have close relationships especially in the developing 
countries, burdened by malnourished population (Tuite et al., 2020). Optimal nutrient availability is highly linked with 
several physiological responses like gene expression, cell activation, signaling molecules modification and even gut 
microbial composition to augment immune responses (Aslam et al., 2017). On the contrary, improper diet mediated 
malnutrition not only increases mortality, morbidity and high rate of infectious diseases but also bear significant 
economic impacts to health care systems (Curtis et al., 2017). Several vitamins, essential nutrient elements have 
potential benefits to a immune body, thus their dietary supplementation (Jayawardena et al., 2020), along with options 
of nutraceuticals and probiotics (McCarty and DiNicolantonio, 2020) can emerge advantageous. 
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Role of Vitamins in Augmenting Immunity 
Among the different categories of immunity that one possesses, the adaptive immunity plays a significant role pertaining 
to disease resistance. This adaptive immunity can either be boosted through vaccination or food supplementations. In 
the present COVID-19 scenario the former still not being available in hand, a major focus may be directed to the later. 
Consumption of the simplest source of vitamin enriched foods can be a far better option to improve the immunity power. 
The clinical success against varietal viral infection can thus usher hope into the coronavirus case as well. A source 
mediated functional role played by the major immunity rendering vitamins are elucidated below: 

Sl. No. Vitamin Function in immunity Easy edible Source Clinically 
successful against 

01 Vit-A It has important regulatory function in both 
cellular and humoral immune responses 

Pumpkin, carrots, 
broccoli, spinach, sweet 
potato, mangoes, papaya 

Rabies, Influenza 
virus etc. 

02 Vit-C It has potential to prevent respiratory and 
systemic infections; improve immune 
system through antimicrobial cell activities, 
lymphocyte proliferation, chemotaxis, etc.  

Amla, lemon, guava, 
oranges, fruit juices and 
tomatoes 

Influenza A virus, 
has been tried 
against COVID-19 
(Wright, 2020). 

03. Vit-D The role of vitamin D supplementation on 
antiviral immunity against respiratory 
infections is immense 

Fatty fish, dairy products, 
orange juice, soy milk, 
cereals, cheese, egg yolks. 

Influenza A and B, 
parainfluenza 1 & 2, 
Respiratory 
syncytial virus  

04. Vit-E Vitamin E enhances the immunity in old 
aged people and plays an important key in 
joining innate and adaptive immunity 

Almonds, peanuts, 
spinach, asparagus, 
pumpkin, broccoli 

Chronic hepatitis B 

05 Vit-B9 The vitamin deficiency declines cell-
mediated immunity by affecting 
blastogenic response of T lymphocytes 

Whole grains, green leafy 
vegetables 

Herpes Simplex 
virus, Ebola virus 

Role of Mineral Nutrients in Augmenting Immunity 
Several mineral nutrient elements also have been found to have beneficial role in favoring immunity to individuals that 
can enable to alleviate the viral infection (Sharma, 2020). Strategic adoption of food fortification and dietary 
diversification to incorporate such elements in the diet can also be an important research initiative in the future to 
combat the pandemics more efficiently. The major mineral nutrients constitute: 

Sl. No. Minerals Function in immunity Easy edible Source 

01 Zinc Zn helps in normal functioning and human cell 
development to arbitrate innate immunity, killer cells, 
macrophages and neutrophils activity 

Grains, peanuts, fruits and 
green leafy vegetables 

02. Copper Cu plays immense important role in immunity development 
against respiratory viruses (SARS and  MERS outbreak) 
through T cell proliferations 

Oysters, nuts, seeds, 
mushrooms, lobster, leafy 
greens and dark chocolate 

03. Iron The maturation and proliferation of lymphocytes for 
immunity is correlated with iron load in the serum. 

Red meats, liver of chicken, 
nuts, fruits rich in vitamin C 

04. Selenium Selenium influences both innate and adaptive immunity by 
combating oxidative stress against viral infections. 

Chicken, fish, shellfish, and 
eggs 

05. Magnesuim Mg helps in immunity through immunoglobulin synthesis, 
adherence, lymphocyte binding, and antibody mediated 
cytolysis.  

Peas, broccoli, cabbage, green 
beans, nuts, seeds, leafy 
greens, salmon. 

Nutraceutical Supplements to Augment Immunity 
Nutraceuticals are recognized as products that provide physiological benefit or protection against a chronic disease 
including herbal products, dietary supplements, genetically engineered designer foods, specific diets, and processed 
foods etc. Several nutraceuticals have been tested against viral infections especially encapsulated RNA viruses that can 
also be adopted for coronavirus testing (Jayawardena et al., 2020), such as: 

Sl. No Nutraceuticals tested Clinically successful against 

01. Polyphenol enriched protein powder Exercise-induced susceptibility to virus infection 

02. Prebiotic mixture (70% raftilose and 30% raftiline) Influenza B 

03. Coenzyme Q 10, Vitamin E, Selenium aspartate, 
and L methionine 

Chronic mucocutaneous DNA virus 
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04. EpiCor: a dried Saccharomyces cerevisiae 
fermentate 

Seasonal influenza. 

05. Broccoli sprout homogenates Live Attenuated Influenza Virus 

Probiotic Supplements to Augment Immunity 
Probiotics are categorized as living micro-organisms that confer health benefit to host when administered adequately 
and stimulate immunity through antibody production. Some studies have found to reduce the disease severity of common 
cold through supplementation and can thus be attempted in viral infections. They include Bifidobacterium longum, 
Lactobacillus plantarum Lactobacillus paracasei, Lactobacillus casei, Lactobacillus gasseri etc. often commonly 
attributed through food sources of yoghurt, curd etc. 

Conclusion 
The current COVID-19 pandemic has emphasized that in future if such unknown pandemics arise where the medication 
to combat the infection may not be available; it is the food and dietary supplementation through proper nutrient sources 
that can usher a hope. The developing world which faces a serious concern through malnutrition and associated infections 
can thus take due cognizance of trying to ensure nutritive food availability. A proper and healthy diet can ensure a robust 
immune system that can resist any onslaught by the virus. However still medications are the primary requirements as all 
the above recommendations can never be able to treat virus infection rather enable to strive against such plethora of 
mortality and other hindrances associated with an infection. 
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Introduction 
When animals having different nutritional requirements are grazed together, some animals are either overfed or 
underfed depending on pasture conditions. If pastures are managed to provide forage suited to animals with the lower 
nutritional requirements, then animals having higher requirements do not receive adequate nutrition for maximum 
performance. If pastures are managed to provide forage for animals with the higher nutritional requirements, then 
animals with lower requirements have more feed than needed and make poor use of the extra feed in economic terms 
(Baker, 2003). Hence, it is necessary to utilize a limited area of good quality pasture effectively and economically to 
maximize animals’ performance. One such way of effective pasture management is ‘creep grazing’. 

Creep Grazing 
Creep grazing is a management system designed to match particular pasture forages and (or) grazing areas with specific 
nutritional requirements of different classes of grazing animals. It allows access of young nursing animals to forage of 
high quality and palatability (creep area) while excluding mature animals with lower nutrient requirements to an area 
with forage of lower mass and (or) quality (main pasture or rangeland area). The young animals through special openings 
(creep gates) can graze the creep area and return for suckling, thus possibly increasing weight gain and weaning weight 
without concentrate supplementation (Yiakoulaki et al., 2009). 

Rationale  
The rationale for creep grazing is based on the fact that: 
1. Different ages and sizes of livestock have different nutritional requirements. 
2. The quantity and quality of forage are not uniform during the pasture season (Baker, 2003).  

Creating a Creep Pasture 
It can be adopted both in a continuous and rotational grazing system. 
1. Location (Yiakoulaki et al., 2009): In the continuous grazing system, the creep area is adjacent to the main pasture. 
The ideal arrangement is to have two parallel pastures with one common fence. In rotational systems, where the pasture 
is divided into paddocks, each paddock should be accompanied by a separate area, although access to one large creep 
area is also possible. It is desirable for the creep area and (or) access point to be located where the animals frequently 
travel or congregate, as well as being close to a housing/handling facility to facilitate management. 

2. Size (Yiakoulaki et al., 2009): The size of the creep area depends on the forage production and the stocking rate. If 
high-quality forage is abundant in the main pasture, such as with low stocking rates, then kids will have a relatively low 
tendency to use the creep area. If the main pasture consists of low-quality forage and (or) has low forage availability 
due to a high stocking rate or low rainfall, kids will use the creep grazing area extensively and maximal benefits will be 
realized. 

3. Creep gates (Yiakoulaki et al., 2009): Any type of opening large enough for offspring to pass through but small 
enough to restrict the passage of larger animals (i.e. does) to the creep pasture can be used as a creep gate. Creep gates 
are usually located in a readily accessible area, without barriers (stones, woods, tall plants) in front of them, and near 
shade, water or mineral feeders. Creep gates can be made by cutting small openings in woven wire fence between the 
main pasture and the creep area, or simple openings in the fence can be constructed with posts. Creep gates of 18 cm 
wide and 30 cm high (above the ground) is ideal for goat kids/ lambs. For calves the creep opening should be 17 to 18 
inches wide and 36 to 48 inches high above the ground (Newman et al., 2011). 

4. Forage species for the creep area (Newman et al., 2011): Legumes or grasses can be used in creep pastures (Newman 
et al., 2011). Forages well adapted to local conditions and of high digestibility and crude protein content are well suited 
for creep grazing. Cultivated leguminous trees, in combination with natural forage plant species in alley cropped grazing 
systems, may provide a sustainable means of creep grazing to improve growth performance of suckling meat goat kids 
(Yiakoulaki et al., 2007). 
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Training Young Ones to Utilize Creep Pasture 
Suckling kids/lambs/calves may be reluctant to leave their mothers and move through a creep gate (Yiakoulaki et al., 
2009). The creep access may be located near water, salt, minerals, and/or shade, or the water trough and/or mineral 
feeder needs to be moved near the creep access to attract the young ones to use the creep pasture (Newman et al., 
2011). Calves can be initially introduced to the creep pasture by moving the entire herd into the creep for a short period 
of time each day over a 3- or 4-day period (Newman et al., 2011). Calves will learn to use the creep pasture if there is 
more forage available and if it is more palatable than that in the herd pasture (Newman et al., 2011). 

Management Practices (Yiakoulaki et al., 2009) 
Creep pasture is a specially designed grazing area for suckling young ones to gain access to high quality forages to meet 
their high level of nutritional requirement. Hence, all the young ones can be allowed to utilize the creep pasture until 
weaning. Creep grazing is beneficial only when the stocking rate in the main pasture is high and the grazing area is 
limited. If the creep area is large and only a moderate to low amount of forage is removed by kids, immediate subsequent 
grazing by animals with lower nutrient requirements may be desirable to promote forage regrowth and minimize stage 
of maturity in the next grazing period. However, a creep grazing area size that closely matches the number and weight 
of kids would reduce the need for such "follow up" grazing but could restrict the potential for forage selection by the 
young ones. As goat kids have "nutritional wisdom" that they might select particular plants and plant parts that is higher 
in nutritive value than the average of available forage in pastures. This might lead to complete removal of certain tree 
leaves from the creep area. Such forage depletion in the creep pasture may be avoided by limiting access to tree fodder 
every other or third day or for a few hours each day to achieve continual tree leaf intake. Alternatively, creep grazing 
areas may be subdivided into very small areas for short term sequential grazing or greater numbers of trees through a 
higher planting density can be done to ensure continual tree fodder intake. 

Advantages 
The greater the difference in forage quantity and quality between the creep and non-creep pastures, the greater the 
benefits received from the use of creep grazing (Baker, 2003). 
1. Enhance the growth performance of suckling young ones under conditions of limited forage mass and (or) quality 
(Yiakoulaki et al., 2009). 
2. Increases the weaning weight in young ones compared to those that didn’t creep graze (Yiakoulaki et al., 2009). 
3. Reduce the need for concentrate thereby reduces the feed cost. 
4. The reproduction in dams is likely to improve because of less lactation demand by the young ones (Newman et al., 
2011). 
5. Shortens the calving/ kidding/ lambing interval in dams due to a decrease in loss of weight and body condition during 
lactation (Newman et al., 2011). 

Model creep pasture in a continuous grazing system                  Model creep pasture in a rotational grazing system 
     Source: Yiakoulaki et al., 2009              Source: Yiakoulaki et al., 2009 

     Creep gate for lambs and kids         Creep gate for calves 
     Source: Yiakoulaki et al., 2009                Source: Newman et al., 2011 
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Conclusion 
Creep grazing is specialized grazing management system intended to enhance growth performance in sucklers which are 
maintained on the pasture-based production system. Creep pasture is planted with high-quality forages to meet the 
higher nutritional demand of young ones. However, their beneficial effects are more evident only when the grazing is 
limited and the stocking density is high. Extent research in this area is a need in the country to evaluate its suitability 
and beneficial effects under Indian conditions’ practice the methods to reduce the heat stress. Based on the economics 
of a pig farm farmer should incorporate the methods that are feasible for him to reduce the impact of heat stress on 
pigs. By providing proper hydration, nutrition, ventilation, shade, adequate insulation and various external cooling 
methods heat stress in the pigs can be well managed. 
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Introduction 
1. Litchi is an evergreen sub-tropical fruit crop belonging to family Sapindaceae which is indigenous to Southern China 
and Northern Vietnam. Fully mature ripe fruits of Shahi, Early large Red, Early seedless, Rose scented Purbi or Bedana 
are selected. India and China account for 91% of the world litchi production. Major litchi producing countries are India, 
China, Taiwan, Thailand, South Africa, Madagascar, and Australia and Florida (USA). 

2. Presently, India ranks 2nd in world's litchi production vis-a-vis area and the acreage and production of litchi has 
increased, respectively from 60,000 ha and 3, 68,600 MT in 2004-2005 to 83,000 ha of area and 5, 75,000 MT production 
in 2012-13. 

3. Bihar is the highest producer of litchi in the country. 

4. The major litchi producing belts are: Bihar (Muzzafarpur, East Champaran, Samastipur, Vaisali, Bhagalpur); 
Uttaranchal (Dehradun, Pithauragarh, Nainital, Haridwar); West Bengal (Murshidabad, 24-Paraganas); Assam (Kamrup, 
Spmotpir, Bongaigaon); Punjab (Gurdaspur, Ropar, Hoshiarpur); UP (Gorakhpur,Saharanpur); Jharkhand and Tripura. 

5. Litchi is distinctly a delicious, aromatic and fascinating fruit having good source of mineral and vitamins. Litchi fruits 
are highly perishable and, consequently, have a short life that limits marketability and potential expansion of demand. 

6. Litchi supply chain have following drawbacks which is causing high price disparities among actors of the supply chain 
a. Highly perishable nature of the fruit and  very short period of availability 
b. High temperature and low humidity during harvesting period 
c. Lack of co-operative/organized marketing system 
d. System of pre-harvest contract 
e. Lack of infrastructure facilities (logistics) 
f. Lack of backward & forward linkages 
g. The spread of pandemic and lockdown resulted in an imbalance of demand supply chain, scarcity of labours 
for harvesting and processing, problems in transport and logistics facility. All these are severally affecting whole 
agricultural sector including Litchi production and processing. 

7. To overcome this situation, the farmers may focus more on processing of their produce like drying in to nuts, 
preparation of beverages/ RTS etc, canning and storage of litchi to ensure better return and reduction in post-harvest 
loss. The canning of fruits is one of the feasible options to preserve the fruits for longer duration; it ensures year-round 
availability of produce and also fetches better return to farmer ad processor. 

Canning of Litchi 
Generally, as a group, fruits are acid products with a low pH, usually <4.6 so it is possible to produce a commercially 
sterile product with a pasteurisation process (i.e., processing <100 °C). This results in canned fruit with a texture that 
can be similar to fresh. Some fruits have pH that is higher than 4.6, and it is often better to acidify the fruit and be able 
to process it at a lower temperature than to give it a full sterilisation process. The pH of canned fruit is usually controlled 
to below 4.2 to ensure that pathogenic and certain food spoilage microorganisms cannot grow. During heat processing, 
when fruits are canned they generally lose very little of their nutrients; the concentration of some of the heat-sensitive 
ones will be reduced, but some nutrients become more bioavailable as a result of processing.  The canned litchi is of 
excellent quality and in great demand both in India and abroad. The process flow chart for canning of Litchi is given 
below. 

Process: After thorough washing, the peels are removed and pulp (aril) destoned with the help of knives. Requisite 
quantity of pulp (aril) is filled in empty cans to which sugar syrup of 30-35o Brix is added. Sugar syrup is mixed with 0.2% 
citric acid and flavoured with rose or vanilla essence. Exhausting of filled can is completed when the temperature in the 
centre of the can reaches to 850C and it is maintained for 05 minutes. The upper lids are then closed with the help of 
double seamer. These sealed cans are sterilized or processed in boiling water for 30 minutes.  After sterilization, the 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
559 

cans are immediately cooled in running water. After cooling the cans are wiped out with dry cloth and stored in dry and 
cool place.  Pink discoloration after 3 months of storage is the main problem which increases gradually and diminishes 

the consumers appeal. This is possibly associated with formation of a tin anthocyanin complex. 

Fig: Process flow chart for canning of Litchi 

Principle Equipment for canning: Litchi washer/ fruit washing tank, litchi peeler hand tools for de-stoning/ pitting 
machine, exhaust box, can reforming unit, can seamer & can flanger, cap sealing machine, can washing unit, sterilization 
tank, cold store room. 

Precautionary & Safety Measure to Combat Covid-19 During Processing of Litchi  
1. Measures of personal hygiene and social distancing to be followed by those engaged in harvesting and processing of 
Litchi. 
2. Precautions and safety measures of workers engaged in repair, maintenance and machine handling operation is to be 
ensured. 
3. All the persons engaged should use masks and ensure hand washing with shop at reasonable intervals. 
4. Maintain safe distance of 3-4 feet during rest, taking of meals, transfer of produce at collection point, 
loading/unloading. 
5. Use of clean and sanitized water for litchi processing operations 
6. Since, pitting operation of litchi mostly done manually, hence special care towards personal hygiene, physical 
distancing, sanitization is needed. 
7. Engage only familiar persons to the extent possible and after reasonable enquiry as to avoid the entry of any suspect 
or likely carrier during field and processing activity. 
8. All equipment and machines should be sanitized at regular intervals. All transport vehicles, gunny bags, crates, cans 
or other packaging material should also be sanitized. 
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Introduction 
In India, about 70% population is directly or indirectly reliant on agriculture and its allied sectors which is the backbone 
of rural economy. A lot of agricultural technologies are being developed targeting to rise the productivity assuring food 
and nutritional security. In present time, farmers cannot be self-dependent only by using former farm techniques, 
because agri inputs are costly and so as to use new agriculture technologies, there is need to invest more. Hence, it is 
required to use low cost-based agriculture technology by our farmers to get more crop yield and increase their economy. 

Low Cost Technology for Crop Production 
A number of low-cost technologies are available and the basic principles of these technologies includes optimizing plant 
nutrient availability through biological nitrogen fixation, nutrient recycling and the restricted use of inorganic fertilizers; 
providing favourable soil conditions for plant growth by managing soil organic matter and enhancing soil biological 
activity; minimizing stresses; managing microclimates and prevent soil erosion. 

Low Cost Polyhouse Technology for Raising Off Season Crops  
Raising nursery under low cost polyhouse: It is a made up of polythene sheet of 700 gauge supported on bamboos with 
ropes, which is zero-energy based chamber. These low cost polyhouses may be used for raising the nursery of vegetables 
such as tomato, capsicum, brinjal, Brassica spp. etc. and can get more profit. The high value vegetable crops like 
gynoecious bitter gourd, parthenocarpic cucumber, Cucumis anguina, cherry tomato etc. were grown during second 
fortnight of November. By adopting low cost polyhouse technique, cucurbitaceous vegetable crops were grown 1-2 
months in advance than the direct sowing of seed sowing in the open field condition. Temperature is 6-100C higher in 
polyhouse in comparison to open condition. 

Low Cost Technology in Cropping System 
The technologies such as application of crop residues, manure and compost; the transfer of biomass and mulching; the 
use of leguminous cover crops, shrubs, or trees in improved fallows or intercropping systems; the use of crop rotation to 
manage soil fertility and pests; and integrated pest management (IPM) helps to raise the production and farmers income 
without affecting the environment. 

Use of Low-Cost Technology in Sowing 
Minimum tillage: Minimum or zero tillage is a fresher technology and just has been widely adopted in the rice-wheat 
farming system in the Indo-Gangetic Plain. This technology also conserves water and reduces the use of herbicide. 

Time of sowing: Preparation of seed bed on time and timely sowings as per the season (Kharif or Rabi) for any crop, 
results in better establishment and uniform germination, and consequently minimize the crop loss. 

Direct Paddy Seeder: The machine used for planting seed directly in the field which reduces the labour cost drastically 
and maintains uniformity in seed sowing. It also reduces in seed rate of the crops and also reduces the thinning cost. 
Crop normally matures 7-10 days advance than the transplanted one. 

Use of Low-Cost Technology in Irrigation 
According to the report of FAO, 80 percent of the farmland in the world is not irrigated due to the high cost of irrigation 
apparatus. Some low-cost techniques are summarised below: 
1. Ideal Micro Irrigation Systems (MIS): Ideal MIS encompass low-cost drip and sprinklers. Micro irrigation has potential 
to maximize the crop productivity and protect the environment through conserving soil, water and fertilizer resources, 
while also increasing farmer income. Drip irrigation is also gaining popularity because of its lower cost and water-saving 
technique. 

2. Water harvesting: Water harvesting, which involves concentrating rainfall runoff from a larger area into a smaller 
catchment area, has been practised for thousands of years in semi-arid and arid areas of China and India. 
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3. Geographic information System: The concept for GIS is to reassure farmers to use internet and to obtain free 
information regarding soil properties of their farms, including fertility and nutrient status of the soil. The former saying 
‘‘Better information gives better decisions” is very accurate for GIS. GIS is currently adapted for use in Asia, Japan, 
Republic of Korea farms on small scale. 

Use of Low-Cost Technology in Management of Post-Harvest Losses 
It has been estimated that postharvest losses of fruits and vegetables ranges from 6 to 18 % in India. Moreover, proper 
storage practices become a strategy for achieving higher returns to the marginal farmers. 
1. Simple field warehouse: Farmers can store their grains, root, and tuber crops by using barns, cellars, farm sheds or 
other simple field structures that are usually made up of locally available materials. 

2. Pit storage: In order to preserve crops, the pits are usually used for storing grains, tuber and root crops. The costs of 
storing crops in pits are usually lower than upper ground structures. 

3. Clamp storage: Clamp storage is a low-cost method for preserving root and tuber crops that is based on insulation of 
crops with a layer of straw and a dry layer of soil or sand. It will provide protection to tropical roots and tuber crops 
against chilling. 
4. Cellars: Cellar defined as the structures made underground or partially underground which may use to store 
vegetables, fruits, nuts etc. In Cellars, lower temperature and stable humidity make ideal conditions to keep fruits and 
vegetables for longer time.  

5. Zero energy cool chamber (ZECC): Based on the principle of evaporative cooling, Roy and Khurdiya (1986) developed 
a cooling chamber at IARI, New Delhi. It is used to store the harvested plant produce which is low-cost alternative. It 
can be made simply by using the materials such as sand, bamboo, brick, straw, gunny bag etc. This ZEC chamber 
maintains the temperature 10-15OC coupled with 90% relative humidity, which makes the chamber’s environment cooler 
than the outside temperature. 

6. Solar/ sun drying: Sun drying is a most common process for drying the horticulture produce in South East Asia and 
many other parts of the world, predominantly where the temperature reaches 300C or higher. 

7. Infrared drying: It is low-cost method of drying which is considered as an artificial sun-drying method and also provides 
employment in rural farming areas. The main advantages of infrared drying include low cost, adaptability, simplicity of 
the required equipment, fast response of heating and ease in installation to any drying chamber. 

Conclusion 
For small farmers, these technologies are an enormous chance, but only when support from service providers is arranged. 
There is vital need for planning and energetic promotion of low-cost, low-risk, high nutrition and sustainable farming 
systems to strengthen Indian agriculture. The key questions for the future are the integration of different technologies 
and the setup of the right structures to service these technologies. 
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Introduction 
It is well recognized that the introduction of standardized technological packages has contributed a lot to the 
development of Agriculture and allied sectors. These packages have supported the logic of top-down technology transfer, 
which resulted in the weakening of local knowledge. Research and extension staff tend to blame farmers for rejection 
or non-adoption of technologies without realizing that the farmer may have valid reasons for doing so. However, lately, 
the scientific and extension community has started to appreciate that the rejection of technology may be due to the 
unsuitability of the technology to the farmers' situations rather than farmers' ignorance. It is observed that only a limited 
number of technologies generated by the National Agricultural Research System are being adopted by farmers, which 
indicate that the farmers are still in-tuned with their Indigenous Technical Knowledge (ITK).  

In this context, it's pertinent to spot and preserve these traditional technologies to sustain productivity and protect the 
ecosystem. (Ponnusamy et al., 2009). This itself has led the scientific world to appreciate the role of indigenous technical 
knowledge (ITK), also referred to as traditional knowledge/wisdom. It is evolved by members of the farm community 
and passed on from, generation to generation, or developed based on recent experimentation by farmers. ITK is unique 
to a given culture and society, - but it has value also for the scientists and planners that are involved in development 
projects. It also helps to develop alternatives to ecologically damaging agricultural practices, which will lead to 
sustainability in the long run. 

The Special Features of Indigenous Knowledge are 
1. Local in that it is rooted in a particular community and situated within broader cultural traditions; it is a set of 
experiences generated by people living in those communities. Separating the technical from the non-technical, the 
rational from the non-rational might be problematic. Therefore, when transferred to other places, there's a possible risk 
of dislocating indigenous knowledge.  
2. Tacit knowledge and, therefore, not easily modifiable. 
3. Transmitted orally, or through imitation and demonstration. Codifying it may lead to the loss of some of its properties. 
4. Experiential rather than theoretical knowledge. Experience and trial and error tested within the rigorous laboratory 
of survival of local communities constantly reinforce indigenous knowledge. 
5. Learned through repetition, which is a defining characteristic of tradition even when new knowledge is added. 
Repetition aids in the retention and reinforcement of indigenous knowledge. 

Problems of ITK  
1. Each technology or concept has limitations, and ITK is no exception, e.g.:  
2. The scope for improvements based on ITK is limited to what can be done with local techniques, materials, and genetic 
resources;  
3. Many new developments (genes, techniques, materials) may be unknown, and can therefore not be explored with the 
informal system;  
4. The informal system has neither the necessary forward perspective nor the information to anticipate opportunities 
and constraints arising from changing environments;  
5. The indigenous materials and methods used vary from area to area because ITK is unique to a particular culture. 

Comparison of ITK with Modern Practices 
ITK may be old, but it need not be outdated. It can very well be compared with modern practices in several situations.  
1. ITK is farmer oriented and evolved by the farmers. Modern technologies are developed by researchers and often not 
suited to the local environment. ITK is passed on and modified from generation to generation and from farmer to farmer, 
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whereas modern technologies are communicated from researchers via extension personnel and/or farmers. ITK is 
compatible with the local situation and easy to adopt, being often less dependent on the use of external inputs. The 
modern technologies may or may not be compatible with the existing situation of the farmers and they may need external 
inputs for adoption (Van den Ban et al., 1995). For example, the traditional practice of applying turmeric and 
mustard/coconut oil to wounds is very easy to adopt, whereas modern veterinary practice involves the use of external 
inputs like antibiotic preparations and sometimes the services of a stockman or the veterinarian to treat the wounds.  

2. ITK is not well documented and there is only a start of an organized effort to promote it. On the other hand, modern 
technologies are very well documented and there is a sustained effort mostly by the government institutions to promote 
them. Some organizations, e.g., the Indian Institute of Management in Ahmedabad" (HONEY BEE) and SEWA in Tamil 
Nadu, have only recently started to document and circulate available information on ITK. For example, the 
administration of syrup containing Ajwain, Black pepper, Soanf, dried ginger, jaggery, etc. to the freshly, calved animals 
is a tested practice to facilitate the expulsion of the placenta. Though it is being practiced by the farmers as well as in 
dairy farms maintained by institutions like NDRI, it has never been documented.  

3. ITK is often considered to be unscientific and primitive, whereas modern technologies are seen as advanced. For 
example, most dairy farmers house the animals in sheds made of locally available materials such as wood, coconut or 
palm leaves, paddy straw, etc. These sheds appear primitive but, they are economical and sustainable. The so-called 
scientific recommendations about modern cattle sheds are often too expensive for small farmer’s conditions. 

4. Traditional technologies are specific to the local situation, because they are based on locally available inputs, whereas 
modern technologies are often incorrectly considered as having blanket application to all the situations. For example: 
In districts of the Eastern Coast of India (Andhra Pradesh, Tamilnadu, West Bengal, Odisha) almost all farmers maintain 
an earthen or stone or cement pot in a corner of the house to fill it with rice washings, gruel, gram husk, rice bran, 
vegetable scraps, excess rice, etc. This kitchen waste serves as a feed supplement to the animals. Although this practice 
is followed only where rice is the staple food, the modern technology of offering compound cattle feed is considered as 
applicable to all dairy farming situations.  

It is high time to consider ITK as complementary to scientific knowledge especially in its capacity to provide non-
commercial solutions to location-specific problems. It is necessary to understand that the information from so-called 
scientific research alone is not enough to solve most problems in livestock farming. 

Conclusion 
Farmers have good reasons not to accept new technologies. They possess a large amount of information that can solve 
their problems without resorting to advice from technical advisers who have little understanding of local conditions. 
Indigenous knowledge plays a major role in finding location-specific solutions for problems based on the land of the farm 
family, its micro-climate, the access to land, inputs arid labour at different times of the year. Much of this knowledge 
is not based on formal research, but on careful observations and experience from the farm family, the parents, friends, 
and colleagues. Since every technology has positive and negative effects, it is necessary to analyze the available ITK 
technologies carefully before recommending adoption by the farmers. This is true for both scientific and traditional 
knowledge. It may be necessary to refine or modify the modern technologies. 
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Introduction 
Corona viruses are a large family of viruses. In humans, several Corona viruses are known to cause respiratory infections 
ranging from Common Cold to more severe diseases such as Middle East Respiratory Syndrome (MERS) and Severe Acute 
Respiratory Syndrome (SARS). The most recently discovered Corona virus causes COVID-19. COVID-19 is the name of the 
disease caused by virus Severe Acute Respiratory Syndrome Corona virus 2 (SARS-COV-2). Presently there is no vaccine 
for COVID-19 and it is under development by various countries. Droplets from mouth and nose release when a COVID-19 
patient coughs or speaks even sneezes. Droplets fall on subject or object. These droplets are too heavy to hang in the 
air. They fall on floors and surfaces quickly.  

Food businesses & food industries, like other work establishments, need to follow protocols set by governments which 
may vary depending on the amount of community spread of COVID-19 in a particular area. Co-ordination with food safety 
& health officials for all businesses is needed so that timely and accurate information can guide appropriate responses 
in each location where they have operations. Novel corona virus spreads through droplets and mucus. These droplets 
and mucus come out when a person coughs or sneezes. A majority of droplets are tiny and remain suspended in air for 
some time. Each droplet of saliva may contain up to 20 lakh novel corona virus particles. Even if a few reach a healthy 
person's respiratory tract, the particles will colonies the person's body and multiply to billions in a week's time, when 
the infected individual would start showing symptoms of Covid-19. 

The 2019–20 corona virus pandemic affects the global food industry as governments control the operation of restaurants 
and bars to slow the spread of the virus. Across the world, restaurants' daily traffic dropped significantly compared to 
the same period in 2019.Worldwide closures of restaurants caused a negative effect in supply chain management system 
among related industries Such as food & beverage production, food and beverage shipping, fishing, and farming. 

Till date researchers and scientists assured that COVID 19 disease transmission is not linked to any food because virus 
does not replicate in food. They only can replicate in living cells. Presence of virus in food does not change any 
organoleptic properties. In food industry the main risk of transmission is due to food handling and food delivery. 
According to various global food safety standards, GMP (Good Manufacturing Practices) and GHP (Good hygienic practices) 
should be maintained properly inside food industries & all kind of food business outlets. 

Food Safety Within the Pandemic Crisis 
According to the European Food Safety Authority (EFSA) and the United States Food and Drug Administration (FDA) 
transmission of COVID-19 is affecting almost all countries around the globe, causing more than two lakh deaths. Previous 
outbreaks of related corona viruses, particularly MERS-corona virus (MERS-CoV) and SARS-corona virus (SARS-CoV), 
showed that food is not a medium of transmission for these kinds of viruses. There is no conclusive evidence about SARS-
CoV-2 is different in this respect. Transmission may occur if an infected individual touches food, and after that another 
individual collects it and touches its eyes or mucous membranes of the mouth or throat.  

Before freezing of fresh foods, exposed to SARS-CoV-2, the transmission may happen. Researchers found that MERS and 
SARS-CoV-1 can remain infectious for up to 2 years in a frozen condition. So, the packaging & handling operation should 
be followed by extensive hand washing or sanitizing in order to minimize any risk of transmission. FDA also suggested 
that sanitization and cleaning of surfaces is a preferred precaution for food restaurants and kitchens as this virus can 
stay up to several hours in any surfaces. As a consequence, restaurants and cafeterias in Central Europe stopped serving 
rare steaks and meats. However, good hygienic practices should be performed to avoid cross-contamination between 
cooked and uncooked foods according to the guideline of WHO. 

Responsibilities of People Associated with Food Businesses-Managers / Owners / Partners  
All food business operators/ managers must ensure safety of food handlers and workers inside the food business premises. 
In case of food production units and plants they must maintain proper roster or shifting duty of workers that may ensure 
less gathering. The plant should be in running condition with the minimum workers in each shift.  
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A food business operator must arrange some training program frequently among workers related to COVID-19 from food 
safety point of view. The training will be conducted on risk factors, safe food handling, social distancing and personal 
hygiene. It is the responsibility of every food business operators to aware workers about preliminary symptoms of COVID-
19 among people.  

Early symptoms of COVID-19 are fever (> 99 º F), cough, shortness of breath, fatigue etc. If any food handler shows these 
preliminary symptoms, they must inform FBO and immediately consult with nearby healthcare providers/ hospitals. 
Sometimes though there is no symptoms found any workers may be affected. That is why health check-up is needed of 
workers on regular basis. An FBO may provide some immunity boosters and vitamins tablets among workers. Inside plant 
there must be arrangements for visitors and workers data book with self-declaration form of his/her current health 
status. One coordinator must be there to monitor health status on daily basis.  

An FBO/ Employer must ensure following necessary arrangements for the food handlers, consumers and visitors for 
screening: 
1. Availability of non-contact type thermometer (for use on body) to monitor body temperature of workers. 
2. Sufficient quantity of masks, hand gloves, sanitizers/ disinfectants as prescribed by Health department/ government. 
3. Availability of sufficient PPE kit (personal protective equipment) as per government standards. 
4. Use of spacing measures (floor markers, stickers) about 3-4 employees in 10 sq.ft area. 
5. Separate cabin or room for isolation if anybody is COVID-19 suspected.  
6. Record book for maintaining daily update on health status of employees and visitors. 
7. No chewing bad habits (gutkha/chewing tobacco etc.) to be entertained strictly by management. 
8. No personal jewellery, watches, mobile at workplace. 

Responsibilities of Food Handlers to Maintain GHP 
In following Fig.1. shows different steps of proper hand washing techniques: 

Fig.1.Eleven steps of proper hand washing technique 
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Food handlers must be aware of their personal hygiene as per norms of different food safety standards. In this COVID-19 
pandemic situation they should keep in minds the following points: 
1. Food handlers must cover mouth during sneezing and coughing, use gloves during operation of the plant/ food 
handling. 
2. Food handlers must avoid close contact with the suspected persons inside and outside the plant as well. 
3. Food handlers must properly sanitize the metallic surfaces and touch points frequently with disinfectants. 
4. The food handlers should use proper alcohol-based sanitizers (alcohol quantity >70%) where water is not readily 
available or wash the hands with soap water for at least 20 seconds according to WHO (World Health Organization) 
guidelines. 

Advice to Food Handlers 
Food handlers must follow the guidelines stated underneath: 
1. They should not hide the details of their health status if they feel any type of illness or flu like symptoms from the 
authority during this period. 
2. They are advised to discontinue Biometric attendance and try to keep using manual system to avoid unnecessary 
transmission. 
3. During working hours they must maintain social distancing. 
4. They must be aware about the proper wearing techniques of masks, gloves and personal protective equipments. Fig.2. 
shows techniques to put on, use, take off and dispose of a mask: 

Fig.2. Different techniques of wearing and removing mask. 
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In a nutshell, the following 5 rules must be followed by food handlers are given in Fig.3. 

Fig.3.Five rules of personal hygiene. 

Proper Cleaning & Sanitation 
Proper cleaning & sanitation plays a very important role in food manufacturing and food business premises during this 
period. Generally, soap water along with other disinfectants (1%-2% hypochlorite solution) is used for cleaning purpose. 
Food production area, stores, office, workers room, Food packaging area, washrooms must be cleaned thoroughly. 
Containers and other utensils must be cleaned properly. Industry people should focus on proper CIP during this period.  

There are 4 steps of cleaning & sanitization given as follows: 
1. Preparation. 
2. Cleaning. 
3. Sanitizing. 
4. Air drying. 

Various cleaning procedures of different locations and touch points inside industry are given in Table.1.as follows: 

Table 1: Cleaning Methods of Different Touching Points Inside Food Industry 
High touch points Method  

Elevator buttons, handrails / handles and call buttons, 
escalator handrails, public counters, intercom systems, 
equipment like telephone, printers/scanners, other 
office machines and furniture. 

Cleaned twice daily by mopping with a linen/absorbable 
cloth soaked in 1% sodium hypochlorite solution**. 

Metallic surfaces like door handles, security locks. At least 70 % alcohol-based sanitizers. 

Hand sanitizing stations at the entry and near high 
contact surfaces.  

Cleaned at least twice in a shift. Sanitized with 1% 
sodium hypochlorite.  

Toilets and Washrooms. After every shift using water and detergent, followed by 
1% sodium hypochlorite.  

How to Make 1% Sodium Hypochlorite Solution (NaOCl) 
Take 1 gram of sodium hypochlorite powder in a glass beaker and volume makeup to 100 ml in a 100 ml beaker. It will 
be 1 % (w/v) solution of sodium hypochlorite. Compound the ration for bulk preparation. The solution is called 
hypochlorous acid. If you get 15%(v/v) readymade solution of NaOCl then you can take 100 ml from it in 2 liter glass 
beaker/ measuring cylinder and dilute with 1400 ml of water to make 1%(v/v) sodium hypochlorite solution. 

Special Guidelines to Different Food Sectors 
Retail food outlets with their online food delivery and transportation systems are facing big challenges as they have to 
provide prepared or essential foods to the consumers through home delivery.  

The retail & prepared food service providers need to follow the guidelines underneath: 
1. Food service area must be thoroughly cleaned. 
2. Hand washing facility must be available for workers and consumers both. 
3. Avoid touching of food without proper gloves. 
4. Ready to eat food must be covered and packed. 
5. All raw veg. and non veg. food items thoroughly washed with 50 ppm & 100 ppm respectively before cooking / 
preparation. 
6. The retailer must encourage customers to maintain at least 2-meter gap as per the guidelines of social distancing. 
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7. Reduce stock quantity of displayed products and try to maintain distance between two products as well. 
The home delivery service providers need to follow the guidelines underneath: 
1. Contact with common touch points like door, calling bells must be avoided. 
2. Maintain at least 2-meter gap with customers. 
3. For online food delivery keep the ordered food package in front of door and stand away at least 1 meter from food 
package. 
4. Try to avoid accepting cash payment, if possible, encourage customers to use e-wallet and online transaction. 
5. The service provider should always wear masks and sanitize hands after each delivery. 

Conclusion 
Besides food business operators and food handlers the consumers should maintain proper guidelines of social distancing 
and personal hygiene as per government norms. Due to COVID-19 the global food business scenario may be changed. 
Several researches and studies are going on this topic throughout the world. Export, Import and production of food 
products have been affected globally. Only good strategy and planning may become key player in the food industry 
during this period. 
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What is Hydrogel? 
Hydrogel are also known as super absorbent polymers, SAP, absorbent polymers, absorbent gels super sokas, water gel 
is a  new type of macromolecular synthetic water absorbing polymer material. Hydrogels are cross linked polymers with 
a hydrophilic, they have the capacity to absorb large quantities of water without dissolving in water. Water absorption 
capacity of the soil arise from the hydrophilic functional group attached to the polymer backbone while their resistance 
to dissolution arises from cross links between network chains. 

Fig :- Structure of Hydrogel polymer 

How Hydrogel Work? 
1. The hydrophilic groups (viz., acrylamide, acrylic acid, acrylate, carboxylic acid etc.) of the polymer chain is 
responsible for the water absorption mechanism of hydrogel. 
2. When the polymers are put in water, the water enters into the hydrogel system by osmosis and hydrogen atoms react 
and come out as a positive ion. 
3. This process leaves negative ions along the length of polymer chain. Then the hydrogel will have several negative 
charges down its length, these negative charges repel each other and forced the polymers chain to unwind and open up, 
they also attract water molecules and bind them with hydrogel bonding. 
4. Hydrogel can absorb more than 400 times its weight of water in the process. 
5. And when its surrounding begins to dry out the hydrogel gradually dispense up to 95% of its stored water. 
6. When exposed to water again it will start to rehydrate and repeat the process of storing water this hydrogel works for 
2 to 5 year and it is a biodegradable hydrogel that decompose in the soil.  

Hydrogel for Agriculture  
Hydrogel are extensively used in agriculture for improving the mechanization of farming and growing crops, to enhance 
the cultivation of plants under adverse weather conditions and for affecting more favorable conditions for plant 
development. They are used in agricultural plantation in steadily increasing amount to obtain higher yields of harvests 
and for improving the quality of plants in a short time and using less space at lower costs. Polymers are used in such 
agricultural applications of soil conditioners, planting and transplanting gels, seed coatings for controlled germination, 
soil aerators and in soil sterilization.  

Polymers can benefit plants in the various stages of development like germination, growth, evapotranspiration, flowering 
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and fruit formation. Their successful application in agricultural plantations includes more rational plant spacing and 
improved economization, especially regarding plant containers, films for soil sterilization and as covering and sheeting’s 
for protective structures.  

Characteristics of Hydrogel in Agriculture 
1. Hydrogels are less affected by the presence of salt in soil. 
2. Improve the physical properties of soils and restores its biota. 
3. They promote the seed germination rate and the rate of seedling emergence. 
4. They can improve root growth and plant density.  
5. They relieve the plants from moisture stress and make them to withstand prolonged moisture stress.  
6. They reduce nursery establishment period.  
7. They reduce the irrigation frequencies and fertilization requirement of crop with improved input use efficiency. 

Type of Hydrogels 
Hydrogels are also known is cross-linked three-dimensional network water absorbent polymers. They are mainly three 
type of hydrogel for agriculture use: 
1. Stars-craft copolymers  
2. Cross-linked polyacrylates 
3. Cross linked poly acrylamide and acrylamide-acrylate copolymer 

Hydrogel Application Method 
There are two methods for applying hydrogel, as soil conditioner to stabilize the surface of soil to inhibit cust formation 
and improve water holding capacity or to improve the poor structure at greater depths by aggregation and to enhance 
the plant growth. 

1. Dry method to sub soil: Dry polymer such as  PVA is applied to the subsoil by mixing with the sandy soil into depth of 
about 15 to 25 cm and then subjecting to wetting for swelling prior to cultivation. After the polymer has swollen the soil 
structure is improved and the water penetration and retention capacity increases, decreasing water runoff and erosion 
this method is applied for long term intention as the polymer must absorb water appear to be coming beneficial it is not 
recommended for immediate showing. 

2. Wet method to top soil: The polymer solution is sprayed onto initial weighted topsoil, followed by a drawing to create 
a water stable aggregates that assist erosion. This method is particularly well adapted to sowing immediately afterwards 
and can also be adopted to reduce water consumption in irrigation systems where water losses occurs due to the soil 
poor ability to retain moisture. These wet polymer methods can also decrease soil erosion by being applied to topsoil or 
to driveways of irrigation. Surfactants have positive effect on aggregate stability, hydraulic conductivity and the 
distribution of conditioners. 

Hydrogel Application and Uses for Soil 
1. Hydrogel for soil fixation: It treats of poorly structured soils are to improve stabilization and solidification of soils by 
varying the physical and chemical features of soils for construction and other structural applications where soil movement 
must be reduced and eliminated. The process generally requires the use of more than one additive. Hydrogel can be 
used to fix soil particles into aggregates by incorporating a cross linking agent with them in the soil. They can be 
incorporated to improve water retention in the soil and provide a better growth medium. This technique is designed to 
allow crop cultivation without irrigation in areas natural rainfall is inadequate due to drainage and evaporation losses 
for long dry seasons. 

2. Hydrogel for soil conditioning: Hydrogel aids for increasing the available water content of soils, for improving plant 
growth, and reducing irrigation requirements due to reduction of water loss and evaporation, thus allowing the intervals 
between irrigation to be increased. The improved water retention in the soil will protect the plants against hydraulic 
stress. This is particularly suitable in arid areas where agriculture is marginal due to frequent rainfall. Polymers can be 
incorporated into the soil to improve soil structure and water retention by reducing leaching and increasing water supply 
to the roots.  

3. Hydrogel for soil erosion control: Soil erosion and runoff a serious land degradation problem in arid and semi-arid 
regions caused either by rain or wind. It is a significant environmental problem for agricultural lands that results in 
destruction and eventual abandonment of the land and the loss of civilization itself. Sediment in runoff from agricultural 
landfills and reservoirs and rivers endangered aquatic life and reduce soil productivity. Hydrogels can be applied to 
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aggregate the soil by surface treatment and hence to provide surface stabilization during the early phase of crop growth. 
Thus, hydrogels act to reduce erosion from water and wind by stabilizing the surface layers, reducing runoff and soil 
loss, decreasing the infiltration rates of water into soil and promotes hydrophilic nature of the soil surface which fastend 
the germination. 

4. Hydrogel for seepage control: Seepage control can be achieved by certain polymeric hydrogel which form a water 
impermeable layers or membranes in the soil and can efficiently use to control the movement of water and dissolve salts 
to their interactions with charge sides on the surface of the soil particles. Hydrogel are used for seepage control by the 
formation of membranes in the soil that restrict the moment of water thereby protecting crops from Salt damage. This 
technique can be used to save irrigation water, to control salt damage to crop caused by irrigation in arid soils and finally 
to prevent the seepage of such water into rivers and reservoirs. 
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With the emerging intellectual property rights under new and upcoming legislations, in conformity with the global 
developments and intergovernmental agreements, there is a need to protect the intellectual property developed in the 
research institutions and industries for not only commercial gains but also to support further research and development 
in agriculture. A patent is a legal document and an exclusive right conferred by the Government on an inventor, to 
prevent others from exploiting the patent without his permission. A patent provides its owner with the right to exclude 
others from exploiting the patented technology, including, for example, making, using, or selling the patented invention. 
This “exclusive right” enables the patent owner to recoup development costs and obtain a return of investment in the 
development of the patented technology. Effective patent protection stimulates research and is a key requirement for 
raising venture capital. A patent is important because it can help safeguard your invention. It can protect any product, 
design or process that meets certain specifications according to its originality, practicality, suitability, and utility. In 
most cases, a patent can protect an invention for up to 20 years after which the global audience can use the invention 
without permission and infringement of the patent. This is called the system of Quid Pro Quo and is fundamental to the 
patent system. The inventor can capitalize on this exclusive right and make his patent commercially viable.  

Patent protection for plants or seeds is frequently obtained by securing a broad patent that claims rights over the gene 
or gene vector. In effect, this may have the same outcome as patenting the whole plant. The holder of a patented variety 
may be able to prevent others from using it for breeding purposes. For example, in 1997, the US Patent Office granted 
a patent to US firm Rice Tec Co. (patent number 5663484) for a variety called Texmati rice (20 claims). Texmati rice has 
16 claims similar to Indian Basmati rice. As per Geographical Indication, Basmati is an Indian Rice Variety, which could 
not be patented by other country. Major patenting activity in India is in the area of biocides. The methods to isolate 
these these compounds from various plants have been patented. Among commercial crops, major patent was in 
groundnut, sugarcane, sunflower, mustard neem and cotton. However, a patent will be granted only if it satisfies the 
conditions of patentability. These conditions of patentability are: 
1. Novelty: In order to obtain a patent for an invention, the inventor is required to make sure that the invention consists 
of one or more elements that are new, failing which, the invention will not qualify for patenting. 

2. Non-obviousness: Along with novelty, the invention is required to be non-obvious. As in, any person possessing skills 
in the particular field of the invention must not find the invention to be easy and obvious. 

3. Industrial Application: Process/embodiments of an invention must have a commercial market failing which they will 
be termed as utility models. If the novel and non-obvious invention have some industrial application, the invention 
qualifies to be patented and thereby satisfies the conditions of patentability. 

Reasons for Patenting Your Inventions 
1. Exclusive rights: Patents provide the exclusive rights to the owner and inventor/owner exclude others from 
exploitation of technology. 

2. Strong market position: Through these exclusive rights, you are able to prevent others from commercially using your 
patented invention, thereby reducing competition and establishing yourself in the market. 

3. Higher returns on investments: Inventor have exclusive rights for making, using, or selling the patented invention. 
This “exclusive right” enables the patent owner to recoup development costs and obtain a return of investment in the 
development of the patented technology. 

4. Opportunity to license or sell the invention: If you chose not to exploit the patent yourself, you may sell it or license 
the rights to commercialize it to another enterprise, which will be a source of income.  

5. Positive image for your enterprise: Business partners, investors and shareholders may perceive patent portfolios as 
a demonstration of the high level of expertise, specialization and technological capacity within your company. This may 
prove useful for raising funds, finding business partners and raising your company's market value.  
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Conclusion  
Public sector is more active than private sector in patenting activity. So, there is a need academic-industrial partnership. 
So that collaborative work on R & D projects from public-private and industrial partnership help in increasing patent in 
Indian agriculture.  

References 
1. Mittal R and Singh G (2005) Patenting activities in Agriculture from India. Journal of Intellectual Property Right 

10:315-320. 
2. Malek W (2015) Why are Patents Important? 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
574 

Development and Opportunities of Landscape Gardening through CAD 
Article Id: 30217 
Dr. V. G. Magar1 

1 Assistant Professor, College of Agriculture, Dongarshelaki Tanda, Udgir (MS). 

 

Introduction 
The concept of CAD i.e. computer aided designing for landscape gardening is somewhat innovative. It can be simply 
defined as design and drafting of a landscape garden with the aid of computer. It can also be defined as use of information 
technology in garden designing. A CAD system consists of IT hardware (H/W), specialized software (S/W) (depending on 
the particular area of application) and peripherals, which in certain applications are quite specialized. The core of a 
CAD system is the software, which makes use of graphics for product representation; databases for storing the product 
model and drives the peripherals for product presentation. Its use does not change the nature of the design process, 
but, as the name states, it aids the product designer. The designer is the main actor in the process, in all phases from 
problem identification to the implementation phase. Computer aided designing is an important industrial art extensively 
used in industry and landscape architecture designing and many more. For landscape designs, it represents a practical 
solution for their imperative needs. Nowadays, CAD is using to create 2D or 3D computer models. 

Need of Computer Aided Designing in Landscape Gardening 
Originally the technique was aiming at automating a number of tasks a designer is performing and in particular the 
modelling of the product. Today, CAD systems are covering most of the activities in the design cycle, they are recording 
all product data, and they are used as a platform for collaboration between remotely placed design teams. CAD systems 
can shorten the design time of a product. Therefore, the product can be introduced earlier in the market, providing 
many advantages to a landscaper. Traditional drafting is repetitious and can be inaccurate, while, CAD provide accurate 
and efficient drafting with repetitive option which is prime need for a landscaper. CAD systems have the ability to 
provide a digital prototype of the product at early stages of the design process, which can be used for testing and 
evaluation. Many specialists from various subject areas can share it, they can express their opinion for the product at 
early stages, in order to complete the design in less time and with the least mistakes. 

Components of CAD System 
There are two main components of CAD system, i.e., software and hardware. 

CAD Software 
Some of the CAD softwares (http://usa.autodesk.com/autocad/features) used in landscaping are AutoCAD, ArchiCAD, 
Advance Concrete, Advance Design, Advanced Steel, BRL-CAD, BricsCAD, Tekla, Revit and  LANDCADD, etc. 

Hardwares 
There are basically two types of devices that constitute CAD hardware, one is input devices and another are output 
devices. Input devices like Mouse, Digitizers, Light pens, touch sensitive screens and other graphic devices like image 
scanner etc are used. In computing, an input device is a peripheral (piece of computer hardware equipment) used to 
provide data and control signals to an information processing system, such as a computer or information appliance. These 
are the devices that we use for communicating with computer, and providing our input in the form of text and graphics. 
The text input is mainly provided through keyboard. For graphic input, there are several devices available and used 
according to the landscaping provision.  

After creating a CAD model, we often need a hard copy, using an output device. Plotters and printers are used for this 
purpose. A plotter is often used to produce large size drawings and assemblies, whereas, a laser jet printer is adequate 
to provide a 3-D view of a model. 

Steps of CAD for Landscapes Designing  
1. Conducting a site inventory and analysis 
2. Determining your needs 
3. Creating functional diagrams 
4. Developing conceptual design plans 
5. Drawing a final design plan. 
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The first three steps establish the aesthetic, functional, and horticultural requirements for the design. The last two steps 
then apply those requirements to the creation of the final landscape plan. 

Conclusions  
It is concluded that through CAD drawing errors can be corrected easily. Drawings can be sent and received elsewhere 
quickly via e-tools. Drawing can be zoomed, copied and pasted for more detailed sections. Reuse of designs is possible 
through CAD applications. It can be stored in personal computer. It can work throughout the night so can produce product 
24 hours of a day. Design can be analyzed and optimized virtually using finite element analysis. CAD helps to reduce 
timescales and mistakes. But on the other hand, CAD can be very expensive and hard to do. For handling of CAD needs 
training. 
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Saffron is a spice as well as a colour. Saffron has been known for at least 3,000 years (and perhaps much longer), but 
saffron does not reproduce on its own – unlike most other plants, it needs human intervention to be grown. These are 
the dried red stigmas (See Pic 1), which accumulate large amounts of three glycosylated apocarotenoids, namely crocin, 
picrocrocin, and safranal, which, among the more than 150 volatile and aroma yielding compounds, contribute to the 
color, bitter flavour, and typical aroma of saffron. 

Pic 1. 

It is considered as the most expensive spice on the Earth because of its growing process. Each flower produces only three 
threads (stigmas) of saffron, and it blooms for only one week each year. The flowers must be harvested by hand in the 
mid-morning, when they are still closed in order to protect the delicate stigmas inside. For at least six hours a day, 
starting from dawn, one has to pluck mature flowers, as each flower grow very low, just six inches off the ground (See 
Pic 2), has three maroon stigmas growing from one pistil, and three worthless golden stamens. 

Pic 2. 

Only 454 grams of dried saffron requires 75,000 flowers. To make sure you're getting the best stuff, take a sniff—you 
want saffron that smells bit like sweet hay. It should also have all red stigmas, no yellow stamens. The exquisite petals 
and the stamens have no value at all; it is just the stigmas that are the precious spice. It is so costly because there is a 
great deal of labour and time required to cultivate the saffron crop. It carries a hefty price because the process of 
converting the crocus flowers into the thread like spice is painstaking and labour intensive, it takes around approximately 
160,000 flowers to yield a kilogram of saffron (See Pic 3). Poor harvest practices, irregular irrigation facilities, poor-post 
farming infrastructure and climate change factors (i.e. uneven and unwanted rainfall, long dry spells etc.) had badly hit 
the production of Kashmiri saffron by 65% in the last 22 years - from 16 metric tonnes to 5.6 metric tonnes in 2018, as 
per the official records by the Department of Agriculture, Kashmir. Moreover, processes involved after the harvest of 
saffron like the sun-drying of the saffron flower, needs some drastic changes, as outside India, post-harvesting practices 
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are completely mechanized to avoid any damage during handling. The cultivation and production of saffron has to be 
modernised and revamped for it to give better yield and more profit to the cultivators. 

Pic 3. 

Inevitable Benefits of Saffron 
1. Reduce heart disease risk factors: Animal and test-tube studies indicate that saffron’s antioxidant properties may 
lower blood cholesterol and prevent blood vessels and arteries from clogging. 

2. Lower blood sugar levels: Saffron may lower blood sugar levels and raise insulin sensitivity as seen in test-tube studies 
and mice with diabetes. 

3. Improve eyesight in adults with age-related macular degeneration (AMD): Saffron appears to improve eyesight in 
adults with AMD and protect against free radical damage, which is linked to AMD. 

4. Improves memory in adults with Alzheimer’s disease: Saffron’s antioxidant properties may improve cognition in 
adults with Alzheimer's disease. 

5. Powerful antioxidant: Crocin and crocetin are carotenoid pigments and responsible for saffron’s red color. Both 
compounds may have anti-depressant properties and protect brain cells against progressive damage as well.  

6. Improve mood and treat depressive symptoms: Both the saffron petals and thread-like stigmas appears to be 
effective against mild-to-moderate depression. 

7. Cancer-fighting properties: Saffron is high in antioxidants, which may help kill cancer cells while leaving normal cells 
unharmed.  

8. Reduce PMS Symptoms: Both eating and smelling saffron appears to help treat PMS symptoms, such as irritability, 
headaches, cravings, pain, and anxiety. 

9. Reduce appetite and aid in weight loss: Saffron has been shown to reduce snacking and curb your appetite. In turn, 
these behaviours may help you lose weight. 

10. Physical performance: The active chemicals in saffron belong to a group of molecules called carotenoids. These 
molecules may improve energy supply and power (ergogenic effects). 
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Transgenic plant research depends on the availability of procedures for plant transformation. It is usually carried out by 
two methods i.e. the use of Agrobacterium as a biological vector for foreign gene transfer, and direct gene transfer 
techniques. Agrobacterium can be used to transform a wide range of plants, but there are a number of species which 
are of interest for basic or applied research in which of Agrobacterium - mediated transformation is not reproducible or 
efficient. The “first generation” of transgenic crops were aimed at improving traits involving single genes. In 2014 global 
biotech crop hectarage continued to grow for the 19th consecutive year of commercialization; 18 million farmers in 28 
countries planted more than 181 million hectares in 2014, up from 175 million in 27 countries in 2013.  

India cultivated a record 11.6 million hectares of Bt cotton planted by 7.7 million small farmers with an adoption rate 
of 95%, up from 11.0 million hectares in 2013. Notably, the increase from 50,000 hectares of Bt cotton in 2002 to 11.6 
million hectares in 2014, represents an unprecedented 230-fold increase in thirteen years. Latest provisional estimate 
indicated that India had enhanced farm income from Bt cotton by US$16.7 billion in the twelve-year period 2002 to 2013 
and US$2.1 billion in 2013 alone, similar to 2012. Notably, Bangladesh, a small poor country approved Bt brinjal/egg 
plant for the first time on 30 October 2013, and in record time-less than 100 days after Production of transgenic crops 
with enhanced heat stress tolerance is a highly desired agronomic trait for the sustainability of food production in 21st 
century. 

Introduction 
The term “genetic engineering” was first used by Jack Williamson in his science fiction novel ‘Dragon’sIsland’, published 
in 1951. In 1972, Paul Berg created the first recombinant DNA molecules by combining DNA of monkey virus SV40 with 
the DNA of lambda virus. After one year (1973), the first transgenic organism was created by Herbert Boyer and Stanley 
Cohen. The first genetically modified kanamycin resistant tobacco plant (Nicotiana plumbaginifolia) was produced at 
the Washington University by Framond and his group in 1983 (Bevan et al., 1983). In the same year, Jeff Schell and Marc 
Van Montagu of Rijks University in Ghent, Belgium, had produced transgenic tobacco plant that was resistant to 
kanamycin and to methotrexate, a drug used to treat cancer and rheumatoid arthritis (Schell et al., 1983). The first 
genetically modified kanamycin-resistant tobacco plant (Nicotiana plumbaginifolia) was produced at the Washington 
University by Framond and his group in 1983 (Bevan et al., 1983).  

In the same year, Jeff Schell and Marc Van Montagu of Rijks University in Ghent, Belgium, had produced transgenic 
tobacco plant that was resistant to kanamycin and to methotrexate, a drug used to treat cancer and rheumatoid arthritis 
(Schell et al., 1983). Since 1973 to 2003, top 10 genetically modified species tobacco, tomato, petunia, potato, maize, 
rice, wheat, barley soybean and cotton were adopted worldwide and approved for commercial cultivation. In 2009, it 
was reported that 25 countries including six major GMO crop growing countries USA, Brazil, Argentina, India, Canada and 
China adopted 11 transgenic crops for commercial cultivation. An unprecedented increase (about 100-folds) of transgenic 
crop cultivation was recorded from 1.7 million hectares in 1996 to 170 million hectares in 2012. In recent years, the high 
rate of adoption of engineered crops speaks in favour of acceptance of the transgenic technology. At present, in USA 25 
GM crops have received regulatory approval to be grown commercially. In 2013, roughly 85% of corn, 91% of soybeans, 
and 88% of cotton grown in United States are genetically modified. 

In this year (2013), the National Genetically Modified Product Bio-safety Commission (KKHPRG) of Indonesia recently 
approved the first genetically altered drought resistant sugarcane crop for commercial production. 

Methods of Gene Transfer in Plants 
There are two types of effective gene transfer to plants, the first is based on the use of Agrobacterium as a biological 
vector and the second is based on the use of physical, electrical or chemical treatments to introduce isolated DNA into 
cells alleviating the need for vector use. The original method devised for the production of the first GM plants in 1983 
depended on the use of the natural bacterial vector Agrobacterium tumefaciens. 
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Indirect gene transfer using Agrobacterium as vector: The most widely used method for the introduction of new genes 
into plants is based on the natural DNA transfer capacity of Agrobacterium tumefaciens. In nature this soil bacterium 
causes tumour formation (called crown gall) on a large number of dicotyledonous plant species. During this infection a 
part of the Tiplasmid of Agrobacterium, called T-DNA, is transferred and integrated into the plant genome. This natural 
capacity made us use this bacterium as a natural vector of foreign genes (inserted into the Ti-plasmid) into plant 
chromosomes. limitations are due to the natural host range of Agrobacterium, which generally infects herbaceous 
dicotyledonous species most efficiently and is less effective on monocotyledonous and woody species (De Cleene and De 
Ley, 1976). In these plants, direct gene transfer techniques offer the means to establish transformation systems but 
many of these techniques suffer from a relatively low efficiency of transformation. 

Fig.- Ti Plasmid 

Mode of Action 
Advantages in Agrobacterium-Mediated Transformation: 
1. Experiment is simple and low cost (‘poor man’s vector’) 
2. DNA was transferred with defined ends 
3. Transgene linked with the transformation marker 
4. Higher ratio of single copy insertions 
5. Higher frequency of stable transformation 
6. Lower chances of transgene silencing 
7. Capable of transferring long stretches (>150 kb) of T-DNA 

Appliance of Transgenic Plants for Benefit of Mankind 
1. Transgenics for improved storage (Shelf-life) 
2. Transgenic plants for increased nutritional value 
3. Transgenic plants for resistance to abiotic stress 
4. Transgenic plants for resistance to biotic stress 
5. Molecular Farming. 

Transgenics for Improved Storage (Shelf-Life) 
The first approval for commercial sale of a food product was Flavr Savr tomato, developed by Calgene in Davis, California, 
for a delayed ripening trait so that the fruits stayed firm after harvest. This was achieved by the suppression of the 
enzyme polygalacturonase, which occurs naturally in the cell walls and causes ripe tomatoes to soften (Prakash, 2005). 

There are two approaches for improving the shelf life of tomato crop. 
1. Antisense RNA technology. 
2. Using the gene ACC (1-aminocyclopropane-1- carboxylic acid) deaminase, which degrades ACC to ethylene and leads 
to the ripening. 

Transgenic Plants for Increased Nutritional Value 
Golden Rice is the name given to rice varieties that carry a novel trait enabling the plant to accumulate beta-carotene 
in the grain only and not in the leaves as is the case in white rice plants. Originally genetically engineered in 2004 to 
produce and accumulate beta-carotene in the grains, the trait has been introduced through conventional breeding into 
white indica-type rice varieties common in Asia (Tanget al., 2013). 
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Transgenic Plants for Resistance to Abiotic Stress 
Abiotic stress is defined as environmental conditions that reduce growth and yield below the optimum levels. The 
response of plants for water deficit leads to the synthesis of low molecular weight compounds called as osmo-protectant. 
These osmo-protectant lowers the osmotic potential in cell sand maintains turgor. Other important genes encode 
membrane-modifying enzymes, radical scavenging enzymes; stress-induced proteins are also used to make stress 
resistant plants (Holmberg and Bulow, 1998). 

Transgenic Plants for Resistance to Biotic Stress 
1. Disease resistance: Disease free plants can be possible by the method of genetic transformation (Clark et al., 
1995).Introducing some hydrolytic enzymes coding genes from other plants or bacteria encoding enzymes like chitinase 
or glucanase. These enzymes break down chitin or glucan, respectively, which are essential components of fungal cell 
walls.Introducing plant genes to enhance innate plant defense mechanisms (e.g. activating phytoalexins, proteinase 
inhibitors, or toxic proteins).Invoking the hypersensitive reaction: Plants varieties that are naturally resistant to specific 
types of fungal diseases are often programmed to have individual cells quickly die at the site of fungal infection. This 
response known as the hypersensitive reaction. 

2. Bacterial resistant plants: Transgenic plants resistant against bacterial infection are made by the transfer of some 
anti-bacterial proteins like lytic peptides, lysozymes and iron sequestering glycoproteins. Lytic peptides are small 
proteins with amphipathic helical structure whose effect is to form pores in bacterial membranes (e.g. Cecropins, attacin 
etc.). The first bacterial disease resistant plant was tobacco resistant against Pseudomonas syringae pv. tabaci and P. 
syringae pvsyringae by Anzai et al.,(1989). 

3. Herbicide resistance: There are three approaches in the production of herbicide resistant plants. 
a. Detoxification and degradation of the herbicide. 
b. Overproduction of herbicide sensitive biochemical target. 
c. Structural alteration of a biochemical target. 

4. Glyphosate resistance: Glyphosate (Roundup) inhibits the enzyme EPSPS (5-enolpyruvlshikimate-3phosphate 
synthase) involving in amino acid biosynthesis. The gene encoding EPSPS has been transferred into plants and confers 
plants to be herbicide resistant by detoxification. (Tsaftaris, 1996). 

5. Glufosinate resistance: Glufosinate (the active ingredient being phosphinothricin) mimics the structure of the amino 
acid glutamine, which blocks the enzyme glutamate synthase. Glufosinate resistant plants produce by transferring the 
bar gene from Streptomyces that produce a protein that inactivates the herbicide (Wohlleben et al., 1988). 

6. Bromoxynil resistance: A gene encoding the enzyme bromoxynil nitrilase (BXN) is transferred from Klebsiella 
pneumoniabacteria to plants. Nitrilase inactivates the Bromoxynil before it kills the plant. 

7. Sulfonylurea resistance: Sulfonylurea kills plants by blocking an enzyme needed for synthesis of the amino acids 
valine, leucine and isoleucine. Resistance generated by transferring a gene which coding for acetolactate synthase (ALS) 
into plants. 

8. Insect resistance: Insects can cause damage both in the field and during storage of plant products. Each year, insects 
destroy about 25 percent of food crops worldwide. Bacillusthuringiensis is a spore forming soil bacterium has attracted 
much attention for its use in pest control. It produces the inactive, crystalline protein called as Bt toxin which is 
potentially toxic to a variety of herbivorous insects. When the insects will consume the protein, it will get activated 
toxic form, which affects the gut of insects and leads to the death of insects (Carozzi et al., 1992; Liang et al., 1994). 

Molecular Farming 
Genetically modified plants have been used as “bioreactors” to produce therapeutic proteins for more than a decade. It 
has been possible to produce carbohydrates, fatty acids, polypeptides, vaccines and industrially important enzymes. For 
example, soybeans have been used to produce monoclonal antibodies with therapeutic value for the treatment of colon 
cancer. 

Direct Gene Transfer Method 
In direct gene transfer methods, the foreign gene of interest is delivered into the host plant cell without the help of a 
vector (Chen et al., 1998). The methods are: 
1. Particle bombardment 
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2. Protoplast transformation 
3. Tissue electroporation 
4. Ultrasound-induced transformation 
5. Silicon-carbide fiber or whisker transformation 
6. Laser-mediated transformation 
7. Microinjection 

Conclusion 
Genetic transformation of crop plants has emerged asa remarkable achievement in modern biotechnology.Greater 
advances have been made in the developmentof various components but still more is to be done.However, there is need 
to address specific issues linkedto the development and application of strategies togenerate marker free transgenic 
plants.One of the concerns often voiced by critics of biotechcrops is the narrow focus on four principal crops(soybean, 
maize, cotton, and canola) and two traits,(herbicide tolerance and insect resistance).The issues related with 
theobjections to transgenic crops can be broadly groupedinto concerns about. (Tarafdar et al., 2014). 
1. Damage to human health. 
2. Damage to the natural environment. 
3. Disruption of current practices of farming andfood production in developed countries. 
4. Disruption of traditional practices and economiesin less developed countries. 
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Watershed management is the most important practice in agriculture, especially in dryland agriculture. It plays a greater 
role in conserving the runoff water from various sources. The rain water harvesting is the major source of water in 
watershed. That harvested water is used to irrigate the crops under water stress condition in the dry areas. It is also 
applied to the crops as a supplemental irrigation or as life-saving irrigation to different agricultural crops. Watershed 
management become most important and a necessary thing to save the crops from various stresses occurring during the 
crop period. Now a day the environment is degrading due to reduction in forest area, soil erosion has increased; soil 
ground water table is down, severity of the drought in increasing and degradation of dryland soils. 

Concept of Watershed Management 
Watershed is the drainage area on the land surface from which runoff or excess water from rainfall reach at a special 
point known as common outlet. It is the common point from which the excess amounts of water collected and distribute 
through a outlet to the connecting sources. Or you can say that it is the common method to collect the runoff water. As 
we know that the agricultural system is totally depends upon the water sources, without proper source of irrigation 
water agriculture is not possible in any situation. Watershed is the boundary to collect the runoff water coming from 
various sources like point sources and non-point sources. The planning and designing of soil and water conservation 
structures likewise water harvesting structure overflow structure, bunds, water ways etc. Thus, it is essential to 
development of various programmes related to watershed basis in conjunction with fundamentals of soil and water 
conservation practices. The watershed development programme needs to be taken up from ridge line to outlet point. 
The main purpose of watershed management programme in dryland areas is to optimum and collective use of agricultural 
lands, water, vegetation in a particular area for providing facility to reduce the drought impacts, moderate floods, 
reduce soil erosion, increasing availability of water and increase food, fuel, fodder and fibre on sustainability basis.  

Meaning of Watershed Management 
The word “watershed” introduced in 1920 was used for the “water parting boundaries”. Watershed is defined as any 
surface area from which rainwater is collected and drains through common outlet/point. Watershed is defined as a geo-
hydrological unit draining to a common point by a system of drains.  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
583 

All lands on earth are part of one watershed or other. Watershed is thus the land and water area, which contributes 
runoff to a common point. It is synonymous with a drainage basin or catchment area. In fact, watershed is a biological, 
physical, economic and social system. A watershed is an area of land and water bounded by a drainage divide within 
which the surface runoff collects and flows out of the watershed through a single outlet into a lager river or lake. 
Watershed technology is used in Rainfed areas. Watershed management is the integration of technologies within the 
natural boundaries of a drainage area for optimum development of land, water and plant resources to meet the basic 
needs of the people and animals in a sustained manner. 

Watershed management implies an effective conservation of soil and water resources for sustainable production with 
minimum non-point resources (NFS) pollutant losses. It involves management of land surface and vegetation so as to 
conserve the soil and water for immediate and long-term benefits to the farmers, community and society as a whole. 
Catchment area is the water collecting area. “All the areas from which water flows out into a river or water pool”. 

Objectives of Watershed Management 
1. To protect, conserve and improve the land resources for efficient and sustained production. 
2. To protect and enhance water resources, moderate floods and reduce silting up of tanks, increase irrigation and 
conserve rain water for crops and mitigate drought. 
3. To utilize the natural resources for improving agriculture and allied occupation and industries (small & cottage) so as 
to improve socio-economic condition of local residents. 

Types of Watershed Management 
Watershed is classified depending upon the size, drainage, shape and land use pattern. 
 a. Macro watershed: 1000 -10,000 ha 
 b. Micro watershed: 100 -1000 ha 
 c. Mini watershed: 10 -100 ha 
 d. Mille watershed: 1 -10 ha 

Principles 
1. Utilizing the land according to its capability based on land use classification. 
2. Conserving as much rainwater as possible at the place where it fall i.e. ‘in situ’ conservation. 
3. Draining out excess water with a safe velocity and diverting it to storage structure (farm ponds, tanks) for future use. 
4. Avoiding gully formation and putting up check dams at suitable places to control soil erosion, to store rain water and 
recharge groundwater. 
5. Identifying a suitable cropping pattern for the watershed area. 
6. Maximising productivity per unit area, per unit time and per unit water. 
7. Increasing cropping intensity and land equivalent ratio through intercropping and sequence cropping. 
8. Safe utilization of marginal and waste lands through alternate land use system such as agro-forestry. 
9. Ensuring sustainability of the ecosystem benefiting the man-animal-plant-land-water complex in the watershed. 
10. Stabilizing total income and cutting down risk of during aberrant weather situations. 
11. Improving infrastructure facilities with regard to storage, transportation and marketing. 

Conclusion 
It can be concluded that watershed management was found successful and highly efficient in semi –arid region and can 
be accepted as pivotal for Sustainable agricultural production. The watershed management programme proved labour 
intensive and offered high avenues foe employment generation in the rural areas. 
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India is the fourth largest oilseed economy in the world. Among the seven edible oilseeds cultivated in India, rapeseed-
mustard contributes 28.6% in the total oilseeds production and ranks second after groundnut sharing 27.8% in the India’s 
oilseed economy. The mustard growing areas in India are experiencing the vast diversity in the agro climatic conditions 
and different species of rapeseed-mustard are grown in some or other part of the country. Under marginal resource 
situation, cultivation of rapeseed-mustard becomes less remunerative to the farmers. This results in a big gap between 
requirement and production of mustard in India. Therefore, site-specific nutrient management through soil-test 
recommendation based should be adopted to improve upon the existing yield levels obtained at farmers field. Effective 
management of natural resources, integrated approach to plant-water, nutrient and pest management and extension of 
rapeseed-mustard cultivation to newer areas under different cropping systems will play a key role in further increasing 
and stabilizing the productivity and production of rapeseed-mustard. The paper reviews the advances in proper land and 
seedbed preparation, optimum seed and sowing, planting technique, crop geometry, plant canopy, appropriate cropping 
system, integrated nutrient management and so forth to meet the ever growing demand of oil in the country and to 
realize the goal of production of 24 million tonnes of oilseed by 2020 AD through these advanced management techniques. 

Mustard is cultivated in mostly under temperate climates. It is also grown in certain tropical and subtropical regions as 
a cold weather crop. Indian mustard is reported to tolerate annual precipitation of 500 to 4200 mm, annual temperature 
of 6 to 27°C, and pH of 4.3 to 8.3. Rapeseed-mustard follows C3 pathway for carbon assimilation. Therefore, it has 
efficient photosynthetic response at 15–20°C temperature. At this temperature the plant achieves maximum CO2 
exchange range which declines thereafter. Rai is mostly grown as a rainfed crop, moderately tolerant to soil acidity, 
preferring a pH from 5.5 to 6.8 thrives in areas with hot days and cool night and can fairly sustain drought. Mustard 
requires well-drained sandy loam soil.  

Rapeseed-mustard has a low water requirement (240–400 mm) which fits well in the rainfed cropping systems. Nearly 
20% area under these crops is rainfed. A review is prepared on advances on agronomic practices for enhancing the 
rapeseed-mustard production in India. A review of the work done on the different aspects in India and abroad especially 
under advance agronomic practices is done in this paper. 

Planting Technique 
Sowing technique depends upon land resources, soil condition, and level of management and thus broadcast, line sowing, 
ridge and furrow method and broad bed and furrow method are common sowing techniques. At higher soil moisture 
regimes, broadcasting followed by light planking gives early emergence and growth. Under normal and conserved 
moisture regime, seed placement in moist horizon under line sowing becomes beneficial. 

At Shillongani, broadcast method was found to be more successful. Significantly higher seed yield of toria (Brassica rapa 
var. toria) was harvested in broadcast sowing of toria over other practices. Toria broadcast at dough stage along with 
80 kg N/ha gave the highest yield (AICRP-RM, 2006). At Bhubaneshwar, line sowing of yellow sarson after land preparation 
produced maximum seed yield (870 kg/ha) with 40 kg N/ha. At Behrampore, 40% higher seed yield of toria was obtained 
when sown in line after land preparation in the rice-based cropping system over broadcast (AICRP on RM, 
2006). Paira or utera is a method of cropping in which the sowing of next crop is done in the standing previous crop 
without any tillage operation. Mustard sowing under paira/utera in the rice field has shown its edge over line sowing 
and broadcasting (Sowing of seeds by broad casting the seeds in the field) in eastern parts of India. At Dholi, mustard 
sown with paira cropping recorded significantly higher seed yield (1212 kg/ha) over line sown and broadcast method, 
while these 2 methods yielded at par. At Bhubaneswar, significantly higher yield (887  kg/ha) of mustard was recorded 
when sown as utera crop over line and broadcast sown crop. 

Ridge and furrow sowing were superior to conventional flat sowing for growth parameters and yield of Brassica juncea. 
Under saline condition, seed yield of canola in ridge sowing was higher by 45, 31, and 28% than broadcast, drill and 
furrow sowing methods, respectively. The highest yield was associated with less saline environment at the ridges which 
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allowed the seed to germinate and increase the yield. Transplanting of mustard has also been reported thereby saving 
time, and resources. Transplanting reduces days to maturity and results in higher seed yield. Ridge transplanting reduced 
water applied by 30% for each furrow as compared to 45 cm row spacing in flat method without any loss in seed yield. 
The corresponding increase in water use efficiency (WUE) was 27%. In bed planting, there was a 35% saving in water 
resulting in 32% increase in WUE. 

Impact of Low Monetary Agro Techniques on Mustered Productivity 
Agricultural inputs like fertilizer, irrigation, insecticides, pesticides, and herbicides, and so forth, are very expensive. 
Some nonmonetary or low monetary inputs can enhance the yield considerably with a slight increase in the cost of 
cultivation. There are a number of low monetary agro techniques which enhance the mustard yield considerably. For 
harvesting the maximum yield of rapeseed-mustard at a given situation, all the production technologies, like, soil 
amendments, thinning, nutrient supply, sowing direction, irrigation, plant protection, and so forth should be planned 
well in advance. At Bharatpur, highest seed yield (1464 kg/ha) was recorded with the application of recommended 
practice (RP) + thinning at 15 and 25 DAS + detopping at bud-initiation stage followed by RP + thinning at 15 and 25 DAS. 

Future Line of Research 
Rapeseed-mustard will continue to contribute considerably to the oilseed bowl of the country. A streamlined research 
programme for rapeseed-mustard should be focused on the below-mentioned points. 
1. Horizontal and vertical intensification in rapeseed-mustard production needs to be done for self-sufficiency in oilseed 
production. It is possible through varietal improvement and introduction of mustard in non-traditional areas. 

2. An optimum agronomic package of practices for high yielding and insect, pest, and disease resistant varieties, along 
with the upcoming hybrids needs to be worked out. 
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3. Adoption of site-specific nutrient management (SSNM), precision agriculture, and conservation agriculture can bring 
more profits to the mustard growers. 

4. An integrated weed management approach needs to be developed for problematic and parasitic weeds in mustard. 
Orobanche is becoming a serious constraint and for its management a holistic approach which includes GM techniques 
needs to be explored. 

5. Suitable crop models and simulation for various inputs like water and nutrients will be helpful to target the most 
productive and most potential mustard growing zones of India. 

Conclusion 
The tremendous increase in oilseed production is attributed to the development of high yielding varieties coupled with 
improved production technology, their widespread adoption and good support price. To meet the ever-growing demand 
of oil in the country, the gap is to be bridged through management techniques. The vertical growth in mustard production 
can be brought by exploiting the available genetic resources with breeding and biotechnological tools which will break 
the yield barriers. Horizontal growth in rapeseed-mustard can be brought in those rapeseed-mustard growing 
areas/districts of the country, wherever, the yield is lower than the national average. Production technologies for 
different agro ecological cropping systems, crop growing situations like intercropping, salinity, rainfall, and so forth, 
under unutilized farm situations like rice-fallows, mustard to be followed after cotton, sugarcane, soybean, and so forth, 
and mustard as a paira crop in rice with lathyrus, lentil or any other competing rabi crop in traditional and non-traditional 
areas, need to be worked out. It is estimated that at least 1 million hectares can be brought under cultivation, through 
adoption of such cropping systems. 

Proper land preparation, proper time of sowing, selection of better-quality seeds, and so forth are always neglected. 
Fertilizer application is little or non-existent leading to poor productivity. Whether little is spent on fertilizer input goes 
entirely on nitrogenous fertilizers. This results in a big gap between requirement and production of mustard in India. 
Therefore, site-specific nutrient management through soil-test recommendation based should be adopted to improve 
upon the existing yield levels obtained at farmers field. Optimum crop geometry, balanced NPK fertilizers, intercultural 
operations, and inclusion of farmyard manure are the building blocks for achieving the utmost yield targets of rapeseed-
mustard. Effective management of natural resources, integrated approach to plant-water, nutrient and pest 
management and extension of rapeseed-mustard cultivation to newer areas under different cropping systems will play a 
key role in further increasing and stabilizing the productivity and production of rapeseed-mustard to realize 24 million 
tonnes of oilseed by 2020 AD. 
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Introduction 
Teff (Eragrostis tef) is an ancient tropical minor cereal crop worldwide.  It is originated in the northern Ethiopian 
highlands from where it is believed to have been domesticated. Although teff has been used for food in Ethiopia for 
many centuries, it is only recently that its use as a food ingredient has gained interest in other parts of the world. At 
present it is cultivated in a few countries such as South Africa, India, USA, Eritrea and Ethiopia, although it is primarily 
used for human consumption only. 

Relative to more common cereals like wheat, rice, and maize, little is known about the nutritional composition and 
potential health benefits of teff. However, over the past decade, the recognition that teff is gluten free has spurred 
global research interest by nutritionists and food scientists. Consequently, studies on the nutritional composition of teff 
and its processing qualities have grown, and the development of new teff based products has accelerated. Teff is possibly 
the smallest cereal grain with an average length of approximate 1.0mm and the average thousand kernel weights was 
0.264g (Bultosa 2007; Adebowale et al. 2011). The color of teff can vary from white (ivory) to dark brown (black) 
depending on the variety. The minuteness of teff grains has nutritional and technological implications. 

Nutritional Compositions 
Agricultural inputs like fertilizer, irrigation, insecticides, pesticides, and herbicides, and so forth, are very expensive. 
Some nonmonetary or low monetary inputs can enhance the yield considerably with a slight increase in the cost of 
cultivation. There are a number of low monetary agro techniques which enhance the mustard yield considerably. For 
harvesting the maximum yield of rapeseed-mustard at a given situation, all the production technologies, like, soil 
amendments, thinning, nutrient supply, sowing direction, irrigation, plant protection, and so forth should be planned 
well in advance. At Bharatpur, highest seed yield (1464 kg/ha) was recorded with the application of recommended 
practice (RP) + thinning at 15 and 25 DAS + detopping at bud-initiation stage followed by RP + thinning at 15 and 25 DAS. 

Future Line of Research 
Complex carbohydrates make up 80 percent of the teff grain. It has a starch content of approximately 73 percent, making 
teff a starchy cereal.  In comparison to wheat, the in vitro starch digestibility of teff was found to be significantly lower. 
In line with this, the predicted glycemic index of teff was significantly lower than that of refined wheat flour but 
comparable to that of sorghum and oats (Wolter et al. 2013). The crude fiber, total and soluble dietary fiber content of 
teff is several folds higher than that found in wheat, sorghum, rice and maize.  

The average crude protein content of teff is in the range of 8 to 11 percent and the fractional protein composition of 
teff suggests that glutelins (45 percent) and albumins (37 percent) are the major protein storages, while prolamins are 
a minor constituent (12 percent).  A relatively high concentration of lysine, a major limiting amino acid in cereals, is 
found in teff. Similarly, compared to other cereals, higher contents of isoleucine, leucine, valine, tyrosine, threonine, 
methionine, phenylalanine, arginine, alanine, and histidine are found in teff. Another important feature of teff is that 
it has no gluten (Hopman et al. 2008). This makes teff a valuable ingredient for functional foods destined for celiac 
patients who are gluten intolerant.  The crude fat content of teff is higher than that of wheat and rice, but lower than 
maize and sorghum. Teff grains are rich in unsaturated fatty acids, predominantly oleic acid (32.4 percent) and linoleic 
acids (23.8 percent) (El-Alfy et al. 2012). The difference in mineral content is wide ranging between and within teff 
varieties. Red teff has a higher iron and calcium content than mixed or white teff (Abebe et al. 2007). On the other 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
588 

hand, white teff has a higher copper content than red and mixed teff. Thus, teff has a higher iron, calcium and copper 
content than other common cereals. The zinc content of teff is also higher than that of sorghum and wheat. Teff is a 
comparatively good source of phytochemicals, such as polyphenols and phytate with a wide range of variability, probably 
due to differences in varieties and growing conditions. Polyphenols are secondary metabolites of plants involved in the 
defense against pathogens or ultraviolet radiation and similarly protect cell constituents against oxidative damage, 
limiting the risk of diseases associated with oxidative stress. Alaunyte et al. (2012) showed that by supplementing wheat 
bread with 30 percent teff flour, it was possible to significantly increase the total antioxidant capacity from 1.4 to 2.4 
mM trolox equivalent antioxidant capacity per 100g.  

Furthermore, the high dietary fiber along with the relatively good concentration in phytochemicals makes teff a good 
contender for a functional food for health promotion and disease prevention. Nevertheless, the use of teff for human 
consumption is limited to only few countries in the world (Ethiopia and Eritrea). 

Health Benefits 
As technological challenges are over-come in processing teff to make bread and other food products, demand for teff is 
likely to increase globally. 
1. Iron deficiency: Iron-deficiency is the most widespread micronutrient deficiency globally, affecting more than two 
billion people. Growth retardation, impaired mental and psychomotor development, child and maternal morbidity and 
mortality, and decreased immunity and work performance are among the adverse effects of iron deficiency (Georgieff, 
2011). Food fortification and nutritional supplements may constitute effective strategies to prevent iron deficiency. Teff 
can be a good alternative. Alaunyte et al. (2012) showed that by supplementing wheat bread with 30 percent teff flour, 
the iron content of the bread more than doubled. 

2. Celiac disease: Worldwide, 0.6-1.0 percent of the population is affected by celiac disease. The symptoms include 
diarrhea, abdominal pain, and disturbances in nutrient absorption caused by histological alterations of the small bowel. 
The only treatment for those with celiac disease available to date is to follow a strict gluten-free diet. Compared to 
gluten-free cereals and pseudocereals such as quinoa, amaranth, buckwheat, maize, brown rice, and sorghum, teff is 
more nutrient-dense (Alvarez-Jubete et al. 2010; Gebremariam et al. 2012).  

3. Diabetes: Several features of teff suggest that its consumption may prevent or control diabetes. Diets high in whole 
grains have been associated with a 20 to 30 percent reduction in the risk of developing type 2 diabetes. Relative to 
wheat, teff has a low glycemic index and thus better suited for diabetic patients (Wolter et al. 2013). In addition, the 
relatively high dietary fiber in teff relative to other common cereals, can decrease fasting blood glucose levels and, 
thus, contribute to the prevention and management of diabetes (Post et al. 2012). 

Conclusion 
Teff, perhaps the smallest cereal grain in the world, is a comparatively good source of nutrients. Despite having a very 
good nutrient profile, teff’s consumption is limited to Ethiopia and Eritrea. The limited knowledge of teff’s nutrient 
composition along with processing challenges faced in making teff based food products adapted for international 
consumers has restrained its global use for human consumption.  

However, in the past decade, studies have confirmed the excellent nutrient composition of teff and demonstrated that 
through the use of enzymes, hydrocolloids, or fermentation that it may be possible to overcome food processing 
challenges faced when using teff as an ingredient for bread making. Along with the possible health benefits in managing 
celiac disease, and a possible solution in preventing and controlling iron deficiency and diabetes, these all indicate the 
potential of teff to be a future global functional food for health promotion and disease prevention. 
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Introduction 
Quail (Coturnix coturnix) which is also known as buter in most region of India were first domesticated in Japan in 1595. 
Now a day’s quail farming gaining more importance because of its unique characters like short generation period, (age 
at sexual maturity is around 6 weeks), easy handling, disease resistance, health values and easy rearing practices. Quail 
is third most commonly reared bird next to chicken and duck. Alternative to chicken was necessary to reduce the 
competition among farmers as well as for food in human population.  

Several types of quails are available in world and the quail which is found in forest is still considered as a wild bird and 
protected by Indian forest department. But Japanese quail (Coturnix Coturnix Japonica) which is exempted from wild 
life protection act, vide by Indian forestry department can be used for farm practices and can be marketed. Though the 
Government of India is encouraging entrepreneurs to start quail farm, a government license is required to sell commercial 
Japanese quail considering the jungle variety of the bird, which is a protected species. The Ministry of environment and 
forests delegated the power to grant such license to the department of Animal husbandry. Japanese quail was first 
introduced in India during 1974from California by central Avian Research Institute, Izatnagar (CARI). Commercially 
Japanese quail can be reared for both meat and egg purpose which weighs around 220gm -240gm at 5th week of age. 

Important Features of Japanese Quail 
1. Japanese quail weighs 8-9g from hatching egg weight of 10-11g.  
2. Average body weight at 5-6 weeks is 180-200gms and adult body weight is 200-250g.  
3. Females are heavier than males. 
4. The female is characterized by long and pointed feathers with black speckles on the throat and upper breast. The 
males have rusty brown throat and breast feathers.  
5. Sexually active males also have a cloacal gland, a bulbuous structure located at the upper edge of the vent which 
discharges a white foamy material. 
6. Very fast multiplier because of short generation interval and completes 3-4 generation per year.  
7. Prolific layer: lays 280-300 eggs per year  
8. Early sexual maturity:6-7 weeks 9. Minimum floor space requirement i.e. 8-10 quails can be housed in a space required 
to house one broiler/layer chick.  
9. Low feed requirement: 25-30 gram per quail/day 11.Early marketing age for table delicacy: 5-6 weeks. 
10. High nutritive value of egg and meat  
11. Quail eggs are low in cholesterol content than chicken egg.  
12. Quail meat is low in fat and cholesterol content and is an ideal food for infants, children, adults, old people and 
those attempting to control their weights. 

Advantages of Quail Farming 
1. Requires minimum floor space 
2. Needs low investment 
3. Quails are comparatively sturdy birds 
4. Can be marketed at an early age ie. five weeks 
5. Early sexual maturity - starts laying eggs in about six to seven weeks of age 
6. High rate of egg laying -280 eggs per year 
7. Quail meat is tastier than chicken and has less fat content. It promotes body and brain development in children. 
8. Nutritionally, the quail eggs are on par with that of chicken eggs. Moreover, they contain less cholesterol. 
9. Quail meat and eggs are a nutritious diet for pregnant and nursing mother  

General Management 
1. Brooding management: Quail chicks are brooded under 24 hr light up to 2-3 weeks of age which may be reduced to 12 
hr by the end of 3 weeks and thereafter 12 hr photoperiod is adequate up to 5 weeks of age. About 14-16 hr photoperiod 
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is recommended for laying quails. Both Battery and Floor system of brooding and rearing can be employed with 
satisfactory results. Battery brooding up to 3 weeks of age, however, appears to be better than floor brooding due to 
the small size of the chick. The floor should be preferably covered with corrugated paper so as to provide better foothold 
since high mortality occurs initially due to spraddled legs. The starting temperature should be 37 °C and gradually 
reduced (at the rate 3°C in every 4 days) to 22°C by the end of 30 week. For each chick 75 cm’ of hover and 75 cm’of 
run space is allowed in battery brooder for better performance. The feeder and water space requirement during this 
period are 2 3 cm and 1-1.5 cm, respectively (Table 1). Floor, feeder and water spaces should be increased with advance 
in age. Males and females should be reared separately. Females should be housed in laying cages at about 6 weeks of 
age. Continuous light should be provided for the first 48 hours. This can continue if birds are to mature earlier. Otherwise 
12 hr light and 12 hr darkness may be followed during the growing period. Quail broilers are marketed at about 5-6 weeks 
of age. Eight hrs of light and 16 hrs of darkness at least 7-10 days before marketing may help to improve the condition 
of quail broilers. Since the high temperature and high humidity persists in local condition open type of poultry houses 
can be constructed for better ventilation. The light points should be about 2 m high from the floor and they should not 
be hung loose. 

  

 

 

Quail Brooding 

Space requirement: 

Space requirement Brooding period (0-2 weeks) Growing period (3-5 weeks) 

Floor space 100cm2/bird 250cm2/bird 

Feeder space 3.2 cm 6.6 cm 

drinker space 1.6 cm 3.3 cm 

Layout of House 
1. Orientation:  

a. East West-in hot climate & North South-in cold climate  
b. Should not open to sea side- in coastal area & should not located on or near top of the hilly area. 

2. Size: 
a. Length-does not influence; Width-should not more than 9 m. 
b. If more than 9 m chimneys or ridge ventilation is must. 

3. Roof: Shed type-3-4 m wide; Gable & Pagoda type-9 m; Over hang-1.5 m. 

4. Walls:  
a. Height of side wall-2.5-3.0 m above the ground; Mid height-4-5 m 
b. Lower part should be solid & rest may be wire mesh(1x1”) 
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5. Floor: 2-3 ft above the ground with cement/concrete & good drainage system 
6. Door: Two doors at two solid long axis ends; In compartments door should be 0.7 m wide X1.8 m height. 

Raising Quail in Cages 
1. Size: up to 3week 
2. Multi deck or single deck.   
3. Each deck should be: 

a. Length-120cm 
b. Width-60 cm  
c. Height-25 cm 

Rearing 
1. Up to 5-6 week  
2. 60 cm width 
3. 60 cm depth  
4. 25 cm height 
5. 1 cmX2.5 cm of 14 SWG. 

Cage for Adult 
Above 6 weeks: 
1. Length-60-90 cm and Width-60 cm 
2. Height-25 cm from front & 17 cm from back   
3. Floor gradient-8 cm in 60 cm 

Feeding of Japanese Quail 
Ingredients used for feeding of quails are same as that of chicken. However, usage of animal feed sources like fish meal 
meat meal is avoided. Unlike chicken’s quail waste more feed which can be prevented by usage of suitable feeders with 
grills. The major nutrient requirement of Japanese quail is as follows. 

For Egg Purpose 
Nutrients Starter (0-3 wk) Grower (4-6 wk) Layer/Breeder (7 wk onward) 

ME(Kcal/kg) 2750 2750 2650 

Protein (%) 25-27 22-24 20-22 

Calcium (%) 1.0 0.8 3.0 

Phosphorous (%) 0.45 0.45 0.45 

For Meat Purpose 
Nutrient 0-2 weeks 3-4 weeks 

ME/kg(Kcal) 2900 3000 

Protein (%) 24 20 

Calcium (%) 1.20 1.20 

Available Phosphorus (%) 0.45 0.45 

Lysine (%) 1.40 1.20 

Methionine (%) 0.60 0.50 

Methionine + Cystine (%) 0.80 0.75 

Diseases of Quail 
Japanese quail reported to be more resistant to common poultry diseases (Naveen and Arun 1992). Mortality in quails 
occurs usually due to management issues and commonly occurs during brooding period. Now a day due to intensive 
rearing practices some diseases are affecting quail. Major diseases which are affecting quail are as follows. 

Ulcerative Enteritis 
The causative agents are Corynebacterium perdicum, Clostridium perfringes and other gram positive and negative bacilli 
and rods of bacteria. In acute form mortality may go up to 100% in young quails. Its occurrence is more on litter than 
wire. Birds die without any typical sings with feed in crops. The important symptoms are watery droppings with urates, 
Birds became dull, humped up, ruffled feather, partially opened eyes. Important lesions are ulceration in intestine and 
ceaca. Hemorrhagic enteritis in the upper part of intestine seen. Liver lesions vary from yellow spots to yellowish areas 
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of necrosis along the edge of liver. Spleen may be enlarged and hemorrhagic. This can treat with bacitracin, 
streptomycin, chloromycetin. 

Bronchitis 
It is caused by filterable virus serologically distinct from infectious bronchitis. Disease characterized by tracheal rales, 
sneezing and coughing but no nasal discharge. It may cause 80% mortality in young birds. Here prevention is better than 
cure. 

Aspergillosis 
It is caused by Aspergillus fumigatus. 

Coccidiosis 
Sporadic cases have been observed but not so aggressive like chicken.   

RD 
Sporadic cases have been observed. But the same has been controlled through lasota vaccination. 

Vaccination 
No vaccination is required for quails. But some sporadic RD cases have been reported. In such cases, it recommended 
for Lasota vaccination through drinking water is essential in RD prone areas.   
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Introduction 
Job’s tears (Coix lacryma – Jobi L.) is the only minor cereal crop that has been cultivated in very small pockets throughout 
India. It belongs to the grass family Graminae / Poaceae and is monoecious.  Morphologically it is a tall (1 – 2m height), 
erect, diploid (2n=20) annual plant having broad leaves. It is known by several names throughout India like Jargadi in 
Sanskrit, Sankru in Hindi, Netpavalam in Tamil, Gurgur in Bengali, Ranmakha in Marathi and Sohriu in Khasi hills. More 
popularly it is known as adlay or more commonly adlay millet. The crop has dual purpose and is both a grain and fodder 
crop. 

Origin and Distribution 
Job’s tears have originated in South East Asia and is native of both temperate regions (China) and tropical region including 
India, Papua New Guinea, Laos, Myanmar, Thailand, Indonesia, Malaysia, Philippines. In India it is found in hilly areas up 
to an elevation of 1600m MSL especially in the North Eastern States. 

Cultivation Practices 
Job’s tears are sown with the advent of the monsoons at a seed rate of 6 to 10 kg per hectare. It is cultivated in well 
drained high lands and thus planting of crop at advent of monsoons ensures good growth in the early stages of the crop 
and also a period of dry weather is required for grain setting for good yield. The crop responds quite well to application 
of organic manures, a fertilizer dose of N:P:K at 40:20:20 kg/ha is recommended for good yields .A spacing of 45cm 
between  rows and plant to plant distance of 15cm is recommended for optimal yield. 

The crop is known to tolerate lateritic soil, low pH, poor soil, photoperiodic latitude, water logging, virus and sloped 
terrains. Hence it can be termed as a potential substitute for rice wherever conditions are not apt for rice cultivation.  

Nutritional Value and its Uses 
1. Job’s tear has very high crude protein content of 15-18% and also has high calcium content. 
2. It is being cultivated in hilly tribal lands of Nagaland as a substitute for rice. 
3. Job’s tears have an advantage over rice that it has high adaptability to marginal areas and mid-high lands and also 
due to high protein and mineral content especially calcium. 
4. It has a higher content of fat and protein than rice. 
5. It has a tremendous potential for crop diversification and incorporation in different cropping systems as well as in 
mixed farming. 
6. Job’s tear can be used to make any food item that can be made usually with rice. 
7. Its flour can be used in baking when mixed with wheat. 
8. The Naga tribe prepares a light beer beverage called “dzu” from job’s tear spikelets. 
9. It has medicinal value and is used as a tincture or decoction for infection of the trachea and also in inflammation of 
the urinal tract. 
10. Some wild varieties are used for ornamental purposes like making necklaces, beads and curtains. 
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11. Job’ tears leaves can be used as a fodder for poultry, pig, horses, cattle and potentially for making silage. 

Varieties 
As of now there are no released varieties for grain type but a few varieties have been released for fodder purpose like 
KCA-3, KCA-4 and Bidhan Coix. At the National Gene Bank at New Delhi, NBPGR a total of 120 accessions majority of 
them land races, are being conserved till date. Few lines of grain type have been selected for further improvement and 
is in pipeline for development of new varieties.  

Summary 
Job’s tears are a high potential minor cereal crop having good adaptability to various environmental conditions. Its 
nutritional and medicinal properties make it a good substitute to rice and also as a fodder for poultry and cattle. The 
lack of good grain varieties is a barrier in the popularity of the crop throughout the world, that needs to be addressed. 
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Abstract 
Plants are subjected to a wide range of environmental stresses that reduce and constrain agricultural crop productivity. 
Plants which can be classified as: 
1. Abiotic stress 
2. Biotic stress are encountered with two forms of environmental stress. 

Abiotic stress is characterized as the negative impact of non-living factors in a given environment on living organisms. 
The non-living variable must influence the environment in a substantial way outside its usual range of variability to 
adversely affect the organism 's population function or human physiology.  Abiotic tension is in fact inevitable. The most 
dangerous factor about crop growth and productivity worldwide is abiotic stress. Plants have evolved various mechanisms 
to resolve certain biotic and abiotic stress risks. They sense the state of external stress, get stimulated and then produce 
suitable cellular responses. 

Keywords:  Stress, biotic, abiotic. 

Introduction 
Living species, in particular viruses, bacteria, fungi, nematodes, insects, arachnids, and weeds cause biotic stress in 
plants. The agents that cause biotic stress deprive their host of its nutrients directly can lead to plant death. Biotic 
stress caused by pre- and post-harvest losses may become severe. Given the lack of adaptive plants in the immune 
system, biotic stresses can be counteracted by improving them to some sophisticated strategies. Abiotic stresses such as 
drought (water stress), excessive watering (water logging as well as extreme temperatures (cold, frost and heat), salinity 
and mineral toxicity have a negative impact on crop and other plant production, development, yield and seed quality. 
Freshwater scarcity is expected to increase in the future and consequently the severity of abiotic stresses will increase. 
Therefore, the production of crop varieties that are immune to abiotic stresses is urgently required to ensure food health 
and protection in the coming years. At its heart is a plants first line of protection against abiotic stress. The chances of 
surviving stressful conditions will be high if the soil holding the plant is healthy and biologically diverse. 
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Crop Plants and Abiotic Stresses 
Number of abiotic stresses that affect crop productivity worldwide are encountered by plants. These abiotic stresses are 
interconnected and can occur in the form of osmotic stress, ion distribution dysfunction and homeostasis of the plant 
cells. 

Effect of Water Stress on Crop Plants 
Plants undergo water stress either when their roots receive insufficient water supply, or when the transpiration rate is 
high. Water stress is mainly caused by a water shortage such as drought or high salinity of the soil Wilting is the first 
apparent effect of water stress since turgor pressure is lost, which inflates plant cells and holds them erect. The amount 
of soil, sunshine, and carbon dioxide that the plant has available directly impacts the amount of food that a plant can 
produce. The photosynthesis can slow or even stop when water levels are low due to water stress. Low water availability 
reduces breathing and transpiration, and ultimately reduces crop production. 

Effect of Temperature Stress on Crop Plants 
Increasing temperature around the globe has become a major concern, affecting not only plant growth but also its 
productivity, particularly in plants with agricultural crops. When plants encounter heat stress the seed germination 
percentage, photosynthetic efficiency and yield decline. Under heat stress the role of tapetal cells is lost during the 
time of reproductive development, and the anther is dysplastic.  

Effect of Chilling Stress on Crop Plants 
Cold stress as abiotic stress has proved to be the main abiotic stresses which reduce agricultural crop productivity by 
affecting crop quality and post-harvest life. Freezing temperatures cause dehydrative stress on plants, as water 
absorption in the plant's root and water transfer reduces Water in and between plant cells freezes and expands, causing 
damage to tissues. Symptoms of extracellular freezing include damage to the structures, dehydration and necrosis. If 
there is intracellular freezing it can lead to death. Freezing injury results from lost permeability, plasmolysis and bursting 
of post-thaw cells. 

Effect of Salinity Stress on Crop Plants 
Salt water contains more salt, and therefore the water's hardness is greater. The salt, which in itself is a solid, gets in 
more when the roots absorb the water and as a result the minerals that are essential for the growth are not provided. 
The roots try to do more work for these minerals, but the plant has less food for itself, so it cannot allow any part to do 
more or less work. 

Effect of Heavy Metal Stress on Crop Plants 
Excessive accumulation of heavy metals in plant tissue impairs many biochemical, physiological, and morphological 
functions in plants either directly or indirectly and in effect interferes with crop productivity. Heavy metals reduce crop 
productivity by inducing seed germination, accumulation and remobilization of seed reserves during germination, plant 
growth, and photosynthesis through various plant physiological processes. The heavy metal toxicity at the cellular level 
decreases crop production by generating reactive oxygen species, disrupting the redox balance and inducing oxidative 
stress. 

Effect of Oxidative Stress in Crop Plants 
Oxidative stress is a component of many abiotic stress conditions, such as drought, high temperature stress, salinity and 
heavy metal stress, and conditions of biotic stress, such as interactions with herbivores and plant pathogen. The levels 
of reactive oxygen species (ROS) increase during these stress conditions, possibly resulting in oxidation of DNA, proteins, 
and lipids. 

Conclusion 
Anthropogenic activities such as excessive fertilizers, improper irrigation, and metal resource extraction can lead to 
large quantities of salt stress. Under these circumstances, plants will likely encounter both biotic and abiotic stresses 
more frequently, simultaneously.  

The plant's ability to react to stress has inherent physical, morphological, and molecular limitations. It is the 
responsibility of plant breeders to grow stress-tolerant cultivars to ensure food safety and the health of the farmers. At 
the genetic level molecular work is to be done to establish mechanisms in plants to protect them from different forms 
of stress conditions. 
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Introduction 
In recent years, crop protection based on biological control of crop pests particularly with microbial pathogens like 
viruses, bacteria, fungi and nematodes has been recognized as a valuable tool in pest management. Among them 
entomopathogenic fungi have a potential role to play in development of future integrated pest management strategies. 
They are effective, ecofriendly, biodegradable and do not leave any harmful residue on environment so it is used widely. 
Agostino Bassi in 1835, first time used the white muscardine, fungus on the silk worm that was the named in his honour 
as Beauveria bassiana. Pesticides have done a lot of good for the world food supply but their unilateral utilization has 
created many problems viz., development of resistant, resurgence, outbreak of pest and pesticide residues.  

In this context, use of entomopathogenic fungi has come into vogue, having target selectivity environmental 
compatibility, economic variability, novel mode of action, safer to environment and beneficial organisms as well as 
rational approach at a long run. 

Why Do We Need Entomopathogenic Fungi? 
1. The conventional use of chemical pesticides has not only enhanced the food production, but also adversely affected 
the environment and non-target organisms. 
2. Increasing cases of insects developing resistance, e.g., Helicoverpa has become resistant to most of the insecticides.  
3. Due to the side-effects of chemical pesticides, also to demand the sustainable crop production through eco-friendly 
pest management is essentially in recent scenario. 
4. So, alternative methods of insect management offer adequate levels of pest control and pose fewer hazards. 

Symptoms of Fungal Infection 
1. Loss of appetite, irritability and paralyses 
2. Discoloured patches on integuments and increased acidity in blood 
3. The body hardens and covered by dense white and green mycelial mat 
4. Mummified larvae comply to leaves, stem and fruiting body with upright position on its prolegs at the time of death 
5. Death occurs with 3-6 days depending on host insect and environmental condition. 

Mode of Infection 
Spore of fungus come in contact with the cuticle (skin) of insects, they germinate and penetrate in cuticle either by 
germ tube or by infection pegs from appresoria and grow directly through the cuticle to the inner body of their host. 
The fungus proliferates throughout insect’s body, producing toxin and draining the insect nutrients, eventually kiliing it. 
Death is caused by tissue destruction and occasionally by toxins produced. Once fungus has killed its host, it grows back 
out through the softer portion of cuticle, covering the insect with a fungal growth.  

1. When spores of the fungus come in contact with cuticle of insects, they germinate and penetrate the cuticle by germ 
tube form appresoria and grow directly throught the cuticle. 
2. Fungus proliferates throughout the insect’s body, producing toxins and draining the insect of nutrients, eventually 
killing it. 
3. Death caused by tissue damage and toxin produced by fungus. 

Effect on Field Crops 
1. Beauveria bassiana Vuillemin: Karkar et al. (2014) found that the most effective dose (3.5 g/l) of B. basiana against 
third instar larvae of Helicoverpa armigera Hubner in pigeonpea. 

Chandrayudu et al. (2015) evaluated the efficacy of botanical and microbial insecticides against S. litura infesting 
groundnut and reported that B. bassiana (1.5 x 1013 spore/ml) was significantly effective in reducing larval population. 
Combination of chloropyriphos @ 0.125% + B. bassiana @ 1 x 107 cfu/g caused 86.27 per cent mortality of rice hispa. 
(Puzari et al., 2015). 
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Kankale et al. (2015) found that spraying of B. bassiana (1.0 x 104 spore/ml) with neem soap @ 0.5% recorded minimum 
population of H. armigera and pod damage on chickpea. 

Lower per cent of rosette flowers per plant was recorded in treatment of B. bassiana 1.15 WP @ 0.009% and was 
statistically at par with chlorantraniliprole 18.5 SC @ 0.006% and spinosad 45 SC @ 0.014% against pink bollworm in 
cotton. (Anonymous, 2016a). 

Annamalai et al. (2016) reported that B. bassiana (1 x 1013 spore/ml) can be play an effective role in eco-friendly 
management of Thrips tabaci, higher mortality at 7 DAT was observed in cotton. Higher larval mortality (50 per cent) of 
fall army worm on maize crop was observed by spraying of B. bassiana 1.15 WP (1 x 108 cfu/g) 40 gm and neem oil (10000 
ppm) 20 ml/10 liter water. (Anonymous, 2018) 

2. Lecanicillium lecanii Zimmerman viegas: Patil et al. (2012) found that the higher dose of Verticillium lecanii @ 7.50 
kg/ha proved to be the effective against thrips, leaf hopper and aphid in cotton. Mer et al. (2016) observed that after 
one day insecticidal spray of V. lecanii @ 1.25 kg/ha + thiomethoxan 25 SG @ 0.05% was found most effective, showed 
41.11 per cent mortality of groundnut jassid. 

Patel et al. (2019) studied the effect of different entomopathogenic fungi against mustard aphid and reported that L. 
lecanii @ 60 g and B. bassiana @ 60 g/ 10 liter of water proved most effective against aphid. 

3. Metarhizium anisopliae Metchnikoff: Manisegaran et al., (2011) evaluated M. anisopliae @ 4 x 109 conidia/ha 
recorded significantly lower population of whitegrub in sugarcane. Rana and Kachhawa (2014) reported that M. anisopliae 
@ 1 kg enriched with FYM @ 1 t/ha found lower plant mortality due to termite in maize. 

Soil application of M. anisopliae @ 5 kg with 250 kg/ha FYM was found most effective against sugarcane whitegrub. 
(Anonymous, 2016b).  

Application of M. anisopliae @ 2 kg enriched with vermicompost @ 1 t/ha and M. anisopliae @ 2 kg enriched with castor 
cake @ 1 t/ha were found lower plant mortality of groundnut at 80 days after germination with less population of 
whitegrub/ 1 m row length at harvest. (Anonymous, 2019) 

4. Nomuraea rileyi Samson: Three sprays of N. rileyi @ 1 x 108 conidia/ ml were significantly effective in suppressing 
the larval population of S. litura (1.2 larvae/plant) with 62.5 per cent mortality in soybean. (Anonymous, 2012)     

Sharmila and Manjula (2015) revealed that groundnut oil-based formulation of N. rileyi recorded significantly higher 
reduction in larval population of S. litura in groundnut. 

Compatibility with Insecticides 
Bagwan et al., (2012) showed that azardirachtin 1000 ppm, carbosulfan 25 EC and fenvalerate 10 EC did not significantly 
reduce the spore germination of M. anisopliae and B. bassiana. Barad et al., (2014) evaluated the compatibility of N. 
rileyi with insecticides and concluded that azadirachtin @ 0.0075% and spinosad @ 0.009% were found compatible.  

Lily (2016) evaluated the compatibility of B. bassiana and N. rileyi with different insecticides and observed that spinosad 
45 SC @ 0.02% and imidacloprid 17.8 SL @ 0.04% were compatible. 

Reddy (2016) observed that fipronil 40 + imidacloprid 40 WG @ 0.04% and monocrotophos 36 SL @ 0.036% were not 
significantly reduce the spore germination of M. anisopliae, L. lecaanii and B. bassiana, respectively.  

Kachot et al., (2018) evaluated the compatibility of B. bassiana with insecticides and found diamethoate 30 EC @ 0.015%, 
dianotefuran 20 SG @ 0.005% and spinosad 45 SC @ 0.007% were not significantly reduce the spore germination of B. 
bassiana. 

Advantages 
1. The Major advantage of exploiting microorganisms for pest control is their environmental safety primarily due to the 
host specificity of these pathogen. 
2. Microorganisms have natural capability of causing disease at epizootic levels due to their persistence in soil and 
efficient transmission. 
3. There is minimum effects on non-target organism. 
4. The cost of development and registration of microbial insecticides is much less than chemical insecticides. 
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5. Their application is relatively easy and inexpensive in most cases. 
6. Generally, resistance in insect to pathogens is not developed as compared to other insecticides. 

Conclusion 
1. The entomopathogenic fungi control many insect pests viz; sucking (aphids, jassids, thrips, etc.), foliage feeders (pod 
borer, leaf eating caterpillar, semi looper, etc.) and soil borne insects (whitegrub and termite).  
2. Entomopathogenic fungi are safe for non-target organism, good compatibility with adjuvant, insecticides 
(azardirachtin, spinosad, imidacloprid and dianotefuran) and considered as natural mortality agent in insect pest 
management programmes.  
3. Use of entomopathogenic fungi should be emerged as promising alternative to chemical pesticides. 
4. Commercial products of entomopathogenic fungi are available in market that can be utilized as one of the components 
of IPM.  
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Introduction 
Corona Viral Disease a highly contagious and pandemic incidence has flipped the whole world upside down during 2019 
with a major life loss. This distress has affected all forms of life, wealth, resources and sectors. In the same way, the 
agricultural sector has also been faced with a major blow. Being an agrarian country with nearly 70% of the population 
depending either directly or indirectly on agriculture, their livelihood has been adversely affected by COVID-19. Unlike 
in history, the GDP of the nation was also been at its cliff to fall due to this threat. Thus, this would be the right time 
to discuss the impact of COVID-19 on the rural market to sell produces of agriculture and allied sectors.  

Current Scenario of COVID-19 
As per the world status, the infection rate and the death rate found increasing at a higher rate while the rate of infection 
and death is comparatively controllable in India. However, it is also found to be increasingly increasing rate, thus the 
emergency lockdown has been implemented throughout the country since April 24, 2020, to contain the spread of the 
disease. several mitigation measures have been implemented along with the lockdown like quarantine, containment 
zone implementation, social distancing etc has been implemented, but still, COVID could not be brought under control. 

Agriculture being the primary sector and severs food the prime need of the human being, it is being levied relaxation 
from lockdown. But still, people face many difficulties in acquiring products. The market structure itself faces disparities 
owing to several factors like size, location, volume etc. Thus, the rural market faces greater consequences of the 
lockdown owing to COVID. Thus, this paper attempts to explore various impacts of COVID lockdown on the rural markets 
and suggests few remedies to overcome the shortfalls during adverse market times. 

Impact of COVID-19 
The state and central government have permitted services related to agriculture and allied sectors; however, practical 
difficulties exist clearly. This consumes time and delays products from farms to markets thus creates risk for the farmers. 
Usually, the trucks would ship a product and pick another product from the destination itself during return. But, after 
lockdown, as the procedures and paperwork are strengthened the trucks could not pick the products as they wish. Thus, 
it is difficult to find transport to rural areas. 

As the government has implemented an intermittent lockdown the demand for the produces for various points like 
restaurants, functions, festivals, etc have stopped very suddenly however the crop was planned earlier and ready for 
harvest and sale. Due to this lack of demand, the farmers are pushed to the edge to sell theirs produces at relatively a 
very cheaper rate with a meagre profit. Despite the harvest period and peak demand season now, this lockdown has 
created a great vacuum in the agricultural supply chain. Sowing, harvesting and other inter-cultural operations have 
delayed due to transportation unavailability, and hoarding as it has caused unavailability of agri-inputs at the right time. 

Being a developing country more than 21.9% (as per Suresh Tendulkar Committee Report 2011-12) of the population falls 
under below poverty line category who cautiously plan their expenses. Thus, this sudden outbreak of COVID and its 
lockdown has resulted in weak consumption pattern. Being food, clothing and shelter the human's basic needs, and the 
persistence of COVID being unpredictable the people in the lower regime were planning a stringent spending pattern to 
save money to extend their saving and earnings to persist the lockdown. This is also a major challenge to the rural local 
market. 

Adaptation Strategies 
The central and the state governments are taking utmost efforts and steps to support people to overcome the COVID 
crisis. The government is taking action in terms of quarantine, health care survey and testing, provision of frontline 
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health care and treatment, sanitation, safety and security, public distribution system, inclusive monetary relief system, 
issues of timely Corona status updates etc. Apart from this, the government works upon inclusive segments of the society 
including weavers, potters, cigar workers, farm women, construction labours, etc.  

Understanding the impact of the curfew on the rural market the government have also launched new schemes to control 
the pressure of transport unavailability and social inaccessibility. The present agricultural minister Narendra Tomar has 
launched Kisan Rath "The Farmer Chariot" a mobile application for the benefit of the farmers to sell and get theirs 
produces moved online during the COVID 19 lockdown. The farmer does not face any problem in harvesting the crops 
transporting it to the market. One can easily buy and sell crops through Kisan Rath Mobile App. The farmers get the app 
from the play store, choose their preferred language, register with username and password.  

The farmer gets to post their loads on their dashboard mentioning their transportation points such as farm, mandi, 
warehouse etc along with the details(quantity, transportation date, vehicle type, nature of the vehicle(ac/ non-ac), 
number of the vehicle, load size, etc), source and destination address of the produces. The traders or the service 
providers accept the posted load based on their convenience and approaches online. Through this Kisan Rath Mobile App, 
the farmers will also get information about the time and place of arrival of the truck, after getting the information, the 
farmers will be able to go to a fixed time and place and sell fruits, vegetables and grains. This will increase the income 
of farmers and they will be able to sell their crop in time. It functions in 7 regional languages apart from English. 

e-NAM sounds to be another effective alternative during this curfew to the farmers. This is the online version of the 
regular regulated markets for the agricultural commodities managed by the governments. This serves to be an online 
platform that enables farmers, traders and buyers to meet online with online trading commodities on online auction 
basis from all over the nation. The market is helping in better price discovery and provide facilities for smooth marketing 
of their produce. Over 90 commodities including staple food grains, vegetables and fruits are currently listed in its list 
of commodities available for trade. The eNAM markets are proving popular as the crops are weighed immediately and 
the stock is lifted on the same day and the payments are cleared online. On the ENAM platform, farmers can opt to trade 
directly on their own through the mobile app or through registered commission agents. The eNAM is linked with 785 
markets (Agricultural Produce Market Committee) in 17 states and 2 union territory, with over 45 lakh farmer membership 
in 17 states. 

Besides Tamil Nadu government have also implemented Standard Operating Procedures for smooth functioning of 
agriculture and allied sectors. The user fee for cold storage, marketing, logistic and other infrastructural facilities at 
government sites are waived while the produces will be procured from the farmers by the farmers with one percent 
market fee to ensure reasonable prices for the consumers. More than 500 vans and mini truck have been deployed to sell 
vegetables and fruits through mobile selling points in urban residences. Helpline numbers were released by the Deputy 
Director of Agriculture (Agri-business) in case of difficulties faced by the farmers in taking their produce to the markets 
and selling them. 

Conclusion 
Thus, knowing all these options, farmers should be alert and use all these alternatives and be productive and profitable. 
We could find many farmers waste their hard-earned produced spilling and dropping around her and there as garbage. 
They should find a route to divert their product into the supply chain.  
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Introduction 
Agriculture sector, which employs nearly half of the population, has never been free from challenges especially due to 
its risk-idiosyncrasies. Since COVID-19 pandemic has hit economy bad, agriculture sector hasn’t remained unscathed with 
its effects. Although the output estimates of agriculture sector suggest a satisfactory number, delivery of the produce 
from farmer to consumer have emerged as a looming challenge.  

Ill-timed rainfall and hailstorms already caused wreaking havoc on the standing crop of Rabi season; labour supply 
shortage during harvest season further aggravated the problems of farmers. This shortage in labour supply has resulted 
in surged labour costs, owing to which are farmers required to pay higher charges (near double) for various harvesting 
and marketing operations. This has significantly reduced the profit shares of the farmers by hampering their crop 
economics.  

Furthermore, the supply chains of vegetable markets have been adversely impacted with the Corona lockdown. Various 
news has surfaced recently focusing on transportation impediments, reduced market access, severe labour shortages and 
price crashes specifically for perishable crops. Prices of capsicum in Punjab have been observed as low as Rs. 2/kg, which 
even forced farmers to throw their produce on roads. Whether it is vegetable growers in Bangalore, flower cultivators 
in Jammu & Kashmir, sugarcane growers in Meerut and Saharanpur, or even the pumpkin farmers in Odisha, the lockdown 
has taken a toll on the farmer’s income everywhere. 

Contrary to this, panic buying and hoarding of essential items has led to demand surge, which in turn have resulted in 
soaring prices of these commodities. The panic tale does not end here; the crisis seems to have some additional future 
repercussions. Since Agricultural supply is a function of lagged season’s price, less prices of perishable items in this 
season will discourage the farmers to allocate their land to such crops in the next season. It means the markets may face 
scarcity of fruits and vegetable crops in upcoming season, which may end up in causing food inflation.  

In addition to this labourers have migrated to their places and seem to be hesitant in returning soon, this will again cause 
shortage of labour supply in coming season.  

Initiatives Taken by the Government in Response to the Crisis 
1. Advance release of Rs. 6000 to bank accounts of farmers as income support under PM-KISAN Scheme. 

2. Hike in Wage rates from Rs 182 to Rs 202 per person per day for workers engaged under the MGNREGA. This may be 
an ideal time to ensure demand driven work for migrants in small and marginal level of farm under NREGA. 

3. Interest Subvention (IS) and Prompt Repayment Incentive (PRI) till May 31, 2020, on short-term crop loans up to Rs 3 
Lakhs, with the aim of helping farmers to repay their loans without attracting penalties. Since, farmers with medium to 
large landholdings cultivate everything in bulk, the losses for them are heavy, due to which they may be incapable for 
repaying loans. In such cases schemes like IS and PRI can be very helpful. 

Measures Specifically Related to Agricultural Marketing 
1. Launching of KISAN- SABHA app: In the present situation of COVID-19, farmers need help in taking their produce to 
the market, and in procuring seeds, fertilizer, etc. from the market. The app aims to provide the most economical and 
timely logistics support to the farmers and increase their profit margins by minimizing the interference of middlemen 
and directly connecting with the institutional buyers.  

2. Launching of KISAN-RATH mobile app: Transportation of agricultural produce is an indispensable component of the 
supply chain. Kisan Rath is supposed to ensure smooth and seamless supply linkages between farmers and the market. 
Primary transportation would include movement from Farm to Mandis, FPO Collection Centre and Warehouses etc. 
Secondary Transportation will cover movement from Mandis to Intra-state & Inter-state mandis, Processing units, Railway 
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station, Warehouses and Wholesalers etc. It will also facilitate traders in transporting perishable commodities by reefer 
vehicles. 

3. Other latest developments and important steps taken by the government: Few important ones among the slew of 
measures aimed at addressing the crisis faced by Indian agriculture sector due to the COVID-19 lockdown are as below; 

a. APMC reforms (To provide farmers with more avenues to sell their produce): The APMC markets are 
monopolistic, rent-seeking, charge high rates of commission and do not really serve the purpose which they were 
originally supposed to. Now, the government with these reforms trying to create alternative channels for farmers 
to sell their produce. So, they will have more choices and more competition. 
b. Changes in Essential Commodities Act (To unshackle commodities like onion, potatoes and oilseeds from 
the chains of regulation): The act did not allow the private sector to hold stocks. Agricultural production is 
seasonal in nature but consumption goes round the year. So, by not allowing holding of stocks, in harvest season 
glut situation emerges and the prices crash suddenly. Now, the changes in the Essential Commodities Act, will 
ensure that storage infrastructure is created from private counterparts, which in turn will ensure competition. 
c. Enabling Contract Farming (To ensure that farmers have an assured buyer for their crop): Contract farming 
gives farmers an assured buyer of their produce along with some additional benefits like input supply, technical 
assistance etc. 

What More Can Be Done? 
This may be the high time to bring forth Electronic National Agricultural Market (e NAM), one of the digital initiatives of 
government which can ensure significant efficiencies in the system and can act as an efficient tool to fight inflation. 
Once this mechanism will be fully operational, a nationwide market will be open for farmers, which will be more 
competitive and remunerative.  

Moreover, many agritech startups, as well as farmer producer companies (FPOs), are doing their bit, along with the 
government. E.g. the agri-tech startup Farmpal has set up collection centres for farmers within a distance of four 
kilometres of most farms in Maharashtra to offload their produce. Several FPO’s are also assisting farmers by actively 
looking for channels to export and market fruits, vegetables, and food grains. BigHaat, a farm inputs agritech company, 
has started working alongside logistics partners to provide access and ensure the supply of necessary inputs without 
much delay across the country. Such FPO’s and start-ups must be incentivized by the government. 

Besides, making essential items available to consumers, both in rural and urban areas is also one of the most critical 
challenges for the government. Hence the government needs to develop an online mechanism to consumers as well. 
Startups engaged in e-commerce like ‘SABJIWALA’, ‘BIGBASKET’ ‘FRESHWORLD’ etc. which provide doorstep delivery of 
essentials need to be encouraged with suitable policies and incentives. 

Conclusion 
Despite initial disruptions in supply lines, India somehow managed to restore supply of perishables like milk and 
vegetables, and other essential food in the markets for its consumers at reasonable prices. Yet a smooth and robust 
supply chain is the need of the hour to protect the interest of both farmers as well as consumers. This corona crisis may 
be the best time to embark on the path of the marketing reforms. Although the measures introduced by the government 
like reforms in APMC act, push the contract farming etc. are in the right direction needed by the farmers, the 
effectiveness of these will be evident only with the passage of time. In addition to this, the government needs to promote 
value addition techniques and subsidize processing equipment, so that farmer can avail remunerative prices for their 
produce and protect themselves from the price drop in glut season.  
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Introduction 
Horticulture sector has become the pillar Kashmir’s economy. Review generated from this sector around 8000 crores 
involving 33 lakh human resources at different phases of apple cultivation, storage, processing & marketing. Cultivation 
of apple is highly profitable economic activity in Kashmir as this state produce best quality of apple in India. Apple 
cultivation in Kashmir has been accelerated due to its farm-based, labor intensive and commercially attractive economic 
activity. Most of the apples are sold as fresh commodity and rest are used into processing and storage because there is 
lack of infrastructure and the absence of processing industries. In contrast to the developed economies such as New York 
which is the second largest apple producing state in the United States, apples are being utilised both for fresh 
consumption and processing purposes. In European countries, approximately 60% of the harvested apples are used for 
processing. The apples are processed into juices, flavouring components, Cider, dried, freeze dried (lyophilized apples) 
and frozen peeled apples.  

Global Apple Production Scenario (2018/19) - India’s Stand 
In 2018-2019, China was the largest producer of apples worldwide. During that time period, China’s apple production 
reaches around 31 million MT. The European Union stood in second place with just over 14 million metric tons of apples. 
The production of apples as per 2018-19 data has crossed 2 million metric tonnes making India as the 6th largest apple 
producing country in the world. Jammu & Kashmir plays an important role in apple based economic growth in India. 
Fig.1. shows Global leading apple producing countries in 2018-2019(in 1,000 metric tons). 

Fig.1. Leading apple producing countries in 2018-2019(in 1,000 metric tons) 
(Source: https://www.statista.com/statistics/279555/global-top-apple-producing-countries/) 
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Nutritional Benefits of Apple 
Favourite quotes addressing the health benefits of apples are “An apple a day, keeps the doctor away; Eat an apple on 
going to bed, you will keep the doctor from earning his bread; An apple a day, no doctor to pay; An apple a day, sends 
the doctor away”. Apple fruits exhibit a strong protection against different diseases and disorders, having various 
phytochemical antioxidants, antimicrobial, anti-inflammatory, ant diabetic and antiaging properties due to presence of 
high content of bioactive compounds (vitamin C, vitamin E, phenolic acids, flavonoids and carotenoids). Apple prevents 
various chronic diseases and reduces risk of lung cancer, diabetes, asthma and heart disease. Table 1 shows Nutritional 
value of apple fruit per 100 g edible parts (USDA, 2018). 

Table 1: Nutritional Value of Apple Per 100 G Edible Parts (USDA, 2018) 
Nutrients Unit Amount Nutrients Unit Amount 

Water g 85.56 Vitamin C (Ascorbic acid) mg 4.6 

Energy kcal 52.0 Thiamin mg 0.017 

Protein g 0.26 Riboflavin mg 0.026 

Carbohydrate g 13.81 Niacin mg 0.091 

Dietary fiber g 2.4 Vitamin B6 mg 0.041 

Total sugar g 10.39 Folate, DEF µg 3.0 

Calcium mg 6.0 Vitamin A RAE µg 3.0 

Iron mg 0.12 Vitamin A IU IU 54.0 

Magnesium mg 5.0 Vitamin E (Alpha 
tocopherol) 

mg 0.18 

Phosphorus mg 11.0 Vitamin K (phylloquinone) µg 2.2 

Potassium mg 107.0 Total lipids (Fat) g 0.17 

Sodium mg 1.0 Saturated fatty acids g 0.028 
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acids 
Poly unsaturated fatty 
acids 

g 
 
 
 
g 

0.007 
 
 
 
0.051 

Scenario of Apple Production in Last 5 Years in Kashmir Valley 
Apple is nutritionally enriched fruit. This provides a major source of income and employment also among the people of 
Kashmir valley. The production of apple in Kashmir valley has been accelerated due to its temperate climate and 
availability of larger production area. Table 1 shows Apple cultivated area in J&K from 2013 to 2018. 

Table 1: Apple Cultivated Area in J&K 
Year  Area under Apple (Ha)  Deviation % (+) (-) 

2013-14 157795 -- 

2014-15 163432 +3.57 

2015-16 161773 -1.01 

2016-17 162971 +0.74 

2017-18 164411 +0.88 

(Source: Department of horticulture, Srinagar Govt. of Jammu & Kashmir) 

The table 1 depicts that there is continuous progress of area under apple cultivation in Jammu and Kashmir State from 
157795 hectares in 2013-14 to 164411 hectares in 2017-18. The main reason for the increasing trend was mainly 
comparative advantage including less initial investment of this crop and cost economy as compared other commercial 
crops grown in high altitude region in the state. It is also highlighted from the table 1 that deviation in area over the 
years also remains somehow constant in the range of 0 to 4%. 

Table 2: Productions of Apples in J&K 
Year Year Area under Apple (MT) Deviation % (+) (-) 

2013-14 1311845 -- 

2014-15 1170306 -10.78 

2015-16 1966417 +68.03 

2016-17 1726834 -12.18 

2017-18 1882774 +9.03 
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(Source: Department of horticulture, Srinagar Govt. of Jammu & Kashmir) 

The table 2 reveals that there is a continuous increase in apple production in J&K. During the years 2015-16 & 2017-18 
the growth rate of apple production was 68.03% & 9.03% respectively. Fall in apple production during the periods of 
2014-15 & 2016-17 was because of climatic changes such as snow fall, continuous rains, rise in temperature etc in the 
state. However, an appropriate efficient marketing strategy is a prerequisite for sustaining the tempo of increased 
agricultural production. Now a day’s lots or research has been done on high pressure processing techniques. This kind of 
novel technologies can be used in the processing of apple-based purees.  The processing operations not only bring value 
addition but can generate a lot of employment potential to the economy. Huge production of apples in valley encourage 
young generations to build their career as start-ups. Demand of processed and value-added products will attract food 
processing industries in near future. Value addition through processing can contribute to doubling farmer’s income. One 
major limitation in the processing of apples is maintaining the availability throughout the year. Government should put 
more effort to set up cold chain facilities to enhance long term Storage. Proper infrastructure will boost apple economy 
in the valley. Around one third of the produce is not utilised due to post harvest losses owing to lack of adequate cold 
storage facility. Controlled atmospheric (CA) storage conditions must facilitated to minimize the loss. Apples are stored 
under a standard CA (Oxygen concentration of 2-3%, CO2 from 2-5%). After harvesting apples are treated with 1 Methyl 
Cyclo propane (1-MCP) which enables the harvest to be stored for a period of up to 12 months while maintaining their 
high quality. Such practices could become fruitful in this situation, when transport facility is not readily available. 

Conclusion 
The horticulture of the state has grown significantly during the post-independence period. There is increase in 
production, land under crop and also income. Exports from the state have also increased. Farmers give preference on 
Apple cultivation over all other crops in Kashmir. Almost half of the land under horticulture products is occupied by 
apple produce. Apple production accounts almost 80% of total horticultural produce. Kashmir division is responsible for 
bulk apple production in the state. Almost 98% of land under apple is situated in Kashmir division. So, Kashmir is the 
main producer of apples in Jammu And Kashmir State as well in the nation. However, the basic growth retarding factors 
of the crop are its weak research base, discouraging marketing mechanism, lack of government efforts, lack of irrigation, 
lack of labor in peak season etc. these factors playing a fundamental role in lower the productivity of apple in the valley. 
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Abstract 
The ongoing health crisis COVID-19 has affected all walks of life. Protecting lives of people suffering from the disease as 
well as frontline health responders have been the priority of nations. Governments have swung into actions since the 
Corona virus attack created an unprecedented situation. India has declared a lockdown for achieving satisfactory 
containment of the virus spread. During these challenging times, how does Indian Agriculture respond to the crisis and 
how do government measures affect 140 million farm households across the country and thereafter impact the economy 
of a very important country in the developing world? We assess the immediate challenges that COVID19 has posed to the 
farm sector and suggest mitigation measures to ensure a sustainable food system in the post-crisis period. 

Introduction 
A novel corona virus, designated as COVID-19, emerged in Wuhan, China, at the end of 2019.The World Health 
Organisation (WHO) has declared outbreak  of COVID-19 as a  public health emergency of international concern. 
Coronavirus disease (COVID-19) is an infectious disease caused by a newly discovered coronavirus. Most people infected 
with the COVID-19 virus will experience mild to moderate respiratory illness and recover without requiring special 
treatment.  Older people, and those with underlying medical problems like cardiovascular disease, diabetes, chronic 
respiratory disease, and cancer are more likely to develop serious illness. The COVID-19 virus spreads primarily through 
droplets of saliva or discharge from the nose when an infected person coughs or sneezes, so it’s important that you also 
practice respiratory etiquette (for example, by coughing into a flexed elbow).As public life shut down around world and 
health system week under the strain of the COVID-19 pandemic, affecting food system, food security and agricultural 
livelihoods. 

Impact on Agriculture and its Allied Sector 
1. Seed business widely affected: With the coronavirus affecting India, China, the USA, Germany, France, the 
Netherlands, Italy, Spain, Brazil and other major countries involved in seed production , the import and export of seed 
is likely to be affected badly in the next planting/sowing season as there is the possibility of huge gap between the 
demand and supply. The demand-supply gap would be much higher for high value seeds, particularly those of some 
vegetables and fruits varieties that are produced in the European countries. Of the 62 respondents involved in the 
vegetable seed trade, 58 (93%) reported a negative effect on the demand for vegetable seed, of which 26% reported a 
strong negative effect (see the graph below). Fewer respondents were active in flowers and field crops, and about 75% 
of them reported a negative effect on seed demand with 38% reporting a strong negative effect on the demand for flower 
seed. 

Source: https://www.apsaseed.org/asia-pacific-seed-trade-reeling-from-covid-19-lockdown-survey/ 

https://www.apsaseed.org/asia-pacific-seed-trade-reeling-from-covid-19-lockdown-survey/
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The second graph shows that nearly all aspects of the seed business are negatively affected with more than 85% of 
respondents reporting negative effects on international and domestic seed shipments, difficulties in getting inputs, and 
difficulties getting labor for seed production and processing. Reduced access to finance was also reported by 64% of the 
respondents. Yet, international seed shipments clearly appear as the most severely affected aspect of the seed industry 
with 52% of the respondents reporting a strong negative effect. 

Source: https://www.apsaseed.org/asia-pacific-seed-trade-reeling-from-covid-19-lockdown-survey/ 

2. Covid-19 hit prices , Dairy and Poultry sector: The dairy farmers are also  facing losses due to the lockdown. 
Nationwide lockdown has been imposed in backdrop of COVID-19 outbreak. Milk price dipped to almost half amid 
pandemic and farmers are forced to sell the milk at low prices.  

The poultry industry in different parts of the India has been hit hard amid rumors that the novel coronavirus can 
transmitted through consumption of chicken, the prices of which have fallen considerably as a result. About two crore 
people employed in the poultry industry across India have been impacted. People were avoiding consumption of meat, 
fish, chicken, and egg etc. Due to the fall in demand, wholesale price of chicken had dropped by as much as 70 per cent. 

3. Decline production on fertilizer industry: The fertilizer sector has been affected since the outset, primarily in China, 
the most significant producer and consumer for phosphates, sulphur and sulphuric acid. Due novel corona virus Chinese 
fertilizer sector, affecting the movement of both ,the supply of fertilizer and raw material has been decreased ,while 
going forward it could hit the Brazil and India fertilizer industry. 

Source: https://ihsmarkit.com/research-analysis/report-covid19-effects-on-the-fertilizer-industry.html 
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The reaction on prices however has been mixed with tighter supply of phosphates, due to the production constraints in 
China, prompting a reversal in the downward trend while the price of sulphuric acid, already weak, has all but collapsed. 
In response to the increase in domestic phosphate prices to prevent the "unreasonable increase of prices”. 

Mitigation Measures 
Covid-19 pandemic has deeply caused the agriculture sector as it slows down supply chains, delays logistics, and reduces 
workers in farmlands. At these situation automation and Artificial Intelligence technologies can play a significant role. 
They are able to make the monitoring of crops, soil and the entire farmland and can also provide data of the land to 
farmers that can help them predict the condition of crop and soil. AI systems can also help improve the harvest quality 
and accuracy by detecting the diseases in plants, pests, poor plant nutrition, and more. Several tech giants as well as 
start-ups are trying to fight agricultural issues by creating farming, irrigation and weather technology solutions. Microsoft 
precision agriculture, for instance, attempts to democratizing artificial intelligence for farmers worldwide. 

The small and medium enterprises, running with raw materials from the agriculture and allied sector  need special 
attention so that the rural economy doesn’t collapse. 

To obviate the immediate concerns of scarcity of farm labor, policies must facilitate easy availability of machinery 
through state entities, Farmer Producer Organizations (FPOs) or custom hiring centers (CHCs) with suitable incentives. 
Relaxation of the norms by Agricultural Produce Market Committees (APMCs) allowing farmers to sell their produce 
beyond the designated mandis will certainly ease the burdens of farmers. State Governments must gear up their 
machineries for smooth procurement operations of farmers’ marketable surpluses at MSP (minimum support price) or 
through other price support schemes. 

With a burgeoning population, there is a corresponding rise in food demand in India. However, the negative externalities 
of the Green Revolution, particularly the environmental trade-offs and staple cereals fundamentalism, have since been 
realized. It is thus desirable to switch over to a suitable model with a far stronger nutrition focus where diets are more 
diverse. A post-COVID situation offers that unique opportunity to repurpose the existing food and agriculture policies for 
a healthier population. 

Conclusion 
The post-pandemic phase may result in major reviews of food systems, with special emphasis on resilience. This also 
affords opportunities for changes in agri-food systems that may make better use of locally produced foods. Development 
of safe and effective foods to promote immune function should be a priority for the food industry and governments. This 
may include foods for medical use by the elderly population, as well as other vulnerable groups. The food science and 
technology community should contribute to the recovery of the food sector along with other sectors and disciplines. 
Food scientists and technologists should have a stronger role in government policy and contingency planning to ensure 
the resilience of the food supply chain in responding to future pandemics, including other civil emergencies. 
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Introduction 
Organic farming is of great importance when farmers are facing twin problem of rising input cost and stagnant output 
prices (Seufert et al. 2012). About 80 per cent of certified organic farms around globe are in India (IFOAM, 2013). By 
looking into these figures one can say that India is the centre of organic revolution. Due to changing lifestyle and 
increasing health consciousness among people, demand for organic food is increasing now a days. Organic foods are 
fetching more prices because it is free from chemicals and pesticide hazard. In this regard Indian government is 
supporting and encouraging organic farming through Paramparagath Krishi Vikas Yojana (PKVY). It is an extended 
component of Soil Health Management (SHM) under the centrally sponsored scheme, National Mission on Sustainable 
Agriculture (NMSA) implemented in 2015 by Ministry of Agriculture and Farmers Welfare, Government of India. The 
revamped PKVY promotes organic farming through the adoption of organic village by cluster approach and participatory 
guarantee system of certification.  

According to the proposed Codex definition, "organic agriculture is a holistic production management system which 
promotes and enhances agro-ecosystem health, including biodiversity, biological cycles, and soil biological activity. It 
emphasizes the use of management practices in preference to the use of off-farm inputs, taking into account that 
regional conditions require locally adapted systems. This is accomplished by using, where possible, agronomic, biological, 
and mechanical methods, as opposed to using synthetic materials, to fulfill any specific function within the system." 

Following this definition one can say that organic farming is ecofriendly where organic produce is free from chemicals 
like pesticides, herbicides and fertilizer. Organic farming mainly utilizes natural and farm resources as inputs which is 
helpful in minimizing the rising input cost. Organic farming now a days gaining momentum for its environment friendly 
nature and rise in demand for organic products. In this aspect PKVY is a great initiative for promoting organic agriculture. 

 

Fig 1: Concept of Organic Farming 

Need for PKVY 
Several constraints hinder the growth of organic farming in the country, which are given below: 
1. Lack of organized market limits the marketing of organic produce. There is no separate market for organic produce, 
which creates hurdle for customers in identification of these produce. For this reason, organic produce requires separate 
supply chain facilities.  
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2. It takes time to convert chemical field into organic field. Farmers are not ready to spent this much time as chemical 
agriculture pattern provides quick results. 

3. The subsidies are supplied for chemical inputs by the government, while organic farmers hardly get any support. These 
subsidies attract farmers towards purchasing of chemical inputs and reduce interest for organic farming. 

4. There is very little investment on establishing or strengthening organic farming. There is no major investment can be 
seen for organic farming promotion. A meager financial outlay becomes barrier for growth of organic farming. 

5. Certification is the major issue of organic farming. Due to cumbersome and expensive certification procedure, farmers 
avoid certification. In the absence of certification, farmers are not able to gain consumers’ confidence as well as unable 
to fetch high price. 

Therefore, to resolve these constraints and to encourage the organic farming Paramparagath Krishi Vikas Yojana (PKVY) 
has been launched. 

Objectives of PKVY Scheme 
1. To promote organic farming using natural resource and minimizing dependence of farmer on external inputs. 
2. To increase net income of farmer by minimizing cost through sustainable integrated organic farming system. 
3. To adopt eco-friendly and low-cost farmers friendly technologies. 
4. To sustainably produce food free from hazardous inorganic chemicals. 
5. To empower farmers through cluster group approach. 
6. To create direct market linkages with local and national markets for improving entrepreneurial ability of farmers. 

Components of PKVY Scheme 
1. Cluster approach: In this approach formation of cluster has been made in targeted areas of about 50 acres land for 
promoting organic farming. It also involves exposure visit of farmers to organic farming fields and identification of lead 
resourceful person for coordination. 

2. Participatory guarantee system (PGS) Certification: In this, certification is done through regional council. It involves 
online registration of farmer, soil sample collection and testing. Documentation involves type of input use, type of 
cropping pattern followed, field inspection of cluster member, organic manures and fertilizer used etc.,  

3. Direct benefit transfer (DBT): It provide incentive to the farmers for purchasing inputs and for applying technology 
for better organic production. 

4. Integrated manure management: In this farmer are encouraged to go for vermicomposting, input production unit 
(beejamruth, panchagavya etc.,), biological nitrogen harvest planting (Glyricidia, sesbania etc.,), biopesticide and 
biofertilizer.  

5. Value addition and marketing: Organic products are value added for fetching more price. Marketing involves packing, 
labelling and branding of organic products and final disposal of organic products at fair price. 

Implementation of PKVY Scheme 
Department of agriculture is responsible for smooth implementation of PKVY scheme. Joint director of agriculture with 
the help of agriculture officers and extension officers implement this scheme at district level. Fifty and more farmers 
together form a cluster to do organic farming and each farmer will be provided Rs. 20000 per acre in 3 three years as a 
support through direct benefit transfer. Organic farmers are certified for better marketing of organic produce. 

Conclusion 
In the present era, changing lifestyle and increasing health consciousness among people enhances the demand for organic 
food. Organic foods are fetching more prices because it is free from chemicals and pesticide hazard. This resulted in a 
larger scope for increased demand for organic agriculture. Despite of fetching premium prices, several constraints limits 
the growth of organic farming like lack of organized market, cumbersome certification procedure, less financial 
allocation and subsidized supply of chemical inputs etc.  Paramparagath Krishi Vikas Yojana (PKVY), a scheme of 
supporting organic farming via cluster approach with Participatory Guarantee System (PGS) has been launched to reduce 
these constraints and promote the organic agriculture. 
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Abstract 
The state of Jharkhand came into existence on 15th November 200 by carving out 18 districts of Bihar. The state was 
formed for the tribals who had long dreamt for a state of their own. Birsa Agricultural University, Ranchi is the SAU 
which has served the education and research in the region even before the inception of Jharkhand. But in recent years, 
the education, research, and job prospects in agriculture is declining, which can be supported by the fact that the BAU, 
Ranchi has been exiled from the university ranking system of the Indian Council of Agricultural Research (ICAR). The 
fresh and permanent recruitment in the university and the government offices has been hindered, leading to a decline 
in the quality of education, research, and technological advancements in the agriculture sector. The declining education 
and job opportunities in the state are driving the brilliant minds away from Jharkhand who could positively help the 
agriculture sector and economy of the state. To attract youth in agriculture and to revive the farming sector, the 
Government of Jharkhand should attend to the problems of agricultural education, research, and job opportunities in 
the state. 

Keywords: Agricultural education, Research, Jharkhand. 

Introduction 
Jharkhand was formed as the 28th state of India on 15th November 2000 through the Bihar Reorganisation Act. Birsa 
Agricultural University (BAU) was established in 1981, way before the formation of Jharkhand and since its establishment, 
the university has catered to teaching, research, and extension activities in the field of agriculture, veterinary sciences 
and forestry. There are 12 colleges in various districts of the state to attract brilliant minds towards agriculture and 
allied activities. The SAU offers undergraduate, post-graduate, and Ph.D. degree programmes in different subjects. In 
addition to the SAU, there are 3 ICAR institutes (ICAR-Indian Institute for Natural Resins and Gums, ICAR-Indian 
Agricultural Research Institute and ICAR- Indian Institute of Agricultural Biotechnology), 2 research stations (ICAR-RCER 
and CRURRS), 24 registered KVKs for carrying out research and extension in the field of agriculture. The state is endowed 
with infrastructure for carrying out effective teaching and research in the field of agriculture then where does the 
problem lie?  

The SAU and government jobs in agriculture come under the administration of state government but due to the instability 
of state government to date, the SAU has been neglected for quite a long time. Every year around 350-400 students are 
admitted in the various UG programmes but for PG and Ph.D. degree programmes single-digit seats are advertised, that 
too in only one college out of the twelve which is a major constraint for those students who want to pursue a higher 
degree in the state. The government/private job prospects for the students of agriculture is also missing in the state, 
for around 10-15 years no recruitments as such has been done by the government. In the past the government had 
advertised employment notice no- 03/2015 for the post of Assistant Director Agriculture/ Sub-Divisional Agriculture 
officer and equivalent but no interview/appointment has been initiated against it, only acceptance and rejection of 
candidates has been done for it. Similarly, there hasn’t been any fresh recruitment at the block level or district level in 
the agriculture department. Students opt for any stream of education only if it provides ample and concrete job 
opportunities, but in the agriculture sector, students are deprived of higher education or jobs in the state. So the 
students and researchers are left with options to either migrate to other states for pursuing higher education/job or to 
take up any private job in the state.  

The same problem lies with the recruitment of teaching and non-teaching staff in the SAU and related agricultural 
colleges. The last recruitment in the SAU was done in 2004-05 and since then no fresh and permanent employees have 
been recruited, which has led to a deterioration in the quality of education and research in Jharkhand. New colleges 
have been established but in the same way, they also lack an adequate number of teaching and non-teaching staff. The 
major reason behind the advertisement of single-digit PG and Ph.D. seats in different departments of SAU is the shortage 
of teaching staff who can guide students in their research work. The farming practices of the state are still based on the 
conventional techniques and hence, Jharkhand though endowed with natural resources lags when it comes to production 
and productivity. In every other state of India, SAUs conduct important, time-bound, and effective research on the key 
lacunas to provide practical solutions with plausible policy recommendations for the agriculture and allied activities of 
the respective state. Since there is a dearth of quality researchers and professors in BAU it fails to fulfill its true 
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objective. Every year, the Indian Council of Agricultural Research (ICAR) ranks its 60 educational institutes and 
accredited SAUs according to different parameters but since 2016-17 Birsa Agricultural University, Ranchi has ceased to 
exist on that list. During the counseling of ICAR-JRF and ICAR-SRF rank-holding Indian and international students opt for 
higher ranking universities but BAU, Ranchi has failed to attract any ICAR student for a very long time. The poor condition 
of BAU, Ranchi in failing to provide quality education and job prospects is driving away potential students and researchers 
who could contribute to the upliftment of the agriculture sector in the state.   

To support the dairy development in Jharkhand, the state government started a scheme in 2015-16 to distribute Holstein-
Friesian cows to BPL women farmers at 90 per cent subsidy. The dual purpose of this scheme was to enhance milk 
production in the state and to improve the economic condition of the targeted poor women farmers. But instead of 
benefitting the poor women farmers, the crossbred cows burdened them with additional expenses on feeding, 
maintenance, and veterinary care. Eventually, the beneficiaries of the scheme poured in their problems and griefs and 
the scheme was discontinued. 

Conclusion 
During the COVID-19 pandemic, food surfaced as essential items for the survival of humans, which has forced us to ponder 
on the status, constraints, and lacunae of production, post-production, marketing, and availability of food products and 
grains in the state. The state of Jharkhand is rich in natural resources required for agricultural production but lacks 
technological intervention tailor-made for the state because it lacks quality educationists and R&D. Jharkhand was the 
dream of tribals to have a state of their own where their upliftment and development could be given utmost importance 
but since the inception of Jharkhand not much has been done in this respect. The unemployment rate in Jharkhand is 
quite high and due to the downfall of economy and losses in the private sector, it is required from the government to 
intervene and create potential job opportunities in different sectors. The agriculture department and education system 
in Jharkhand have been neglected to date but the need of the hour is to ensure food and income to the people of 
Jharkhand. Therefore, it is urged from the Government of Jharkhand to provide quality education, R&D facilities by 
recruiting potential unemployed agriculturists in the respective vacant posts; reinstating the agricultural employment 
opportunities in the state and earmarking funds for the abovesaid agendas. The future of agriculture in the state lies 
within the hands of the government and steps taken by it in the present scenario. The agriculture system in the state is 
broken and needs reformation, therefore it is urged from the government to attend to the problems at hand and give up 
its ignorance policy on the pressing matters of education and employment in the agriculture sector. 
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Introduction 
Cultural practices of insect control regular farm operations which are so performed as to destroy the insect or to prevent 
them from causing injury. Cultural practices include all the crop production and management technique which are 
utilized by the farmers to maximize their crop production and farm income. It includes decision on crop to be grown, 
time and manner of planting, tillage, field and crop sanitation, application of fertilization and even off-season operation 
in fallow/cropped fields. The manipulation of these practices for reducing or avoiding pest damage to crops is known as 
cultural control. The purpose of cultural control practices is to make environment less favorable for the pest and more 
favorable for its natural enemies. 

Influence of Climate on Pest Occurrence 
Climate influences pest occurrence by its effects on survival of over summering or over wintering population, their 
migration to crop field, their fecundity, growth rate and build-up of population. The important weather factors that 
influence the activity of insects is temperature. Very low temperature (0°C) during winter in temperate region and very 
high temper during summer (40°C) reduce the population of insects. Once the weather is favorable for the cultivation 
of crops, the insects migrate from the place over wintering or over summering location to crop fields. Their flight is 
influenced by wind, temperature, and rainfall. Once the pest attacks the crop, its multiplication depends on temperature 
and food available. Certain the insects multiply better during winter and some in rainy season. Diapause and pupation 
are the techniques insects adapt to extreme weather conditions. Temperature and rainfall are all important weather 
factors that influence emergence of pests from pupation. 

Tillage 
Tillage especially preparatory cultivation exposes pupae of different insects. These pupae are eaten by birds thus 
reducing the population load. The pupae that exposed to sun also die.  One of important component of management of 
red hairy caterpillar and white grub for cultivation of groundnut. Similarly, yellow stem borer of rice (Scirpophaga 
incertulas) can be reduced by ploughing the fields after harvest of rice. The population of pink boll worm (Pectinophora 
gossypiella) is reduced by incorporating the infected bolls by ploughing. 

Time of Sowing 
Crop escapes the incidence of pest by altering the time sowing. The principle involved in sowing crop at a particular 
time when the climate is not suitable for buildup of the pest. 

Table 1. Effect of time of sowing on reduction of pest incidence: 

Crop Pest Method Reference 

Cucurbits Red pumpkin beetle Early sowing (PAU, 1999) 

Guava Fruit fly Taking winter crop (PAU, 1999) 

Cotton Jassids Early sowing (Butter et at, 1992) 

Chickpea Pod borer Early sowing (Yadava et al., 1983) 

Sorghum Shoot fly Early sowing (Jotwani,1979) 

The sowing may be earlier or later than normal. Sowing of crop early or delay may affect the crop yield but pest incidence 
can be reduced. Therefore, economic aspect has to be considered for the method of pest control whether to go for 
cultural or chemical method of control. Pest build-up depends on favorable climate for the pest and abundance of food 
for the pest. The two aspects may not be the same every year. Hence pest management through date sowing has to be 
adopted with caution. 

Seed Treatment 
Treating the seeds with insecticides reduces the population soil borne insects and helps in establishing sufficient 
population crop. Seed treatment with chlorpyriphos at 6 ml/kg of groundnut seed reduces the population of white grub. 
Seed treatment with chlorpyriphos at -50 ml/kg of seed controls the cotton surface weevil. 
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Inter Cropping 
Intercropping of groundnut with pearl millet increases the population of parasitoid (Goniozus sp.) and which effectively 
control leaf minor in groundnut. Coriander, cowpea, black gram, green gram, soybean as inter crops in cotton, reduce 
the bollworm damage. Low  incidence of bollworm in intercropped cotton may be due to higher colonization of predators  
especially coccinellids, increased parasitation of on bollworms and poor visitation of bollworm moths due to mix up of 
olfactory terpene and other chemical compounds. 

Trap Crop 
Trap crops are used to attract or trap insect pests and population insect pest can be reduced by picking or killing pests 
present on trap crop periodically instead of attempting on the crop present in large area. Some of the successful 
examples of trap crops are castor in groundnut. marigold in cotton and sunflower in groundnut. Tobacco caterpillar 
(Spodoptera litura) prefers to lay eggs on castor leaves than on groundnut leaves. Eggs laid underneath of groundnut are 
difficult to see but egg masses laid on isolated castor crop can be easily seen. Destruction of the egg masses periodically 
reduces the damage by the tobacco cater Marigold is the preferred host of Helicoverpa; growing of marigold as trap crop 
in and killing the pest on marigold helps in reducing damage by Helicoverpa on cotton. Similarly, marigold as trap crop 
in tomato reduces the fruit borer damage. 

Border Crop 
Growing of 2-4 rows of another crop along the border of the main crop is the border crop and it acts as barrier for 
incidence of pests. Some border crops harbours natural enemies thus help in reducing pest damage to the crop. Growing 
of pearl millet, sorghum or maize as border crop reduces the population of migratory and windblown thrips on groundnut. 
Maize harbours Chrysopa, a natural enemy to several pests. Incidence of peanut stem necrosis disease reduced by 30% 
due to border crop by acting as barrier to thrips and also virus loaded pollen from Parthenium. 

Water Management 
Giving early morning irrigations buries the larval population tobacco caterpillar. Alternating the height of water in rice 
fields damage the eggs of brown plant hopper. Overhead irrigation with sprinkler especially during night reduces the 
adult population diamond hack Population moth of cabbage. High humidity created by frequent irrigation reduces the 
thrips. 

Nutrient Management 
Manures and fertilizers influence the nutrient content and growth crop. These in to influence the palatability to insect 
pests. In general, high level of N increases the pest whirring application calcium, sulphur, phosphorus and potassium 
reduce the incidence  

Table 2: Effect of different nutrients on pest incidence: 

Nutrient Pest Reaction of the pest Remarks 

N Stem borer, leaf folder, green leaf  
hopper, brown plant hopper, hispa on 
rice 

Increases Dhaliwal and Arora 1996 

N Bollworms in cotton Increases  (Butter et al., 1989) 
(Singh et al., 1988) 

P & K Pests of cotton   
White fly 

Increases 
Decreases  

(Chamy et al., 1974) 
(Butter et al., 1996) 

Lime& 
Sulphur 

Root borer of sugarcane Decreases (Kund et al., 1994) 

Removal Crop Residues 
Removal and destruction of crop residues, stems, stalks etc. which harbour pupae of major pests helps in reducing carry 
over population from one season to another. Removal of cotton stocks, and dropped bolls reduces the carry over 
population of pink boll worm. Ploughing in of rice stubbles lowers the incidence of aver wintering population of stem 
borer. Detrashing of dried leaves in sugarcane reduces the population of pyrilla and scales insects. Burning of fruit fly 
infested fruits of ber reduces fruit fly infestation. 

Removal of Alternate Hosts 
Insect pest survive on alternate host during summer or winter when there is no crop in the field. Removal of alternate 
hosts reduces the build-up of pest in the ensuing season. 
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Conclusion 
Cultural control measures have a great potential for use in sustainable agro system to lower the general equilibrium 
position of many insect pest. These tactics are environmentally safe as they do not have significant disruptive effects on 
the non-target organism and environmental quality. 

References 
1. Butter, N.S, Kular, J.S. and Singh, T.H. 1992. Effect of agronomic practices on the incidence of key pests of cotton 

under unsprayed conditions. Indian J. Entomology 54: 115-123.  

2. Butler, N.S, Kular, Brar, A.S. and Singh, MIL 1989. Effect of nitrogen, intra row spacing and varieties on the incidence 

of cotton bollworms under unsprayed conditions. J. Cotton Res & Development. 3: 22-31.  

3. Butter, N.S, Vir, B.K., Kular, J.S., Brar, A.S. and Nagi,, P.S. 1996. Relationship of plant nutrients and white fly, 

Bemisia tabaci in upland cotton. Indian J. Entomology .58: 1-6.  

4. Chamy, A., Sunderamurthy, N. and Kamalanathan, S. 1974. Studies on the influence of bollworms Earias spp. 

(Lepidoptera) on cotton (G. hirstaum) as influenced by varieties, spacing and minoring. Madras Agril. J. 61: 870-

871. 

5. Dhaliwul, G.S. and Arora, R. 1996. Principles of insect Pest Management. National Agricultural Technology 

Information Centre, Ludhiana.  

6. PAU, 1999. Package of practices of crops of Punjab kharif 1999. Punjab Agricultural University, Ludhiana. 

7. Singh, J., Sandhu, B.S, Singh, G. and Sharma, P.K. 1988. Effect of nitrogen, irrigation and insecticides on bollworm 

incidence and yield of cotton. J. Cotton Res. and Development. 2: 81-83.  

8. Suresh, S., Rajavel, D.S., Narasimhan, C.R.L and Muthuswamy, P. 1993. Against bollworm in cotton. Madras Agril. J. 

80: 172.  

9. Yadav, C.P., Lal, S.S. and Dass, C.A.R 1983. Pest avoidance to reduce Heliothis damage in chickpea. International 

chickpea Newsletter. 8: 28-30. 

10. Jotwani, M. G. (1979). Control of sorghum shootfly Atherigona soccata (Rondani) by early sowing. Indian Journal of 
Entomology .41:300–302. 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
620 

Thermal Treatments for Prevention of Decay and Quality Maintenance in Fruits 
Article Id: 30234 
Praveen Gidagiri1 

1Department of Post-Harvest Technology, College of Horticulture, Bagalkot. 
University of Horticultural sciences, Bagalkot, 587104 (Karnataka). 

 

Introduction 
Fruit and vegetables are an important source of carbohydrates, proteins, organic acids, vitamins and minerals for human 
nutrition. When humans use plants or plant parts, whether for food or for aesthetic purposes, there is always a 
postharvest component that leads to loss (Kays, 1997). All fresh harvested commodities need to be free of disease agents, 
insects, and synthetic chemicals, and cleaned of any dirt or dust before being packed for export. The susceptibility of 
fresh harvested produce to postharvest diseases increases during prolonged storage, as a result of physiological changes 
that enable pathogens to develop in the fruit.  

Many chemicals are used to control insect pest, diseases and physiological disorders. For example, ethylene di bromide 
and methyl bromide chemical fumigants used against fruit fly. The high level of pesticides causes childhood cancer and 
autism in children and it also causes destruction of biodiversity many birds aquatic animals under the threat of harmful 
pesticides for their survival. In a time of increased awareness among consumers that many of the chemical treatments 
of fruit and vegetables to control insects, diseases and physiological disorders are potentially harmful to humans, there 
is an urgent need to develop effective, non-damaging physical treatments for insect disinfection and disease control in 
fresh horticultural products. 

Thermal Treatments 
Maintaining the product (fruit & vegetables) at a specific temperature for a specified period of time with purpose of 
disease control, insect disinfestations and maintaining the quality. 

Uses 
1. Quarantine requirement 
2. Decay control 
3. Inhibit ripening 
4. Chilling injury resistance 
5. To reduce external skin damage during storage. 

Considerations 
1. Type of product 
2. Heating Method  
3. Treatment Time & Temperature 

Types of Thermal Treatments 
1. Hot water immersion  
2. Hot water Rinsing and Brushing  
3. Vapour heat treatment. 

Mechanism Involved in Heat Treatments Control Fruit Decay 
1. Direct germicidal effect on pathogens 
2. Inducing defense mechanisms in plant host  
3. Melting and spreading the distribution of cuticular waxes on the fruit surface (occluding and sealing of open stomata, 
wounds and micro cracks), thereby limiting the sites of pathogen penetration. 

Hot Water Immersion Treatment 
Dipping of fruits in hot water at specific temperature, time with purpose of disease control, insect disinfestations or 
uniform ripening. Temperature varies between 40°C to 60°C. Time varies between 30 sec to <10min.  Hot water 
treatment - originally used for fungal control, but has been extended to disinfestation of insects. For export of mangoes 
from Brazil, it is recommended that dipping is performed at 12 cm depth in water at 46.1 °C for 7-9 min. 
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It also adds other additional advantages such as, Removal of surface residues, Removal of sap fallen on the fruit surface 
during harvesting and Facilitates washing. Low concentrations of fungicides can be applied as part of the hot water 
treatment thus allowing more effective fungal control at 51-55°C for 5-30 min. This has been particularly effective on 
citrus with the fungicides thiabendazole and imazalil. 

Hot Water Rinsing and Brushing (HWRB) 
A technology has been proposed for simultaneously cleaning and disinfecting fruits using hot water rinsing and brushing 
(HWRB) machine. Recently, HWRB treatments are studied extensively because of their higher temperature (50 to 70°C) 
and shorter exposure time (10 to 60 sec) than traditional hot water immersions or dips. HWRB treatments could not only 
remove the heavy dirt, pesticides and fungal spores on the freshly harvested produce, but could also improve general 
product appearance and maintain product quality. 

Fig. 5 Schematic diagram of hot water rinse and brush (HWRB) machine 

1. Conveyer 
2. Rinse in tap water 
3. Hot water spray of the produce on brush rollers 
4. Hot water container 
5. Water pump for reuse of hot water 
6. Drying the produce with forced air  

In contrast to hot water immersion, a new technology based on a brief hot water rinsing and brushing to clean and 
disinfect fresh harvested produce, was first introduced commercially in 1996 (Fallik et al.,1996). Fresh produce is rinsed 
by nozzles from above with pressurized recycled hot water, while rolling on brushes made from medium–soft synthetic 
bristles.  

However, to improve the cleaning and disinfecting process, and to increase treatment capacity, an improved machine 
made from stainless steel materials and featuring precision control of temperature and time of exposure to the hot water 
has been developed. This machine contains 18–20 parallel brushes as described above, all of which are controlled by a 
single motor. Fruit are first rinsed from above with non-recycled tap water (ambient temperature) from several nozzles 
while being brushed for about 10 sec in order to remove the heavy dirt, pesticides and fungal spores that are covering 
the fresh harvested produce. Fruit continue to roll over brushes directly into the pressurized–recycled hot water rinse 
stage at temperatures between 50 to 70°C for 10 to 60 sec, depending on produce type and cultivar. 

Vapour Heat Treatment 
A method of heating fruit with air saturated with water vapour (humidified by injection of steam) at temperatures of 
40–50 °C to kill insect eggs and larvae as a quarantine treatment before fresh market shipment. The temperature and 
exposure time are adjusted to kill all stages of fruit fly infected produce.  

Treatment temperature varies from 40°C to 50°C and time varies from 20min to 30min. Temperature of the innermost 
fruit pulp must not exceed >47.5°C during a ramp up time of 4hrs, Treatment is mainly aimed against fruit flies in most 
of the fruits. 

The treatment consists of different steps: 
1. Warming period (approach time): Gradually increase temperature at faster or slower depending on a commodity’s 
sensitivity to high temperatures.  
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2. Holding period: When the interior temperature of the produce reaches the desired temperature for the length of 
time at that temperature hold the produce for specified time to kill target pest. 

3. Cooling period: The last part is the cooling down period which can be air cooling (slow) or hydro cooling (fast).  
Example: 
a. Treatment of citrus and pineapples at 43°C in saturated air for 8 hr and then holding the temperature for a 
further 6 hr. 
b. For control of papaya fruit fly, fruit should be exposed to 43°C and 40% RH for 11hr., followed by 43°C and 
100% RH for 8 hr. 
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Introduction 
Cultural practices of insect control regular farm operations which are so performed as to destroy the insect or to prevent 
them from causing injury. Cultural practices include all the crop production and management technique which are 
utilized by the farmers to maximize their crop production and farm income. It includes decision on crop to be grown, 
time and manner of planting, tillage, field and crop sanitation, application of fertilization and even off-season operation 
in fallow/cropped fields. The manipulation of these practices for reducing or avoiding pest damage to crops is known as 
cultural control. The purpose of cultural control practices is to make environment less favorable for the pest and more 
favorable for its natural enemies. 

Influence of Climate on Pest Occurrence 
Climate influences pest occurrence by its effects on survival of over summering or over wintering population, their 
migration to crop field, their fecundity, growth rate and build-up of population. The important weather factors that 
influence the activity of insects is temperature. Very low temperature (0°C) during winter in temperate region and very 
high temper during summer (40°C) reduce the population of insects. Once the weather is favorable for the cultivation 
of crops, the insects migrate from the place over wintering or over summering location to crop fields. Their flight is 
influenced by wind, temperature, and rainfall. Once the pest attacks the crop, its multiplication depends on temperature 
and food available. Certain the insects multiply better during winter and some in rainy season. Diapause and pupation 
are the techniques insects adapt to extreme weather conditions. Temperature and rainfall are all important weather 
factors that influence emergence of pests from pupation. 

Tillage 
Tillage especially preparatory cultivation exposes pupae of different insects. These pupae are eaten by birds thus 
reducing the population load. The pupae that exposed to sun also die.  One of important component of management of 
red hairy caterpillar and white grub for cultivation of groundnut. Similarly, yellow stem borer of rice (Scirpophaga 
incertulas) can be reduced by ploughing the fields after harvest of rice. The population of pink boll worm (Pectinophora 
gossypiella) is reduced by incorporating the infected bolls by ploughing. 

Time of Sowing 
Crop escapes the incidence of pest by altering the time sowing. The principle involved in sowing crop at a particular 
time when the climate is not suitable for buildup of the pest. 

Table 1. Effect of time of sowing on reduction of pest incidence: 

Crop Pest Method Reference 

Cucurbits Red pumpkin beetle Early sowing (PAU, 1999) 

Guava Fruit fly Taking winter crop (PAU, 1999) 

Cotton Jassids Early sowing (Butter et at, 1992) 

Chickpea Pod borer Early sowing (Yadava et al., 1983) 

Sorghum Shoot fly Early sowing (Jotwani,1979) 

The sowing may be earlier or later than normal. Sowing of crop early or delay may affect the crop yield but pest incidence 
can be reduced. Therefore, economic aspect has to be considered for the method of pest control whether to go for 
cultural or chemical method of control. Pest build-up depends on favorable climate for the pest and abundance of food 
for the pest. The two aspects may not be the same every year. Hence pest management through date sowing has to be 
adopted with caution. 

Seed Treatment 
Treating the seeds with insecticides reduces the population soil borne insects and helps in establishing sufficient 
population crop. Seed treatment with chlorpyriphos at 6 ml/kg of groundnut seed reduces the population of white grub. 
Seed treatment with chlorpyriphos at -50 ml/kg of seed controls the cotton surface weevil. 
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Inter Cropping 
Intercropping of groundnut with pearl millet increases the population of parasitoid (Goniozus sp.) and which effectively 
control leaf minor in groundnut. Coriander, cowpea, black gram, green gram, soybean as inter crops in cotton, reduce 
the bollworm damage. Low  incidence of bollworm in intercropped cotton may be due to higher colonization of predators  
especially coccinellids, increased parasitation of on bollworms and poor visitation of bollworm moths due to mix up of 
olfactory terpene and other chemical compounds. 

Trap Crop 
Trap crops are used to attract or trap insect pests and population insect pest can be reduced by picking or killing pests 
present on trap crop periodically instead of attempting on the crop present in large area. Some of the successful 
examples of trap crops are castor in groundnut. marigold in cotton and sunflower in groundnut. Tobacco caterpillar 
(Spodoptera litura) prefers to lay eggs on castor leaves than on groundnut leaves. Eggs laid underneath of groundnut are 
difficult to see but egg masses laid on isolated castor crop can be easily seen. Destruction of the egg masses periodically 
reduces the damage by the tobacco cater Marigold is the preferred host of Helicoverpa; growing of marigold as trap crop 
in and killing the pest on marigold helps in reducing damage by Helicoverpa on cotton. Similarly, marigold as trap crop 
in tomato reduces the fruit borer damage. 

Border Crop 
Growing of 2-4 rows of another crop along the border of the main crop is the border crop and it acts as barrier for 
incidence of pests. Some border crops harbours natural enemies thus help in reducing pest damage to the crop. Growing 
of pearl millet, sorghum or maize as border crop reduces the population of migratory and windblown thrips on groundnut. 
Maize harbours Chrysopa, a natural enemy to several pests. Incidence of peanut stem necrosis disease reduced by 30% 
due to border crop by acting as barrier to thrips and also virus loaded pollen from Parthenium. 

Water Management 
Giving early morning irrigations buries the larval population tobacco caterpillar. Alternating the height of water in rice 
fields damage the eggs of brown plant hopper. Overhead irrigation with sprinkler especially during night reduces the 
adult population diamond hack Population moth of cabbage. High humidity created by frequent irrigation reduces the 
thrips. 

Nutrient Management 
Manures and fertilizers influence the nutrient content and growth crop. These in to influence the palatability to insect 
pests. In general, high level of N increases the pest whirring application calcium, sulphur, phosphorus and potassium 
reduce the incidence  

Table 2: Effect of different nutrients on pest incidence: 

Nutrient Pest Reaction of the pest Remarks 

N Stem borer, leaf folder, green leaf  
hopper, brown plant hopper, hispa on 
rice 

Increases Dhaliwal and Arora 1996 

N Bollworms in cotton Increases  (Butter et al., 1989) 
(Singh et al., 1988) 

P & K Pests of cotton   
White fly 

Increases 
Decreases  

(Chamy et al., 1974) 
(Butter et al., 1996) 

Lime& 
Sulphur 

Root borer of sugarcane Decreases (Kund et al., 1994) 

Removal Crop Residues 
Removal and destruction of crop residues, stems, stalks etc. which harbour pupae of major pests helps in reducing carry 
over population from one season to another. Removal of cotton stocks, and dropped bolls reduces the carry over 
population of pink boll worm. Ploughing in of rice stubbles lowers the incidence of aver wintering population of stem 
borer. Detrashing of dried leaves in sugarcane reduces the population of pyrilla and scales insects. Burning of fruit fly 
infested fruits of ber reduces fruit fly infestation. 

Removal of Alternate Hosts 
Insect pest survive on alternate host during summer or winter when there is no crop in the field. Removal of alternate 
hosts reduces the build-up of pest in the ensuing season. 
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Conclusion 
Cultural control measures have a great potential for use in sustainable agro system to lower the general equilibrium 
position of many insect pest. These tactics are environmentally safe as they do not have significant disruptive effects on 
the non-target organism and environmental quality. 
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Indian horticulture becomes more mechanized and science increasing the possibilities for using inputs to enhance 
production and food safety, the role of plant growth regulators becomes more essential; plant growth regulators provide 
an immediate result on crop improvement programmes (i.e., increasing yield, quality and also shelf life of fruit) and are 
less time consuming. Applications of plant growth regulators must lead to significant advantages because they are 
particular in their action and toxicologically and environmentally safe.  

Plant growth regulators in vegetables provide researchers with the information needed to effectively tap these adaptable 
resources to enhance vegetables production. The physiological activates in plants are regulated by action and interaction 
of some chemical substance in them is called hormones and by some naturally occurring substances called inhibitors. 

Introduction 
Plant growth regulators are organic chemical substance, other than nutrients and vitamins which control the growth and 
development of plants when applied in small quantities. PGR are used in different forms like liquid, powder, paste etc. 
“Hormone” is Greek word derived from “hormao” which means to stimulate.  

The term phytohormones as the organic substance which are produced naturally in plants, synthesized in one part and 
usually translocated to other part where in every small quantity influence the growth and other physiological function 
of the plants. To distinguish them from the animal hormones they are termed as phytohormones.  

Auxin was the first hormone considered to be only naturally occurring plant growth hormone. Plant growth regulators 
considered as a new generation of agrichemicals when added in small amounts, modify the growth and development of 
plants usually by stimulating one part of the natural growth regulatory system, thereby the yield and quality was also 
increased.  

Higher production and better quality through breeding is a continuous attempt of mankind. But these methods are not 
only time taking but also very costly. The growth regulators have therefore, been known to be one of the quick means 
of increasing production. Nutrients are inorganic substances necessary for the normal growth and development of plants 
and also have important role in various enzymatic processes, assimilation, oxidation and reduction reactions and that 
leads to enhancing the biomass and yield. 

Commercial Utility of PGRs in Vegetable Production 
1. Germination of seed: Pre-sowing treatment of seed with growth regulators has been reported to increase seed 
emergence. In tomato, higher germination was observed with seed treatment by using chemicals gibberellic acid at 0.5 
mg/l, and 2,4-dichlorophenoxyacetic acid at 0.5 mg/l. In musk melon, bottle gourd, squash melon and water melon at 
low temperature soaking of seeds in ethephon at 480 mg/l for 24 h improved germination of seed. Application of 
naphthalene acetic acid at 50 ppm recorded significantly higher germination % (96.04 and 89.34) in ridge gourd (Hilli et. 
al., 2008) 

2. Seed Dormancy: Chemicals – gibberllic acid, ethylene chlorhydrin and thiourea which are reported to induce sprouting 
in potato by breaking the rest period. By giving the vapour treatment with ethylene chlorhydrin (1 liter per 20 q) followed 
by dipping in thiourea (1%) for 1hr finally in GA (1 mg/l) for 2 seconds which leads to  breaking of dormancy in potato.  

3. Increase in fruit Set: Poor fruit set due to physiological and nutritional disorders is a major issue in tomato, brinjal, 
capsicum or chilli and in potato. In tomato application of 4-Chlorophenoxy-acetic acid or 2,4-dichloro phenoxy acetic 
acid @2-5ppm or para-chlorophenylalanine 50-100ppm increase the fruit set thereby increasing the yield and also 
earliness. 
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4. Sprouting inhibition: Any compound which suppress the germination of seed, sprouts, bulb or tuber etc. are called 
sprouting inhibitors. Sprouting of onion bulbs in storage is a major problem. So, application of maleic hydrazide@ 2500 
ppm at 15 days before harvesting prevents the sprouting of bulbs.  

5. Flowering: Spraying of GA at 50 mg/l of non- flowering plants of potato, when floral buds had just formed which 
resulted in flower initiation in all plants. In okra, spraying of MH which resulted in delayed flowering. In lettuce, gibberllic 
acid has been reported to induce early flowering. 

6. Sex expression: Sex expression is controlled by environmental, hormonal and also by genetic factors in cucurbits. In 
general, female flowers is promoted by low temperature and short photoperiod, which may influence the level of 
endogeneous hormones i.e., ethylene, auxin and GA which in turn effect the sex expression. The growth regulators have 
been found to change sex expression in cucurbits, okra and pepper. GA3 (10-25 ppm), IAA (100 ppm) and NAA (100 ppm) 
when sprayed at 2-4 leaf stage which resulted in increase the number of female flowers. Whereas, GA3 (1500-2000 ppm), 
silver nitrate (300-400 ppm) and silver thiosulphate (300-400 ppm) sprayed at 2-4 leaf stage induces male flowers in 
cucurbits.  

Two sprays of plant growth regulators treatment at 2nd and 4th leaf stages in sponge gourd cv. ‘Pusa Chikni’ which resulted 
in the highest number of female flowers (44.0) and lowest male:female sex ratio (1:5.26) with ethrel @ 300 ppm 
treatment. Maximum fruit yield 23.90 t/ha was also observed with ethrel @ 300 ppm (Patel et. al., 2010)  

7. Parthenocarpy: Parthenocarpy is the natural or artificially induced production of fruit without fertilization of ovules, 
which makes the fruit seedless. In cucumbers and water melon, seedless fruits are produced by Auxins. Para-chloro 
phenyl alanine 50-100 ppm induced parthenocarpy in tomato and brinjal, application of 2,4-D at 0.25% in lanolin paste 
to cut end of styles or foliar sprays to freshly opened flower cluster has been reported to induced parthenocarpy. 

Chowdhury et. al., (2007) conducted a experiment to find out the suitable four PGRs NAA and 2,4-D, cytokinine and GA3 
for inducing parthenocarpic fruit in Kakrol (Momordica dioicia). These chemicals were sprayed at three stages (a day 
before anthesis, at anthesis, a day after anthesis). Out of four growth regulators 2,4-D and fulmet induced parthenocarpic 
fruit development. 2,4-D at 50 ppm when applied at anthesis showed better performance in inducing parthenocarpy 

8. Gametocides: The gametocidal actions of plants growth regulators which resulted in production of male sterility this 
can be used for F1 hybrid seed production. MH at 100 to 500 mg/l in okra, okra, peppers and tomato, GA3 in onion, 2,3- 
dichloro-isobutyrate (0.2 to 0.8%) in okra, muskmelon, okra, onion, root crops, spinach and tomato and TIBA (2,3,5 – 
Triiodobenzoic acid) in cucumber, okra, onion, and tomato.  

9. Production of hybrid seeds: Successful F1 hybrid in butter-nut squash has been made by using female line produced 
with ten weekly sprays of ethephon which can be used for producing female lines in some cucurbits. However, in 
muskmelon foliar sprays of silver thiosulphate at 400 mg/l, silver nitrate at 500 mg/l and spraying of GA3 in cucumber 
was found best for induction of male flower on gynoecious lines. 

10. Ripening of fruits: The gaseous compound called ethylene which was produced by most of the fruits that starts the 
ripening process by coordinating the expression og genes that are responsible for a various process, including a rise in 
respiration, changes in color, texture, aroma and flavor. Ethephon is a plant growth regulator used to promote fruit 
ripening, abscission, flower induction and other responses in tomato and pepper. Application of ethephon at 1000 mg/l 
at turning stage which induces early ripening of fruits thus increasing the fruit yield by 30-35% and also post-harvest dip 
treatment of mature green tomatoes with ethephon at 500-2000 mg/l has also been reported to induce early ripening. 

11. Increase in fruit yield: In tomato, soaking of seed in NOA (2-Naphthoxyacetic acid) at 25-50 mg/l, GA at 5-20 mg/l 
and CIPA (Chlorophenoxy acetic acid) at 10-20 mg/l, 2,4-D, 0.5 mg/l or thiourea at 10-1 M have been reported to increase 
fruit yield. Effect of bio-regulators viz., Triacontanol @ 0.5 ml/ liter of water, NAA @ 50 ppm, GA @ 50 ppm and water 
sprayed at one, two and three times on growth and yield of fenugreek variety Rajendra Kanti. Spraying of Triacontanol 
@ 0.5 ml/liter water, NAA @ 50 ppm and GA @ 50 ppm gave significant effect on yield number of pods per plant (49.09), 
length of pod (10.82 cm), number of grains per pod (16.90) and yield (1.86 t/ha) (Singh et. al., 2010). 

Roy et. al., (2011) performed a trail to study the effect of GA3 on growth and yield of cabbage. Single factor experiment 
consisted of four concentrations of GA3, viz., 0, 25, 50 and 75 ppm. Significantly the minimum number of days to head 
formation (43.54), maturity (69.95), highest diameter (23.81 cm) of cabbage head and the highest yield (45.22 kg/plot 
and 104.66 t/ha) was found from 50 ppm GA3. 
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Precaution in Application of Plant Growth Regulator 
1. Use growth substances at a proper stage of plant growth. 
2. Growth substances should be sprayed preferably in the afternoon.  
3. If rain is forecasted within the next 8 hours do not go for spray. 
4. Don’t use higher quantity at any time on winter crop. 
5. Uniform spraying and wetting of both the surface of leaves. 
6. Add surfactant or adhesive material with growth substances. 
7. Make sure that chemical should be completely dissolved before usage.   
8. Solution should always be prepared by using with distilled water only. 
9. Fine spray can be ensured by hand automizer. 
10. Spraying equipment should be cleaned before and after each spray. 

Conclusion 
Plant growth regulators are for controlling and increasing the natural plant growth processes to better meet the 
requirements of food supply. These chemicals provide a quick effect on crop improvement and are less time taking. 
Applications of Plant growth regulators must lead to quantifiable advantages for the user because they must be specific 
in their action and environmentally safe. Industries which are involving in the development of these chemicals should be 
well informed about the latest scientific development in production of Plant growth regulators. They are not only 
interesting but profitable to use to grower, distributor and manufacture. More research is needed to develop simple, 
economic and technical feasible production systems of Plant growth regulators. 
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As we continue our collective fight against the corona virus (COVID-19), you may have come across various claims of 
vegetables or supplements that supposedly enhance our immunity against the virus. To carry our daily functions, our 
body needs numerous nutrients in suitable amounts including those that help to boost our immune system. Various 
vegetables groups (Solanums, Roots, Bulbs, Beans, Leafy vegetables, Crucifers)  provide nutrients that are vitamins, 
minerals, flavonoids, phytoestrogens, sulfur and phenolic compounds such as monoterpenes and bioactive peptides also 
beta carotene, vitamin C and vitamin E that boost our immune function, particularly antioxidant vitamins and dietary 
fiber content have important role in human health. It is a challenge for medical science to conflict corona virus. One of 
the main challenges in treating viral diseases is the development of resistance against the virus by enhancing or boosting 
body immune system. With fast mutation in genome of the virus, may be an antiviral drug proves to be ineffective in a 
short time. Therefore, it is necessary to find a natural source for inhibiting viral infection by boosting the immune system 
with different vegetables. 

Introduction - What is Immune System? 
The immune system is studied to be the body’s protection mechanism. It has undeniable properties for protecting the 
body against various infections. These infections can be caused by various pathogens that are bacteria, virus, toxins, 
parasites etc. The basic feature of a healthy immune system is to identify and destroy the pathogens from the organism’s 
own healthy tissues. A healthy individual is an indication of a healthy immune system. Hence, we should try to keep our 
immune system healthy by immune boosters. Immune boosters are those substances which help to increase the 
performance level of our immune system. The boosters assist the lymphocytes to enhance their defensive mechanism; 
and help them creating a powerful secure exterior thus, protecting the body from pathogenic attacks. There are many 
vegetables that act as an immune booster; among them, the following vegetables are considered as one of the most 
effective options.  

1. Tomato: Tomatoes are the world richest source of lycopene that has a special nutritional and phytochemical activity. 
The phytochemicals are the carotenoids consisting of lycopene, phytoene, neurosporene and carotenes. It has 35 mg/kg 
lycopene, with red cultivars 90 mg/kg of lycopene (Scott and Hart, 1995). It has a provitamin A, vitamin A and also an 
ideal source of potassium as it occurs with a biologically advantageous ratio of bicarbonate or citrate which was 
important for healthy bones. These fruits are also superb source of ascorbic acid and vitamin C (Rao and Rao, 2007). It 
has small amounts of lutein, α-, β-, and γ tocopherols and conjugated flavonoids that keeps boosting our immunity. 

2. Capsicum: Red capsicum has 3 times more vitamin C than a Florida orange. It also a major source of lycopene, beta 
carotene, vitamins C, K, carotenoids, and flavonoids (quercetin and luteolin) that helps to protect against disease 
(Bosland, 1996). It also has a decent amount of fiber. Red capsicums have elevated levels of nutrients than green ones. 
Just like other nutrient-dense vegetables, capsicum has many powerful phytochemicals are capsaicinnoids. More than 
20 capsaicinoids, belonging to 2 groups, capsaicin and dihydrocapsaicin. The capsaicin that keeps our immunity healthy 
and reduce the risk of disease attack. Chillies are good in niacin, pyridoxine (vitamin B6), riboflavin and thiamin (vitamin 
B1). It also has a good amount of potassium, manganese, iron, and magnesium.  

3. Carrot: Carrots contain antioxidants, which help your body fight free radicals, cell damage, and inflammation. Carrot 
is rich in flavonoids, carotenoids, vitamin E and Vitamin C in carrot juice also provides an immune system boost, helping 
us get through cold and flu season. Carrots have a unique blend of 3 flavonoids: kaempferol, quercetin, and luteolin 
(Ching and Mohamed, 2001) helps to reduce disease attack. 

4. Beet root: A root vegetable loaded with essential nutrients,  fiber, folate (vitamin B9), vitamin C (antioxidant  that 
is essential for immune function), manganese, potassium, iron (necessary for the transport of oxygen in red blood cells). 
Beetroot juice has been with many health benefits. Dietary fiber in beet root as part of a healthy diet linked to a reduced 
risk of various viral diseases. The main compounds are betanin believed to have various health benefits and inorganic 
nitrate in leafy green vegetables and in beet roots, turns into nitric oxide in your body and has numerous health benefits. 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
630 

5. Sweet potato: It is a staple food in many parts of the world and highly nutritious. They are a good source of fiber, 
carotenoids, potassium, vitamin C, vitamin A and other essential nutrients. Vitamin C also supports the immune system 
and enhances iron absorption.  

6. Legumes (Peas and Beans): Legumes are good sources of dietary fiber, Isoflavonoids and iron. The highest iron 
availability was in lima bean and while for zinc and calcium in mung bean. Mallillin et. al., (2008) determined the total, 
soluble and insoluble fibre of mungbean, green pea, lima bean, kidney bean and resulted that the dietary fibre content 
ranged from 20 to 46 g/100g. Mung bean either eaten as whole pod or grown to produce bean sprouts is a major source 
of iron. 

7. Pumpkin seeds: The Office of Dietary Supplements (ODS), recommend eating seeds as a source of vitamin E. Non-
refined pumpkin seed oil is thought to offer antioxidant protection. So, it was very healthy to take pumpkin seed by 
toping them on salads. According to the United States Department of Agriculture (USDA) National Nutrient Database, a 
100-g serving of organic pumpkin seeds contains:127 calories, 15 g of carbohydrate (including 0 g of sugar and 17.9 g of 
fiber), 5 mg of protein, 21.43 g of fat, of which 3.57 is saturated, 20 mg of calcium, 0.9 g of iron, 1 g of saturated fatty 
acids. 

8. Onion and garlic: These are natural sources possess antiviral properties. They were rich in organosulfur compounds 
like quercetin and allicin are related with hindrance of viral diseases. The chemicals present in these plants can inhibit 
virus attachment to host cell, change transcription and translation of viral genome in host cell and influence viral 
assembly. Quercetin compound has ability to inhibit RNA polymerase which is necessary for viral replication and also 
inhibit process by which virus alter signalling pathway in host cell. Organosulfur compounds like allicin, diallyl trisulfide 
and ajoene are main chemicals which impart antiviral property to garlic. The Phytochemicals present in these plants 
were observed to block the formation of protein and genetic material in the virus (Castrillo and Carrasco, 1987; (Vrijsen 
et. al., 1987); (Zandi et. al., 2011) 

9. Spinach, Beet greens: These are rich in vitamin C and beta carotene, which enhance the infection-fighting potential 
of our immune system. Spinach is healthiest when it’s cooked as little as possible so that it keeps its nutrients. However, 
light cooking makes it easier to absorb the vitamin A and allows other nutrients to be released from oxalic acid, an 
antinutrient. These veggies are superb source of folate, shown to inhibit DNA synthesis in multiplying human gastric 
adenocarcinoma cells (He et. al., 1999) 

10. Amaranthus: It is rich sources for micronutrients and dietary minerals. It has the excessive amount of gluten free 
protein, calcium, dietary fibers and essential amino acids required for a healthy living. The amaranthus species as a 
major source of food and medicine, a role in dietary fortification and also has nutraceutical properties. It founded that 
bioavailable their nutrients are with a view to finding a lasting solution to hidden hunger and nutrient deficiencies 
ravaging developing countries and the world at large. 

11. Sorrel/Gongura: Gongura is the Telugu (Indian language) version of the green leafy vegetable called Roselle. It is a 
good source of carbohydrates, fiber and protein. It is also an excellent source of vitamin A, vitamin B1 (thiamin), vitamin 
B2 (riboflavin), vitamin B9 (folic acid) and vitamin C. It is rich in essential minerals like calcium, potassium, magnesium, 
iron, folic acid and anti-oxidants essential for human nutrition that good for various medical conditions. These leaves 
improve the body metabolic rate (changing food into needed energy). So, try to put on this leaves in to the daily menu. 
It helps the body to prevent diseases and bacteria or virus infection. 

12. Malabar spinach: It is a popular tropical green leafy vegetable. It has more vitamin C content than Spinach. 100 g 
of fresh greens has 102 mg or 102% of daily recommended levels of vitamin-C. Vitamin-C is a powerful antioxidant, helps 
the human body develops resistance against infectious agents and hunt oxygen-free radicals which are injurious to health. 
It also has good amounts of B-complex vitamins such as folate, pyridoxine and riboflavin. The folate is one of the essential 
compounds for DNA production and growth. These leaves are good sources of potassium (K), manganese (Mn), calcium 
(Ca), magnesium (Mg) and copper (Cu). Potassium is a main part of cell and body fluids that aids in controlling heart rate 
and blood pressure (B.P). Manganese and copper used by the human body as a co-factor for the antioxidant enzyme, 
superoxide dismutase is one of the essential compounds for DNA production and growth. 

13. Drum stick leaves: The micronutrients like Potassium (K), iron (Fe), calcium (Ca) and essential vitamins like Vitamins 
A, B, C and E are present in moringa leaves. It is known that iron and vitamin C play an important role in boosting the 
immune system. Also, crude protein and antioxidants are present in remarkable amounts which are beneficial to boost 
the immune system. Hence, incorporating these leaves in daily menu is a valuable addition among susceptible 
populations. It is also called a miracle tree as it is a treasure house of all essential nutrients that are needed to enhance 
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our immunity. The leaves itself is known to contain 2 times more protein than yogurt, 4 times more vitamin A than 
carrots and 7 times more vitamin C than oranges. It is a storehouse of vitamin E and its utilization can satisfy the 
recommended intake of vitamin E. The amount of zinc found in leaves, pods and seeds are twice as found in beans. 

14. Chukka kura / Garden sorrel: Chukka is sharp and slightly astringent due to the high levels of oxalic acid and the 
younger leaves are less acidic.  The Chukka plant is solely cultivated for its leaves and is most commonly called Green 
sorrel that boosts our immunity and fights against various diseases. It has been used since ancient times both medicinally 
to aid in digestion and for culinary purposes to add a tart flavor to rich and hearty foods. Chukka leaves are high in 
vitamin C, calcium, magnesium, and potassium. They also contain significant amount of beta-carotene and lutein.  

15. Fenugreek leaves: We all know that our body loves foods that have an abundant source of antioxidants! Fenugreek 
leaves are enriched with Vitamin C, Vitamin A, and Beta Carotene. This power combo helps you by building your body’s 
immune system which then helps you fight some of the common illnesses. Also, antioxidant properties help maintain 
your skin's radiance and youth.  

Conclusion 
Vegetable rich diet has undeniable positive effects on health since phytonutriceuticals (vitamins, minerals, dietary fiber 
and phytochemicals) and type of different vegetables can protect the human body from several types of diseases and 
improves the immune system by fighting against CORONA virus. The chemicals or compounds present in vegetables are 
responsible for affecting different stages of the virus cycle. These chemicals can affect entry and attachment of the 
virus on the host cell and also has the ability to inhibit RNA polymerase, necessary for viral replication. Since vegetables 
are a natural source of phyto chemicals, therefore it should be further explored to develop an effective drug against the 
virus. Despite considerable research on the antiviral property of vegetables, many questions are still unanswered. 
Therefore, more detailed study should be conducted to elucidate a complete mechanism of action of vegetables against 
the virus. Also, more clinical trials are needed to analyse the antiviral property of these plants. Considering numerous 
studies which corroborate antiviral effect of vegetables, this paper recommends consumption of these plants as a safe 
alternative to prevent virus infection. 
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The genus Capsicum (Capsicum annuum L.) belongs to the family Solanaceae. It contains Vitamin A (8493 IU), Vitamin C 
(283 mg) and minerals like Calcium (13.4 mg), Magnesium (14.9 mg), Phosphorus (28.3 mg), Potassium (263.7 mg), 
protein (1.3g), carbohydrate (4.3g) and fat (0.3g) per 100 g fresh weight (Yellavva, 2008).  

Capsicum can be grown under open field conditions and in protected structures (Singh and Sirohi, 2006) but in open field 
it lacks adaptability to varied environmental conditions. It is very tough to produce good quality capsicum with heavy 
yield due to various biotic and abiotic factors. Due to unpredictable weather conditions, the crops grown under open 
field are often exposed to fluctuating levels of temperature, humidity, and wind flow etc. (Kanwar et. al., 2014). 

The trend of crop production under protected conditions is increasing due to high productivity, improved shelf life of 
fruits (Rai et. al., 2004) and its demand throughout the year. Green house technology can be utilized for controlling of 
environmental parameters such as temperature, relative humidity, light intensity & duration, CO2 level, Irrigation & 
nutrient supply, spacing, growing medium and root development (Baghel et. al., 2003; Wani et. al., 2011). 

Introduction 
In urban markets colored capsicums are in great demand. The traditionally grown green capsicum usually yields 20-40 
tons per hectare in about 4-5 months. In the greenhouse, the crop duration of green and colored capsicums is about 7 -
10 months and yields about 80-100 tons per hectare. 

Production Practices 
1. Selection of Site: Places with high rainfall, humidity and high wind velocity are not suitable for its cultivation. Avoid 
the location or area where heavy rains accompanied with gusty winds are prevalent to avoid damage to the protected 
structure. A well-drained sandy loam soil with good percolation is suitable to grow capsicum. The soil pH of 6 to 7 and 
EC (Electrical Conductivity) < 1 mm hos/cm is ideal for capsicum. 

2. Green house structures: The green house is designed depending on the prevailing local climatic conditions. However, 
cost effective poly house and net house structures are most commonly used to grow capsicum in our country. 

a. Net house (Shade net house): By using granite stone pillars of 12 feet height and 8-inch X 4-inch thickness 
net houses are constructed. These pillars are placed at 2 feet depth inside the soil with concrete cement 
grouting. Uneven and sharp edge of stone pillars on the top has to be covered with smooth materials like rubber 
tubes. To support the shade net, a galvanized iron (GI) wire grid is provided on the top of granite pillar. Over 
the galvanized iron (GI) wire grid, 50% high density polyethylene (HDPE) white shade net is fixed to support 
another layer of shade net (green or black with 35% shade), which is movable or foldable. This additional shade 
net is used during hot summer mid days (Feb-June), sparingly during winter season and whenever the sunlight is 
more between 11.00 am to 3.00 pm.  

b. Poly house: Leaf diseases can be easily controlled in poly house compared to net house due to avoidance of 
rain water into poly house and yield 15-20 % more in polyhouse compared to net house. GI pipes are used to 
construct poly house and, in some cases, farmers use wooden or stone pillars which require less initial 
investment. Transparent ultra violet rays stabilized polyethylene film; 200-micron thickness is four used for 
covering the poly house roof. It is provided with retractable or movable shade nets, at about 11 feet height just 
below the structures from ground level. The sides of the polyhouse are covered with 200-micron thick 
polyethylene film to a height of 3 feet from the ground level, to have better protection from rain splash. 
Remaining height of sidewall is covered with 40-micron white coloured insect proof net from all the four sides.  

3. Cultural and Nursery practices: 
a. Selection of cultivars: The fruits should have uniform size and shape preferably four lobes, fruit weight of 
>150grams, after attaining complete maturity uniform coloring, with a better shelf life. Selected hybrid should 
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be high yielding. Hybrids should have shorter inter nodal lengths (7 to 10 cm), attaining maximum height of 10 
feet in a crop period of 10 months. Popularly grown commercial hybrids in India include Indra, Yamuna (Green); 
Bomby, Triple star, Natasha, Inspiration, Pasarella (Red): Swarna, Bachata (Yellow). Selected capsicum hybrids 
should have long growing period of 8- 10 months.  

b. Nursery rising: Rising of seedlings in pro-trays of 98 cavities. The seeds of 160-200 grams are required to 
plant one acre. The pro-trays are filled with coco-peat and one seed per cell sowed to a depth of ½ cm and 
covered with the same media. The trays which were filled are staked one above the other and covered with 
plastic sheets. Seeds germinate in about a week’s time are shifted to net house/ polyhouse and lightly watered. 
After 15 days of sowing, Mono ammonium phosphate (12:61:0) (3g/L) and 22 days after sowing 19:19:19 (3g/L) 
solution has to be drenched. The seedlings in protrays are drenched with COC (Copper oxy chloride) 3g/L before 
transplanting. Finally, the seedlings will be ready for transplanting in 30-35 days. Spray imidacloprid @ 0.2 ml/L 
and chlorothelonil @ 1gm/L before transplanting of seedlings. Always add about 0.3 ml/L of wetting agent per 
liter of water with each spray of pesticide. 

4. Land preparation & Fumigation: The land should be thoroughly ploughed. Well decomposed organic manure at the 
rate of 20-25 kg per square metre is mixed with soil. Raised beds are formed after bringing soil to fine tilth. Prepare 
beds with size 90-100 cm wide and 15-22 cm height. Between the beds walking space of 45 cm to 50 cm was needed. 
Drenching the crop beds with 4 % formaldehyde (@4 L/ m2 of bed and covered with black polyethylene mulch sheet. 
Four days after formalin treatment, the polyethylene cover is removed; every day the beds are raked repeatedly to 
remove the trapped formalin fumes.  

5. Application of Fertilizer, neem cake and Microbial Bio-control Agents: A basal fertilizer dose of 20:25:20 NPK is 
required per acre and is applied to the beds uniformly before transplanting in the form of 80 kg calcium ammonium 
nitrate, 125 kg super phosphate and 32 kg murate of potash or 40 kg sulphate of potash. 

Neem cake has to be enriched with bio agents like Trichoderma harzianam and Pseudomonas lilacinous by 15 days before 
transplanting neem cake of 200 Kg is powdered and slightly moistened. Trichoderma harzianam and Pseudomonas 
lilacinous each of 2 kg are mixed to the neem cake. This mixture is covered with wet gunny bags or dry grass and left 
for 8-10 days and avoid direct exposure to sunlight and rainfall. After 10 days, this enriched mixture along with 600 kg 
of neem cake has to be applied to the beds for an area of one acre. Azospirillum or Azoctobacter or Vesicular Arbuscular 
Mycorrhiza bacteria can also be applied to the growing bed. 

6. Laying of drip line: Place one 16mm inline drip lateral at the center of the bed having emitting points at every 30 cm 
interval with discharge rate of 2 lt/hr or 4 lt/hr.  

7. Mulching and Spacing: Black polyethylene non-recycled mulch film of 30-100 micron thick, 1.2 m wide, is used to 
cover the beds. As per the recommended spacing (45cm x 30cm) holes of 5 cm diameter are made on the film.  

8. Transplanting: Before transplanting, the planting beds are watered. Seedlings of 30-35 days old are used for 
transplanting. Care should be taken to see that no damage is occurred to seedlings. Seedlings are transplanted into holes 
made in polyethylene mulch film at a depth of 5 cm. After transplanting, seedlings are drenched with 3 g/L copper oxy 
chloride or 3 g/L captan or 2 g/L copper hydroxide solution to the base of seedlings at the rate of 25-30 ml per plant.  

9. Pruning and training: The pruning is done after 30 days of transplanting at an interval of 8 to 10 days. The plants are 
pruned to retain four stems. The tip of the plant splits into two at 5th or 6th node and are left to grow. These two 
branches again split in to two giving rises to four branches. At every node the tip splits into two giving rises to one strong 
branch and one-week branch.  

Training was practiced after four weeks of transplanting the main stem of plant is tied with four plastic twine to train 
along and tied to GI (galvanized Iron) wire grid provided on the top of the plants. The new branches and plants are 
trained along the plastic twines. 

10. Drip irrigation and Fertigation: Depending on the season, drip irrigation provides 2-4 liters of water per square 
meter per day. Water soluble fertilizers are given through fertigation, starting from third week after transplanting. 
Capsicum crop is sprayed with water soluble fertilizers at every 3-week interval after 2 months of transplanting @ 3g/ l 
as foliar application. Fertigation is to be given twice a week as recommended in the table below. 

Water soluble fertilizer Fertilizer dosage / fertigation  

19:19:19 4 kg/acre 
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Potassium Nitrate 1.5 kg/acre 

Calcium Nitrate 1.5 kg/acre 

11. Harvesting and yield: Early morning hours are best suited for harvest. Green capsicum can be harvested at 55 to 60 
days after transplanting, yellow capsicum at 70-75 days whereas red capsicum at 80-90 days. Fruits can be harvested 
once in 3 to 4 days. After harvest fruits should be kept in cool place. The fruits should be handled carefully by adopting 
clip harvest technique and scuffing should be minimized. The average yield of capsicum per acre is 30-40 tons 
(Selavakumar, 2014). 

Conclusion 
Protected cultivation of capsicum is beneficial for producing quality produce for export and demand country. The 
protected cultivation in India can be improve by using demonstration, training, awareness, survey, workshop, seminar 
and another extension programme. The increasing demand of growing population can be fulfilled by this technology. 
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Introduction 
Over recent decades, integrated pest management (IPM) – the combined use of multiple pest-control methods, informed 
by monitoring of pest densities – has emerged as the dominant paradigm. Each of the specific methodological approaches 
used in IPM (mechanical, physical and cultural control; host plant resistance; biological control etc.) has tended to 
become a specialized area of research.  

The concept of integrated pest management was given by Metcalf. The first and foremost important concept is to 
understand the agricultural ecosystem, ecosystem means it contains various entities like forest agriculture ponds etc. 
Whereas agricultural ecosystem it is less diversified than forest ecosystem since it is susceptible to various unusual 
catastrophic events of pest instance this agricultural ecosystem. It is continuously manipulated by human being because 
of various agronomic practices that are being followed for raising the crops so hence this agro ecosystem it is highly 
susceptible to the attack of various pest and diseases the next and foremost. The important concept is it to planning the 
agro ecosystem before implementing the integrated pest management system in crop production.  

We have to understand or we have to plan the agro ecosystem planning lies in the selection of varieties or hybrids so to 
give examples: 
1. Select some susceptible varieties which are actually harboring higher intensity of pest in certain localities one should 
not select such variety because it intensifies the activity of pest control methods. 

2. In cotton wherein sucking pest like leafhopper it is one of the important pests in cotton so it attacks heavily on the 
glabrous type of varieties than you have to select the pubescent type they are hairy thereby the attack of cotton sucking 
pest is less. 

3. The crop rotation so before the planning one should know what type of crop should be grown so here is one best 
example that is the management of corn rootworm it is one of the important pest in maize production if someone grow 
continuously this corn in a location were going to get rare or more number of pest at same time hence the incidence of 
this Corn pest borer it mean corn stem borer will be high hence rotation of corn with soybean is require thereby it’s 
going to reduce the pest population in the next season. 

Fig. 1: Methods for integrated pest management 

Indiscriminate and excessive applications of synthetic pesticides have not only damaged environment and agriculture 
but have also caused their entry into the food chain. Evidences of pesticide threats to human health and economic 
effects have been documented in several studies (Rola and Pingali, 1993; Antle and Pingali, 1994). Integrated pest 
management, which is essentially a knowledge-based technology, involves integration of different methods of disease 
and pest management. This technology has not only shown decreased applications of pesticides and low environmental 
risks but has also raised crop yields and net returns. However, despite these favorable results, its adoption has remained 
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miniscule. Farmers’ adoption of integrated pest management (IPM) package depends on many factors, such as their 
technical skill and socioeconomic conditions as well as psychological and cultural factors, etc. 

Mechanical Intervention 
What is those mechanical intervention this is nothing but involving the human labour itself directly involved here there 
are various strategies again in this mechanical intervention? One of the foremost and the simple technology is hand 
picking and destruction this is a simple technique of taking out the egg stages or the larval stages of important pest like 
Spodoptera or hairy caterpillars to show very clearly. In case of groundnut the Spodoptera egg masses you know these 
particular female adults lay its egg on the upper surface of the leaf in masses in groups each egg mass have about 200 
to 300 eggs in one egg mass and because they can be located easily in the field situation they can be picked and then 
destroyed manually not only that even in the next 4-5 days these larvae though hatch from these egg masses. They feed 
by remaining on one place for 4-5 days because of skeletonization we can locate these egg masses having larval 
population even from a distance these larval population can also be picked and manually destroyed. Similarly, in case 
of sunflower which is another important crop helicoverpa is a major pest particularly during the flowering stage and it 
feeds on the developing grains.   

If labour is available easily and economical than the larval collection of grown-up helicoverpa larvae is the best strategy 
to reduce the pest population. Some technology used in red gram areas particularly in rainfed areas where helicoverpa 
is a major pest once the pod development starts helicoverpa feeds directly on the developing pods by shaking the plants 
on to a cotton cloth or plastic sheet then collecting them in one hip and then destroying manually is a very simple device 
followed by the red gram farmers these are all some of the simple techniques used manually to destroy the insects. The 
next one is the destruction of fallen and infested fruits, particularly the fruits damaged by fruit flies anyway that fruit 
which has pollen is already lost but the most important thing is these fallen fruits will harbor lot of maggots of fruit fly. 
If we leave as it is, they complete the life cycle and once again the population comes out and new damages caused to 
the new fruits, therefore collect these fallen fruits and then destroy them manually. One another important technology 
is destruction of termite mount, termites are important pest in agro ecosystem wherever there is a termite colony in 
the nearby field the crops suffered due to the damage to the roots wilting of plants takes place that's why any 
management tactics to reduce the population of workers will not hold good under this situation. We have to locate the 
termite colony dig it up search for the queen because queen is the central brain in the termite colony if you destroy this 
queen entire forty to fifty thousand workers will be almost killed. So, this is one of the simple manual devices to reduce 
the termite attack.  

We know in coconut, rats and invertebrate pest is one of the major problems here also rats climb to the top of the tree 
and then damage the developing tender coconuts. To prevent this placing of a metal seat prevents the rat moment there 
by the damage can be prevented. Also digging of trenches some of the hairy caterpillars they move for example red hairy 
caterpillar they move from one field to another field after feeding on the foliage so while they move if you dig a trench 
and place some insecticide dust in that trench while moving these larvae fall into the trench and because of good contact 
of the insecticide dust the efficacy of the insecticide can be increased and the mortality of the grown-up larvae can be 
increased. So, this is a simple device to increase the efficiency of death of the marching lepidopterous insects. 

Covering the fruits particularly fruit crops which have higher economical value for example our pomegranate or citrus 
you know they are attacked by fruit sucking moth particularly pomegranate. If there is a slight scale damage then the 
fruit is rejected in the market for this because of high economic value the complete coverage of the tree plant with the 
nylon net or if labour is available easily and if labour is economical covering the fruit individual fruit with paper bags 
works out more economical and more effective technology in reducing the pest damage then putting sticky traps or 
slippery band on the tree trunk.  

In case of Mango mealy bug is a major problem these mealy bugs move from one plant to another plant after causing 
damage while they move from one plant to another plaint if a band of greasy material place like any castor oil these 
mealy bugs stick to the particular mango tree and then they will be caught and then they will be killed this is how the 
greasy material can be used as a mechanical device in killing the mealy bug population similarly the plants which are 
affected already by the insects particularly the scale insects or other fruit borer damage we already lost those particular 
plants if we leave those particular plant parts as it is on the plant the population build up takes place and they further 
cause the damage to healthy plants so that's why removal of these affected plant parts becomes an important mechanical 
device to reduce the pest population now to conclude in brief of all these technologies or the methods so far.  

This all are unique thing, they are basically the agronomic practices or cultural practices already followed by the farmers 
having an impact on insect population more than that they are easily adaptable by the farmers not only that they are 
compatible with other methods of pest management and not only be advantageous and they are most cost effective in 
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terms of cost you know they're highly economical and foremost important is they are eco-friendly technologies which fit 
very well in the IPM component. 

  
Fig. 2: Shaking of redgram plnats to remove 

Helicoverpa larvae 
Fig. 3: Covering whole plants and individual fruits 

References 
1. Bhattacharyya, A., Bhaumik, A., Rani, P. U., Mandal, S., & Epidi, T. T. (2010). Nano-particles-A recent approach to 

insect pest control. African Journal of Biotechnology, 9(24), 3489-3493. 
2. Karuppuchamy, P., & Venugopal, S. (2016). Integrated pest management. In Ecofriendly pest management for food 

security (pp. 651-684). Academic Press. 
3. Mancini, F., Jiggins, J. L., & O'Malley, M. (2009). Reducing the incidence of acute pesticide poisoning by educating 

farmers on integrated pest management in South India. International journal of occupational and environmental 
health, 15(2), 143-151. 

4. Sinha, B., Singha, R., & Choudhury, D. (2007). Ecological pest management for emerging pest problems. LEISA-
LEUSDEN-, 23(4), 11. 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
638 

The Protective Role of Antioxidants in the Defence Against: COVID-19 
Article Id: 30240 
Mridula Pandey1 

1Department of Home Science Food and Nutrition MMV BHU Varanasi. 

 

Introduction 
This special issue of nutrients explores the relationship between diet and nutrients and immune function. In this preface, 
we outline the major functions of the immune system, and how it interacts with nutrients throughout life, highlighting 
the functions involved within this COVID-19 . This includes the role of macronutrients, micronutrients, and the gut 
microbiome in mediating immunological effects to prevent viruses. Evidence for vitamins C, D and zinc and their role in 
preventing pneumonia and respiratory infections (vitamins C and D) and strengthening immunity (zinc) looks particularly 
promising. Ongoing research within this important area is urgently needed. There are naturally occurring antioxidant 
compounds in the diet that can stabilize free radicals to highly reactive, potentially harmful molecules. Free redical 
cells are generated during normal cellular metabolism and result from the metabolism of some drugs or xenobiotic. 
Exposure to UV light, cigarette smoke, and other environmental pollutants also increases the body's free radicals. 
Harmful activities of free radicals are associated with damage to membranes, enzymes and DNA.  

Keyword: Antioxidant, immunity, microbiom, vitamins, redicalcells, xenobiotic. 

The COVID-19 pandemic, also known as the corona virus pandemic, is an Epidemic due to severe epidemic of corona virus 
disease 2019 (COVID-19) caused by sever acute Respiratory syndrome coronavirus 2 (SARS-CoV-2). The first outbreak was 
identified In Wuhan, China in early December 2019. World Health Organization announced Break a public health 
emergency of international concern on 30 January, and Epidemic on 11 March. As of 12 May 2020, more than 4.17 million 
cases of COVID-19 Reported in over 187 countries and regions, resulting in More than 1.45 million people have recovered 
and 286,000 deaths. Most people infected with COVID-19 virus will experience mild to moderate Respiratory disease and 
recovery without the need for special treatment. Old people, and with underlying medical problems like heart disease, 
diabetes, chronic Respiratory disease, and severe disease of cancer are more likely to develop.  

Effect of Nutrition on COVID-19 
Simply put, we cannot ‘’boost’’ our immune system through diet, and no specific food or not the supplement will prevent 
the capture of COVID-19 / coronavirus. Good hygiene practice Remains the best means of avoiding infection. "There are 
many nutrients that are associated with normal functioning of immunity System, that's why the best way to maintain a 
healthy balanced diet is the best way to support immune function. A recent review has found an array of micronutrients 
to meet the complex needs of the immune system, including vitamins A, D, C, E, B6, B12, folate, copper, iron, zinc, and 
selenium. Essential, there are possible synergy relationships with many of these. however, it is concluded that the largest 
body of evidence related to immune function is the presence of vitamins C, D, and zinc. We subsequently focus on these 
nutrients with specific reference to evidence on respiratory health. The human immune system consists of four central 
components - T cells, B cells, complement system and phagocytes, which are important in protecting the organism 
against foreign intruders.  

The immune system is the body's primary defense barrier against infection, and thus any weakness is potentially harmful 
to the host. Foods that are naturally rich in vitamin C such as broccoli (60 mg / 100 g), blackcurrants (130 mg / 100 g), 
Fortified breakfast cereals (up to 134 mg / 100 g) and oranges (37–52 mg / 100 g)) should be accessible to the elderly 
who need their nutritional benefits most.  

Important nutrients for effective immune function are: 
1. Copper  
2. Folate  
3. Iron  
4. Selenium 
5. Zinc  
6. Vitamin A, B6, B12, C and D  

The immune-protection of many of these nutrients is based on antioxidant capacity (Oxidation is a chemical reaction 
that can damage cells) that if consumed more. While all groups are affected by the COVID-19 epidemic, the elderly, 
undernourished Minorities, and those with underlying medical conditions, are at greatest risk. High rate of dietary intake 
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high in saturated fat, sugars and refined Carbohydrates (collectively known as WD or Western diets in worldwide) 
contribute Obesity prevalence and type 2 diabetes, and may put these populations at An Increased risk for COVID-19 
morbidity and mortality. 

Role of Antioxidants in COVID-19 
Human immune system functions are dependent on adequate intake of Micronutrients that act as antioxidants. The term 
antioxidant refers to a chemical Property rather than a specific nurturing asset. Cells in our body produce powerful 
Antioxidants, such as "alpha-lipoic acid and glutathione". Sources of antioxidants may be natural or artificial.  

Some natural antioxidant-rich foods that we can take to increase immunity: Plant-based antioxidants or type of 
phytonutrients: 

Sl. No. Name of Antioxidant Sources 

1. Vitamin A  Dairy produce, eggs, and liver 

2. Vitamin C Most fruits and vegetables, especially berries, oranges, 
and bell peppers 

3. Vitamin E Nuts and seeds, sunflower and other vegetable oils, and 
green, leafy vegetables 

4. Beta-carotene Brightly colored fruits and vegetables, such as carrots, 
peas, spinach, and mangoes 

5. Lycopene Pink and red fruits and vegetables, including tomatoes and 
watermelon 

6. Lutein Kale ,Green leafy vegetables, corn, papaya, and oranges 

7. Selenium 
 

 
Rice, corn, wheat, and other whole grains, as well as nuts, 
eggs, cheese, and legumes 

8. Anthocyanins blackberries. 
cranberries. 
eggplant. 
grape juice. 
plums. 
prunes. 

9. Phytochemical Apples, apricots, broccoli, Brussels sproutst, cabbage, 
carrots, cauliflower, garlic 

10. Flavanols Fruits, vegetables, grains, bark, roots, stems, flowers, tea 
and wine. 

Synthetic Antioxidant 
1. BHA (E-320) and BHT (E-321): these compounds are two phenolic antioxidants, Able to separate free radicals by 
stabilizing them and preventing chain reactions. Both antioxidants are effective in animal fats, however, they are less 
effective. Vegetable Fats and Oils. BHA is a white, waxy solid sold as flakes or Pills. BHT is a white crystalline solid.  

2. TBHQ (E-319): TBHQ is an antioxidant commonly used in vegetable oils and Animal fat. As an antioxidant, it is more 
effective in vegetable oils than BHA and BHT It is heat-stable and is considered an effective antioxidant in its prevention 
Oxidation of frying oils.  

3. Propyl Galate (E-310): It is an antioxidant that is widely used in foods where Other lipocellable synthetic antioxidants 
such as BHA, BHT or TBHQ are not used Suitable. This antioxidant also works synergistically with other natural and 
Synthetic Antioxidant. As a general rule, antioxidants for food use should be affordable, safe, effective in short 
Concentrations, capable of live processing, stable in finished products and not manufactured No undesirable effects on 
color, taste and smell.  

Currently, there is no antioxidant that Meets all these requirements, so the selection of antioxidants will depend on the 
factors Such as applications, compatibility, regulatory guidelines or market trends.  
The daily value (DV) for vitamin C is 90 mg per day, but Lactating women require an additional 30 mg and those who 
smoke need an additional 35 mg. Everyday.  

https://www.medicalnewstoday.com/articles/275517.php
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With the 2019 coronavirus COVID-19 pandemic, it is particularly important to understand There is no lifestyle 
modification other than supplements, diet, or physical disturbances Known as social disturbances, and proper hygiene 
practices can protect you from COVID-19. 
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Summary 
This article gives an overview of Conservation Agriculture (CA) system and its importance in present day scenario where 
world is facing a great challenge to meet the food supply for the increasing population with the existing agriculture 
practices. This context will introduce and promote CA as an alternate practice that can enable farmers to meet the peak 
demand for food in a sustainable way with the limited resources, benefits and limitations of the system.  

Introduction 
Conservation agriculture (CA) is a latest agricultural management practice with old roots that is gaining popularity in 
many parts across the globe. Conservation Agriculture (CA) is a concept for resource-saving crop production which targets 
to achieve justifiable profits in conjugation with excessive and sustained producing levels whilst simultaneously 
conserving the environment, because the human race could not compromise the capacity of its destiny offspring to 
produce their food desires by exhausting the resources used to feed the population today.  

Challenges of Modern Agriculture 
Global agriculture is facing numerous challenges which are not only adversely affecting food but also nutritional security. 
Since 1950-51 Green Revolution has helped us to increase the production by four folds with HYV’s, intensive input use, 
extensive tillage etc. But today about 60 years of Green Revolution we have fully exploited the resources and techniques 
which are now resulting in declining factor productivity of the resources. Intensive agriculture and excessive use of 
external inputs are leading to degradation of soil, water and genetic resources. Degradation of natural resources is posing 
a serious threat to meet the future demand for food, feed, fodder and fibre. Wide spread soil degradation, nutrient 
mining, depleting groundwater level, and eroding biodiversity are the global concerns which are intimidating the food 
security and livelihood opportunities of farmers. A study by the Food and Agriculture Organization of United Nations 
(FAO) revealed that an estimated 1.5 billion people depend directly on land that is degrading. The recent fuel and food 
crisis have forced global community to take appropriate measures to substantially enhance food production in a 
sustainable manner to feed the growing population.  

The Problems Also Include 
1. Declining/stagnating yield trends and farm income. 
2. Higher global warming potential. 
3. Higher biotic interferences & declining biodiversity. 
4. Secondary salinization and sodicity problems. 
5. Susceptibility to climatic variability; and air and ground water pollution. 

To conserve soil and water resources and overcome the agrarian challenges, the role of conservation agriculture is well 
recognised by most of the developed countries and many developing countries. Many global treaties have raised the 
concern to conserve natural resources for improving livelihood opportunities and enhancing the quality of the millions 
of small and marginal farmers living in abject poverty. Conservation agriculture has been identified as one of the 
technological options to meet the global challenges of increasing food production and conserving environment, thereby 
improves food and nutritional security and alleviates poverty. 

Conservation Agriculture System 
Conservation Agriculture - “A concept for resource - saving agricultural crop production that strives to achieve acceptable 
profits together with high and sustained production levels while concurrently conserving the environment” (FAO,2009). 

According to FAO (FAO, 2014), Conservation Agriculture (CA) is an approach to managing agro-ecosystems for better and 
sustained production, increased profits and food security while preserving and intensifying the resource base and thus 
the environment. 
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Principles of CA 
Conservation agriculture practices pursued in many parts of the world are built on ecological principles making land use 
more sustainable (Lal, 2013). Conservation agriculture basically relies on 3 principles, which are hinged and must be 
adjudged jointly for appropriate design, planning and execution processes. These are:  
1. Minimal mechanical soil disturbance: The biological activities of soil produce very stable aggregates as well as various 
sizes of pores, allowing air and water infiltration. This process can be called “biological tillage” and it is not compatible 
with mechanical tillage. Continuous mechanical soil disturbance, deteriorates the biological soil structuring processes. 
Minimum tillage helps to maintain optimum proportions of respiration gases in the crop root-zone, moderate organic 
matter oxidation, porosity for water movement and limits the re-exposure of weed seeds for their germination (Kassam 
and Friedrich, 2009).  

2. Permanent organic soil cover: Permanent soil cover plays a key role to protect the soil against the deleterious 
consequences of exposure to harsh environmental effects;  provide the micro and macro organisms in the soil with a 
continuous supply of “food”, and adjust the microclimate of soil for optimal growth and development of soil organisms, 
together with plant roots. In turn it improves soil aggregation, soil biological activity and soil biodiversity and carbon 
sequestration (Ghosh et al., 2010).  

3. Diversified crop rotations: The rotation of crops is not only handiest essential for presenting a diverse “diet” to the 
soil microorganisms, however also for exploring distinctive soil layers for nutrients which have been leached to deeper 
layers that may be “recycled” through the vegetation in rotation. Furthermore, a variety of plants in rotation ends in a 
various soil plants and fauna. Cropping sequence and rotations related to legumes allows in minimal rates of build-up of 
population of pest species, through life cycle disruption, biological nitrogen fixation, managing of off-site pollution and 
enhancing biodiversity (Kassam and Friedrich, 2009). 

Conservation Agriculture Practices 
Conservation Agriculture system includes some special practices which together forms the base for crop management in 
the field, some of the major practices are enlisted below-  
1. Laser Land Leveling 
2. Direct sowing 
3. Conservation- tillage (Zero/minimal tillage) 
4. Bed Planting (Narrow /broad beds) 
5. No burning of crop residues 
6. Permanent crop and weed residue mulch 
7. Continuous cropland use 
8. Crop rotation and crop cover 
9. Specialized instruments and implements use. 

Benefits of CA 
1. Reduce surface run-off and increase water infiltration  
2. Control erosion  
3. Add organic matter  
4. Improves soil structure and tilth  
5. Legume fix atmospheric nitrogen  
6. Help to control weeds.  
7. Increased Nutrient use efficiency  
8. Increase soil productivity  
9. Improves soil Microbiology. 

Constraints in Adoption 
There are a number of troubles encountered in adoption of conservation agriculture. In the past, farmers have realised 
massive economic advantages with the aid of intensive agriculture practices. An entire shift from intensive tillage to 
zero or minimal tillage requires substantial educational programme by using demonstrating the merits accumulated 
through conservation agriculture. The other problems include high rate machineries, unavailability of skilled labourers 
to use the machineries at farm levels and many more. All this have led to confined spread of CA to a constrained area 
best over a decade. 

Conclusion 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
643 

Conservation agriculture technologies have potential to improve the use efficiency of natural resources such as water, 
air, fossil fuel and soil. They improve the sustainability of agriculture by mitigating GHG emission and adapting to climate 
changes. However, their utilization/ exploitation needs to be optimized across locations, cropping seasons and crops 
based on sound benefit-cost economics. In India, research and development are needed on conservation agriculture 
which should focus on cost-effective conservation practices involving zero/ minimum tillage, crop residues under 
diversified cropping systems with emphasis on sustainable productivity, under Indian conditions keeping in view the small 
and marginal land holdings. Studies should also be focused on conservation agriculture encompassing better crop stand 
establishment, optimal fertilization, weed/pest/disease management, and efficient use of irrigation and rain water 
under irrigated as well as minted ecologies. There also stands the requirement for government policies which and training 
programmes which enable the farmers to get acquainted to the new practices and techniques. 

References 
1. Food and Agriculture Organization of the United Nations (FAO) 2009,2014. Conservation Agriculture. 

http://www.fao.org/ag/ca Rome, Italy. 
2. Kassam, A., Friedrich, T., Shaxson, F., & Pretty, J. 2009. The spread of conservation agriculture: justification, 

sustainability and uptake. International journal of agricultural sustainability, 7 (4): 292-320. 
3. P.K. Ghosh, A. Das, R. Saha, E. Kharkrang, A.K. Tripathy, G.C. Munda, S.V. Ngachn., 2010. “Conservation agriculture 

towards achieving food security in north east India” Current Science, 99 (7), pp. 915-921. 
4. Lal, 2013Climate-resilient agriculture and soil Organic Carbon. Indian Journal of Agronomy, 58 (4), pp. 440-450. 
  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
644 

Corona Virus: Shifting from Fear of Supply to Worry of Demand 
Article Id: 30242 
Dr. V. Keerthana1 

1Assistant Professor, Imayam Institute of Agriculture and Technology, Thuraiyur – 621 206, Affiliated to 
Tamil Nadu Agricultural University, Coimbatore. 

 

Abstract 
Suppliers around the global economy have been struggling to keep production going after the pandemic of the deadly 
"corona" virus which has also shut down parts of plants throughout China. So now its feared consumers are not in the 
mental state of purchasing the goods anymore. There is a change from fear of supply to fear of demand with more than 
three lakh fifty thousand cases as of May fifth, 2020 so far in the world and the new ones are rising up daily. The world 
is confronted with real fear and concern because of the deadly virus COVID-19. 

Introduction 
The novel corona virus that began in December 2019, with its country of birth as China threatens the world's entire lives. 
The virus also hit fears in the market giants' hearts and related facilities. This also fears the consumers. Customer 
behavior is also starting to show a drastic change as there is a growing increase in the world in the number of cases 
affected and yet the care is challenging it.  While people have been confined indoors, several government and private 
offices, project work, operations are completely shut down and the lives of street vendors, daily wage manufacturers, 
small-scale industry workers, seasonal labors, migrated labors and homeless people have been hit hardest. And such a 
life-threatening virus outbreak has also had a significantly larger impact on the economic growth.  

Corona Virus Fear - Checking Consumer Behavior 
A drastic check has been initiated in consumer behavior as the number of novel corona cases has been rising in trend. 
Since the government has now agreed to lock the entire country except the hospitals, pharmacy, grocery stores and 
other important services. It is because the covid-19 outbreak is not in the global economy; it has already affected 
transmitting fears. Typical customer behavior and household behavior change with fear of causing this virus. The fear 
also influences how people spend their hard-earned money on enjoyment, transportation, accommodation and food. 
Automobile manufacturing, airlines, restaurant and hospitality sectors are the most affected fields due to corona. It 
cannot be assumed that only some sectors are affected, the effect is expected to reach other sectors as well soon as 
possible, either directly or by undulation. People throughout India supply essential items that consist mainly of fast-
moving consumer goods and pharmaceutical products.  

Impact of Corona Virus on the Indian Economy 
In fighting with COVID 19, the Indian government extended the date of the lockdown day by day. On this account, the 
Indian economy is worsening due to complete shutdown of government and private sectors. Recently an industry survey 
conducted collaboratively by industry body FICCI and tax consultancy Dhruva advisors and received responses from about 
380 companies around the industrial sector. Companies are said to wrestle with the future with "tremendous ambiguity." 
According to their survey, COVID 19 outbreak has had a very profound impact on Indian businesses; jobs are at high risk 
over the coming months because companies are looking for some reduction in manpower as they are ultimately hit by 
the lockdown. Nearly 72 percent of respondents said they are facing "high to very high" level effects on their company 
in the current situation. In addition, 70 per cent of the companies surveyed expect revenues to regrowth in the 2020-21 
budget year. 

This can also be saying that, unless the government effectively announces a substantive economic package, we could 
see a permanent impairment of a large section of the industry, that may start losing the opportunity to return to their 
happy lives again. Significant decrease of the urban transaction due to lock-down has resulted in a steep drop in the 
consumption of non-essential commodities, which has made the situation even worst. India is also facing a shortage of 
few required raw materials as the whole world is fighting this deadly virus born in China. The telecommunications, IT, 
tourism and aviation industries are the few large sectors that suffer entirely from the deadly virus. Although the WHO 
works closely with global expert scientists, governments, and other health organizations to educate countries on 
precautionary and preventive steps, the response to the deadly one remains unanswered.  Indian stock markets are also 
currently experiencing sharp uncertainty as a result of a global market downturn. The Indian Council for Agricultural 
Research (ICAR) has issued state wise guidelines for farmers to be followed during the lockdown period to avoid the hit 
of corona virus on farmers. The advisory addresses specific activities during the harvest and threshing of various rabi 
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crops. India's reserve bank (RBI) has also announced concrete measures resolving the "debt servicing pressure" caused by 
the corona outbreak. 

Conclusion 
The effect of COVID-19 could be said to have produced a rocky path ahead for the Indian economy. Despite the latest 
shutdown and sales losses, consumer usage has hardly been affected. This pandemic has driven the world to stay at 
home, waiting for the climax. 
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Introduction 
Maize (Zea mays L.) is called “Queen of cereals” (Tollenaar and Lee, 2002) as it is grown throughout the year due to its 
photo-thermo-insensitive character and highest genetic yield potential among the cereals. Globally, maize is grown in 
184 M ha across 165 countries, with total production of 1016 Mt and average productivity of 5.52 t/ha (FAOSTAT, 2014). 
There are three distinct seasons for the cultivation of maize in India: Kharif, Rabi in Peninsular India and Bihar, and 
Spring in northern India. Maize is predominately a Kharif season crop but in past few years Rabi maize has gained a 
significant place in total maize production in India. Rabi maize is grown on an area of 1.2 million ha with the grain 
production of 5.08 million tonnes, with an average productivity of 4.00 t/ ha (DACNET,2012). The predominant Rabi 
maize growing states are Andhra Pradesh (45.5%), Bihar (20.1%), Tamil Nadu (9.3%), Karnataka (8.5%), Maharastra (7.7%), 
and West Bengal (5.3%). Maize Cultivation during winter is becoming a common in Peninsular India (Andhra Pradesh, 
Karnataka and Tamil Nadu), as well as in the north-eastern plains. Andhra Pradesh, Bihar and Tamilnadu are the three 
largest maize producing states with 2.32, 1.02 and 0.47 million tonnes respectively closely followed by Karnataka, 
Maharashtra and West Bengal. Cultivation of maize in Rabi season started in mid 60s in some pockets of Bihar and South 
India. Yield obtained during Rabi season is invariably higher (>6 t/ha) than the Kharif season yield (2-2.5 t/ha.) due to 
long duration of growth and least infestation of pests and diseases. 

Contributing Factors for High Yield in Rabi Maize 
Some of the important factors favouring maize cultivation in Rabi season are briefly discussed below: 
1. Better water management: In absence of erratic rainfall, the crop during Rabi season does not suffer from 
waterlogging, hence damage from pre-flowering stalk rots is less and there is no leaching of fertilizers, their utilization 
is maximum leading to high yield. 

2. Mild and favourable temperature: Maize plants in Rabi season tend to be more efficient in view of lower photo 
respiration losses due to lower night temperatures as well as larger leaf surface for effective photosynthetic activities. 

3. Less incidence of diseases and insect-pests: Due to low temperature and humidity in Rabi season, level of infection 
or infestation by various diseases and insect pests is quite low, resulting in higher yields. 

4. Better plant stand: Establishment of desired plant population density can be assured in Rabi season due to better soil 
and water management and less damage from diseases and pest. 

5. Better weed management: Weeds can be controlled effectively in Rabi season, due to effective water management 
and low temperature. This indirectly helps in improving the fertilizer- use efficiency. 

Package of Practices for Increasing Productivity 
1. Choice of cultivars: Only high yielding hybrids verities are suitable for Rabi season.  

2. Soil: Maize can be grown on a wide range of soils ranging from sandy to clay. But it performs best on well drained, 
aerated deep-loams and silt loams containing organic matter and nutrients. Highly saline, acidic, alkaline and water-
logged soils should be avoided for cultivation of maize crop. 

3. Date of Sowing: The optimum date of sowing is important for winter maize so that the genotype grown can complete 
its life cycle under optimum environmental conditions. Generally, sowing should be completed before the end of 
October, preferably by mid-October. 
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4. Plant density and seed rate: A population of 90,000 plants/ha at harvest is desirable for realizing high grain yield in 
Rabi. A spacing of 60 cm between rows and 18 cm-20 cm between plants would provide the desired plant population 
density. For this purpose, 20-22 kg of seed would be needed to sow one hectare of land. 
5. Seed Treatment: Seed treatment with fungicide and insecticides is necessary to protect the maize crop from seed 
and soil borne diseases and insect- pests. 

Method of Sowing 
1. Raised bed planting: It is the best method for maize during monsoon and winter season both under excess moisture 
as well as limited irrigation availability conditions.  

2. Zero-till planting: Maize can be successfully grown under no-till situation with less cost of cultivation, higher 
profitability and better resource use efficiency. 

3. Nutrient management: The quantity of fertilizers to be applied depends mainly on soil fertility and the preceding 
field management. Therefore, for higher economic yield of maize, application of 10 t FYM ha-1, 10-15 days prior to 
sowing supplemented with 150-180 kg N, 70-80 kg P2O5, 70-80 kg K2O and 25 kg ZnSO4 ha-1 is recommended. 1/3rd 
nitrogen of the full dose of P2O5 and K2O were applied as basal by broadcasting and rest 2/3rd dose of nitrogen was top 
dressed at knee hight and tasselling stage of the maize crop in equal doses. 

4. Weed control: Light hoeing is to be given as and when necessary for better control of weeds. Broad- leaved weeds 
and most of the grasses can be conveniently controlled with the application of Atrazine or Simazine @ 0.5-1.0 kg a.i./ha 
in 1000 lit of water as pre-emergence spray. 

5. Water management: The rainfall during Rabi season is rather inadequate for successful cultivation of high-yielding 
maize hybrids. Four to six irrigations are needed during the Rabi crop season. 

Plant Protection 
1. Disease: Disease problem in Rabi maize is less as compared to Kharif maize. During Rabi season, post flowering stalk 
rots, particularly charcoal-rot occur predominantly in late sown crop, especially when temperature at maturity is high 
and the crop is subjected to soil-moisture stress. The best remedy to minimize yield loss due to these diseases is to grow 
resistant varieties/ hybrids and also need based sprays of mancozeb @ 2.5 g/litre at 8-10 days interval. 

2. Insect Pests: Maize grown in Rabi season is known to be free from the attack of major insect pests which usually 
attack Kharif crop. However, pink stem borer, Sesamia inferens is a major pest. To control this pest two sprays of 
Quinalphos 0.05% 15 days and 35 days after germination followed by second application with Cabofuran 3G @ 0.5 kg 
a.i/ha 20 days after germination followed by second application 20 days after first application is recommendation. 

Conclusion 
In view of the changing farming scenario in the country, maize has been emerging as one of the potential crops that 
address several issues like food and nutritional security, climate change, water scarcity, farming systems and biofuels. 
Rabi maize cropping can provide insights on intensive agriculture and other strategies for meeting future food production 
challenges and will be one of the important cereals in food security of the country. 
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Disease/insect-pest application  Fungicide or pesticide Rate (g/ Kg of seed) 

Turcicum leaf blight, Banded 
leaf and sheath blight, Maydis 
leaf blight 

Bavistin + Captan in 1:1 ratio 2.0 

Pythium stack rot Captan 2.5 

Termite and shoot fly Imedachloprid 4.0 
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Zinc Deficiency Symptoms 
1. Plants containing less than 15 ppm Zn are regarded as deficient in Zn 
2. Interveinal chlorosis, first appearing on the young leaves, reduction in the size of young leaves, which are often 
clustered or borne very closely 
3. Bronzing and purple, violet-reddish brown or brown colouration of the foliage. 

Rice 
Light yellow spots appear which turn to deep brown commonly known as Khaira disease of rice. 

Maize 
Leaves show white patches which turn to bluish red commonly known as White bud. 

Wheat 
Leaves show whites to yellow patches, which turn to brown. Earing and maturity delayed. 

Dicotyledon Plants 
Short internodes (Rosetting) and decrease in leaf expansion (little Leaf). 

Citrus 
Little leaf – mottle of leaf or Frenching of citrus. 

Cotton 
Little Leaf. 

Copper Deficiency Symptoms 
1. Plants having less than 5 ppm Cu are regarded as Cu deficient 
2. Chlorosis of younger shoot tissues., white tips, reclamation disease, necrosis, leaf distortion and die-back are the 
characteristics of Cu deficiency 
3. Male flower sterility, delayed flowering and senescence are most important deficient symptoms of copper. 

Cereals 
Necrosis of the apical meristems which results in elongation of the shoots. 

Dicotyledons 
Necrosis and elongation of auxiliary shoots. 

Iron Deficiency Symptoms 
1. Plants having less than 50 ppm of Fe are usually classified as iron-deficient 
2. Interveinal chlorosis appearing first on the younger leaves with leaf margins and veins remaining green 
3. Under severe deficiency, growth cessation occurs with the whole plant turning necrotic. 

Manganese Deficiency Symptoms 
1. Plants having less than 25 ppm Mn content show Mn deficiency symptoms 
2. Deficiency symptoms of Mn are more severe on middle leaves than younger leaves because Mn is preferentially 
translocated to younger tissues 
3. In Dicotyledons – Internal chlorosis characterized by chlorotic and necrotic spots in the interveinal areas 
4. Cereals / Mono cotyledonous plants – Mn deficiency appear as greenish Grey spots, flecks and stripes on basal leaves 
5. Chlorotic areas become necrotic and turn red, reddish brown or brown 
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6. Mn deficiency are popularly known as Grey speck of oats; speckled yellow of sugar beet, marsh spot of peas, Pahala 
blight of sugarcane Frenching of Tung trees. 

Molybdenum Deficiency Symptoms 
1. The critical concentration of Mo-deficiency in plants is usually less than 0.1 ppm 
2. Mo deficiencies resembles N- Deficiency 
3. Chlorotic mottling between the veins on old or middle leaves all over the surface 
4. In Brassica sp., deficiency symptoms appear on 3 to 4-week-old plants 
5. In cauliflower, plants show chlorotic mottling and cupping of middle leaves 
6. In severely affected leaves, scorching and withering starting from margins and extending to entire lamina leaving 
behind petioles. In cauliflower it termed as whiptail. 

Boron Deficiency Symptoms 
1. Plants having Boron 5 to 30 ppm are suspected to B-deficient 
2. Graminaceous plants - critical limit of deficiency is 5-10 ppm 
3. Dicotyledons – critical limit of deficiency is 20-70 ppm 
4. B symptoms are conspicuous on terminal buds or the youngest leaves, which become discoloured and may die under 
acute B deficiency conditions 
5. Internodes become shorter and appear as bushy or a rosette appearance 
6. Increased diameter of stem and petioles give rise to the typical cracked stems. 

Typical Names of B Deficiency 
1. Heart rot of sugar beet and mango 
2. Browning or hollow stem of cauliflower 
3. Top sick ness of Tobacco 
4. Internal cork of apple 
5. Cracking of – in fruits in papaya, coconut. 
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Introduction 
1. In dry regions, due to less rainfall, weathering of soil and leaching of soluble salts are minimal. 
2. Decomposition of organic matter is at minimum level; hence dry region soils cannot provide adequate or large amounts 
of available nitrogen. 
3. Most arid and semi-arid soils originally have large reserves of potassium, to a much lesser degree of phosphorus. 
Whenever cropping practiced, phosphorus reserves considerably depleted because of uptake of crops. 
4. Though potassium is adequate for rain fed crops, it becomes deficient under irrigation due to leaching in light soils. 

Hence all the major nutrients are limiting in dry regions. 

Nitrogen Fertilizers 
1. Ammonical compounds 
2. Nitrate salts 
3. Amides 
4. Protein fertilizers. 
 
Ammonical fertilizers have a specific advantage for dry crops, because NH4 + ion is retained by the colloidal fraction of 
the soil and less liable to leaching upon irrigation Eg: 
1. Ammonium Sulphate 
2. Ammonium Chloride 
3. Ammonium nitrate 
4. Anhydrous ammonia. 
 
Amide Nitrogen Fertilizers: 
1. Urea (46% N)2. Calcium cyanamide (22% N) 
2. Urea is preferred because it has highest N content 
3. Urea is rapidly transformed in soil by the enzyme urease into ammonia and carbon dioxide and ultimately behaves 
like Ammonical source of nitrogen. 
4. Split application of urea is preferred in 2 or 3 splits than basal application. 

Phosphorus Fertilizers 
1. Single super phosphate (16% P2O5) 
2. Enriched super phosphate (25% P2O5) 
3. Triple super phosphate (485 P2O5) 

a. Single super phosphate consists of a mixture of mono calcium phosphate and gypsum in approximately equal 
amounts. The gypsum may be beneficial for dry crops 
b. Triple super phosphate is in a granular form and it is convenient to handle and also fixation is retarded. 

 
However, under dry conditions for dry crops the powdered form of single super phosphate usually give best results. 

Potassium Fertilizers 
1. All commercial potassium fertilizers are water soluble. The chief sources of potassium are Potassium chloride (KCl) 
and potassium sulphate (K2So4). 
2. Kcl: Commercially called as Muriate of potash and contains 58-60 % K2O and it is the most widely used form of 
potassium fertilizer. 
3. K2So4: It contains 50-53 % K2O. Except for certain crops like Tobacco, which is susceptible to chloride ion, potassium 
sulphate is preferred. 
4. There is no essential deference between the behaviour of these two fertilizers either in the soil or in their effect on 
crops. 
5. kno3(Potassium Nitrate); It contains 44 % k2o & 13 % Nitrogen It is an excellent fertilizer but it is expensive. 
6. Split application of potassium fertilizers are preferred to crops grown on light soils and crops grown on dry lands. 
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Fertilizers to Supplement Secondary Nutrients 
1. Gypsum for supplementing Ca, S and to some extent Mg @ 500 kg/ha 
2. Magnesium carbonate @ 250 kg/ha 
3. Elemental Sulphur 

a. Groundnut and other legumes exhibit Calcium deficiency and their requirement is high. 
b. Crops like cotton and grapes exhibit magnesium deficiency. 
c. Light textured soils with low organic matter content require high amounts of Sulphur. 
d. Oil seed crops and cold crops like cabbage, cauliflower, radish, beet root, carrot etc., require high amounts 
of Sulphur. 

Micronutrient Fertilizers 
1. Zinc sulphate – 50 kg/ha as soil application or 0.2% Foliar spray 
2. Iron sulphate – 50 kg/ha as soil application or 0.5% Foliar spray 
3. Manganese sulphate – 25 kg/ha as soil application or 0.5% Foliar spray 
4. Copper sulphate – 10 kg/ha as soil application or 0.2% Foliar spray 
5. EDDA 
6. Other Chelated compounds. 
7. Molybdenum:  Sodium Molybdate @ 0.5 kg/ha. 
8. Boron – Soil application of boron through Borax @ 10 kg/ha or1.0% Foliar spray. 

Therefore, Coconut, Palm, Papaya require 25-50 g of Borax per tree is suggested. 

Fertilizer Mixtures 
1. Powdered forms should be avoided 
2. Only granular forms should be preferred 
3. Required quantities of N, P, K have to be calculated based on soil test values as showing the charts. 

Organic Manures 
1. FYM @ 5-10 t/ha 
2. Green manure 
3. Green leaf manure @ 5 t/ha. 
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Introduction 
1. Plants having less than 1.0% N-Content are usually regarded as deficient in N. 
2. When quantity of nitrogen is less, the production of chlorophyll decreases and carotene & xanthophylls- the yellow 
pigments- show up. 
3. Due to high mobility of N in plants, its deficiency symptoms first appear on the older leaves in the form of light green 
to pale yellow colouration. 
4. Later, the young leaves become light green to pale yellow if deficiency is severe. 
5. Stunted growth, less vegetation. 
6. Drying up or firing of leaves which starts from bottom of plants. 
7. Reduction in flowering and crop yields; Small grain size and lower protein content associated with N-deficiency. 

Phosphorus Deficiency Symptoms 
1. Plants having less than 0.1 per cent or 1000 ppm P are designated as P-deficient 
2. The leaves of cereals develop a dull grayish-green colour and a red pigment in the leaf bases due to anthocyanins 
3. Due to high mobility of P in plants P gets easily translocated from older tissues to the meristamatic tissues. Therefore, 
deficiency symptoms of P appear first on the older leaves in the form of purplish leaves, stems and branches. Slow 
growth and late maturity. Severe restriction occurs in the growth of plant tops and roots 
4. Leaves become narrow making an acute angle with the stem axis and the foliage turns bluish-green 
5. Sparse and restricted foliage 
6. Plants become thin, erect, smaller slender stalks 
7. Later bud development suppressed 
8. Under continued prolonged deficiency; Older leaves become bronzed or develop reddish-purple tips and leaf margins 
9. Low yields of grain, fruit and seed. 

Potassium Deficiency Symptoms 
1. Plants having less than 0.75 to 1% K content are usually regarded as deficient in K 
2. Potassium deficiency develops first on older leaves in the form of chlorosis along the leaf margins, followed by 
scorching and browning of tips of older leaves which gradually progress inwards 
3. Curling of leaves, tip burning, margin burning of older leaves and proceeds down from the edge, usually leaving the 
centre green 
4. Potassium deficient plant accumulates diamine putrescine 
5. Premature death of older leaves occurs, because potassium is highly mobile and is transported rapidly to younger 
leaves 
6. Slow and stunted growth 
7. Plants lodge easily 
8. Potassium deficient seeds and fruits are shriveled 
9. Poorly opened bolls in cotton. 

Calcium Deficiency Symptoms 
1. Usually, plants having less than 1.0 per cent Ca is regarded as deficient 
2. Calcium is immobile in the plant and cannot readily translocated from the older to the new leaves and hence, 
deficiency symptoms of calcium appear on younger structures 
3. Young leaves are often distorted (hooked in appearance), small and abnormally green 
4. Die back of leaves at the tips and along the margins of younger leaves 
5. The Ca-deficient leaves become cup-shaped and wrinkled and the terminal bands deteriorate with some breakdown 
of petioles in some cases young leaves remain folded 
6. Weakening of stem structure 
7. Root system is stunted 
8. In some cases young leaves remain folded 
9. Blossom end rot in tomatoes and bitter pit in apples are the Ca-deficiency symptoms. 
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Magnesium Deficiency Symptoms 
1. Magnesium is mobile within the plants, hence, Mg deficiency symptoms appear on older leaves 
2. The magnesium deficient plants usually have less than per cent Mg 
3. Interveinal chlorosis 
4. Streaked or patchy effects on older leaves 
5. Affected leaves usually turn small in final stages and curve upward at margin 
6. Under acute deficiency, the affected leaf tissues dry up and may even die 
7. In vegetable crops interveinal chlorosis with tints of red, orange and purple colour occurs. 

Sulphur Deficiency Symptoms 
1. Plants having less than 0.1 per cent S content suffer from S deficiency 
2. Crop plants having N:S ratios more than 16:1 also can be suspected to be deficient in Sulphur 
3. S is immobile nutrient in the plant, hence S deficiency appear on the younger vegetation 
4. The fading of the normal green colour of the young leaves followed by chlorosis 
5. Brassicas which are most susceptible to S-deficiency, the lamina is restricted, leaves show cupping due to curling of 
leaf margins and arresting growth points 
6. The old leaves become puckered with inward raised areas between the veins 
7. The older foliage develops orange or reddish tints and may shed prematurely. 
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Introduction 
Diseases in plants cause major production and economic losses in agricultural industry worldwide. Monitoring of health 
and detection of diseases in plants and trees is critical for sustainable agriculture. Early information on crop health and 
disease detection can facilitate the control of diseases through proper management strategies such as vector control 
through pesticide applications, fungicide applications, and disease-specific chemical applications; and can improve 
productivity. 

Hyperspectral Imaging 
Hyperspectral imaging is the collecting and processing information across the electromagnetic spectrum represented as 
an image cube. The Innovative sensor systems can provide detailed and highly resolved information on crop systems and 
single plants. Hyperspectral imaging, which covers both spectral and imaging information. It is composed of a series of 
images covering the whole wavelengths (a hyperspectral cube). Each pixel for one hyperspectral image has wavelengths 
covering the full spectral range. (i.e.,) For each pixel present in a given image, a specialized hyperspectral camera 
captures the light intensity of multiple contiguous spectral bands. This might be 20-30 bands for a basic system or several 
hundred for a more advanced one. 

Fungal (Fusarium verticillioides) development in maize kernels using hyperspectral imaging technique. In that study, 
principal component analysis (PCA) was used to remove background, bad pixels and shading of the images. Bauriegel et 
al.12 used hyperspectral imaging to detect Fusarium culmorum on wheat ears. PCA was used to identify four distinct 
wavelength ranges (500–533 nm, 560–675 nm, 682–733 nm and 927–931 nm), which allow the classification of healthy and 
diseased ear tissues. 

Principle of Hyperspectral Imaging 
The generic behavior of the material to reflect, absorb, or transmit light is used to characterize its identity and even 
molecular composition. A hyperspectral camera records a narrowly sampled spectrum of reflected or transmitted light 
in a certain wavelength range and produces a high-dimensional pattern of highly correlated spectral bands per image 
pixel. 

Based on Need, HSI 
Current sensor technology enables hyperspectral imaging at different scales. For imaging of small objects such as leaf 
lesions or seeds, frame-based hyperspectral cameras can be mounted on a microscope or line-scanning cameras can be 
equipped with macro lenses. A common set-up for monitoring plants in the laboratory is a hyperspectral camera mounted 
to the side or above a conveyor belt or a translation stage. While these setups have been partially adapted for outdoor 
measurements, for hyperspectral imaging of field trials, typically, vehicle-mounted hyperspectral cameras are used, for 
example on unmanned aerial vehicles (UAVs). 
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What Makes Hyperspectral Sensors Preferable to Other Sensors for the Detection of Plant 
Diseases? 
Hyperspectral sensors include high-resolution optical techniques similar to conventional RGB cameras with an increased 
spectral resolution. .A hyperspectral image typically has  more than 200 spectral bands that can include not  only the 
visible spectrum, but also some bands in  the infrared and ultraviolet spectra as well. The extra information in the 
spectral bands can be used to classify objects in an image with greater accuracy. 

HSI can assess narrow wave bands in the visible (VIS) range of the electromagnetic spectrum from 400–700 nm, the near 
infrared (NIR) range from 700 to 1,000 nm, and the shortwave infrared (SWIR) range from 1,000 to 2,500 nm. Modern 
hyperspectral sensors provide data with high complexity, covering a spectral range of up to 350 to 2,500 nm.  

HSI sensors provide spectral information with spatial resolution for the imaged object. Hyperspectral data can be 
observed as huge matrices with spatial x- and y-axes, and the spectral information as reflectance intensity per wave 
band in the third dimension, z.  

Using push broom, the incoming light passes through a convex grating (or a prism) which separates the light into narrow 
wavelengths. A push broom device, has three components; the camera, a spectrometer and a lens. This system 
simultaneously captures a single spatial line of the image, and the whole colour spectrum range. An alternative to push 
broom is a snapshot approach, where the entire image is capture at once. 

Components of HIS 
Hyperspectral sensor setups typically consist of 
1. A hyperspectral sensor. 
2. A light source (artificial or sunlight).  
3. A control unit for measuring and saving hyperspectral images. 

These components can be mounted on different carrier platforms, such as vehicles, robots, drones, UAVs, tractors, 
airplanes and satellites can also be handheld. The imaging detector selection depends on the required wavelength range 
and object of interest. The data received from HSI are in a hyperspectral data cube. The acquired hyperspectral images 
must be linked to biological processes during plant-pathogen interactions. 

Data Handling and Pre-processing 
Prior to data analysis, hyperspectral data are normalized to become independent from illumination. Normally assigned 
to data pre-processing, this spectral normalization becomes especially important if hyperspectral sensors are applied in 
large-scale field experiments. 
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Applications of Hyper Spectral Imaging in Plant Diseases 
1. Existing vegetation and disease indices. 
2. Applications for the detection and classification of healthy and diseased plants with disease classification. 
3. Quantifying severity of disease. 
4. Early stage detection of stress symptoms. 

Accuracy Depends On 
1. Stable environmental conditions. 
2. Angle between incoming light, plant and sensor influence on the measurement results. 
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Indian farming sector has witnessed rapid increase in farm mechanization over the period of time, which can be 
unarguably linked with the overall enhanced agricultural productivity. Basic farm operations such as pulverisation, 
compaction, smoothening etc. were used to be carried out by means of bullock drawn ploughs and wooden planks during 
the first half of 20th century by Indian farmers. However, with technical advancement animal power was gradually 
replaced with tractors, power tillers, and combine harvesters. Agriculture needs to feed this growing population. Mostly 
timeliness of completing agricultural field operations restricts the average tractor operator in taking break in work 
schedule (Singh et al., 2011). For any operation of man machine system safety and wellbeing of operator is important.  

Farm noise is a significant yet often underestimated problem, posing a threat of hearing loss not only to the operator, 
who is clearly the most exposed person, but also to bystanders like other farm workers and family members. Noise 
(unwanted sound) is a threat which affects worker’s wellbeing and their performance on farm. Noise adversely affects 
workers in many ways such as hearing loss, emotional and behavioural stress, backache, nervousness, nausea, 
carelessness, chance of  high blood pressure and heart failure. Farm noise encompasses wide range of equipment among 
these, agricultural tractors are not the noisiest machines but their continuous use for extended periods, exceeding half 
a day during the harvest time, which makes them potentially more hazardous than other noisier machines, particularly 
when they are old and not noise-rated, or even un-cabbed. 

Working environment of the man machine system is very important for the comfort and well-being of the human kind. 
As humanity is dependent on agriculture where the prime factor is its mechanization. Tractor is the major source of 
mechanical power on farm. As per documented reports, the annual sale of tractors in India increased to 7, 44,536 units 
during 2016-2017 from merely 33,399 units during 1970-71 (Anon., 2017a). Farm noise is a significant yet often 
underestimated problem, posing a threat of hearing loss not only to the operator, who is clearly the most exposed 
person, but also to bystanders (Piana et al., 2018). Among farm machines, wheeled agricultural tractors are most 
prominent source of noise and they are used continuously for an extended period, which makes them potentially more 
hazardous particularly when they are old and not noise-rated, or even un-cabbed. Exposure of human body to these 
physical factors can result in biological, mechanical, physiological, and psychological effects. Noise adversely affects 
workers in many ways as it triggers an increase in occupational diseases such as hearing loss, nausea etc. accidents, 
resulting in failure of expected productivity.  

Noise control in agricultural environment is important to ensure comfortable working conditions of the operators and 
protect their health and the well-being of exposed bystanders. Tractor driving significantly increased the hearing 
threshold levels of the drivers compared to office workers (Khadatkar et al., 2017)  So silencing a tractor is now of prime 
importance due to the need of higher efficiency power sources in addition to customers and legislative demand of low 
noise levels (Ravindran and Prakash, 2013). To control the  major noise causing element muffler, one  should make use 
of various acoustic elements, namely, sudden expansion/ contractions, perforated pipes and baffles, flow reversing end 
chambers, etc. The noise generated inside engine by the pressure pulsation due to combustion and turbulent flow due 
to valve function. In air, sound pressure can be converted using a microphone, and in water with a hydrophone.  Sound 
pressure level (SPL) is used as a measure of sound intensity which is the logarithmic measure of the effective sound 
pressure of a sound relative to a reference value. Unit decibels (dB) which is 20 μPa, usually considered the threshold of 
human hearing (at 1 kHz).  Sound measurements are made with an A-scale weighting on the sound level meter. 

Classification of Mufflers 
Based on functioning mufflers classified into two main types i.e. Active and Passive. The passive can be further classified 
in two types: Reactive (or reflective) and absorptive (or dissipative). Amongst these passive mufflers are widely used 
because of their easy and economic design ability. While reactive mufflers widely used especially due to their easy 
manufacturing and cost effectiveness.  

1. Active mufflers: These mufflers are often used in large ducts where space limitation is there. The noise control in 
ducts consist of secondary source of noise and an adaptive digital control system which produces the same frequency 
noise to occur zero impedance at the junction. It is most effective to damp low frequencies (50 to 500 Hz). 
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2. Passive mufflers: These mufflers do not use any additional noise sources. Passive mufflers use the principle of 
reflection and absorption of noise. They are classified into two different types:  

a. Reactive (Reflective) mufflers: These types of mufflers use the phenomenon of destructive interference to 
reduce noise. This is done by making abrupt changes in cross section area, introducing perforated elements and 
resonators the sound pulses generated from engine partially cancel themselves in the expansion chamber.  
b. Absorptive (dissipative) mufflers: These types of mufflers do not reflect the noise, instead they use a sound 
absorbing material. The sound absorbing material absorbs the sound energy and converts that energy into heat 
energy. 

Standards for Noise Level 
1. National Institute of Occupational Safety and Health (NIOSH, 1998) and the American Conference of Governmental 
Industrial Hygienists (ACGIH, 1995), International Standard Organization (ISO, 2013), International Labour Organization 
(ILO), has considered safe noise level of 85 dBA  for 8 h work 

2. As per the international standard (IS 12207, 1987) and according to OSHA, the sound level for safe working limit is 90 
dB(A) for 8 h duration. For peak noise, the national standard is a peak sound pressure level of 140 decibels. 
 
However, introduction of noise reducing elements help in designing better mufflers in term of noise attenuations, yet 
these elements exert substantial back pressure on the piston of the reciprocating engines. Increase in back pressure 
leads to decrease in thermodynamic efficiency as well as net power available (Naveen et al., 2018). Hence, proper care 
should be taken while designing the mufflers to obtain adequate transmission. The improved muffler should aid better 
efficiency of man-machine system. 
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Introduction 
Agriculture is the main source of food and livelihood for an increasing population across the world. At present situation 
intensive agricultural practices like conventional tillage along with other practices like deforestation, poor land 
management, inappropriate cropping systems, excessive use of chemical fertilizers and burning of crop residues etc., 
directly or indirectly associated with various challenges of agriculture such as scarcity of resources like water and labour, 
extended land degradation, poor soil fertility, low use efficiency of resources. All these together with present climate 
change resulting in greater pressure on available agricultural land in order to feed ever increasing population. 

However, conservation agriculture is one of the important viable options that have potential to improve bio-physic-
chemical properties of soil by maintaining sustainability of crop production system through counter balancing the climate 
variability concurrently conserving the environment. Many studies have clearly evidenced the improvement of soil quality 
by favouring soil physical parameters like soil aggregation, soil hydraulic conductivity, bulk density and chemical 
parameters like soil organic carbon storage and macro and micro nutrient dynamics of soil in addition to improving the 
beneficial soil microbial activity by adopting three principles like minimum soil disturbance, permanent soil cover and 
diversified crop rotations. 

Conservation Farming Components and Practices are 
1. No-tillage, minimum or reduced tillage  
2. Drip /trickle/sprinkler irrigation technology 
3. Bed and furrow planting 
4. Nutrient recycling as of forest Crop and pasture rotation 
5. Agro-forestry and no burning of crop residues 
6. Trap cropping for insect control 
7. Alley cropping 
8. Biological mode of pathogen control 
9. Integrated pest management (IPM) 
10. Contour farming, strip cropping and green manure cropping 
11. Organic and biodynamic farming, stubble mulching. 

Impact of Conservation Agriculture on Soil Quality 
1. Soil physical quality: Adoption of conservation agriculture practices like zero tillage or reduced tillage helps to 
retention of residues over soil surface leads to improvement in soil physical parameters like hydraulic conductivity, lower 
bulk density, higher aggregate stability and better soil structure environment over conventional tillage. In turn soil 
aggregation and their stability have greater influences on water holding capacity, infiltration rate, total porosity and 
nutrient dynamics as well as on soil tilth. 

Parihar et. al., (2016) revealed that continuous adoption of conservation agriculture practices like zero tillage and 
permanent bed along with residue retention over seven year resulted into 23 to 32.5 % higher water stable aggregates, 
47.1 to 53.4 % higher mean weight diameter and 28.5 to 33.9 % higher geometric mean diameter compared to 
conventional tillage in 0-15 cm soil depth, respectively. Similarly, bulk density of soil was lowered by 4.3 to 6.9 % in 0-
30 cm soil profile compared to conventional tillage. 

2. Soil chemical quality: Soil organic carbon (SOC) is one of the keystones of soil quality and an important indicator of 
agricultural sustainability. Adoption of conservation agriculture ameliorates the loss of SOC through its reduced oxidation 
by causing minimum disturbance to soil. Also, due to non-disturbance of the soil the crop roots remain intact in the root 
zone might facilitate the enhancement of SOC through their decay. On the other hand, practice of crop diversification 
with legumes adds a substantial amount of nitrogen to the soil besides enriching with SOC. 
Conservation agriculture practices. 

a. Increases the available nitrogen as nitrogen cycle is inextricably linked to the carbon cycle. 
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b. Adoption of zero tillage system leads to phosphorus stratification in soil and results in higher concentration 
of phosphorus due to preferential movement of phosphorus in the soil (Abdi et. al., 2014).  
c. Residue retention also conserves and increases the availability of potassium near the soil surface where crop 
roots proliferate. 
d. Also helps in improvement of other soil chemical properties like pH, buffering capacity and cation exchange 
capacity of soil.  

3. Soil biological quality: The soil organic matter is major factor that greatly influences biomass, diversity and activity 
of soil microorganisms as it is the basic food source for soil biota. The improved soil aeration, favourable soil 
microclimate, lower temperature, moisture fluctuations and higher accumulation of carbon in surface soil under 
conservation agriculture leads to grater biological activity in soil. 

a. Soil bacteria represents an important group of microbes, their activities and diversity vary from soil to soil, 
tillage practices and crop rotations that are reported to have strong effect microbes, especially the Rhizobium 
bacteria that engaged in biological N2- fixation (Ferreira et. al., 2000). 
b. Adoption conservation agriculture practices increases the earthworm diversity, activity near soil surface and 
helps in mixing of organic matter, formation of humus, alteration in nutrient dynamics and encouraging microbial 
activity. 
c. Conservation agriculture increases the enzymatic exercises like fluorescein di-acetic acid derivation (FDA) 
hydrolysis, dehydrogenise activity, acid phosphatase action in the soil profile due to comparable vertical 
conveyance of organic residues and microbial movement that helps in expanding the enzymatic action. 

Conclusion 
Conservation agriculture has important role in improving soil physical, chemical and biological quality compared to 
conventional agricultural practices in addition to reduced environmental pollution, sustainable crop production and 
reduced soil erosion thus ultimately contributes to the improvement of soil health. Adoption of conservation agriculture 
principles has a significant impact on micro and macronutrient distribution and transformation in the soil there by 
increases the nutrient availability in long run. However, adoption of these practices will come across many hurdles which 
need to be taken care. 
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Introduction 
Rice (Oryza sativa L.) is developed in at least 95 nations and is a staple nourishment for the greater part of the total 
population (IRRI, 2002; Coats, 2003). Because of population increase, the demand for rice is assessed to be 2,000 million 
metric tons by 2030 (FAO, 2002). 

Drought is one of the most genuine overall issues for farming. Kramer, 1983 is characterized as Drought stress is the 
circumstance wherein the water potential and turgor of the plant falls below a limit that influences its normal 
functioning. Blum (1996) defines it as the water deficiency of the plant that occurs when the evaporative demand of the 
atmosphere on the leaves exceeds the capacity of the roots to extract water from the soil. Specially in case of Rice, 
Water stress is the biggest challenge for rice production in rainfed rice ecosystems (Dixit et al., 2012). The slow progress 
in developing rice varieties for drought-prone areas is mainly due to the complex nature of drought-tolerance 
mechanisms, also the complex nature of drought, which affects the rice plant at all stages of crop growth, and its relation 
with a number of physiological mechanisms and biochemical pathways. Agricultural drought occurs when soil moisture 
is insufficient to meet crop water requirements, resulting in reduced crop growth and yield losses. Drought stress is a 
decrease of soil water potential so plants reduce their osmotic potential for water absorption by congestion of soluble 
carbohydrates and proline and in other words osmotic regulation is performed. Therefore, osmotic regulation will help 
to cell development and plant growth in water stress. It is defined that decrease of relative water content close stomata 
and also after blocking of stomata will reduce photosynthesis rate. 

Effects of Drought on Plants 
Crop growth and yield: The most importantly impact of drought is impaired germination and poor stand foundation 
(Harris et al., 2002). Drought stress has been reported to seriously decrease germination and seedling stand. Grain filling 
in cereals is a procedure of starch biosynthesis from simple carbohydrates. It is believed that four catalysts assume key 
jobs in this procedure: sucrose synthase, adenosine diphosphate-glucose- pyrophosphorylase, starch synthase and starch 
branching enzyme. In rice, the water stress forced during the grain-filling period upgraded remobilization of pre- stored 
carbon reserves to grains and quickened grain filling. A decrease in grain filling happens because of a decrease in the 
assimilate partitioning and activities of sucrose and starch synthesis enzymes. Rice adapts to drought stress by the 
enlistment of different morphological, physiological, and biochemical reactions. 

Table I. Economic yield reduction by drought stress in crop 

Crop Growth stage Stress type Yield reduction References 

Barley Seed filling - 49–57% Samarah (2005) 

Maize Grain filling - 79–81% Monneveux et al. (2005) 

Maize Reproductive - 63–87% Kamara et al. (2003) 

Rice Reproductive Mild stress 53–92% Lafitte et al. (2007) 

Rice Grain filling  Severe stress 60% Basnayake et al. (2006) 

Rice Heading - 23% Lafitte et al. (2006) 

Rice Flowering   Short severe stress 54% Lanceras et al. (2004) 

Rice Flowering & grain 
filling  

Prolonged severe 
stress 

84% Lanceras et al. (2004) 

Rice - Very severe stress  95% Kumar et al. (2008) 

Rice - Severe stress   45–50% Jongdee et al. (2006) 

Drought Resistance Mechanisms 
Plants respond and adapt to and survive under drought stress by the induction of various morphological, and physiological 
responses. Drought tolerance is characterized as the capacity to develop, flower and show economic yield under 
problematic water supply. Drought stress influences the water relations of plants at cell, tissue and organ levels, causing 
specific as well as unspecific reactions, damage and adaptation reactions (Beck et al., 2007).  

1. Morphological mechanisms: 
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a. Escape: Escape from drought is achieved through an abbreviated life cycle or developing season, permitting 
plants to replicate before the condition gets dry. Flowering time is an important trait related to drought 
adaptation, where a short life cycle can prompt drought escape (Araus et al., 2002). 
B. Avoidance: Drought avoidance comprises of systems that lesser water misfortune from plants, because of 
stomatal control of transpiration, and furthermore keep up water take-up through a broad and productive root 
system (Kavar et al., 2007). The root characters, for example, biomass, length, density and depth are the main 
drought avoidance traits that contribute to final yield under terminal drought environments. 

2. Physiological mechanisms: Osmotic adjustment, osmoprotection, antioxidation and a scavenging defense system have 
been the most important bases responsible for drought tolerance. 

Antioxidant Defense 
The antioxidant defense system in the plant cell comprises both enzymatic and non-enzymatic parts. 

Enzymatic segments incorporate superoxide dismutase, catalase, peroxidase, ascorbate peroxidase and glutathione 
reductase. Non-enzymatic segments contain cystein, decreased glutathione and ascorbic acid (Gong et al., 2005). 
Carotenes structure a key piece of the plant antioxidant prevention agent protection system, yet they are truly helpless 
to oxidative destruction. The β - carotene present in the chloroplasts of every green plant is only bound to the core 
complexes of photosystem I and photosystem II. 

Molecular and Biotechnological Approaches 
Molecular approaches to drought resistance have been generally concentrated in rice. The rice hereditary map is all 
around secured by microsatellite markers, and rice researchers worldwide have created differing mapping populations 
and related databases. Mapping contemplates have been fruitful in distinguishing genetic regions related with profoundly 
heritable traits, for example, plant height and flowering date, and sometimes it has been conceivable to identify the 
specific gene underlying a QTL. 

Table 2: Transgenic Rice Plants Reporting Effects under Drought Stress 

Gene Effect Reference 

p5cr Faster shoot and root growth observed in transgenic seedlings than controls 
under drought stress. Stress-inducible expression of p5cs transgene had 
greatest effect 

Su and Wu 
(2004) 

otsA and otsB Transgenic lines showed more sustained plant growth, less photo-oxidative 
damage and more favourable mineral balance under drought stress than 
controls 

Garg et al. 
(2002) 

HVA1  Transgenic plants maintained higher growth rates than controls under drought 
 

Xu et al. 
(1996) 

OsDREB1A, 
OsDREB1B, 
OsDREB1C, 
OsDREB1D, & 
OsDREB2A 
 

Improved growth and photosynthetic capacity in transgenic plants than 
controls under drought stress 
 

Dubouzet et 
al. (2003) 

OsCDPK7  Improved glycine rich and LEA proteins under drought stress in transgenic 
plants than controls 
 

Saijo et al. 
(2000) 
 

TPSP  
 

Sustained plant growth, reduced photo-oxidative damage and photosynthetic 
activity under drought stress 
 

Garg et al. 
(2002) 

HRDY  Enhanced root system and improved water use efficiency in transgenic plants  Karaba et al. 
(2007) 

Conclusion 
Drought stress reduces rice growth and development resulting in hampered flower production and grain filling. This 
depends on the timing, duration, severity and intensity of the stress. Following drought stress, stomata close 
progressively with a parallel decline in net photosynthesis. The drought resistance mechanism is complex, involving 
physiological and biochemical processes at cell, tissue, organ and whole-plant levels, depending on the stage of plant 
development. For example, plants reduce water loss by increasing stomatal resistance, and increase water uptake by 
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developing large and deep root systems, and accumulating osmolytes and osmoprotectants. One of the major factors 
responsible for impaired plant growth and productivity under drought stress is the production of reactive oxygen species 
in organelles including chloroplasts, mitochondria and peroxisomes. The reactive oxygen species target the per oxidation 
of cellular membrane lipids and degradation of enzyme proteins and nucleic acids. Amongst plant growth substances, 
salicylic acid, cytokinin and abscisic acid have been reported to play an important role in drought tolerance. The effects 
of drought stress can be managed by plant improvement and selection, plant growth regulators, and the use of 
osmoprotectants, among others. For exogenous glycinebetaine, proline, and other compatible solutes to be effective 
inducers of drought resistance. 
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Introduction 
DNA sequencing technique is experiencing an insurgency with the commercialization of moment era innovations 
competent of sequencing thousands of millions of nucleotide bases in each run. With the continued advancement of 
second-generation sequencing and the advent of single-molecule sequencing methods of the third generation in the 
coming years, the data explosion resulting from this technology is likely to continue to increase. The growing availability 
of knowledge about the DNA sequence enables the discovery of genes and molecular markers associated with different 
agronomic traits. Genome sequencing offers opportunities to create millions of novel markers in non-model crop species 
as well as to classify genes of agronomic significance through the advancement of second-generation sequencing 
technologies. Identifying all genes within a species gives an understanding of how essential agronomic characteristics 
are regulated, knowledge of which can be converted directly into crop improvement. Reference genome sequences for 
several crop species are now becoming available, and this information allows for both the rapid identification of 
candidate genes through bioinformatics analysis and the detection of single nucleotide polymorphism (SNP) by comparing 
the reference with sequence data from different cultivars. Molecular genetic markers are based on genome variation 
which can be assessed and monitored between individuals and generations. The combination of markers with heritable 
traits is used to associate an organism's genotype with the phenotype expressed, and the ability to develop millions of 
novel markers will revolutionize plant genomic research. These markers can be routinely used in crop rearing projects, 
for rapid yield improvement, for hereditary assorted variety examination, cultivar distinguishing evidence, phylogenetic 
investigation, portrayal of hereditary assets and relation to agronomic characteristics. 

DE NOVO GENOME SEQUENCING (SOURCE:  scigenom.com) 

Second Generation Sequencing 
Increasingly high throughput technology is advancing the capacity to generate sequence data. This is driven by what is 
known as next generation or second generation sequencing. Second generation sequencing describes platforms that 
generate large quantities (usually millions) of short length reads of DNA generally between 25 and 400 base pairs. The 
first approach to second generation sequencing was pyrosequencing, which Roche (Basel, Switzerland) commercialized 
as the GS20 (Margulies et al., 2005). The Roche 454 GS FLX Titanium system produces average reading lengths of 300–
500 bp and is capable of producing more than 400 Mbp of sequence with 99.5 percent single-read accuracy. Two 
alternative ultra high throughput sequencing systems with the Roche GS FLX; the SOLiD system from Applied Biosystems 
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(ABI) (Carlsbad, California, USA); and Solexa Genome Analyser technology, commercialized by Illumina (San Diego, 
California, USA). The Illumina Solexa Genome Analyzer (currently the GAIIx) uses reversible terminator chemistry to 
generate up to 50 bp Gbp of data per run over 100 bp in reading length (Simpson et al., 2009). The Illumina system is 
used for genome re-sequencing, transcriptome profiling (RNA Seq) and Chromatin ImmunoPrecipitation sequencing (ChIP 
Seq), and this system supports de novo sequencing applications due to its relatively low error rate. For tag-based 
applications such as gene expression and ChIP Seq, the AB SOLiD System (currently version 3) was used. The AB SOLiD 
system is predominantly used for re-sequencing where comparison with a reference enables erroneous sequence reads 
to be identified and removed (Ondov et al., 2008). Each of these three systems is capable of producing mate-paired 
sequences which enable repetitive region resolution. 

Third Generation Sequencing 
Bringing DNA sequence production to a further level of scale and reducing costs in third generation sequencing. Helicos 
Biosciences (Cambridge, MA, USA) has commercialized the first of these innovations to come to market using single-
molecule sequencing. Termed true single-molecule sequencing (tSMS), the tSMS approach differs from current second-
generation systems by sequencing without the DNA amplification requirement and this process has been used to sequence 
the M13 virus genome (Harris et al., 2008). A single molecule real-time sequencing system has been developed by Pacific 
Biosciences that promises to produce several Gbp of relatively long reads (> 1 kbp) (Eid et al., 2009).  

Antioxidant Defense 
The antioxidant defense system in the plant cell comprises both enzymatic and non-enzymatic parts. 

Enzymatic segments incorporate superoxide dismutase, catalase, peroxidase, ascorbate peroxidase and glutathione 
reductase. Non-enzymatic segments contain cystein, decreased glutathione and ascorbic acid (Gong et al., 2005). 
Carotenes structure a key piece of the plant antioxidant prevention agent protection system, yet they are truly helpless 
to oxidative destruction. The β - carotene present in the chloroplasts of every green plant is only bound to the core 
complexes of photosystem I and photosystem II. 

Examples of Crop Genome Sequencing Projects 
Rice was the first crop genome to be sequenced (Goff et al., 2002; Yu et al., 2002; Matsumoto et al., 2005), shortly after 
the sequencing of Arabidopsis thaliana, the first model plant genome (Arabidopsis Genome, 2000). With the latest 
technologies, existing crop genome sequencing projects are rapidly shifting pace, and researchers are increasingly 
embracing second-generation sequencing to gain insight into their favorite genome. Roche 454 technology is used to 
sequence Theobroma cacao's 430 Mbp genome (Scheffler et al., 2009), while the apple genome is tested using a 
combination of Sanger and Roche 454 sequencing (4× vs. 12× coverage respectively) (Velasco, 2009; Velasco et al., 2009). 
A similar approach is being used to establish a draft consensus sequence for the 504 Mbp grape genome where a 
combination of 6.5 paired read sequences from Sanger and 4.2 unpaired reads from Roche 454 is assembled into 2093 
metacontigs representing an estimated 94.6% of genome. The cotton genomes were characterized by a combined Illumina 
Solexa and Roche 454 sequencing approach. Roche 454 sequencing was used to survey the Miscanthus genome while 
Sanger, Illumina Solexa, and Roche 454 sequencing were used to the banana genome. Roche 454 sequencing, using a 
combination of whole genome shotgun and sequencing of bacterial artificial chromosomes (BAC), was used to complete 
the 1.7 Gbp oil palm genome. It is the first method to complete a full genome sequence without using the Sanger 
sequencing.  

Illumina GAII sequencing has been applied in collaboration between the Beijing Genome Institute in Shenzhen (BGI) and 
the Institute of Vegetables and Flowers in Beijing to produce more than 50 coverage of the Brassica rapa genome. 
Brassica rapa sequencing is the result of the success of sequencing cucumber, where a hybrid strategy consisting of 4×  
Sanger, 68×  Illumina Solexa, as well as 20×  and 10×  covers from end sequenced fosmid and BAC libraries were used to 
assemble more than 96% of the cucumber genome. Roche 454 technology was used for the sequencing of complex barley 
BAC and this was complemented by repeated characterization using Illumina Solexa data from the whole genome 
shotgun. 

Conclusion 
Recent advances in DNA sequencing technology are changing biological and biomedical research radically and will have 
a significant impact on crop improvement. Now it is possible to find sequencing of cereal genomes that have only recently 
been deemed intractable. Relatively inexpensive survey sequencing can classify all genes in a genome, as well as the 
promoters of genes, rendering EST sequencing redundant for gene discovery.  We can use cost-effectively sequence 
multiple varieties or genome-wide SNP discovery for moderately sized genomes. Combined with advanced genotyping 
techniques, this new wealth of knowledge enables the application of comprehensive genome-wide association studies to 
make the connection between genetic variation and agronomic traits. Identifying the genes and molecular markers that 
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underlie these agronomic characteristics will help speed up the breeding process and lead to improved varieties with 
improved yield and efficiency, tolerance to unfavorable environmental conditions and disease resistance. 
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Introduction 
Among all the planets, it is proven that only earth can sustain life and plants are considered as key organisms for 
constituting life on earth. The energy spawned by plant through photosynthesis is the driver of life on earth (Berg et al., 
2005; Alnsour et al., 2015). Due to sessile nature, plants cannot move from adverse conditions unlike us. So, what’s the 
alternative to avoid the pressure of climate change on plants? The answer to this would be metabolic changes toward 
unfavorable conditions makes plant’s immune system resilient. The need of the hour is to minimize widespread emission 
of greenhouse gases that cause climate change. Emission of carbon dioxide should be prevented from crossing the 
threshold limit. 

Climatic Factors Which are Responsible for Plant Growth and Development 
1. Temperature 
2. Light 
3. Carbon dioxide (CO2) 
4. Rainfall and moisture. 

Crop management practices are therefore a huge challenge because it is always highly dependent on abiotic factors like 
climate and environment. 

Importance of Plant Carbon Metabolism for Climate Change 
Since the industrial revolution, atmospheric CO2 concentrations have risen from 280 ppm to over 410 ppm, a 48% increase. 
Depending on how aggressive we are about reducing CO2 (and other greenhouse gas) emissions, atmospheric CO2 
concentrations will probably be between 550 and 1000 ppm by the end of the century, leading to global mean air 
temperature increases to another 1–3.7°C. With global CO2 increase, warming will be more severe in some regions than 
others. High latitudes could warm by 10°C by the year 2100, while the tropics will see smaller temperature increases of 
3–4°C. Warming will also be greatest during the winter months and at night: a 10°C mean annual air temperature rise in 
the Arctic could translate into 12°C increases in minimum winter temperatures. Rising CO2 indirectly impact plant 
performance through its effect on air temperature and water stress. However, CO2 also directly affects plant metabolism, 
most importantly through its role in photosynthesis, which is the entry point for carbon into the biosphere. Elevated CO2 
concentrations are therefore expected to increase leaf photosynthetic rates, but the degree to which this will actually 
occur is unclear, given that the stimulation of photosynthesis by CO2 depends on leaf temperature, and water and 
nutrient availability. Plants are not only affected by climate but are themselves key regulators of global and regional 
climate. Photosynthesis in terrestrial plants absorbs C from the atmosphere every year and about half of the carbon fixed 
by leaves is then returned to the atmosphere annually via autotrophic respiration. Because carbon fluxes from vegetation 
are much larger than the CO2 emitted by human activities, large-scale alterations in plant carbon fluxes could either 
mitigate or accelerate climate change. We will concentrate on leaf-level processes, as photosynthesis and respiration in 
leaves comprise significant global carbon fluxes that are intimately linked within a plant through biochemical and 
physiological mechanisms.  

Rising Atmospheric CO2 and Carbon Metabolism 
Higher CO2 concentrations stimulate net photosynthesis by increasing CO2 substrate availability for Rubisco and 
simultaneously suppressing photorespiration. Rising CO2 should have the greatest effects on plant carbon uptake in 
conditions where Ci (internal CO2) is low, for example when stomatal conductance is low and diffusion of CO2 into the 
leaf is restricted. Much of our early information on how rising CO2 alters plant carbon fluxes came from studies in growth 
chambers and glasshouses where  

CO2 concentrations can be easily manipulated. It also has its limitations for understanding how plants and ecosystems 
will respond to elevated CO2 in the field. The need to grow plants in pots imposes an artificial rooting environment, and 
most glasshouse studies provide ample nutrients and water, conditions rarely found in nature. There are, however, ways 
to determine how high CO2 affects vegetation in more realistic settings, including open-top chambers and Free Air CO2 
Enrichment (FACE) experiments. FACE studies, where vegetation grown in the field is surrounded by pipes blowing CO2 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
668 

over the plots, have explored the effects of elevated CO2 on plant and ecosystem carbon dynamics in forests, deserts, 
crop fields and grassland ecosystems. 

Fig 1: Free Air CO2 Enrichment (FACE) experiment 

Over time, the accumulation of sugars in high CO2 grown leaves leads to a down-regulation of Rubisco concentrations, 
providing a negative feedback on photosynthesis. This acclimation results in a lower degree of photosynthetic stimulation 
in plants grown at high CO2 concentrations than would be expected from short-term exposure to elevated CO2. Elevated 
CO2 reduces stomatal conductance (gl), which affects both the carbon and the water dynamics of vegetation. The lower 
gl in high- CO2 grown vegetation partially offsets the stimulation of Rubisco carboxylation rates, because it increases 
resistance to CO2 diffusion into the leaf and lowers Ci. This all eventually leads to water saving. 

There is even evidence that traits affecting gl have already adapted to the rise in CO2 with a reduction in maximum gl 
decreases in stomatal density or stomatal pore size. High CO2 suppresses photorespiration, a process generally viewed 
as a wasteful side reaction of Rubisco.  

Photorespiratory fluxes are even higher under hot and dry growth conditions mainly for three reasons: 
1. The specificity of Rubisco for CO2 relative to O2 decreases with temperature. 
2. The solubility of O2 in aqueous solutions such as the cytoplasm and the chloroplast stroma are less affected by higher 
temperatures than the solubility of CO2. 
3. In order to minimize evaporation plants when exposed to limited water supply reduce gaseous exchange. 

Carbon dioxide concentrations around Rubisco rapidly decrease whereas O2 is available in excess. This favors the 
oxygenase over the carboxylase reaction. But, photorespiration removes toxic metabolic intermediates (glyoxylate), 
protects from photoinhibition (ROS), supports plant defense reactions (H2O2) and also, photorespiration has been linked 
to increased nitrogen uptake capacity, particularly nitrate, posing the question of whether rising CO2 may reduce plant 
nitrogen uptake when nitrate is the main nitrogen source available. This is particularly relevant for crop yield, because 
nitrate is the dominant soil nitrogen source for most crop plants in cultivated aerated soils. By reducing nitrate 
assimilation, rising CO2 concentrations may also threaten food quality by depleting crop protein concentrations. 

No immediate effect of high CO2 is found on mitochondrial respiration rates. However, in some studies, plants grown at 
elevated CO2 have higher respiration rates than control plants. In other studies, respiration rates decline. At elevated 
CO2, decreased respiration rates in vegetation is often thought to be linked to decreased leaf N, associated with 
photosynthetic down-regulation and lower metabolic demands. Cases where high CO2 increases respiration may be 
related to higher carbohydrate concentrations and hence higher substrate availability for respiration found that while 
higher respiration rates in elevated CO2 grown tomato were correlated with increased leaf carbohydrate concentrations, 
supplying leaves with extra sucrose had no effect on respiration rates. Instead, they noted an up-regulation of respiratory 
genes in plants grown at high CO2, indicating that higher respiration rates were regulated at the transcriptional level. 
Evidence found that high CO2 grown leaves had more mitochondria, can also be explained by an increase in leaf mass 
per unit area (Ainsworth et al., 2004). Therefore, currently lack a consistent theoretical basis for making strong 
predictions for how respiration will change in a high CO2 world. At the ecosystem level, high CO2 effects on photosynthesis 
and respiration are likely to be more tightly coupled than in leaves or plants, particularly in sink-limited regions. This is 
because elevated CO2 stimulates photosynthesis and carbohydrate production, but if the carbon is not used in growth or 
autotrophic respiration, it will predominantly be used in heterotrophic respiration. Also estimates evapotranspiration, 
which provides insight into how both carbon and water fluxes are responding to rising CO2. Tree ring data can also be 
used to examine tree responses to changes in atmospheric CO2 concentrations, through both estimates of growth and 
isotopic analyses of tree rings for water use efficiency. Tree ring isotopic data, water use efficiency (WUE) has increased 
by 48% over the 20th century, largely due to CO2 effects on photosynthesis and gl. Some of the differences between 
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measured changes in WUE and CO2 based predictions may be due to warming related increases in vapor pressure deficit 
(VPD) that occur concurrently with increasing CO2, changes that also drive stomatal closure and thereby increase WUE. 

Fig 2: Photorespiration process 

Rising Temperatures and Carbon Metabolism 
Rising CO2 predominantly affects plants through its effects on Rubisco biochemistry and stomatal conductance, but 
increasing temperatures impact almost every biological process in a plant, including morphogenesis, membrane lipid 
fluidity and composition, and cambial activity. Increasing temperatures stimulate enzyme activity rates explaining most 
of the immediate effects of temperature on leaf carbon fluxes in moderate thermal environments (i.e. 25–40°C for most 
C3 species). As leaf temperatures increase, photorespiration rates rise faster than do photosynthetic rates.  

The greater stimulation of photorespiration than photosynthesis at higher temperatures occurs for two reasons: 
1. The specificity of Rubisco for CO2 vs. O2 decreases at higher temperatures, making it more likely that an oxygenation 
reaction will occur. 
2. The solubility of O2 decreases less rapidly than does the solubility of CO2 as temperatures rise, so there is relatively 
more O2 available to react with in warm conditions. 
Understanding what limits net carbon uptake at high temperatures will become increasingly important. 

Two main biochemical hypotheses have been put forward to explain why photosynthesis decreases above the thermal 
optimum of net assimilation: 
1. Rubisco activate heat lability: It is based on the decline in the activation state of Rubisco as leaf temperatures 
Increase. 

2. Electron transport declines:  It states that a decline in photosynthetic electron transport rates and the production 
of ATP and NADPH, at high temperatures limits photosynthesis. 

The effect of increased temperature on carbon metabolism differs depending on the timescale over which the warming 
is imposed. When plants are grown at elevated temperatures, both photosynthesis and respiration usually acclimate. For 
most C3 plants, this involves an increase in the thermal optimum of a net and higher Rubisco carboxylation rates at the 
growth temperature. In many cases, particularly in evergreen woody species, growth is lower in the plant grown at 
elevated temperature, implying that acclimation cannot fully compensate for the change in temperature in some species. 
In contrast to photosynthesis, respiration tends to acclimate to increases in growth temperature. This acclimation is 
evidenced by a lower respiration rate in plants grown at higher temperatures compared to control plants when both are 
measured at a common temperature. Plants grown at higher temperatures may reduce the question for respiration (the 
increase in respiration for a 10°C increase in leaf temperature) compared to control plants, and/or have a lower 
respiration rate at low leaf temperatures. Thermal acclimation of respiration can lead to perfect homeostasis, where 
respiration rates at the respective growth temperatures (R Growth) are identical for plants grown in different thermal 
conditions. 

Will Elevated CO2 Offset Warming - Induced Changes in Carbon Metabolism? 
1. Because the suppression of photorespiration by elevated CO2 is temperature-dependent, CO2 fertilization is expected 
to be stronger in the tropics than in cooler climates. 
2. High CO2 also increases the thermal optimum and can increase the heat tolerance of photosynthesis in C3 plants. 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
670 

3. However, elevated CO2 concentrations decrease gl, as do the high VPD conditions that normally accompany elevated 
temperatures. 
4. Not only will lower gl will restrict CO2 availability for photosynthesis, but it also warms leaves by reducing latent heat 
loss. 
5. In the field, trees grown under elevated CO2 shed more leaves during a hot drought than control trees, which correlated 
with lower gl in the high CO2 trees and probably increases in damaging, high leaf temperatures. 

Water and Nutrient Limitations Define Plant Responses to Climate Drivers 
When water or nutrients are limiting, as is common in terrestrial ecosystems and many agricultural settings, the positive 
effects of rising CO2 and warming are likely to be lower than those predicted from well-watered and fertilized systems. 
The impacts of elevated CO2 and temperature on photosynthesis and respiration were erased during drought. In dry 
regions, increasing CO2 over the past century is linked to increasing WUE while moister regions show an increase in Ci, 
implying that gl is not reduced to the same extent in wet sites as it is in dry sites by high CO2. The direct reduction in gl 
and transpiration by elevated CO2 was partly offset by a larger canopy size, while lower gl increased leaf temperatures 
and therefore the leaf to air VPD, driving even more transpiration. Taken together, these changes in leaf function and 
canopy structure meant that the stimulation of growth and yield under high CO2 in the field diminished or disappeared 
during droughts. Water stress should also enhance the impacts of warming on plant carbon metabolism, partly because 
drought reduces evaporative cooling, and partly because low gl during water stress reduces Ci, which stimulates 
photorespiration. Water stress can provide photosynthetic heat stress tolerance, as both heat and drought stress alters 
chloroplast membrane composition in similar manners, facilitating cross-protection between drought and warming. Soil 
nitrogen availability could significantly impact the ability of plants to respond to rising CO2 by altering soil nitrogen 
dynamics or by limiting the nitrogen supply needed to build nitrogen-rich tissues at a rate that matches the CO2 supply. 
Elevated CO2 effects on photosynthesis (and growth) were therefore expected to diminish over time in the field, an idea 
known as the Progressive Nitrogen Limitation (PNL) hypothesis. The changes in leaf nitrogen are often strongly correlated 
with changes in carbon metabolism in plants grown under elevated temperatures. 

Conclusion 
The impact of elevated CO2 and warming on growth responses is largely determined via shifts in photosynthesis, 
photorespiration and respiration, which include both carbon sources and sinks. Understanding the combined effects of 
rising temperatures and CO2 concentrations on plant carbon metabolism, particularly in the context of changing water 
and nutrient availability, is critical for the success of these efforts and for predicting the impact of climate change on 
vegetation carbon fluxes. 
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What is Climate Change? 
It is defined by the Intergovernmental Panel on Climate Change (IPCC) as a change in the state of the climate that can 
be identified by changes in the mean and that persists for an extended period, typically decades or longer. 

Why Agriculture is Vulnerable to Climate Change in India? 
1. Highly diverse nature  
2. High rainfall dependency (2/3rd area rain dependent)  
3. Rapid degradation of soil and loss of soil fertility and nutrient levels  
4. Poor resources base of the farmers   
5. Poor technology penetration 

Potential Impact of Climate Change on Indian Agriculture 
Agriculture is important in India for the obvious reason of its essentiality, given that it accounts for a large share in GDP 
(17%), and an even larger share in employment (49%). Climate change presumably causes about 1.5 per cent loss in GDP. 
It is even more important because, some past experiences indicate that it has the potential to hold back Indian 
development.  

The sector has been a highly risky venture as around 52 per cent of India’s total land under agriculture is still depends 
on rainfall. Climatic changes and increasing climatic variability are likely to make the problem of future food security 
by exerting pressure on agriculture. The change in agricultural productivity patterns as a result of climate change could 
reduce annual agricultural incomes by between 15per cent and 18 per cent on average, and between 20 per cent and 25 
per cent particularly for unirrigated areas (Economic Survey 2017-18).  

Subramanian (2017) found that climate change is taking a toll on India’s agricultural productivity and farmers’ incomes. 
The impact of temperature and rainfall on agriculture is felt during extreme changes when temperatures are much 
higher, rainfall significantly lower, and the number of “dry days” greater than normal. The impact is more adverse in 
unirrigated lands compared with irrigated areas. Temperatures in India are likely to rise by between 3 degrees Celsius 
and 4 degrees Celsius by the end of the 21st century. “These predictions imply that in the absence of any adaptation by 
farmers farm incomes will be lower by around 12 per cent on an average in the coming years, and unirrigated areas will 
be the most severely affected, with potential losses amounting to 18 per cent of annual revenue (Figure 3&4). 

Figure 3 
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Figure 4 

It is found that rise in the mean temperature will cause a reduction in agricultural yields. Grain yield of rice, for example, 
declined by 10 per cent for each 1-degree Celsius increase in the growing season minimum temperature above 32 degree 
Celsius (Pathak et al., 2003). The climate change impact on the productivity of rice in Punjab (India) has shown that 
with all other climatic variables remaining constant, temperature increases of 1 degree Celsius, 2 degree Celsius and 3 
degree Celsius, would reduce the grain yield of rice by 5.4 per cent, 7.4 per cent and 25.1 per cent, respectively 
(Aggarwal et al., 2009)  

Venkateshwarlu stated that crops like soybean and gram are likely to benefit from higher level of CO2 in atmosphere, 
which helps in CO2 fertilization. But the positive effects are unlikely to last more than 10-15 years. According to him, a 
lot depends on the net sown area and the geographical location of a region where a particular crop is sown. "Mustard, 
for example, will experience a neutral-to-positive impact in northern India, especially in Punjab and Haryana, where 
winter temperature is very low. A 1-degree Celsius rise in temperature won't have much impact on production. However, 
a similar rise in temperature in eastern and central India will have a negative impact," he concluded. Potato production 
will be positively impacted by elevated CO2 concentration.  

This view was previously endorsed by the experts at the Central Potato Research Institute where they claimed that 
potato yield will increase by 11.12 per cent at elevated CO2 of 550 PPM and 1°C rise in temperature. However, further 
increase in CO2 with a likely rise in temperature by 3°C will result in decline in production by 13.72 per cent in the year 
2050.Kharif crops will be affected more by rainfall variability, while Rabi crops by minimum temperature. Wheat is likely 
to be negatively impacted in Rabi season due to terminal heat stress with 1-degree Celsius rise in temperature results in 
loss of 4 metric tonnes (MT) of wheat. Similarly, legumes are going to be benefitted because of elevated level of 
atmospheric CO2. 

Conclusion 
Climate change has emerged as a global issue and India has many reasons to be concerned about the impacts of climate 
change because of the dependence of its large population on climate-sensitive sector like agriculture for the livelihood. 
The impact of climate change on agriculture could result in problems with food security and may threaten the livelihood 
activities upon which much of the population depends. Presently, agriculture is facing ecological and economic 
challenges and population of developing nations such as India is likely to be most seriously affected as agriculture is 
extremely vulnerable to climate change.  

Higher temperatures eventually reduce yields of desirable crops by encouraging weed and pest proliferation and also 
low temperature may cause the shifting of the potential land to other crops. More extreme temperature and precipitation 
can prevent crops from growing. The major effects can be generalized as changes in the geographical limits to 
agriculture, changes in crop yields and impacts on agricultural system. While, the magnitude of impact varies greatly by 
regions, climate change is expected to impact agricultural productivity and shifting of cropping patterns. Nowadays, the 
vulnerability of natural and human systems especially in developing economies and their adaptations to climate change 
has attained critical dimensions. 
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Introduction 
Quick escape by running or flying is mode of defense for many insects. Cockroach has mechanoreceptive hairs on the 
cerci that are sensitive enough to detect the change in air pressure that precedes a fast-moving object. Nerve impulses 
from these receptors travel through giant neurons to thoracic ganglia at speeds up to 3 meters per second, triggering an 
evasive response by the legs in less than 50 milliseconds. House flies have a similar reaction time when you try to swat 
them. They leap into the air and begin flapping their wings 30-50 milliseconds after sensing a threat.  

An insect's hard exoskeleton may serve as an effective defense against some predators and parasites. Most diving beetles 
are hard, slick, and streamlined; even if you can catch them, they will often squirm out of your grip. Tiger moths can 
detect ultrasonic echolocation by bats. At low intensity, they fly away from the bat, but if the bat's call increases to a 
certain threshold they quickly drop from the air in an evasive, looping dive. Madagascar cockroaches hiss when disturbed; 
cuckoo wasps curl up into hard, rigid balls; tortoise beetles have strong adhesive pads on their tarsi and hold themselves 
tight and flat against a leaf or stem. Other insects simply play dead called thanatosis and they release their grip on the 
substrate and fall to the ground where they are hard to find as long as they remain motionless. 

Two Major Types of Defense Mechanisms 
1. Primary defense mechanisms. 
2. Secondary Defense Mechanisms. 

Primary Defense Mechanisms 
It operates before a predator initiates an attack and in fact regardless of whether or not a predator is present. They may 
also be thought of a passive defense in the sense that the insect is by its appearance and actions merely bearing a 
message to potential predators. 

1. Crypsis: It is a widespread phenomenon among insects. This is often called “camouflage” or “protective coloration”. 
To be cryptic an insect must not only resemble its substrate, but it must also behave appropriately, for example, by 
resting immobile or in an appropriate posture.  

a. Generalized crypsis: implies an overall resemblance to the background.  
b. Special resemblance: implies similarity to a specific object, such as a twig or a leaf.  

An insect may resemble its abiotic environment as in case of a speckled grasshopper resting on a pebbly surface or 
resemblance may be to the biotic environment. Usually some part of plant and may vary from the simple green color of 
a caterpillar in one’s salad to bizarre body forms copying lichens, spines, or even flowers.  

2. Aposematism: It is a general term for signals that advertise unpleasant or dangerous attributes of an animal. 
Aposematic insects all have secondary defense mechanisms, such as a sting or distasteful or poisonous body fluids. The 
term warning coloration is often applied to aposematic features. Predators must have innate avoidance responses to 
aposematic patterns.  

3. Mimicry: This is a much-abused word. Here it is preferred to restrict the term to examples in which a palatable 
species has evolved a color pattern and /or behavior similar to that of a distasteful species. 

Secondary Defense Mechanisms 
These are employed at the time of an encounter with a predator. They are active in that the insect has to behave in 
some way vis-à-vis its attacker. An insect may have both primary and secondary defenses. 
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1. Flight patterns: For small, flying insects the best defense may be escape. Probabilities of escape may be increased 
by swift or evasive flight or by an abrupt color change on settling to promote escape from pursuing birds.  
Death Feigning: Since many predators are attracted to moving prey and reject dead insects, it is not surprising that many 
relatively defenseless insects become inert when approached. Leaf beetles and weevils are especially prone to death 
feigning. 

2. Spines, Poisonous Hairs and Stings: Many caterpillars are hairy, and some are covered with stiff, branched spines. In 
some cases, the tips of the hairs or spines break off easily and are capable of causing momentary irritation or rash or to 
paralyzing the prey.  

3. Detachable body parts: Many insects have integumentary outgrowths that readily become detached without seriously 
harming the insect. This helps the insects to escape from predators.  
Deflection of attack: Many butterflies have small spots along the edge of the wing and it is believed that these attract 
the attention of predators and cause them to bite at a nonessential part of the body.  

4. Startle Displays: Some insects, when approached closely, or attacked by a predator, suddenly undergo movements, 
produce sounds or scents, or display colors serving to “threaten” or bluff” a predator. The usual effect is probably to 
startle or to cause a momentary indecision, permitting the insect to escape.  

5. Defense by the use of chemicals: The ultimate form of defense is the use of one or more chemicals that are in some 
way repugnant to a predator. These may be obtained from the host plant (as in the case of the monarch butterfly) or 
synthesized by the insect. Defensive chemicals such as allomones may be contained in the blood or may be produced by 
specialized exocrine glands.  

Many insects are equipped with chemical warfare to wage war against their enemies. In some cases, they manufacture 
their own toxic or distasteful compounds. In other cases, the chemicals are acquired from host plants and sequestered 
in the hemolymph or body tissues. When threatened or disturbed, the noxious compounds may be released onto the 
surface of the body as a glandular ooze into the air as a repellent volatile or aimed as a spray directly at the offending 
target. Defensive chemicals typically work in one of four ways:  

a. Repellency: A foul smell or a bad taste is often enough to discourage a potential predator. Stink bugs, for 
example, have specialized exocrine glands located in the thorax or abdomen that produce foul-smelling 
hydrocarbons. These chemicals accumulate in a small reservoir adjacent to the gland and are released onto the 
body surface only as needed. The larvae of certain swallowtail butterflies have eversible glands called osmeteria 
located just behind the head. When a caterpillar is disturbed, it rears up, everts the osmeteria to release a 
repellent volatile and waves its body back and forth to ward off intruders.  

b. Induce cleaning: Irritant compounds often induce cleaning behavior by a predator giving the prey time to 
escape. Some blister beetles produce cantharidin, a strong irritant and blistering agent that circulates in their 
hemolymph. Droplets of this blood ooze from the beetle's leg joints when it is disturbed or threatened, an 
adaptation known as reflex bleeding. Irritant sprays are produced by some termites, cockroaches, earwigs, stick 
insects, and beetles. The notorious bombardier beetles store chemical precursors for an explosive reaction 
mixture in specialized glands. When threatened, these precursors are mixed together to produce a forceful 
discharge of boiling hot quinone and water vapor.  

c. Adhesion: Sticky compounds that harden like glue to incapacitate an attacker. Several species of cockroach 
guard their backsides with a slimy anal secretion that quickly cripples any worker ants that launch an attack. 
Similarly, members of the soldier caste in nasute termites have nozzle like heads equipped with a defensive 
gland that can shoot a cocktail of defensive chemicals at intruders. The compounds which are both irritating and 
immobilizing, have been shown to be highly effective against ants, spiders, centipedes, and other predatory 
arthropods.  

d. Cause pain or discomfort: Saddleback caterpillars, larvae of the moth, and various other Lepidopteran larvae 
have hollow body hairs that contain a painful irritant. Simply brushing against these urticating hairs will cause 
them to break and release their contents onto your skin. The consequence is an intense burning sensation that 
may last for several hours. Many ants, bees, and wasps deliver venom to their enemies by means of modified 
ovipositor. The venom is a complex mixture of proteins and amino acids that not only induce intense pain but 
may also trigger an allergic reaction in the victim. 
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Integrated Defense Systems 
Many insects do not have one but several defense mechanisms. In this way they may achieve protection against different 
predators or against the same predator at different levels of motivation or different stages in the leavening process. 
Commonly larva of the viceroy butterfly resembles a bird dropping, while the pupa resembles a dried leaf, and the adult 
may mimic a distasteful species, the monarch. In the same life stage insects may have several “lines of defense”. Walking 
sticks are cryptic but if attached they may have startle displays or discharge irritating chemicals at the intruder. 
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Introduction 
Fruit and vegetables are an important source of carbohydrates, proteins, organic acids, vitamins and minerals for human 
nutrition. When humans use plants or plant parts, whether for food or for aesthetic purposes, there is always a 
postharvest component that leads to loss (Kays, 1997). All fresh harvested commodities need to be free of disease agents, 
insects, and synthetic chemicals, and cleaned of any dirt or dust before being packed for export. The susceptibility of 
fresh harvested produce to postharvest diseases increases during prolonged storage, as a result of physiological changes 
that enable pathogens to develop in the fruit.  

Many chemicals are used to control insect pest, diseases and physiological disorders. For example, ethylene di bromide 
and methyl bromide chemical fumigants used against fruit fly. The high level of pesticides causes childhood cancer and 
autism in children and it also causes destruction of biodiversity many birds aquatic animals under the threat of harmful 
pesticides for their survival. In a time of increased awareness among consumers that many of the chemical treatments 
of fruit and vegetables to control insects, diseases and physiological disorders are potentially harmful to humans, there 
is an urgent need to develop effective, non-damaging physical treatments for insect disinfection and disease control in 
fresh horticultural products. 

Thermal Treatments 
Maintaining the product (fruit & vegetables) at a specific temperature for a specified period of time with purpose of 
disease control, insect disinfestations and maintaining the quality. 

Uses 
1. Quarantine requirement 
2. Decay control 
3. Inhibit ripening 
4. Chilling injury resistance 
5. To reduce external skin damage during storage. 

Considerations 
1. Type of product 
2. Heating Method  
3. Treatment Time & Temperature 

Types of Thermal Treatments 
1. Hot water immersion  
2. Hot water Rinsing and Brushing  
3. Vapour heat treatment.  

Mechanism Involved in Heat Treatments Control Fruit Decay 
1. Direct germicidal effect on pathogens 
2. Inducing defense mechanisms in plant host  
3. Melting and spreading the distribution of cuticular waxes on the fruit surface (occluding and sealing of open stomata, 
wounds and micro cracks), thereby limiting the sites of pathogen penetration. 

Hot Water Immersion Treatment 
Dipping of fruits in hot water at specific temperature, time with purpose of disease control, insect disinfestations or 
uniform ripening. Temperature varies between 40°C to 60°C. Time varies between 30 sec to <10min.  Hot water 
treatment - originally used for fungal control, but has been extended to disinfestation of insects. For export of mangoes 
from Brazil, it is recommended that dipping is performed at 12 cm depth in water at 46.1 °C for 7-9 min. 
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It also adds other additional advantages such as, Removal of surface residues, Removal of sap fallen on the fruit surface 
during harvesting and Facilitates washing. Low concentrations of fungicides can be applied as part of the hot water 
treatment thus allowing more effective fungal control at 51-55°C for 5-30 min. This has been particularly effective on 
citrus with the fungicides thiabendazole and imazalil. 

Hot Water Rinsing and Brushing (HWRB) 
A technology has been proposed for simultaneously cleaning and disinfecting fruits using hot water rinsing and brushing 
(HWRB) machine. Recently, HWRB treatments are studied extensively because of their higher temperature (50 to 70°C) 
and shorter exposure time (10 to 60 sec) than traditional hot water immersions or dips. HWRB treatments could not only 
remove the heavy dirt, pesticides and fungal spores on the freshly harvested produce, but could also improve general 
product appearance and maintain product quality. 

Fig. 5 Schematic diagram of hot water rinse and brush (HWRB) machine 

1. Conveyer 
2. Rinse in tap water 
3. Hot water spray of the produce on brush rollers 
4. Hot water container 
5. Water pump for reuse of hot water 
6. Drying the produce with forced air. 

In contrast to hot water immersion, a new technology based on a brief hot water rinsing and brushing to clean and 
disinfect fresh harvested produce, was first introduced commercially in 1996 (Fallik et al.,1996). Fresh produce is rinsed 
by nozzles from above with pressurized recycled hot water, while rolling on brushes made from medium–soft synthetic 
bristles. However, to improve the cleaning and disinfecting process, and to increase treatment capacity, an improved 
machine made from stainless steel materials and featuring precision control of temperature and time of exposure to the 
hot water has been developed.  

This machine contains 18–20 parallel brushes as described above, all of which are controlled by a single motor. Fruit are 
first rinsed from above with non-recycled tap water (ambient temperature) from several nozzles while being brushed for 
about 10 sec in order to remove the heavy dirt, pesticides and fungal spores that are covering the fresh harvested 
produce. Fruit continue to roll over brushes directly into the pressurized–recycled hot water rinse stage at temperatures 
between 50 to 70°C for 10 to 60 sec, depending on produce type and cultivar. 

Vapour Heat Treatment 
A method of heating fruit with air saturated with water vapour (humidified by injection of steam) at temperatures of 
40–50 °C to kill insect eggs and larvae as a quarantine treatment before fresh market shipment. The temperature and 
exposure time are adjusted to kill all stages of fruit fly infected produce.  

Treatment temperature varies from 40°C to 50°C and time varies from 20min to 30min. Temperature of the innermost 
fruit pulp must not exceed >47.5°C during a ramp up time of 4hrs, Treatment is mainly aimed against fruit flies in most 
of the fruits. 
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The treatment consists of different steps: 
1. Warming period (approach time): Gradually increase temperature at faster or slower depending on a commodity’s 
sensitivity to high temperatures.  

2. Holding period: When the interior temperature of the produce reaches the desired temperature for the length of 
time at that temperature hold the produce for specified time to kill target pest. 

3. Cooling period: The last part is the cooling down period which can be air cooling (slow) or hydro cooling (fast).  
Example: 
a. Treatment of citrus and pineapples at 43°C in saturated air for 8 hr and then holding the temperature for a 
further 6 hr. 
b. For control of papaya fruit fly, fruit should be exposed to 43°C and 40% RH for 11hr., followed by 43°C and 
100% RH for 8 hr. 
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Introduction 
Agriculture is the predominant occupation in India. About 85 per cent farmers in India are small and marginal in nature 
(Economic survey 2018-19) who face several challenges in their farming practices. Collectivization of the farmers into 
producer organization has been considered as one of the ways to overcome challenges faced by the small and marginal 
farmers. Department of Agriculture and Cooperation, Ministry of Agriculture, Govt. of India has identified farmer 
producer organization registered under the special provisions of the Companies Act, 1956 as the most appropriate 
institutional form around which to mobilize farmers and build their capacity to collectively leverage their production 
and marketing strength.  

Formation of FPO 
Department of Agriculture and Cooperation (DAC), Ministry of Agriculture, Government of India launched a pilot 
programme for promoting member-based Farmer Producer Organisations (FPOs) during 2011-12, in partnership with state 
governments, which was implemented through the Small Farmers’ Agribusiness Consortium (SFAC). FPO is a farmer’s 
organization, farm producer who have 1-4 acre of land or more than that can become the member of FPO. At first 15-20 
farmers mobilize to form a farmer’s interest group (FIG), several FIGs come together and registered under the companies 
act, 1956 and forms farmers producer organization. Each FPO has an average 1000 member and it is wholly managed by 
its member. Several institution support FPOs these are SFAC, National Bank for Agriculture and Rural Development 
(NABARD), NGOs, Private institutions, cooperates, Government institutions etc. 

Principles of FPOs 
1. Voluntary and open membership- membership of FPO is open to all person irrespective of gender, religion, race, 
culture. 
2. Democratic farmer member control- The FPO member take active role in planning organizing and decision making on 
their own. It means “one member one vote” principle work here. 
3. Farmer-Member Economic Participation-Member farmers contribute equitably and this capital is managed by the FPOs. 
Some part of capital is the common property of the FPO. Farm members receive limited compensation if any on capital 
subscribed as a condition of membership. 
4. Autonomy and independence-FPO is autonomous organization controlled by the member farmers. 
5. Education, Training and Information- FPOs operatives provide education and training to the member farmers also to 
the board members so that they can contribute effectively for the development of FPOs. 
6. Co-operation among FPOs- As FPO is an organization each member work in cooperative manner to solve the problem 
of their locality. 
7. Concern for the community-FPOs work for the sustainable development of their community. 

Structure of FPOs 
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Service Provided by FPOs 
FPOs provide several services to its member farmers for their social and economic empowerment these are as follows: 
1. Financial Services: The FPOs provide loans for crops, purchase of machinery, construction of wells, laying of pipelines. 

2. Input Supply Services: The FPOs provide low cost and quality inputs to member farmers. It will supply fertilizers, 
pesticides, seeds, sprayers, pump sets, accessories, pipelines. 

3. Procurement and Packaging Services: The FPO will procure agriculture produce from its member farmers; will do 
the storage, value addition and packaging. 

4. Marketing Services: FPOs provide direct marketing of the produce which helps in reducing the several marketing cost 
like cost of middleman, transportation cost, etc. and producers get more benefit. 

5. Insurance Services: The FPOs provide various insurance like Crop Insurance, Electric Motors Insurance and Life 
Insurance. 

6. Technical Services: FPOs provide improved crop production technology, information related to market which increase 
the knowledge and skill of the farmers. 

7. Networking Services: FPOs act as a linkage with several institutions like marketing institution, financial institution, 
government institution, private institution etc. which helps in development of a good network for the effective 
performance of FPOs. 

Benefits of FPOs 
FPOs provide a platform for the collective working of the farmers as a legal entity, so that they can plan and manage 
their problem and take their own decision. It helps in providing all information related to crop cultivation, starting from 
production to marketing of the produce.  

For small and marginal farmers, it increases the bargaining power, which enables them in cost effective delivery of 
extension service and getting good price for their produce. FPOs also helps in supply of inputs like seed, fertilizers, 
pesticides, herbicides, technical information, financial support, machinery, marketing facility like transportation, price 
information etc. 

Conclusion 
India is approaching towards the 5 trillion economy and taking several initiatives towards doubling the farmers income. 
To achieve this objective FPOs play a vital role in organizing farmers into a cooperative unit and create network among 
producer that is farmer, research unit, market institution, financial institution etc. which make the farmers getting all 
information related to production activity as well as marketing of the produce. So, FPOs work as a best way to make the 
farmers self-sustain. 
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Abstract 
During the COVID-19 pandemic proper feeding to animals is one of the challenges as due to lockdown, the supply of 
different feeds ingredients chains is hampering. Due to inadequate nutrition, the milking animal reduces their milk 
production and also imbalance nutrition harms the health of animals’ especially productive animals. Due to lockdown, 
feeds supply is more hampering in near urban areas and big dairy farms. So, some feeding strategy can be adopted for 
proper production and maintenance of the health of animals during a lockdown situation.  

Introduction 
COVID-19 pandemic has affected humans as well as animals’ life. Due to the lockdown situation, most of the farm and 
agriculture activities hampered so that sufficient feed supplies reduced. Inadequate feed consumption creates a 
nutritional deficiency in animals which can lead to low production and various health disorders in livestock. Here we 
focus some nutritional management to maintain the proper nutrition of livestock during the COVID-19 pandemic so that 
framers can avoid the financial loss. 

Effect of Imbalanced Feeding on Livestock Performance 
1. Increase the  number of cases of metabolic disorders/diseases like milk fever, ketosis etc 
2. The poor growth rate of animals with low reproductive efficiency 
3. Reduced production of milk  as well as  meat 
4. Production of more greenhouse gases from livestock per unit of animal products 
5. The shorter productive life of animals 
6. Shorter lactation length and  longer calving interval 
7. Delayed age of sexual maturity  and puberty 

All these problems can lead to low profit to farmers. 

Advantages of the Feeding of Balanced Ration to Animals 
1. Feeding balanced ration increases the daily  milk production 
2. Increases fat of milk so the cost of milk increases 
3. Reduced cost of feeding per kg of milk 
4. Increase the feed conversion ratio 
5. Decreases greenhouse gases production per kg of milk. 

Feeding Strategy for Animal 
For the maintenance of dry animals give 4-6 kg straw and 1.25-2 kg concentrate mixture each day. 

Milking Animals 
Give sufficient amount of green fodders to an animal especially milking animals if available. But if green fodder is not 
available in sufficient amount then adds concentrate mixture to animals according to the following rule: 

 Buffalos’ Cows’ 

Up to 5 litre milk 2.5 kg/day 2.0 kg/day 

For  each 1 kg milk 500 gram/litre 400 gram/litre 

During the last trimester of pregnancy, add a quantity of 1.25 and 1.75 kg concentrate for cows and buffalo respectively. 

Use of Different Residue as an Animal Feed During COVID-19 Pandemic 
Cabbage residue can be used fresh form as well as in dried form. Silage can also form. Cabbage can be used for goats, 
sheep and dairy animals. In the case of poultry, it can be used 20-30%. Never eat the cabbage residue to pigs. 
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Carrot Residue 
It can be used as animals feed in fresh or dried form. It is a rich source of carotene so can be eaten to milking animals 
as it increases the carotene in milk. Carrot residue can be used by up to 40% on a dry matter basis. For dairy animals, 
20-25 kg /day carrot residue can be used. 

Potato Residue 
Potato residue can be used in ruminant up to 30 per cent on dry matter basis. For dairy animals, 10 kg /day potato 
residue can be used. In cases of adult pigs, the amount should be 3-4 kg/day in boiled form. 

Cucumber residue can be used one third in goat ration. Tomato residue can be used for goat and sheep up to 1.5 kg/day 
and tree Leaves residue can be used as 10-20 per cent in goat sheep and dairy animals. 

Precaution for Vegetable Residue as a Feed Source 
The vegetable residue should be fresh, free from any fungal contamination. The vegetable residue should be good smell 
and if moisture more it can be dried. Chatting in a small piece of vegetable residue is good for digestion of animals. 

Conclusion 
Feeding good quality feed and a sufficient amount of feed maintain the optimum production of animal. Various vegetable 
residues and tree leaves are alternative feed source that can be used for animals during COVID-19 pandemic. 
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Introduction 
Immunity of plant is designed in such way that a complex assembly different mechanism, in which redox regulation is 
often safeguarded in the phase of invasion of the pathogen into the plant tissues for the successful establishment of 
infection. As considering the failure of primary establishment stage so important of the all, where the oxidation-
reduction reactions-based component of immunity have been found to prevent their invasion by the distributed levels 
of immune reaction through the production of reactive oxygen species (ROS) and reactive nitrogen species (RNS) as well 
as hypersensitive response. While a companied effort by the immune reactions is triggered with response of the pathogen 
between the basal immunity (PTI) and effector trigged immunity (ETI) of plant.  

As discussing about the redox regulation of plant immune system, one of the completely coordination system of the 
production of that molecules like ROS as well as RNS is unclear between  the point of recognition of a pathogen and the 
activation of specified immune related genes. The performance of plant immune system for healthy conditions of plant 
can be categorised into two levels as earlier mentioned. Thus, on the background, short lasting molecules such as 
peroxides as well as nitric oxide develop the hypersensitive response as a part of ETI in plant. Plant triggers systemic 
acquired resistance (SAR) at conspicuous level of resistance. However, a successful pathogen can subvert different levels 
of immunity; the deep understanding about redox regulation would give the more useful information to be fared plant 
diseases.  

Production of ROS and RNS 
Plant cell membrane carrying protein channel namely respiratory burst oxidase homologues (Rbohs) which enables to 
produce the superoxide (Herve et al.,2006). Therefore, with the catalysing activity of superoxide dismutase, superoxide 
is converted into H2O2 at intercellular apoplastic area of plant tissue (Sutherland et al.,1991). Hydrogen peroxide and 
nitric oxide carried out the cell execution phenomenon during invasion of pathogen that known as hypersensitive 
response. Importantly, heme proteins that are the portion of Rboh releasing electron during the formation of superoxide 
radical since it accepts the electron into the iron-based compounds as becoming ferric state while recycling the hydrogen 
peroxide (O’Brien et al.,2012). 

Apart the production hydrogen peroxide, also have the importance of production of nitric oxide which has been found 
during programmed cell execution and signaling process of immunity. As in animal system production of nitric oxide also 
occurring in plant, with help of nitric oxide synthase like protein which is involved for the production nitric oxide from 
the precursor namely arginine through oxidation reaction not only in mitochondria, chloroplast, and peroxisome but also 
in apoplast by enzymes such as decarboxylase and copper amine oxidase (Durner et al.,1998; Flores et al.,2008). 
However, comparing to former chemically opposite reduction reaction helps to produce nitric oxide in cytosol by nitrate 
reductase as well as in peroxisome, endoplasmic reticulum, and cytosol by haem protein (Meyer et al.,2005; Igamberdiev 
et al.,2010). Although plant produces nitric oxide in different compartmentalized sections of cell but nitric oxidase 
synthase development has not been found in evolutionary pathway of plant. 

Implication of S-nitrosylation in Plant Immunity 
The Programed cell death, which is contributed to prevent the level of successful invasion of a biotrophic pathogen, has 
been found a proper mechanism to control with ETI. NO mediated singnaling consisting with S- nitrosylation of important 
proteins. Indeed, Robh is responsible for the production of superoxide owing to modulation of programed execution into 
a desirable level. Therefore, S-nitrosylation of Robh leads to prevent the production of reactive oxygen species by 
disturbing FAD-cofactor activity with Robh (Yun et al., 2011). Thus, predefined level of HR is possible through S-
nitrosylation of a protein that causing absence of empty site of cofactor in a specified protein of majorly involving 
modulation reaction of immune function (fig.1). 
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Fig.1: explaining the detailed mechanism of the S-nitrosylation Robh (Debra et al.,2014) 

Expression of Defence-Related Genes 
Reprogramming of transcriptome as well as activation of resistance related gene is controlled through redox signaling 
that is a setup of plant immune system (Moore et al.,2011). Pathogenesis related gene is expressed during essential 
situation by combing action of NPR1 and TGA within nucleus. As NPR1 is cofactor that existing in the inactive form in 
cytoplasm while TGA is basic domain leucine zipper transcription factors with in nucleus. Therefore, interaction of NPR1-
TGA is regulated by SA- induced redox changes (Despres et al.,2003). 

Implication of Calcium in Regulation 
The Presence of pathogen invasion in plant is to be produced ROS and NO that is supported by calcium as intercellular 
massager. Pathogen elicitor and Hydrogen peroxide have to trigger the calcium level that can be detected by different 
sensor such as CaM or calmodulin-like protein (CML), calcium-dependent protein kinase (CDPK), calcineurin B-like protein 
(CBL), and Ca2 + /CaM-dependent protein kinase (CCaMK) and transduced into a signal (DeFalco et al.,2010). Pictured 
representation of calcium ion flux with that of elicitor is added below in fig.2 (Debra et al.,2014). 

Fig.2: Early Ca2+ fluxes and Ca2+ dependent processes in the plant cell following pathogen/elicitor interaction. 

Crosstalk Between MAPK Cascades and ROS and NO 
Cascades of mitogen activated protein kinase that include three modules as in the part of most of responses in plant and 
also included stress. As the experiment was conducted with the INF1be elicitor of Phytothora infestans with Nicotiana 
bethamiana, constitutively active MAPK kinase 2 –SIPK/NTF4 is to lead for the production of NO while MEK1-SIPK-NTF6 
pathway involving for the production of ROS (Asai et al.,2008). 

Conclusion 
There is wide scope for more deciphering information about redox regulation to apply in improvement sector of plant 
production as an effective tool in future since microquantify level of production of ROS and NO that orchestrates in both 
ways as not only directly hypersensitive response against biotropic pathogens but also in the cellular level signaling of 
different immunity related pathway. Redox regulation is distributed throughout the intercellular and organelle level so, 
that complexity would be known through more cognate based gene studies. 
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Introduction 
Apart from adapting the new advance technologies in agriculture, presently more importance is also given to sustainable 
agriculture in the different forms as knowing namely zero budget forming, precise forming systems and organic farming 
systems. Therefore, for long running, environment acts as the wealthiest form of assets to human whose present and 
upcoming generations as well. Soil is considered as one of the major pillars of agriculture. Its efficient level of existence 
has been helping to every components of reliance production of crops. In the less degradation of soil that point of views, 
organic amendments (OAs), is more eco-friendly tool for management of soil invaded pathogens that are causing the 
damages to vegetables and field crops in large scale. Principally, although substances using as organic amendments alter 
the physiochemical properties of soil, it can stimulate the beneficial microbial community of soil against disease causing 
pathogens.  It can be used to attain desirable alteration through green and animal manure (Larkin and Griffin, 2007), 
organic wastes from agro-industry (Croteau and Zibilske, 1998), compost (Hadar and Papadopoulou, 2012), and, more 
recently, biochar (Elad et al., 2012).  

Thus, organic amendments have huge scope in present conditions, so following organic amendments is not only reducing 
demerits of soil but also helping to reducing proper management of low-cost input in sustainable farming. While organic 
amendments are less accepted due to lack predictability and consistency still limit their adoption in commercial 
agriculture. It has been reported that OAs are not effective for disease control and in quite a few cases may enhance 
plant disease intensity. Undesired side effects of beneficial microbes seem to be less frequent, but their efficacy can 
vary greatly when applied to different cultivation systems and soil types or in diverse climatic conditions. Therefore, an 
improved understanding of the mechanisms that regulate OA-based suppressive, as well as pathogenic and antagonistic 
microbe interactions, will help to develop new, more-reliable product applications. 

Responses of Soil Microbiome 
Soil is considered as a bioreactor of complex microbiome which includes different bacteria, fungi, viruses, protozoa and 
nematodes etc. as application of organic amendment in to soil wherein elevating the requirement of organic Carbone 
for the multiplying community of soil microbiome is alter the composition and equilibrium of different community. Also, 
efficacy of organic amendments is depending on various factors such as frequency, AO type and amount of application 
as well as geography.  

Thus, origin of an organic amendment has key role in elevating certain population of microbiota by using for management 
for a particular disease. For instance, residues of broccoli and crab meal have been enhanced relative number of 
Pseudomonas and Streptomyces that are capable to interfere the multiplication of will causing pathogen namely 
Verticillium dahlia (Inderbitzin et al. (2018). 

Suppressive on Soil Pathogens 
In soil borne pathogens, some of them have been focused for finding effective control measures up to field level since 
long back, are most important namely bactria (e.g., Ralstonia solanacearum), oomycetes (e.g., Phytophthora spp. and 
Pythium spp.), and fungi (e.g., Fusarium spp., Rhizoctonia solani, Sclerotinia spp., Sclerotium spp., and Verticillium 
dahliae). As considering crop residues and nitrogen rich organic waste have proved consistency in managing diseases 
caused by R. solani, Fusarium oxysporum, and Verticillium albo-atrum (Snyder et al., 1959). In the crop residues 
application-based studies, even giving result of control of Fusarium spp. and R.solani has directed to certain common 
points. In addition, biochar use as organic amendment influences not only on soilborne disease but also on airborne 
diseases.  

Organic amendments act on the improvement of physiochemical structure of soil which enables to stimulate plant heath. 
In contest of disease control, organic amendments play role as linking between soil suppressive and beneficial microbes 
through major mechanisms such as nutrient competition, direct antagonism, parasitism and antibiosis (fig.1). 
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Fig: Organic amendments induces suppressive mechanism in plant disease control 

As different OA types induce stimulations for elevating the population density of following group of microbes such as 
Agrobacterium spp., Pseudomonas spp., Bacillus spp., and Trichoderma spp. Those have huge tendencies for suppressing 
activities of pathogen which causing severe disease in plant species. Since more sophisticated techniques was used to 
identify a greater number of different strains of microbes, currently, wherein some of them have been directly used as 
prepared formulations in disease control. Therefore, an organic amendment provides both the growth promoting and 
the developing reduced disease conditions through beneficial microbes against pathogens surviving in soil environment. 
Even a beneficial microbe alters phenotypic feature of plant through the production of a various analogous compound 
produced in microbe transferring in to plant physiological system. Indeed, Induction of systemic resistance in plants by 
compost was first demonstrated in cucumber by Zhang et al. (1998) for soilborne (i.e., P. ultimum and Pythium 
aphanidermatum) and airborne pathogens (i.e., Colletotrichum orbiculare). 

Restructuring of Beneficial Microbiota in Diseases Management 
In selection of organic amendments, certain criteria should be strictly followed in supportive character of OAs type for 
beneficial microbe as well as contrast for pathogen development. Because of saprophytic nature of plant pathogen is 
not allowed to attain finding ecology in added OAs such the based-on plant as crop residues. In terms of saprophytic 
capabilities, soilborne fungi are simply classified as strong (e.g., R. solani, F. oxysporum, some Pythium species) or weak 
saprotrophs (e.g., V. dahliae, T. basicola, several Phytophthora species). Although plant residues are used in form of 
OAs giving enormous beneficial effects in plant but also considered some patchiness is based on functional group, effect 
on soil biogeochemical properties, category, taxonomic groups, and tissue maturity level of plant that is procured for 
OAs purpose. 

C:N Ratio of OAS 
A high C:N ratio of Organic amendments is not supplely indicated to capability of decomposition of substances. Its high 
value is promoting for the stimulation of proliferating microbes. For instances, as competition ability of beneficial 
microbes causes against saprophytic growth and infection by F.solani. On the other hand, meat meal having low C:N 
ratio causes releasing ammonia or nitrous acid in soil, however that kills the microsclerotia of V.dahliae. 

Conclusion 
Organic amendments have been used in different farming systems for improving various dimensions of agriculture since 
time of ancients. In soil, as bioreactor utilises for producing desirable microbes in massive amounts, whereas OAs in 
production of beneficial microbes’ act as substrate for proliferating in to certain level so, that predominated on other 
harmful microorganism causing disease in rhizosphere of plant. Presently, waste management is one of uncertainty being 
faced for that OAs is good solution but also zero budget farming as less cost-based farming practise has been promoted 
as the part of increment of farmer’s income in India until on 2022. 
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Summary 
Locusts are a group of several short-horned grasshoppers with a swarming mechanism in the Acrididae family. India has 
in the past encountered several plagues of locust, upsurge, and incursion. Nevertheless, desert locust is a solitary 
process, Schistocera gregaria F. In or around Rajasthan and Gujarat, India, has been reported from time to time. In 
2019, the intense desert locust outbreaks were reported from India 's northern Gujarat state. Dated 09/07/2019, 
22/07/2019, 14/12/2019, three serious attacks have been recorded in North Gujarat during 2019. Locust swarm was 
observed in Kutch, Banaskantha, Patan, Sabarkantha & Mehsana district of north Gujarat.  

The Department of Agriculture in Gujarat recorded 17,000 ha of cumin, mustard, castor, chickpea, wheat and rapeseed 
being infested with the locust swarm. It was the largest savagery attack since 1993-94 in Gujarat and Rajasthan and has 
been recording estimated losses of 5-6 Crore rupees up to now. In April-May 2020, another desert locust attack was 
registered in India from Rajasthan and Gujarat region. The overall outbreak evolution is defined including how locusts 
have been detected and regulated. There are described preventive, proactive and reactive approaches to locust control 
and future trends for locust management in India.  

What Exactly are Locusts? 
Locusts are a group of several species of short-horned grasshoppers in the family Acrididae that have a swarming process. 
Usually these insects are solitary, but they become more abundant under certain circumstances, and change their 
behavior and habits, becoming gregarious. Since the beginning of civilization, locusts and grasshoppers have been among 
the most devastating threats to agriculture. This group of insects contains hundreds of pest species and affects the 
livelihoods of one in every ten people worldwide (Latchininsky et al., 2011). Desert Locust has always constituted a 
major threat to the well-being of man. The extent of the damage and destruction caused by the desert locusts is very 
gigantic beyond imagination as it is a polyphagous feeder that can cause starvation. The locust division of the Directorate 
of Plant Protection, Quarantine and Storage, Faridabad, under the Union Ministry of Agriculture & Farmers’ Welfare, 
says that a small swarm of the desert locust (Schistocerca gregaria), a polyphagous feeder (eating a large variety of 
plants), eats on average “as much food in one day as about 10 elephants, 25 camels or 2500 people”. Locusts cause 
damage by devouring the leaves, flowers, fruits, seeds, bark and growing spots and also by breaking down trees due to 
their weight when they settle in mass. There are 10 important species of locusts in the world, out of these four types of 
locust recorded in India viz., Desert locust (Schistocerca gregaria F.) is the most destructive of them, Migratory locust 
(Locusta migratoria L.) Bombay Locust (Nomadacris succincta L.) and Tree locust (Anacridium rubrispinum B.B.). To the 
food security and livelihoods of rural communities, the effects of the invasions in the affected areas may be desasterous. 
Ultimately, control camps commonly cost $1 million (Belayneh. 2005), with the vast amounts of chemical insecticides 
used having significant environmental side effects. 

   

Locust Plagues, Upsurges & Incursions 
In previous phases of the plague cycle, a desert locust attack occurred. India has had many plagues, uprisings and 
incursions in the past. In India there were approximately 12 locusts’ plagues until 1962. No plagues have arisen since 
then. Similarly, from 1964 to 1997, 13 riots of the locust have been recorded. In 1998, 2002, 2005, 2007 and 2010, 
localized small scale reproductives were also registered and controlled. The condition remained calm from 2010 to early 
2019 and there was no news of a large-scale breeding and swarm. Nevertheless, some sites in Rajasthan and Gujarat 
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have been reporting the desert locality alone from time to time. Multiple desert locusts’ attacks were reported on 
09/07/2019, 22/07/2019, 14/12/2019 during 2019 in Gujarat and Rajasthan. According to the State's Directorate for 
Agriculture, it was attacked more than 25,000 hectares of wheat, rapeseed, cumin and potatoes, at least a third of the 
crops being destroyed in 75 percent of the affected areas. In Sri Ganganagar and Jaisalmer districts of Rajasthan, 
scientists from the Locust Warning Organization (LWO) recently observed grass hopper groups on 11-12 April, 2020. But 
far from ordinary hoppers, these were desert locusts-the same devastating migratory pests in East Africa that currently 
devour acres of maize, sorghum and wheat crops. While locusts are also found in India in July-October, this is usually 
seen in small isolated groups or as lonely insects. 

Before mid-April, and after the damage caused to the crops on West Rajasthan and parts of Northern Gujarat during 
December-January, they were spotted along the Indian-Pakistan border, raising the alarms and arriving at the time when 
the country is grappling with the most critical new corona viral pandemic. 

  

Biology of Locust 
Locust's overall life cycle is completed in 2 to 6 months, with three life stages viz., eggs, hoppers, and adults. The mature 
female drill hole in moist sandy soil is approximately 1000 egg pods / square meters each week in the oviposit thrice at 
a depth of about 8-10 cm. The egg cycle lasts between 10 and 65 days. In gregarious and solitary locust, hopper goes 
from 5 and 5-6 instars, respectively. In 24-95 days with an average of 36 days the hopper period was complete. It is 2.5 
to 5 months for adults. Adults migrate in swarms and disperse into millions of countries or areas. At a level between 12 
and 16 kmph, the adult swarms. 

Character of different instar of hopper: 
I Instar: Newly hatched are white but turn black in 1-2 hours. 
II Instar: Head is larger and pale color pattern is conspicuous  
III Instar: Two pairs of wing buds project each side of thorax 
IV Instar: Color is conspicuously black and yellow.  
V Instar: Color is bright yellow with black pattern. 

Major Economic Losses Arising from Locust Attacks 
Locusts registered damaged crops worth Rs 10 crore during the plague period of 1926-31, according to the Directorate. 
The harm was measured at Rs 2 crore each during the 1940-46 and 1949-55 plague cycles, and at Rs 50 lakh during the 
last plague cycle (1959-62). Although no cycles of locust plague were detected after 1962, the large-scale attacks were 
recorded during 1978 and 1993. In 1993 Bhuj experienced the last upsurge in Gujarat. Farmers in Banaskantha fear that 
locust swarms will kill the currently standing mustard, cumin, and wheat crops in their fields. 

The Ministry of Agriculture has said it is Gujarat and Rajasthan 's biggest locust attack since 1993-94 and has recorded 
estimated losses of 5-6 Crore rupees so far. 

When do Locusts Attack Most? 
The Locust Warning Organization LWO (including all field units), a central government agency responsible for issuing 
alerts and tracking and regulating locust attacks, conducts periodic surveys to detect the presence of desert locusts and 
ecological conditions in the scheduled desert region of Rajasthan, Gujarat and Haryana, which are vulnerable to swarms. 
The evaluation is to determine whether the locust numbers have crossed the economic threshold level (ETL) of 10,000 
adults / ha and 5-6 hoppers / bush which may require control. These surveys are conducted regularly throughout the 
year, but most importantly from May to November when desert locust activity due to congenial breeding conditions is 
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considered at its peak. Which coincides with the Rajasthan and Gujarat moonsoon season, the contingency plan says. 
Gujarat Department of Agriculture officials said the locust threat is a natural occurrence which varies in intensity each 
year. In the evening and the morning, the locusts remain inactive. Most swarms fly through Rajasthan and Pakistan into 
Gujarat, relying on the wind to fly over long distances. India is at greatest risk of invasion by swarm just before the 
moonsoon begins. In the Arab Peninsula and the Horn of Africa, the swarms normally originate. 

What Has the Government Created to Measure the Epidemic of Locust? 
In the war-footing, first of all, a concerted assault on what farmer called "infiltrationists," was evaluated, investigated, 
prepared and carried out by the government. But the locusts in North Gujarat, mostly of the Banaskantha district, 
affected more than 6,000 hectares of land. Punamchand Parmar, the additional Chief Secretary of the Gujarat State 
Agriculture Department, said: "We have surveyed 10,000 hectares so far, of which 7,000 hectares were locusts infested. 
The insects were killed in more than 5,000 hectares by spraying pesticides of about 4,900 litres.” On war-footing, the 
government first assessed, then surveyed, planned and executed a coordinated attack on what the farmers termed - 
"infiltrators" on their fields. But before they were eliminated, the locusts had affected over 6,000 hectares of land in 
North Gujarat mainly in Banaskantha district. “So far, we have surveyed 10,000 hectares of the area, of which we found 
locusts on 7,000 hectares. The insects were destroyed in over 5,000 hectares by spraying pesticides of around 4,900 
litres," said Punamchand Parmar, Additional Chief Secretary, Gujarat State Agriculture Department. The severity of the 
attacks may have been less than in rabi season 2019-20 if the monsoon is fine, and if there are no control operations. It 
is points out that the first and most important incursions since 1993 took place last year. Over 4.30 lakhs of infested 
areas were handled with tractor-mounted sprayers and other vehicles by local authorities in Rajasthan and Gujarat 
Fortunately, even ancient organophosphate insecticides, such as Malathion, are effective against locust (96 percent 
ultra-low aerial application volume). About a liter of the chemical is required, including the trees where they rest for 
the night, to treat a hectare of their breeding areas. Pesticides are abundantly available to control swarms. Control 
operations also require equipment procurement, field team training, supply pre-positioning in key breeding areas, and 
contingency plans updating. The activities under the new lock-down system are not legally limited. However, there is 
also not a lot of time to waste. While insecticides regulated the outbreak of the locust, some state agriculturists lost all 
their crops and could require re-planting, said the Department of Agriculture of the Government. Approximately 285 
villages have been swarmed by locusts, and farmers will receive compensation of 18,500 rupees ($257) per hectare, state 
minister of agriculture R.C. Faldu said on Twitter. 

Reference 
1. Latchininsky AV, Sword G, Sergeev M, Cigliano MM, Lecoq M. 2011. Locusts and grasshoppers: behavior, ecology, and 

biogeography. Psyche 2011:578327. 
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Aeroponics is a soilless method of growing plants in air with the assistance of water vapor or mist environment, using an 
enriched nutrient solution sprayed as a mist, in order to attain faster plant growth. An automated aeroponics system in 
which sensors are there for measuring the temperature, humidity, pH value of water, and the light exposure in the 
environment where plants are grown. An LED grow light is used as source of light for photosynthesis instead of sunlight. 
The key irrigation apparatus is spray jet which is used to spray nutrient-mixed mist directly to the dense root system. 
The temperature sensor will sense the temperature of the environment, and if it exceeds beyond the threshold value, 
the cooling/ventilation system will compensate for it. Similarly, for humidity, the spray jet and a dehumidifier are used 
to stabilize the environment. The pH control mechanism will keep the pH value around 6.0. Internet of Things (IoT) for 
continuous monitoring of data, data analysis, and data logging. Data from each sensor are collected at regular intervals 
of time and are uploaded to a cloud for monitoring, followed by data analysis, for increased productivity. This data can 
be used to streamline the automation process, and also for other users to increase crop yield. 

The aeroponic system using IoT technology by Kerns and Lee 

Sensors and actuators used in an aeroponic system 

Advantages of Sensor Based Aeroponics Over Conventional System 
1. Key parameters at lower labour cost, time, and without any technical knowledge.  
2. The wireless sensor and actuator network offer several advantages including faster response to confrontational 
climatic conditions and better-quality control of the crop that produces at a lower labour cost.  
3. Information which could be required by plant scientists or growers to provide a greater understanding of how these 
environmental and nutrient parameters correlate with plant growth. 
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Future Application 
Artificial intelligence agriculture techniques are considered as a high potential, improving technique for decision making 
in agriculture. Nowadays, most of the aeroponic system is manufactured using a wireless sensor network ZigBee and 
Arduino system with Bluetooth, global system of mobile and Wi-Fi, and communication modules. 

Reference 
S. C. Kerns and J. L. Lee. 2017. Automated aeroponics system using IoT for smart farming in 8th International Scientific 
Forum, ISF 2017, UNCP, USA, September 2017. 
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Introduction 
Insects are found everywhere and so are often encountered, at least with a little searching, in homes, yards, around 
building foundations, basements, crawl spaces, flower or vegetable gardens that are not heavily sprayed with pesticides, 
around lights at night, near streams and lakes, abandoned fields, parks, and forests. Some insects are very sedentary 
and are easy to catch with a pair of forceps. Others fly, some pretty slowly and others like dragonflies are fast. The key 
to successful collecting is the right timing. Insect collecting is a seasonal business and the best time is during the warmer 
months from September to April. 

Tools for Insect Collection 
There are different tools required to collect insects depending on their characteristics or behaviors. Some of the tools 
used to collect insects are as follows:  
1. Forceps: It is a pointed hand tool mostly used to pick up small insects.  

2. Killing jars: It can be made from peanut butter jars with nail polish remover or alcohol on an absorbent material such 
as cotton balls or newspaper. Place a crumpled piece of tissue paper in the jar, to give insects a place to hide so they 
don't beat themselves up trying to escape.  

3. Sweep nets: These are used for sweeping the grass of meadows and abandoned fields, as well as catching insects in 
bushes and up in trees. Large flying insects such as butterflies, wasps and flies can be collected individually by a long-
handled insect net. These can also be swept over foliage for many small insects which rest on foliage and are difficult 
to see. 

4. Beat sheets: It is used to collect slow moving and small insects which have been jarred from plants. An inverted 
umbrella, white pan or sheet of paper is placed under plants. Shake or jar the insects off of plants onto the beat sheet, 
then grab them with forceps and put  them into jars.   

5. Berlese funnels: It is useful in collecting small insects from soil, leaf litter, or compost. These are devices to drive 
insects and other arthropods out of samples of leaf litter. They work by spreading the litter on a mesh screen in a large 
funnel with a hot electric bulb suspended above the litter. The combination of heat, light and gradual desiccation slowly 
drives the creatures out until they drop into a container below the funnel. You can make a Berlese funnel from a plastic 
soft drink bottle. Cut the bottom off and turn the bottle upside down. Place a circle of small wire mesh in the bottle 
and fill the mesh with leaf litter. Suspend the funnel over a container of water with a squirt of detergent in it. Place an 
electric light bulb above the leaf litter. The heat will cause the insects to drop into the water. 

6. Collanders: It is used for aquatic collection to scoop out insects at the water's surface or underwater at the edge of 
a stream or lake. Aquatic insects include water striders, whirligig beetles, backswimmers, diving beetles, immature 
mosquitoes, immature dragonflies, and giant water bugs.   

7. Light traps: It is used at night to catch insects. Black lights or ultraviolet lights may be more successful than regular 
outdoor lighting, but even normal outdoor lights attract lots of insects. A white sheet placed behind the light may help 
with collecting since it gives the flying insects a place to land and fewer escape routes. Many night-flying insects are 
attracted to light. A strong light bulb hung in front of a vertical white sheet near bushland will yield a great range of 
insects which can be picked directly from the sheet when they come to rest. An ultra-violet light bulb will increase the 
catch markedly. For a simple overnight trap, a bulb can be suspended over a dish of detergent water. 

8. Bait traps: It attract insects with food. Rotten meat attracts carrion feeders, while other insects like overripe fruits, 
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fermented foods, sugary foods or oils (peanut butter). Some insects are even attracted to dung. "Sugaring" is a method 
of painting tree trunks etc. with a fermented mixture of fruits, sugar, and an alcoholic beverage such as rum or beer 
and is a good method to catch certain types of nocturnal insects. 

9. Flight intercept traps: Many insects fly in a random fashion just above the forest floor and fall to the ground when 
they collide with a vertical object. Flight intercept traps utilize this behaviour to trap insects. A vertical screen of 
transparent plastic such as transparent kitchen film is stretched between two stakes and a trough or row of ice cream 
containers of preservative fluid (propylene glycol) is arranged below its bottom edge. These traps work best on a long-
term basis but yield surprising catches of insects not normally caught by other methods. They are most effective at 
trapping slow flying insects such as beetles, cockroaches and crickets. 

10. Pheromone traps: Uses synthetic female hormones to attract male insects to its source. Pheromones for several 
pest insects are available commercially. For example, pheromone trap containing methyl eugenol is used to attract fruit 
flies. 

11. Pitfall traps: These are useful for catching ground dwelling insects and can also be baited. Soup cans are an excellent 
size for pitfall traps. Punch small drainage holes in the bottom and shield the trap from debris and rain. The top of the 
can should be level with the ground surface so an insect will fall right in. Either check traps often or preserve the insects 
with a mixture of saltwater or soapy water in a can without drainage holes. These traps consist of suitable wide-mouthed 
containers sunk in the soil so their opening is flush with the ground surface. Containers ranging from disposable plastic 
cups to ice cream containers or plastic buckets are suitable. They can be used dry or with water and a squirt of detergent 
added. The detergent ensures that insects sink and drown rapidly when they fall into the trap. Pitfall traps collect 
invertebrates which walk over the ground surface especially beetles, spiders, ants and myriapods.  

12. Yellow pan traps: It has been shown that many small day-active insects are attracted to the colour yellow. This 
trapping method uses small yellow dishes filled with water to which detergent has been added. The dishes are placed 
on the ground in conspicuous places in the morning. When flying insects land on the surface of the water they rapidly 
sink and drown. At the end of the day the water is strained through a fine sieve and the specimens are retrieved. 
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Introduction 
Climate change is a major challenge for developing countries like India that face large scale climate variability and are 
exposed to enhanced risks from climate change. Few countries in the world are as vulnerable to the effects of climate 
change as India is with its vast population that is dependent on the growth of its agrarian economy, its expansive coastal 
areas and the Himalayan region and islands. It also entails tradeoffs with economic growth and social development in 
the short run that needs to be factored in the policy matrix, where eradication of poverty is one of the foremost 
priorities. According to Intergovernmental panel on climate change (IPCC) “Climate change refers to the change in the 
state of the climate that can be identified by change in the mean or variability of its properties and that persists for 
extended periods”. India is a predominantly agriculture-oriented economy, as 52% of the population directly depends on 
agriculture either as farmers or agricultural laborers, and their concentration is higher at 76% in the villages. Variation 
in climate will have a direct impact on the majority of the livelihood of the people. Food production in India is sensitive 
to climate change like variations in temperature and monsoon rainfall. Rise in temperature has a direct impact on the 
Rabi crop and every 1 0C rise will reduce wheat production by 4 to 5 million tonnes. The impacts of climate change on 
agriculture are being witnessed all over the world, but countries like India, with less than 80% of small and marginal 
farmers with poor coping mechanisms, are more vulnerable in view of their dependence on agriculture and excessive 
pressure on natural resources.  

In the recent years, there has been a significant rise in the frequency of extreme weather events affecting farm level 
productivity and impacting availability of staple food grains at the national level. Within a season, severe droughts and 
floods are being experienced in the same region, worsening the plight of all stakeholders. Since climate change poses 
complex challenges like multiple abiotic stresses on crops and livestock, shortage of water, land degradation and loss of 
bio-diversity, focused and long-term research is required to find solutions to the problems specific to our country. For 
meeting the new challenges, the Indian Council of Agricultural Research (ICAR) initiated a mega project titled “National 
Initiative on Climate Resilient Agriculture (NICRA)” in 2010-11 with the objectives of enhancing the resilience of Indian 
agriculture covering crops, livestock and fisheries to climatic variability and climate change through development and 
application of improved production and risk management technologies; demonstrating site specific technology packages 
on farmers’ fields for adapting to current climate risks; building up the capacity of scientists and other stakeholders in 
climate resilient agricultural research and its applications. Planned adaptation is essential to increase the resilience of 
agricultural production to climate change. Several improved agricultural practices evolved over time for diverse agro-
ecological regions in India have potential to enhance climate change adaptation, if deployed prudently. Management 
practices that increase agricultural production under adverse climatic conditions also tend to support climate change 
adaptation because they increase resilience and reduce yield variability under variable climate and extreme events. 

Climate Change and Indian Agriculture 
1. Agriculture represents a core part of the Indian economy and provides food and livelihood activities to much of the 
Indian population 
2. The agricultural sector represents 35% of India’s Gross National Product (GNP) and as such plays a crucial role in the 
country’s development. 
3. Agriculture is the most vulnerable sector to climate change. 
4. It represents an additional stress on ecological and socio-economic systems. 
5. It has a great impact on agricultural productivity. 
6. By Shifting crop patterns. 
7. Agriculture is both a contributor to and a victim of the effects of climate change. 

Projected Impacts of Climate Change on Indian Agriculture 
1. Increasing temperature would increase fertilizer requirement for the same production targets; and result in higher 
emissions 
2. Increasing sea and river water temperatures are likely to affect fish breeding, migration, and harvests. Coral reefs 
start declining from 2030.  
3. Increased water, shelter, and energy requirement for livestock; implications for milk production. 
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Reasons for Agriculture Vulnerable to Climate Change 
1. High diverse in nature. 
2. High rainfall dependency. 
3. Inadequate infrastructure facilities for supply of quality of inputs. 
4. Rapid degradation of soil and loss of soil fertility and nutrient levels. 
5. Poor resource base of the farmers. 
6. Poor technology penetration. 

Conclusion 
1. Climate change is a reality. 
2. Indian agriculture is likely to suffer losses due to heat, erratic weather, and decreased irrigation availability. 
3. Adaptation strategies can help minimize negative impacts. 
4. These need research, funding, and policy support. 
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Introduction 
Nitrification is the key biological soil process that provides plant roots with the nitrogen (N) in the form that is 
preferentially taken up. Nitrification products such as nitrite and nitrate are vulnerable to leaching and denitrification. 
Nitrogen use efficiency (NUE) tends to be very low in this modern agricultural system. About 50–70% of the applied N is 
lost to the surrounding environment in the form of NH3 volatilization, NO3

- leaching and denitrification loss (N2O 
emission). As nitrification is one of the most important phenomena determining the N-cycling efficiency, restricting 
nitrification will minimize the N losses and facilitate N flow through the NH4

+ assimilation pathway. Numerous synthetic 
nitrification inhibitors have been identified and used in agriculture for restricting nitrification process.  

Synthetic nitrification inhibitors have not been widely adopted for their difficulties in application, variability of 
effectiveness, cost and environmental safety. Biological nitrification inhibition is a natural ability of certain plant roots 
to produce and release some compounds which suppress nitrifier activity in soil. Biological nitrification inhibition is a 
low cost in situ biological alternative. The biological nitrification inhibitor (BNI) activity in root exudates have so far 
been first identified in Brachiaria humidicola. Previously Biological nitrification inhibition have been demonstrated in 
Brachiaria humidicola, sorghum, rice, wheat, and Leymus racemosus, a wild relative of wheat. The recent breakthroughs 
in the detection and characterization of BNIs are due in large part to technological advances, in particular through the 
use of a recombinant strain of Nitrosomonas europaea that responds bioluminescently to the oxidation of NH4

+ to NO3
-.  

Table 1: Some Sources of Biological Nitrification Inhibitors (BNIs) and Related Substance 
Category Compound Source 

BNIs from root 
exudates 

Sorgoleone Sorghum bicolor 

Sakuranetin Sorghum bicolor 

Methyl 3-(4-
hydroxyphenyl)propionate (MHPP) 

Sorghum bicolor 

Brachialactone Brachiaria humidicola 

1,9-Decanediol Oryza sativa 

BNIs from tissue 
extract 

Caffeic acid Amrosia psilostachya, Panicum virgatum, Pinus echinata, 
Sorghastrum nutans 

Ferulic acid Pinus  echinata, Quercus spp. 

Methyl ferulate B. humidicola roots 

Methyl p-coumarate B. humidicola roots 

Linoleic acid B. humidicola shoots 

Linolenic acid B. humidicola shoots 

Methyl linolate B. humidicola shoots 

The BNI produced by roots in the rhizosphere prevents the conversion of ammonium to nitrate (Fig. 1). In ecosystems 
with large amount of BNI such as Brachiaria pastures, the flow of nitrogen from ammonium to nitrate is inhibited and 
accumulation of ammonium takes place in soil and root systems. In modern agricultural systems, nitrification occurs at 
a rapid rate due to presence of little or no BNI and formation of nitrate is highly prone to loss from soil and root systems. 

Characterization of BNIs Function 
Two categories of BNIs are released from plant root systems: hydrophilic-BNIs and hydrophobic-BNIs. BNI-capacity varies 
both with plant species and different growth stages of crop. For example, during early growth stages in sorghum, 
hydrophobic-BNI activity is the major contributor, but with the maturity, both hydrophobic and hydrophilic-BNIs 
contribute on an identical way.  

The activity of hydrophobic BNI is mostly confined to rhizosphere whereas hydrophilic BNI may move out from 
rhizosphere. They differ in their solubility and mobility. As hydrophobic-BNIs are strongly sorbed to soil mineral or organic 
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particles, they may remain close to the root systems which may further increase their persistence. In contrast, 
hydrophilic-BNIs are water soluble in nature and they are more likely to move out of the rhizosphere which may enhance 
their capacity to suppress nitrification in bulk soil. Thus, the distribution of hydrophobic- and hydrophilic-BNIs in the 
rhizosphere may have complementary functional roles. 

Fig. 1 A schematic representation of BNI interfaces with nitrogen cycle (Subbarao et al., 2012) 

Mechanism of BNI 
The nitrification activity is most prevalent in the rhizosphere zone and this is also the zone of BNIs exudation from the 
plant roots. A localized release of BNIs is positively correlated with the presence of NH4+ and nitrifiers that ensures 
relatively high concentrations of BNIs in the soil micro-sites. BNI efflux across the plasma membrane of root cells is solely 
governed by several molecular transport mecha¬nisms that is stimulated by the presence of NH4+. Plants did not release 
BNIs in presence of NO3- as their N-source, whereas plants grown with NH4+ as the N-source did release BNIs. The efflux 
of anionic BNIs depends on the short or long-term membrane depolarization that is mediated by voltage-dependent anion 
channels. It has also been dem¬onstrated that fusicoccin also stimulates BNI activ¬ity that helps in membrane 
hyperpolarization by stimulating H+–ATPase activity and conversely, vanadate has been shown to suppress BNI activ¬ity 
that is an inhibitor of H+–ATPase and causes membrane depolarization.  

Alternatively, it is possible that the vanadate-induced sup¬pression of BNI activity is indicative of ATP-binding cassette 
(ABC) transporter involvement, which has also been demonstrated to be vanadate sensitive. In fact, ABC transporters 
have already been illustrated to enhance the release of root exudates such as fla¬vonoids. Some BNIs might be released 
via members of the multidrug and toxic compound extrusion (MATE) transporter. Two other proposed transport 
mechanisms across plasma membranes are simple diffusion and vesicular trafficking (exocytosis). However, many root 
exudates due to their electric charge or polar¬ity showed the low lipid solubility and would probably prohibit simple 
diffusion. However, many root exudates also show potentially to be cytotoxic to the plants that produce them (for 
example, allelochemicals such as sorgoleone). Vesicular transport models are often presumed, as in the case of 
sorgoleone, and ultrastructural analyses revealed that sorghum root hairs were enriched with vesicles. 

Stability of BNIs in Soil System 
The persistence or residence time of the inhibitory compounds released from roots for several weeks may be a major 
requirement to ensure a stable inhibitory effect on soil nitrification. The studies indicated that a threshold level of 5 
ATU g-1 soil was required for the inhibitory activity to be effective in reducing soil nitrification; with BNI-activity level 
10 ATU g-1 soil, nearly 50% inhibition was achieved and with 20 ATU g-1 soil, a nearly-complete suppression of soil 
nitrification was achieved.  

The BNI effect from Hyparrhenia sp. remained effective even after air drying and storing soil in the dark on tropical 
savannah soils. Certain BNIs such as linoleic acid and linolenic acid isolated from leaf tissues of B. humidicola, partially 
lost their functional activity in soil after 80 days and the activity was completely lost after 100 days. The effectiveness 
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of various BNIs are influenced by several factors and among these most important factors are: a) the nature and 
characteristics of the inhibitory compound, b) soil physical, chemical and biological properties, c) environmental factors 
(temperature, humidity etc.). 

Effect of BNI on Nitrogen Emission 
Here, DCD: Dicyandiamide, CP: granulating urea with nitropyrin, BNI: biological nitrification inhibitor Means ± SD with 
different letters in the same column indicate significant differences according to Tukey’s multiple range test (p < 0.05) 
among all treatments. 

(Source: Zhang et al., 2015) Fig. 2 comparison among BNI and other sources of nitrification inhibitors with respect 
to N2O emission 

Conjugant application of urea along with BNI showed a significant decline in emission of N2O over all the other treatments 
(Fig. 2). Though use of synthetic nitrification inhibitors results in decline of N loss in the form of N2O and NO3

- but they 
could also lead to enhancement of NH3 emissions. BNIs can inhibit nitrification process through suppressing the activity 
of ammonia-oxidizing bacteria or enzymes, effectively retarding the oxidization process of converting NH4

+ into NO3
-. 

Thus, BNIs can act effectively in reducing N2O emission.  

There prevails a negative relationship between BNI capacity of plant roots and N2O emission. Subbarao et al. (2013) 
reported that B. humidicola used showed 90% decline in N2O emission compared with soybean cultivated plots, which 
lacks BNI capacity in its roots system. NH3 volatilization loss is minimized as BNI release occurs mostly in the deeper soil 
layer hence. 

Future Prospect 
Reducing N loss and improving NUE in pastures and croplands could be achieved by the release of biological nitrification 
inhibitor and activity in agricultural soils. More fundamental work is needed about BNI specificity, locations and 
mechanisms of release, interactions among BNIs and the biotic and abiotic complexities of the soil matrix and greater 
environment.  

Multi-disciplinary efforts are needed for crop and forage genetic improvement in the BNI capacity along with agronomic 
practices that could be used to utilize BNI function to promote low-nitrifying production systems in agriculture. 

Conclusion 
Clearly, BNI produc¬tion and exudation reduces the amount of N required per unit of production and enhances the 
agronomic NUE in crop plants. BNIs can significantly suppress nitrification and N2O emissions in the field. From the 
farmers’ perspective, BNIs extend significant potential benefits by reducing overuse of N fertilizer, increasing agronomic 
NUE and crop yield.  

More research is needed for determining biological nitrification inhibition in other species, particularly major food crops 
(for example, maize, barley and potato). BNI reduces nitrification via root exudation is expected to not only improve 
ANUE by reducing N losses via leaching, runoff, and denitrification but also mitigate environmental pollution through N 
fertilizer, which causes eutrophication and climate forcing via N2O emissions. 
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Introduction 
Turmeric (Curcuma longa L) (family Zingeberaceae), is an important commercial spice crop in India. It is the ancient and 
sacred spice crop of India and known as ‘Indian saffron’. It is also known as “spice of life” as well as “golden spice” 
(Sahoo, 2017). India is the leading producer and exporter in the world. It is used in the form of flavouring, condiment 
and colouring agent and as a main ingredient in Indian culinary. It has anti-viral and anti-cancer properties and mainly 
used in the cosmetic and drug industry. It has great significance in religious and ceremonial occasions. The increasing 
demand for natural products as food additives makes turmeric as ideal produce as a food colourant (Borate et al., 2017). 
Turmeric is the dried underground rhizome of Curcuma longa L., a perennial herbaceous herb. Origin of turmeric is South 
East Asia particularly India. Turmeric is mainly produced in West Bengal, Odisha, Gujrat, Assam, Maharashtra and 
Karnataka. It is ready for harvesting in about 7 to 9 months after planting. 

Climate and Soil 
Turmeric thrives well in warm and humid climate. Turmeric can be grown in tropical conditions, a temperature between 
20-30°C with a rainfall of 1500 mm or more per annum or under irrigated conditions. It can be grown on a wide range of 
soil from light black loam, red soils to clayey loams, rich loamy soils having natural drainage and irrigation facilities are 
the best. Turmeric cannot stand alkalinity or water stagnation. Pigeon pea and Castor are planted on irrigation channel 
and on borders to provide shade.  

Land Preparation 
The land is ploughed 5-6 times and ridges and furrow are formed at 50 cm apart. Rhizomes are dibbled at a spacing of 
20 cm on one side of ridge at about 40 cm depth. The optimum spacing in furrows and ridges is about 45-60 cm between 
the rows and 25 cm between the plants.  

Material and Planting 
Mother – rhizomes (bold and round) and fingers (thin and finger like) are most commonly used as planting material. 
Mother rhizomes are best for propagation. 2500 kg of rhizomes are required to plant one hectare. The mother rhizomes 
are planted as such or split into two, each having at least one bud. Fingers are cut into 4 - 5 cm pieces. The rhizomes 
are treated with chemicals (300 gm of wet cerasan or 625 gm of agallol in 300 lites of water for 30 minutes. Washed and 
dried in shade and again treated with 0.05% solution of phosalone or nuvacron.  Small pits are made with a hand hoe in 
the beds in rows with a spacing of 25x 30 cm and covered with soil or dry powdered cattle manure.  

Varieties 
A wide range of cultivars are available in the country and are known mostly by the name of locality where they are 
cultivated. Some of the popular cultivars are Alleppey, Amalapuram  Erode local ,Duggirala, Moovattupuzha Tekkurpet, 
Sugandham, Salem, and Lakdong. Some of the improved varieties are Suvarna, Suguna, Sudarshana, Prabha, Pratibha, 
Kedaram, Allepy supreme, Roma, Suroma, Ranga, Rashmi, Co1, Megha Turmeric 1(Anon., 2015). 

Manuring 
Well rotten FYM @10 t/ha is incorporated as basal dressing. Beds are earthed up each time after top dressing. 
Recommended dose of NPK is 125:37:37kg per ha. Full dose of Phosphorus (P) and Potash (K2O) is given as basal dose at 
the time planting. About 125 kg Nitrogen (N) is required. In which 25kg as basal dose, repeat it four times each 25 kg at 
30, 60, 90 and 120 days after planting.  

Intercultural Operations 
1. Mulching and weeding: The crop is to be mulched after planting with banana psedustem green leaves or sugarcane 
trash at the rate of 12-15 tonnes per hectare. It may be repeated for second time after 50 days with the same quantity 
of green leaves after weeding and application of fertilizers. Weeding may be done at 60,120and 150 days after planting 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
705 

depending upon weed intensity. 
2. Irrigation: Turmeric crops require 15-20 irrigations in heavy soils and 35-40 in light soils. Growth and development is 
affected at moisture stress condition during the rhizome bulking stage. 

Plant Protection - Diseases 
1. Leaf blotch: Causal organism is Taphrina maculans and small, oval, rectangular or irregular brown spots appeared on 
either side of the leaves which later become dirty yellow or dark brown and leaves turn yellow. In severe cases plants 
have scorched appearance and the rhizome yield is reduced. 

Management: Spraying mancozeb 0.2%.  

2. Leaf spot: Causal organism is Colletotrichum capsici. Appearance of brown spots of various sizes on the upper surface 
of the leaves. White or grey spots of irregular shape appeared in the centre. Spots coalesce and form an irregular patch 
covering almost the whole leaf. The affected leaves dry up. The rhizomes do not develop well.  

Management: Treat with carbendazim (0.5 kg/ha) or mancozeb (0.2 %) or copper oxychloride (0.2%).  

3. Leaf blight: Causal organism of leaf blight is Rhizoctonia solani. Necrotic patches appeared with papery white centre 
of different sizes on the lamina which spread on the whole surface leaving a blighted appearance. The disease is more 
prevelantly occurred during post monsoon season. 

Management: Treatment with Bavistin 0.2% or Bordeaux mixture 1% with the initiation of infection.  

4. Rhizome rot: The disease is caused by Pythium aphanidermatum. The lower leaves of the infected pseudostem show 
yellowing, collar region of the pseudo stem becomes soft and water soaked, resulting in collapse of the plant and decay 
of rhizomes. 

Management: 
a. At the time of sowing, rhizome is treated with mancozeb 0.3% for 30 minutes before storage.  
b. Drenching of beds with COC 0.2% or Metalaxyl -mancozeb 0.125%. 

Plant Protection - Insect Pests 
1. Shoot borer: Major pest of turmeric is shoot borer (Conogethes punctiferalis). The larvae bore hole into pseudo stems 
and feed on internal tissues. The characteristic symptom of pest infestation is the presence of a bore-hole on the pseudo 
stem through which frass is extruded and the withered central shoot. Larvae are light brown in colour with sparse hairs. 

Management: 
a. Spray malathion (0.1%) or lamda-cyhalothrin (0.0125%) during july to October at 21 days intervals.  
b. Spraying should be done when the first symptom of pest attack is seen on the inner most leaf.  

2. Rhizome scale: The rhizome scale (Aspidiella hartii) infests rhizomes in the field and in storage. Scales are circular 
(1mm diameter) and light brown to grey and appear as encrustations on the rhizomes. Insect suck plant sap and when 
the rhizomes are severely infested, they become shrivelled and desiccated affecting its germination.  

Management: 
a. Timely harvesting of rhizomes seed material with quinalphos (0.075%), before storage and also prior to sowing 
in case the infestation persists.   
b. Rhizomes are stored in sawdust along with dried leaves of Strychnos nuxvomica 

Harvesting 
Harvesting should be done within 7 to 9 months after sowing depending upon the variety. The aromatic types mature in 
about 7 months, the intermediate types in about 8 months and the late types in about 9 months. Land is ploughed and 
the rhizomes are collected by hand picking or the clumps are carefully lifted with a spade. Extraneous matter and mud 
are cleaned from harvested rhizomes. Yield is about 8 -10 tonnes per acre of green turmeric. Mother rhizomes are kept 
as seed material for next growing season. Fingers are separated from mother rhizomes. For obtaining dry turmeric, green 
ginger is cured. 

Curing 
Fresh turmeric is cured before marketing. Curing involves boiling of rhizomes in fresh water and drying it in the sun. For 
processing no chemical is used. The cleaned rhizomes are boiled in earthen vessel or copper or galvanized iron with 
water just enough to soak them.  Boiling lasts for 40-50 minutes till the fingers/mother rhizomes become soft. The 
cooked turmeric is taken out of the pan by lifting the troughs and removing the water into the pan. The same hot water 
in the pan can be used for boiling the next lot of raw turmeric which is already filled in the troughs. Alternatively, 
rhizomes may also be cooked using baskets with perforated bottom and sides. Mother rhizomes and the fingers cured 
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separately. Curing of turmeric is to be done within 2-3 days after harvest. The cooked fingers/mother rhizomes are sun 
dried. 5-7 cm thick layers of rhizome should be spread for desirable colour of the dried product. Material should be 
heaped or covered during night time. For completely drying of rhizomes, it may take 10-15 days. Artificial drying through 
cross-flow hot air at 60°C temperature is also found to give a satisfactory product. In the case of sliced turmeric, artificial 
drying gives brighter coloured product than sun drying which later suffer from surface bleaching. The recovery of dry 
product varies from 20-25%. Manual or mechanical rubbing is done for improving appearance because dried turmeric has 
poor appearance. Manual polishing involves rubbing the dried turmeric fingers on a hard surface. Hand-operated barrel 
or drum mounted on a central axis, the sides of which are made of expanded metal mesh are the improved methods of 
polishing.  Turmeric is filled in drum and the drum is rotated, polishing is affected by abrasion of the surface against the 
mesh as well as by mutual rubbing against each other as they roll inside the drum. The turmeric is also polished in power-
operated drums.  For improving yellow colour, turmeric suspension in water is added to the polishing drum in the last 
10 minutes. The rhizomes are uniformly coated with suspension and dried in the sun. 

Preservation of Seed 
Seed rhizomes seed are heaped under the shade of trees or in well-ventilated sheds and covered with turmeric leaves. 
The seed rhizomes are stored in pits with sawdust. The pits covered with wooden planks with one or two holes for 
aeration. 

Yield 
The yield of turmeric varies from 8000 to 10000 kg per acre. 

Conclusion 
Turmeric is a golden spice of India having antibacterial and antioxidant property. Turmeric cultivation is a highly 
remunerative for farmer because of its high demand in national as well as international markets. It is main ingredient in 
the Indian curry used for colour, flavour and for its medicinal properties. Indian climate and soil are preferable for 
turmeric cultivation. Precautionary measures must be taken for combating diseases and pest. Post-harvest treatment 
like curing and polishing is essential for improving its quality and appearance. Yields varies from 8000 to 10000 kg per 
acre depending upon varieties, soil and climate. 
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Introduction 
Rice is the major staple food for hundreds of millions of people. It is generally consumed in its milled form with outer 
layers (pericarp, tegmen and aleurone layers) removed. The main reason for milling is to remove the oil-rich aleurone 
layer, which turns rancid upon storage, especially in tropical and subtropical areas. As a result, the edible part of rice 
grains consists of the endosperm, filled with starch granules and protein bodies, but it lacks several essential nutrients 
for the maintenance of health, such as carotenoids exhibiting provitamin A-activity. Thus, reliance on rice as a primary 
food staple contributes to vitamin A deficiency, a serious public health problem in at least 26 countries including highly 
populated areas of Asia, Africa and Latin America. A complementary intervention to existing strategies for reducing 
vitamin A deficiencies in the highest-risk countries is to fortify the major staple food, rice, with provitamin A through 
plant breeding. This can only be achieved by recombinant technologies rather than by conventional breeding, due to the 
lack of any rice cultivars producing this provitamin in the endosperm. Both because the transformation of rice is well-
established and because the entire carotenoid biosynthetic pathway has been molecularly identified recently, it seemed 
feasible to introduce the complete provitamin A (beta- carotene) biosynthetic pathway into rice endosperm by genetic 
engineering. We have shown previously that immature rice endosperm synthesizes the early intermediate geranylgeranyl 
diphosphate in the provitamin A biosynthetic pathway. This compound is not solely devoted to carotenogenesis but can 
be used as a substrate to produce the uncolored carotene phytoene by expressing the heterologous enzyme phytoene 
synthase in rice endosperm. This result prompted further investigations to install the entire pathway. 

Production of Golden Rice: Genetic Modification 
Golden Rice technology is based on the simple principle that rice plants possess the whole machinery to synthesis of β-
carotene, and while this machinery is fully active in leaves, parts of it are turned off in the grain endosperm. By adding 
only two genes, a plant phytoene synthase (psy) and a bacterial phytoene desaturase (crt I), the pathway is turned back 
on and β-carotene consequently accumulates in the grain Golden and rice was created by transforming rice with only 
two β-carotene biosynthesis genes: 
1. psy (Phytoene synthase) from daffodil (Narcissus pseudonarcissus) 
2. crtI (Carotene desaturase) from the soil bacterium Erwinia uredovora 

To engineer the pathway toward Beta-carotene formation, it is necessary to complement four plant enzymes, namely 
phytoene synthase, phytoene desaturase, Beta-carotene desaturase (the desaturases catalyzing the introduction of two 
double bonds, each), and lycopene cyclase. Alternatively, the transformation effort can be simplified by reducing the 
number of enzymes required and using a bacterial carotene desaturase capable of introducing all four double bonds 
required (Fig. 1). Initially, we sought to introduce all genes into immature rice embryos (TP 309) stepwise, i.e., singly 
by particle bombardment, aiming at subsequently unifying all transgenes into a single plant by subsequent crossing. 
However, this approach was not successful, mainly due to the deleterious integration pattern frequently produced by 
this transformation technique, as revealed by Southern hybridization analysis.  

Therefore, Agrobacterium-mediated transformation of precultured rice immature embryos was used, designed so as to 
install the entire beta- carotene biosynthetic pathway into rice endosperm in a single transformation effort. Three 
vectors, schematically depicted in Figure 2, were constructed. pB19hpc combines the sequences for a plant phytoene 
synthase (psy) originating from daffodil (Narcissus pseudonarcissus; accession no. X78814) with the sequence coding for 
a bacterial phytoene desaturase (crtI) originating from Erwinia uredovora (accession no. D90087), the two being placed 
under the control of the endosperm-specific glutelin (Gt1) and the constitutive CaMV 35S promoter, respectively. The 
phytoene synthase cDNA contained a 5-sequence coding for a functional transit peptide, as was demonstrated previously, 
while the crtI gene was fused to the transit peptide sequence of the pea Rubisco small subunit (tp), as constructed by 
Misawa et al.  This plasmid, thus, should direct the formation of lycopene in the endosperm plastids, the site of GGPP 
formation. To complete the Beta-carotene biosynthetic pathway, cotransformations were carried out employing two 
vectors, one (pZPsC) carrying psy and crtI, like in pB19hpc but lacking the expression cassette for the selectable marker 
aphIV, and the other (pZCycH) providing, under glutelin promoter control, the sequence coding for the enzyme lycopene 
cyclase, originating from N. pseudonarcissus (accession no. X98796). Like phytoene synthase, lycopene Beta-cyclase 
carried a functional transit peptide, allowing plastid-import. The combination of both plasmids, thus, should be able to 
direct beta-carotene formation in rice endosperm. The pB19hpc single transformants showed a clear 3:1 (colored: 
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noncolored) segregation pattern, whereas the pZPsC/ pZCycH double transformants showed a wider deviation in 
segregation, as expected. To our surprise, the pB19hpc single transformants, although equipped for lycopene (red) 
synthesis, were not distinguished in color compared with the pZPsC/ pZCycH double transformants equipped for Beta-
carotene (yellow) synthesis. 

Fig. 1 Provitamin A biosynthetic pathway 

In gene technology, the shortcuts are there. And we do not need to invent them: we borrow them from organisms that 
have already invented them for us. Golden Rice is an example of both bottlenecks and shortcuts. The ordinary pathway 
for plants synthesizing beta-carotene is well known, but four of the genes involved are missing in rice (figure 1). In 
Golden Rice, part of this gap was filled with one single gene (CrtI) from the soil bacterium Erwinia herbicola, producing 
one single enzyme replacing a pathway for which plants need three genes producing three enzymes, achieving the same 
result. That is a significant simplification of the technology. 

Fig. 2 DNA constructs used in single transformations and cotransformations. 

RB, right borders; LB, left borders; tp, transit peptide from pea ribulose bis-phosphate carboxylase;  !, terminator; p, 
promoter; gt, glutelin; psy, phytoene synthase; crtI, bacterial carotene desaturase; lcy, lycopene  beta-cyclase. DNA 
sequence coding for carotenoid biosynthetic enzymes. 
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Golden Rice 2 
Original Golden Rice (GR1) does not produce enough ß-carotene (Provitamin A); it produces “only 1.6 μg/gm of 
carotenoids; a child would have to eat more than 10kg/day to get sufficient dose”. In 2005, Syngenta, produced a variety 
of golden rice called "Golden Rice 2” They combined the phytoene synthase (psy) gene from maize with carotene 
desaturase (crt1) from the original Golden rice-1. Golden rice 2 produces 23 times more carotenoids than golden rice 
(up to 37 μg/g), and preferentially accumulates β-carotene (up to 31 μg/g of the 37 μg/g of carotenoids) and to receive 
the Recommended Dietary Allowance (RDA), it is estimated that people who eat about 75g of golden rice per day In June 
2005, researcher Peter Beyer received funding from the Bill and Melinda Gates Foundation to further improve golden 
rice by increasing the levels of or the bioavailability of pro-vitamin A, vitamin E, iron, and zinc, and to improve protein 
quality. 

Controversy 
1. Health: 

a. May cause allergies or fail to perform desired effect 
b. Supply does not provide a substantial quantity as the recommended daily intake 

2. Environment: 
a. Loss of Biodiversity. May become a super weed and endanger the existence of natural rice plants 
b. Genetic contamination of natural, global staple foods 

3. Culture: 
a. Some people prefer to cultivate and eat only white rice based on traditional values and spiritual beliefs on 
Veg. or Non-Veg 
b. Intervention in “Gods creation” 

In spite of regulatory complications and negative publicity, the production of GM crops is steadi¬ly increasing. According 
to the International Service for the Acquisition of Agri-biotech Applications (ISAAA), in 2007, there were 23 countries 
growing 114 million hectares GM crops commercially, mainly with insect resist-ant cotton, maize and soybean. This is an 
in¬crease of twelve percent from the year before. Most is grown in some larger countries such as China, India, Brazil, 
Argentina, the United States, Canada and South Africa, but also eight European countries had some minor acreages of 
Bt maize. Vitamin A deficiency is a global health problem, primarily in developing countries in Africa and South-East 
Asia. Children and pregnant women are particularly at risk. The World Health Organization states that each year between 
250,000 and 500,000 children become blind as a result of vitamin A deficiency. Half of those children die within a year. 
Vitamin A deficiency also compromises the immune system, which means children die from common diseases including 
diarrhea, respiratory tract infections and measles. A research study that examined malnutrition among mothers and 
children, estimated that annually more than 100,000 children under five die due to vitamin A deficiency. 6-8 Populations 
of developing countries are primarily affected as this deficiency is the consequence of a poor diet and usually poverty-
related.  

Conclusion 
Eat several kilograms of it to get their daily requirement. Will change the food habit of the developing countries. Improve 
the vitamin A status of deficient food consumers, especially women and children in developing countries. Golden rice is 
in an early but promising stage of development. Currently the quantity of b-carotene in the golden rice is not good 
enough to provide a substantial quantity of it. Golden rice was ready for distribution in 2005 but is still not available for 
human consumption and the biosafety experiments required are too expensive. 
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Introduction 
India’s Environment Protection Act of 1986 (EPA) was an afterthought of the shocking Bhopal gas tragedy. In the matter 
of biosafety laws and policies, India was one of the early movers in the developing world, having introduced in the 
country biosafety rules even before the Convention of Biodiversity was adopted at Rio de Janeiro in 1992. Thus, the 
introduction of the biosafety rules in 1989 was a pioneering step that was enabled by the EPA. Eighteen years after the 
EPA and one and a half decades after the biosafety rules, knowledge and awareness about hazardous substances and 
genetic organisms has steadily percolated to the civic-community layers of Indian society. Indeed, by the mid-1990s, the 
import of Bt cotton seeds from Monsanto provoked a serious public debate on the safety aspects of biotechnology in 
general and plant biotechnology in particular. This gave a major push to the country’s biosafety regulations. By 2002, a 
constellation of legislations cognate to biosafety regulations had come into existence. This included the National 
Biodiversity Act 2002 (NBA), and the Protection of Plant Varieties and Farmers’ Rights Act, 2001 (PPVFR). In the course 
of its evolution the biosafety regulations have undergone changes. Since 2004, there have been serious discussions in 
India on re-engineering the structure of biosafety regulations. The primary objective of the exercise is to cut down red 
tape and ensure greater transparency in decision-making. Another focus of the exercise is to position single-window 
systems for regulatory clearances thus unifying multiple-agency layers in the decision chain. Given the sensitivities 
triggered by biotechnology products in India, the debate on re-engineering has proved to be a contentious affair. 

Biosafety regulations in India comprise biosafety rules and guidelines. The existing legislative framework in India for 
biosafety regulations has followed a disaggregated approach with regulatory powers imposed in a top-down fashion. The 
framework legislation for biosafety regulations in India is the EPA. Three provisions of the EPA form the basis of the 
biosafety regulations. These are sections 6, 8, and 25. While Section 6 of the Act empowers the Central Government to 
make rules on procedures, safeguards, prohibition and restrictions for handling of hazardous substances, Section 8 of 
the Act prohibits a person from handling hazardous substances, except in accordance with procedures and after 
complying with safeguards. Section 25 of the EPA empowers the Central Government to lay down rules regarding 
procedures and safeguards for handling hazardous substances. Thus, the biosafety rules in India are statutory in nature 
as they originate from the EPA. These provisions of the EPA led to the adoption of the 1989 Rules for the Manufacture, 
Use/Import/Export and Storage of Hazardous Microorganisms/ Genetically Engineered Organisms or Cells. 

Principals of Biosafety - Containment 
The term "containment" is used in describing safe methods for managing infectious agents in the Laboratory environment 
where they are being handled or maintained. The purpose of containment is to reduce or eliminate exposure of laboratory 
workers, other people and the outside environment to potentially hazardous agents. The three elements of containment 
include laboratory practice and technique, safety equipment, and facility design. 

Primary containment: The protection of personnel and the immediate laboratory environment from exposure to 
infectious agents, is provided by good microbiological technique and the use of appropriate safety equipment. The use 
of vaccines may provide an increased level of personal protection. 

Secondary containment: The protection of the environment external to the laboratory from exposure to infectious 
materials, is provided by a combination of facility design and operational practices. The risk assessment of the work to 
be done with a specific agent will determine the appropriate combination of work practices, safety equipment and 
facility design to provide adequate containment. 

Secondary Barriers (Facility Design): The design of a facility is important in providing a barrier to protect people working 
inside and outside the laboratory, and to protect people or animals in the community from infectious agents which may 
be accidentally released from the laboratory. Facilities must be commensurate with the laboratory's function and the 
recommended biosafety level for the agent being manipulated. The recommended secondary barrier(s) will depend on 
the risk of transmission of specific agents. For example, the exposure risks for most laboratory work in Biosafety Level 1 
and 2 facilities will be direct contact with the agents, or inadvertent contact exposures through contaminated work 
environments. Secondary barriers in these laboratories may include separation of the laboratory work area from public 
access, availability of a decontamination facility (e.g., autoclave) and hand washing facilities. 
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Principals of Biosafety - Biosafety Levels 
There are four biosafety levels (BSLs) which consist of combinations of laboratory practices and techniques, safety 
equipment, and laboratory facilities. Each combination is specifically appropriate for the operations performed the 
documented or suspected routes of transmission of the infectious agents, and for the laboratory function or activity.  

Biosafety Level 1: It is appropriate for work done with defined and characterized strains of viable microorganisms not 
known to cause disease in healthy adult humans. It represents a basic level of containment that relies on standard 
microbiological practices with no special primary or secondary barriers recommended, other than a sink for hand 
washing. 

Biosafety Level 2: It is applicable to work done with a broad spectrum of indigenous moderate risk 
agents present in the community and associated with human disease of varying severity. Agents can be used safely on 
the open bench, provided the potential for producing splashes or aerosols is low. Primary hazards to personnel working 
with these agents relate to accidental percutaneous or mucous membrane exposures or ingestion of infectious materials. 
Procedures with high aerosol or splash potential must be conducted in primary containment equipment such as biosafety 
cabinets. Primary barriers such as splash shields, face protection, gowns and gloves should be used as appropriate. 
Secondary barriers such as hand washing and waste decontamination facilities must be available. 

Biosafety Level 3: It is applicable to work done with indigenous or exotic agents with a potential for respiratory 
transmission and which may cause serious and potentially lethal infection. Primary hazards to personnel working with 
these agents (i.e., Mycobacterium tuberculosis, St. Louis encephalitis virus and Coxiella burnetii) include 
autoinoculation, ingestion and exposure to infectious aerosols. Greater emphasis is placed on primary and secondary 
barriers to protect personnel in adjoining areas, the community and the environment from exposure to infectious 
aerosols. For example, all laboratory manipulations should be performed in biological safety cabinet or other enclosed 
equipment. Secondary barriers include controlled access to the laboratory and a specialized ventilation system that 
minimizes the release of infectious aerosols from the laboratory. 

Biosafety Level 4: It is applicable for work with dangerous and exotic agents that pose a high individual risk of life-
threatening disease, which may be transmitted via the aerosol route and for which there is no available vaccine or 
therapy. Agents with close or identical antigenic relationship to Biosafety Level 4 agents should also be handled at this 
level. Primary hazards to workers include respiratory exposure to infectious aerosols, mucous membrane exposure to 
infectious droplets and autoinoculation. 

Principals of Biosafety - Vertebrate Animal Biosafety Levels 
There are four animal biosafety levels (ABSLs), designated Animal Biosafety Level 1 through 4, for work with infectious 
agents in vertebrates. The levels are combinations of practices, safety equipment and facilities for experiments on 
animals infected with agents that produce or may produce human infection. In general, the biosafety level recommended 
for working with an infectious agent in vivo and in vitro is comparable. 

Animal Biosafety Level 1: It is suitable for work involving well characterized agents that are not known to cause disease 
in healthy adult humans, and that are of minimal potential hazard to laboratory personnel and the environment. 

Animal Biosafety Level 2: It is suitable for work with those agents associated with human disease. It addresses hazards 
from ingestion as well as from percutaneous and mucous membrane exposure. 

Animal Biosafety Level 3: It is suitable for work with animals infected with indigenous or exotic agents that present the 
potential of aerosol transmission and of causing serious or potentially lethal disease. 

Animal Biosafety Level 4: It is suitable for addressing dangerous and exotic agents that pose high risk of like threatening 
disease, aerosol transmission, or related agents with unknown risk of transmission. 

The biosafety rules have been supplemented by the Biotechnology Safety Guidelines issued by the Department of 
Biotechnology (DBT). These Guidelines have been issued in pursuance of Rule 4(2) of the Biosafety Rules, which require 
manuals of guidelines to be brought out by the Review Committee on Genetic Manipulation, a component of the biosafety 
decision-making apparatus that is serviced by the DBT. The biosafety rules are driven by multi-layered decision-making 
structures. These structures carry their corresponding functions, details of which are described below. 

Recombinant DNA Advisory Committee 
This committee constituted by the Department of Biotechnology takes note of developments in biotechnology at national 
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and international levels. The RDAC recommendations include, from time to time, the technologies/processes suitable 
for implementation for upholding the safety regulations in research and applications of GMOs and products thereof. This 
Committee prepared the Recombinant DNA Biosafety Guidelines in 1990, which was adopted by the Government for 
conducting research and handling of GMOs in India. 

Review Committee on Genetic Manipulation 
The RCGM functions as a body under the Department of Biotechnology and has to bring out manuals of guidelines 
specifying producers for regulatory process on GMOs in research, use and applications including industry with a view to 
ensure environmental safety and review all ongoing r-DNA projects involving high risk category and controlled  field 
experiments. 

Institutional Biosafety Committee 
The Institutional Biosafety Committee (IBSC) is constituted by the institution conducting research that handles micro-
organisms/genetically-engineered organisms. The committee comprises the Head of the institution involved in research, 
scientists engaged in DNA work, a medical expert and a nominee of the DBT. The institutions involved in the process are 
required to prepare, with the assistance of the Institutional Biosafety Committee (IBSC), an up-to-date on-site emergency 
plan according to the manuals/guidelines of the RCGM and make available copies to the District Level Committee/State 
Biotechnology Co-ordination Committee and the Genetic Engineering Approval Committee. 

Genetic Engineering Approval Committee 
Genetic Engineering Approval Committee (GEAC) functions as a body under the Ministry of Environment and Forests and 
is responsible for approval of activities involving large scale use of hazardous microorganisms and recombinant products 
in research and industrial production from the environment angle. 

State Biotechnology Co-ordination Committee (SBCC) 
SBCC is constituted in each State where research and applications of GMOs are contemplated. SBCC is headed by the 
Chief Secretary of the State. It has powers to inspect, investigate and to take punitive action in case of violations of 
statutory provisions through the State Pollution Control Board or the Directorate of Health etc. it also reviews periodically 
the safety and control measures in various institutions handling GMOs. 

District Level Committees 
This Committee, constituted at the district level, is considered to be smallest authoritative unit to monitor the safety 
regulations in installations engaged in the use of GMOs in research and applications. The DLC is headed by the District 
Collector who can induct representatives from State agencies to enable smooth functioning and inspection of the 
installations with a view to ensure the implementation of safety guidelines while handling GMOs, under the Indian EPA. 
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Introduction 
A mushroom is the fleshy, spore-bearing fruiting body of a fungus, especially one consisting of a stalk with an umbrella 
cap. It has two parts: the cap-like structure is known as PILEUS, attached with thread-like structure MYCELIA. Mycelia 
absorb nutrient from soil; it does not require sunlight for their growth. Mushrooms are being utilized as food since the 
time of immemorial. From the nourishment perspective, mushrooms are put among meat and vegetables. These are rich 
in protein, carbohydrate and vitamins. Mushrooms are low in caloric worth and consequently are suggested for heart and 
diabetic patients. India is a primarily agriculture-based country blessed with a varied agro-climate, an abundance of 
agricultural waste and manpower, making it most suitable for the cultivation of all types of temperate, subtropical and 
tropical mushrooms. There are more than 14,000 types of mushrooms on the planet, out of which around 3,000 are 
consumable; around 700 have known therapeutic properties and around 1400 have been recognized as poisonous.  

India is not a major producer of any of the mushroom varieties but it does cultivate mushrooms and has great potential 
as an important producer in the future. At present, the total mushroom production in India is approximately 0.13 million 
tons. From 2010-2017, the mushroom industry in India has registered an average growth rate of 4.3% per annum. Out of 
the total mushroom produced, white button mushroom share is 73% followed by oyster mushroom (16%), paddy straw 
mushroom (7%) and milky mushroom (3%). Compared to other vegetables; per capita consumption of mushrooms in India 
is meagre and data indicates it is less than 100 grams per year. In the year 2016-2017, Indian mushroom industry 
generated revenue of Rs. 7282.26 lacs by exporting 1054 quintals of white button mushroom in canned and frozen form. 
By considering the production statistics, the spawn demand in India is estimated at 8000-10000 tons per annum. 

Nutritional Value of Mushrooms 
Mushrooms have very fewer calories and contain approximately 80 to 90 percent water. At the same time, they have low 
sodium, carbohydrate and fat content and high fiber content. This is the reason why mushrooms are considered good for 
those aiming for weight loss. They are low in calories, are fat-free, cholesterol-free, and have very low levels of sugar 
and salt; they provide a valuable source of dietary fiber, as well as several vitamins and minerals. 

100 Grams of Uncooked, White Button Mushrooms Contains the Nutrients 
Nutrients Quantity 

Folate (Vitamin B9) 16.0 mcg 
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Niacin (Vitamin B3) 3.6 mg 

Pantothenic Acid (Vitamin B5) 1.5 mg 

Riboflavin (Vitamin B2) 0.4 mg 

Thiamin (Vitamin B1) 0.1 mg 

Vitamin B6 0.1 mg 

Copper 0.3 mg 

Iron 0.5 mg 

Magnesium 9.0 mg 

Phosphorus 86.0 mg 

Potassium 318 mg 

Selenium 9.3 mcg 

Zinc 0.5 mg 

Calcium  2 mg 

Fiber  2.5 g 

Mushrooms are a good source of B vitamins, including riboflavin, niacin, and pantothenic acid, which help to provide 
energy by breaking down proteins, fats and carbohydrates. B vitamins also play an important role in the nervous system. 

Minerals 
1. Selenium: Many foods of animal origin and grains are good sources of selenium, but mushrooms are among the richest 
sources of selenium in the produce aisle and provide 8-22 mcg per serving. Selenium is a mineral that works as an 
antioxidant to protect body cells from damage that might lead to heart disease, some cancers and other diseases of 
aging. It’s also important for the immune system and fertility in men.  

2. Ergothioneine: Mushrooms provide 2.8-4.9 mg of ergothioneine per serving of white, portabella or crimini mushrooms. 
It is a naturally occurring antioxidant that helps in protecting the body’s cells. 

3. Copper: Mushrooms are rich in copper, a mineral that has cardio-protective properties. A single serving of mushrooms 
is said to provide about 20 to 40 percent of the daily needs of copper. It helps to make red blood cells, which carry 
oxygen throughout the body. It also helps keep bones and nerves healthy.  

4. Potassium: Mushrooms have 98-376mg of potassium per 84-gram serving, which is 3-11 percent of the Daily Value. 
Potassium is an important mineral many people do not get enough of. It aids in the maintenance of normal fluid and 
mineral balance, which helps control blood pressure. It also plays a role in making sure nerves and muscles, including 
the heart, function properly.  

5. Beta-glucans: It’s found in numerous mushroom species, have shown marked immunity-stimulating effects, contribute 
to resistance against allergies and may also participate in physiological processes related to the metabolism of fats and 
sugars in the human body. It also helps fight infection and exhibits anti-tumour activity. 

6. Calcium: As well as being the most abundant mineral in the human body, calcium provides the structure for our teeth 
and bones and is needed for muscle contraction. 100g of mushrooms contains 2mg of calcium. 

7. Zinc: Zinc stimulates the activity of approximately 100 enzymes and amongst other things, supports a healthy immune 
system. 

8. Magnesium: Magnesium is essential to good health; it helps to maintain normal muscle and nerve function, keeps 
heart rhythm steady, supports a healthy immune system and keeps bones strong. 

Vitamins 
1. Vitamin B1 (Thiamine): A 100g serving of mushrooms will give you 27% of your recommended daily dietary intake of 
thiamine. It controls the release of energy from carbohydrates, which is needed for the normal functioning of the brain 
and nervous system.  

2. Vitamin B2 (Riboflavin): Mushrooms are high in Riboflavin, a B-vitamin that helps to maintain healthy red blood cells 
and promotes good vision and healthy skin. 

3. Vitamin B3 (Niacin): Niacin promotes healthy skin and makes sure the digestive and nervous systems function 
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properly. 
4. Vitamin B5 (Pantothenic Acid): Pantothenic acid plays several essential metabolic roles in the human body, including 
assisting with the production of hormones; found naturally in mushrooms. 

5. Vitamin B9 (Folate): Mushrooms are a rich source of folate, which is essential for the formation of red and white 
blood cells in the bone marrow. It is an important factor in healthy growth and development. Pregnant women are 
encouraged to increase their folate to assist with growth. 

6. Vitamin D: Mushrooms are one of the few natural sources of vitamin D, which is essential for healthy bones and teeth. 

7. Vitamin H (Biotin): It is essential in the metabolism of proteins and carbohydrates and is just another B-vitamin found 
in mushrooms. 
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Abstract 
Arsenic, considered as a highly toxic element becomes the most important issue worldwide in ground water as well as 
soil pollution. Indiscriminate use of arsenic contaminated ground water may result high arsenic in our daily diets via 
water-soil-plant continuum. Directly consumption of arsenic affected ground water above maximum acceptable 
concentration (MAC) for prolonged time may cause Arsenosis. Soils exposed to arsenic contaminated irrigation water for 
a long period can deteriorate its quality. Plants probably uptake arsenic from soil and irrigation water via phosphate or 
silicate transporters and gradually it reaches to the economic or consumable portion of the crop. Along with human and 
plant, arsenic has an adverse effect on microorganisms, the most important component of soil. Proper measures must 
be taken along with multiple awareness programs immediately to mitigate arsenic loading from soil-plant-human 
continuum.  

Keywords: Arsenic, toxicity, soil-plant-human continuum, ground water, MAC. 

Introduction 
Arsenic, a natural occurring highly toxic metalloid discovered by German alchemist Albert Magnus in 1250 AD. Arsenic 
toxicity in the ground water is one of the most important emerging problems throughout the globe which accelerated 
tremendously in last few decades. Seventy countries including China, Brazil and USA are suffering from this chronic 
disease but the magnitude of toxicity is highest in Ganga-Meghna-Brahmaputra fluvial plain, more specifically Bangladesh 
and West Bengal, India. According to PHED (Public Health Engineers Department), West Bengal, Arsenic toxicity in Ground 
water has been spread among 11most populous districts of WB and still continuing due to heavy lifting of underground 
water. Consumption of arsenic affected ground water for a longer period of time by millions of people is the most 
important global concern, though it is not the only threat in this regard. The toxicity has been spread from water to soil, 
from soil to different edible plant parts and grains, and from plant parts to human and animal body. Recent scientific 
studies proved that significant concentration of arsenic can also be found in our common diets like rice, milk and 
vegetables. Chronic toxicity of arsenic by consumption of contaminated food and water can leads to a number of deadly 
diseases. 

Safety Limits of Arsenic 
Globally Millions of people are drinking the arsenic contaminated water and a result of this human as well as animals are 
facing numerous disease and disorders which may also leads to death. According to the World Health Organization (WHO) 
guideline, the baseline limit of as concentration in safe drinking water is 10 µgL-1, which is similar to the European Union 
(EU), US Environmental Protection Agency (USEPA), Netherlands, and Germany limits of As in drinking water. However, 
in Bangladesh and many other developing countries, such as India, China, and Nepal, it is set to 50 µgL-1, predominately 
known as minimum acceptable concentration (MAC). 

The joint FAO/WHO Expert Committee on Food Additives (JECFA) set a provisional maximum tolerable daily intake 
(PMTDI) of inorganic arsenic as 0.002 mg/kg of body weight for humans in 1983 and confirmed a provisional tolerable 
weekly intake (PTWI) as 0.015 mg/kg of body weight in 1989 (Sanyal,2018)). Such specific guideline values for soil, plant 
and animal systems are not available. Majority of the scientists believed that available arsenic in soil more than 1.5mg 
kg-1 can hampered the growth of plant and increase as concentration in edibles parts also. 

Effect of as in Soil 
There are very less detrimental effects of arsenic on soil physical and chemical properties except soil aggregation. All 
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the microbial parameters were significantly and negatively correlated with all the form of arsenic (bioavailable and 
total) but the microbial metabolic quotient was significantly and positively correlated with arsenic. Arsenic induced 
stress to the soil microbial community through affecting microbial biomass which is located in the inner parts of the 
micro-aggregates of soil. Earth worms are also highly affected by arsenic. Rhizosphere bacteria are negatively correlated 
with arsenic concentration in soil but there are some tolerant bacteria can withstand high concentration of this toxic 
element. 

Effect of as in Plants 
There are two major sources by which arsenic enters into the plants viz; arsenic affected soil and arsenic contaminated 
irrigation water. 

1. AsV (As5+) is an analog of inorganic phosphate (Pi) and is easily transported across the plasma lemma by Pi transporter 
(PHT) proteins. AsV and Pi compete for uptake through the same transport systems in as hyper accumulators. 
2. AsIII (As3+) is able to enter root cells through nodulin26-like intrinsic proteins. These proteins belong to the aquaporin 
family of major intrinsic proteins 
3. When plants were supplied AsV, typically more than 90% of the arsenic in the roots and in the shoots was found to be 
in the form of AsIII. Thus, AsV is readily reduced to AsIII by plants. This reduction is accepted as the first step in the 
major as detoxification pathways found in plants the reduction of AsV to AsIII occurs both enzymatically and non-
enzymatically. 

The mode of action of AsIII differs substantially from that of AsV. AsIII is a thiol reactive compound that can bind up to 
three sulfhydryl groups. AsIII can also bind to thiol-containing proteins and co-factors. 

How as Accumulate in Animal and Human Body? 
1. Continuously drinking contaminated water (>50 µL-1) for a long time increase arsenic concentration in human body. 
2. The main exposure of arsenic to human body after groundwater is rice. Rice is the stable food of most of the Asian 
countries. It contains comparatively higher amount arsenic then other cereals (rice grain contains 10 times more arsenic 
than wheat and maize). Vegetables are also responsible for arsenic poisoning as because we generally uptake vegetable 
in row form. Leafy vegetables (spinach, amaranths) along with root crops (sugar beet, carrot, radish etc.) contain 
significant amount of arsenic if they are grown in contaminated soil and water. 
3. Though Arsenic concentration is not found higher than the acceptable limit in milk egg and meat, but in future days 
it may be a serious issue. 

The toxicity resulting from as exposure is considered to be linked to an imbalance between pro-oxidant and antioxidant 
homeostasis that results in oxidative stress. Because of its similar biochemical properties to phosphate, arsenate can 
replace the former in energy transfer phosphorylation reactions, resulting in the impairment of ATP synthesis. On the 
other hand, arsenate reacts with sulfhydryl groups and can induce structural modification in proteins, leading to the 
inactivation of many enzymes .For example, inhibition of pyruvate dehydrogenase can impair ATP production by blocking 
the citric acid cycle, which is critical for providing reducing equivalents to the mitochondria that are needed for electron 
transport. 

In aquatic animals, there is evidence for: increases in cytotoxicity in fish cell lines when exposed to sodium arsenide; 
oxidative stress and a decrease of antioxidant enzymes activity, as observed in the polychaete Laoenereisacuta and in 
the fish Clariasbatrachus, after exposure to As2O3. 

Effect of Arsenic in Animal and Human Body 
Organic and inorganic both forms of arsenic are prevalent in nature. Inorganic arsenic species like As3+ and As5+ (mainly 
found in water) are highly toxic while organic arsenic compounds like monomethyl arsenic and dimethyl arsenic (such as 
those found in seafood) are comparatively less harmful to health. Ailments caused by arsenic poising are discussed below: 
1. Acute effects: The immediate symptoms of acute arsenic poisoning include vomiting, abdominal pain and diarrhoea. 
These are followed by numbness and tingling of the extremities, muscle cramping and death, in extreme cases. 

2. Long-term effects: The first symptoms of long-term exposure to high levels of inorganic arsenic (e.g. through drinking-
water and food) are usually observed in the skin, and include pigmentation changes, skin lesions and hard patches on 
the palms and soles of the feet (hyperkeratosis). These occur after a minimum exposure of approximately five years and 
may be a precursor to skin cancer. In addition to skin cancer, long-term exposure to arsenic may also cause cancers of 
the bladder and lungs. 

The International Agency for Research on Cancer (IARC) has classified arsenic and arsenic compounds as carcinogenic to 
humans, and has also stated that arsenic in drinking-water is carcinogenic to human. Other adverse health effects that 
may be associated with long-term ingestion of inorganic arsenic include developmental effects, neurotoxicity, diabetes 
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and cardiovascular disease. In Taiwan effects of arsenic disorder is popularly known as Black foot disease. 

Figure1. Blackfoot disease caused by arsenic toxicity  

Conclusion 
Lifting of groundwater without any restriction for household or agricultural use lowers the ground water table 
continuously and as a result arsenic contamination is increasing worldwide day by day, prevalently in Gangatic plains. 
Surface water may be an alternative to ground water which has naturally low arsenic content. Use of surface water for 
drinking and irrigation purpose will break the bioaccumulation chain of arsenic and reduce its loading through minimizing 
daily intake into human body. Several efficient strategies like phyto-remediation, varietal trial, using organic and 
inorganic amendments etc. are evolved to limit the detrimental impact of arsenic in agriculture soils. 
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Meaning 
“Survey can be defined as a method of research involving collection of data directly from a population or a sample 
thereof at particular time.” 

Here, data may be collected by observation, or interviewing, or mailing questionnaires. The analysis of data may be 
made by using simple or complex statistical techniques depending upon the objectives of the study. 

Characteristics of Survey Method 
1. It is always conducted in a natural setting. 
2. It seeks responses directly from the respondents. 
3. It can cover a very large population. 
4. A survey may involve an extensive study or an intensive study. 
5. A survey covers a definite geographical area: a city, or a district, or a state. 

Steps Involved in a Survey 
There are mainly nine steps involved in carrying out of a survey as below; 
1. Selection of a problem and its formulation, 
2. Preparation of the research design, 
3. Operationalization of concepts and construction of measuring indexes and scales, 
4. Sampling, 
5. Construction of tools for collection of data and their pre-test, 
6. Field work 'and collection of data, 
7. Processing of data and tabulation, 
8. Analysis of data, 
9. Reporting. 

Purposes of Surveys 
1. To provide information to government or planners or business enterprises. E.g. population or census survey, socio-
economic surveys, expenditure surveys, marketing surveys etc.  
2. To explain certain phenomena through depth analysis and complex interpretations. E.g. to test hypotheses and explain 
the causal relationships between variables and assess the influences or various factors on a given phenomenon. 
3. To make comparison of demographic groups (e.g., comparison of low-income groups with high income groups) or real 
groups, e.g., work groups in factories or offices as well as comparison of behavioral or attitudinal groups can also be 
made through it.  
4. Survey concerned with cause and effect relationships which is useful for making predictions. 

Subject-Matter of Surveys 
All aspects of human behavior, social institutions, economic system, and business undertakings lend themselves to 
surveys. The subject matter of surveys may be broadly categorized into: 
1. Social Surveys:  

a. Demographic characteristics of a group of people 
b. Social environment of people 
c. People's opinions and attitudes 
d. People's behavior and activities. 

2. Economic Surveys: 
a. Economic conditions of people 
b. Working of economic units 
c. Operations of an economic system. 
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Fields of Application of Surveys 
1. Survey method is applicable to various fields and disciplines such as sociology, economics, behavioral sciences, 
political science, public health, commerce and management. 
2. Surveys are essentially interdisciplinary and contribute to the integration of separate disciplines. For example, 
economic or political surveys have something to do with people's sociological or psychological aspects.  
3. Survey research has no specific disciplinary anchor point i.e. specialists in all fields of social and behavioral sciences 
use it. 
4. Surveys can be used as a tool for both basic and applied research. They are extensively used by planning bodies and 
by policy-makers in government both for formulating plans and programs and for evaluating them.  
5. The survey method is also widely used by business enterprises in their research on markets, consumer preferences 
and buying habits, environment, training needs, effectiveness of advertisement and the like.   
6. Many outstanding researches in social sciences would have been impossible without the modern survey method. 

Coverage of Surveys 
Census Survey Sample Survey 

A survey that covers all the units of a given universe is 
called as a census survey. 

A survey that covers a fraction of the universe is called 
as a sample survey. 

It covers study of all segments of the population.  It covers only a small, highly selected segment of the 
population depending on the nature of the problems 
studied. 

E.g. Total number of male or female in particular state 
or nation. 

E.g. Behavioral study of people of particular area. 

Advantages of Survey Research 
1. It is the only practical way to collect many types of information from individuals such as personal characteristics, 
socio-economic data, attitudes, opinions, experiences and expectations. 
2. It facilitates to draw generalizations about large populations on the basis of studies of representative sample. 
3. The survey method is flexible to permit the use of various methods of collection of data: observation, interviewing 
and mailing questionnaires. 
4. Surveys sensitize the researcher to unanticipated or unknown problems. The collection of data from respondents 
through interviewing or mailing often uncovers facts previously unknown to the researcher. 
5. Surveys are useful instruments for verifying theories. 

Limitation of Survey Research 
1. Survey method is primarily meant for collection of data from primarily sources hence its feasibility depends upon the 
willingness and cooperation of the respondents. 
2. A sample survey is subject to sampling error. 
3. Survey method primarily depends on verbal behavior. The respondent can give untrue or misleading answers. 
4. It is also subject to the errors of measurement implicit in quantifying attitude, abilities, behaviors and other personal 
traits. 
5. There is a limit of the no. of items of information that can be collected in a single survey. 
6. Survey is very expensive in terms of time and cost. 
7. It is also not well suited to studies of historical development. 
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Introduction 
In view of the continuously increasing human population, decreasing arable land area and the changing climate, there is 
a necessity to develop high-yielding crop varieties which are nutritionally improved and tolerant to various biotic and 
abiotic stresses.  

These all challenges can be addressed by transgenic technology. This transgenic technology has potential of developing 
crop varieties with enhanced yield, resistance to biotic and environmental or abiotic stresses, and enhanced food quality. 
Varieties or plants developed through this technology are called transgenic plants whose DNA is modified or which have 
alien gene inserted into its genome. Transgenic technology can be successfully used for breeding of those traits for which 
natural variation is not found in the cultivated and/or wild relatives.   

The inserted gene or alien gene is known as the transgene, it may come from an unrelated plant or from a completely 
different species/organism. By inserting a transgene, a number of economic or quality traits can be improved such as 
improving shelf life, higher yield, tolerant to heat, cold and drought, resistance against a variety of biotic stresses. The 
first transgenic plant was introduced in 1983. Since then, a number of transgenes have been inserted and expressed in 
numerous important agronomic species of plants including tobacco, corn, tomato, potato, banana, alfalfa and canola. 
Here, in this article we will be discussing some important examples of transgenic crops (Figure 1), promises of transgenic 
crops and issues associated with it. We will not be giving any scientific details about the transgenic technology here in 
this article. 

Grand Challenges in Agriculture: Urgent Need of Transgenic Crops 
Malnutrition and hunger are the major problems of developing countries like India. Moreover, ever-increasing population, 
changing climate, decreasing cultivable land and other resources further constrains the crop production (FAO, 2017). 
There are various grand challenges before scientific community.  

Some of the major challenges can be summarized as follows: 
1. Ever-increasing population: It is predicted that around 2 billion population of the world will increase up to 2050 from 
current population 7.7 billion. How we will provide food to this huge population? 

2. Climate change: It has been shown that crop production is highly sensitive to climate change. Climate is changing at 
rapid pace which will adversely affect the crop production in near future. For instance, in case of wheat, an increase of 
1◦C in temperature globally will cause 6.4 % reduction in yield. Development of climate resilient crops will be the better 
option for tackling climate related issues. But the question is-How these types of crops can be breed? 

3. Decreasing arable land and other resources: More will be the population, more will be the requirements of shelters, 
roads, industries and others. These all shelters, roads, industries and other associated things will be developed on arable 
land and thereby less land will be available for crop production. Water is necessary for growing crops, but as we all 
aware that our water resources are also depleting at rapid pace. So, now the question arises-how we can get more 
production from limited resources? 

4. No natural variation for the target trait: There is different conventional and molecular breeding approaches which 
are used for the genetic improvement of crop plants. Genetic improvement of the crops through these approaches 
depends upon the natural genetic variation existing in cultivated and/or wild germplasm of the concerned crop. If natural 
variation is not present how can we improve the target trait? 
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Figure 1: Figure showing the potential of transgenic technology  

Transgenic Crops: A Potential Solution for All Challenges 
Transgenic technology can give answer to all the above discussed questions. With the help of transgenic technique, we 
may overcome the limitation of transfer of genes from sexually incompatible species to the target plant species. As 
aforementioned, transgenic is the organism which contains exogenous gene or genetic material (DNA) that has been 
transferred artificially from an unrelated or related species with the help of genetic engineering techniques. A number 
of transgenic crops having different important traits have been developed in various countries, and some of them are 
also being grown on a large scale. In 2018, a total of 191.7 million hectares of transgenic crops were planted by to 17 
million farmers in 26 countries. From the opening planting of 1.7 million hectares in 1996 when the first transgenic crop 
was commercialized, the 191.7 million hectares planted in 2018 represents around 113-fold increase. This area under 
transgenic crop has further increased in 2019. Therefore, transgenic crops are considered as the fastest crop technology 
in the history of agriculture, worldwide. It has been shown that developing countries have more area under transgenic 
cultivation compared to industrial countries. In 2018, twenty-one developing countries planted 103.1 million hectares, 
while five industrial countries planted 88.6% million hectares. This trend is anticipated to continue in the upcoming years 
due to the increasing number of countries adopting transgenic crops. 
(https://www.isaaa.org/resources/publications/pocketk/16/). 

Importance of Transgenic Crops 
There are several advantages of transgenic crops in human food and animal feed management, some of them are as 
follows: 
1. More crop production: The transgenic technology likely to be helpful to provide food when traditional approaches 
will not be so effective in near future.  

2. Novelty: Using transgenic crops can be breed for novel traits which are not found naturally. There are various 
examples such as shelf life of tomato, increased vitamin A content and insect resistance in different crops. 

3. Health management: Transgenic crops may be beneficial for managing the health of human and animals. Many health 
issues could be resolved by genetically modified crops through production of vaccines to control viral infections in both 
human and animal species. 

4. Reduced cost: Transgenic technology is helpful to reduce cost of production of crop. Expenses on pesticides can be 
reduced via growing pest resistant transgenic crops.  

5. Enhanced nutrients composition: The nutrients composition of the crops can be enhanced with the help of transgenic 
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approaches. For instance, golden rice. 

6. Biotic stress resistance: Pest resistant transgenic crops can be developed via transferring the genes from any 
unrelated/related organism. Transgenic crops having resistant against different insects (Lepidoptera, coleopteran and 
other), bacterial, fungal and viral diseases have also been developed.  

7. Abiotic stress tolerant: Abiotic stress such as salinity, drought, extreme temperature and heavy metaletcare major 
threats to sustainable food production which results in 50-70% reduction in crop yield. Different transgenic abiotic stress 
tolerant varieties have been developed in major crops. 

Some Successful Examples 
Transgenic technology has been very promising since decades. Availability of many transgenic crops shows its potentiality 
genetic improvement of the crops. Some of these crops have been commercialized, while some are waiting to approved 
by the regulatory authorities. In India, Bt cotton has been commercialized at a large scale. In united states, more than 
90% of all soybean, corn and cotton acreage is used to grow transgenic crops. Other popular and approved crops include 
canola, sugar-beet, alfalfa, papaya and summer squash. More recently, transgenic apples (that do not brown) and 
potatoes (bruise free) have also been approved by the FDA (Food and Drug Administration). Following are the few 
examples of transgenic crops: 

1. Golden rice: Golden rice is the best example of transgenic crops which have high nutritional value than the normal 
rice. Golden rice is rich source of beta carotene that may be helpful to prevent the malnutrition in the developing 
countries. This beta carotene converts into the Vitamin A, when metabolized by the human body. Vitamin A is needed 
for healthier skin, immune systems, vision and so on.(Potrykus and Beyer, 1999). In 2005, golden rice 2 was also 
announced, which provides up to 23 times as much beta carotene as the initial golden rice. First, Food Standards 
Australia, New Zealand and Health Canada approved this golden rice 2 in February and March, 2018, respectively. Then 
USFDA (United States Food and Drug Administration) approved this Golden rice 2. Most recently in 2019, Government of 
the Philippines has approved this golden rice 2 for food, feed and for processing.  

2. Flavr Savr tomato: Flavr savr tomato is the most popular and successful example of transgenic technology so far. It 
was first commercially grown transgenic food to be approved for human consumption. It was developed by inserting an 
antisense copy of the gene which was responsible for repressing the formation of the enzyme (polygalacturonase in 
tomatoes that is responsible for softening the fruit by breaking down the cell wall pectin). After adding this antisense 
gene, tomato became more resistant to rotting and hence its shelf-life enhanced to a greater scale. This enhanced shelf-
life allowed its distribution and marketing to long time without any damage. This transgenic tomato failed to achieve 
commercial success and was withdrawn from the market in 1997 because of some issues. The major issue was that 
antisense gene did not have any positive effect on the fruit’s firmness, so the tomatoes had to be harvested like any 
other unmodified tomatoes. Unfortunately, there are no transgenic tomatoes available commercially, currently 
(Kramerand Redenbaugh, 1994). 

3. Bt Cotton: The Bt cotton is the pest resistant plant cotton variety, which produces an insecticide to combat bollworm. 
Transgenic cotton was developed by inserting a cry gene or Bt gene form soil bacterium Bacillus thuringiensisinto the 
cotton plants. These genes are not harmful to other useful insects such as butterfly, silk worms and honeybee. There is 
a list of Cry genes which has been inserted into cotton genome to combat a number of insect-pest of different insect-
orders. Use of Bt cotton limits the use of pesticides and hence minimizes the cost of production. First Bt cotton variety 
was released in USA. In India, Bt cotton was introduced in 2002, since then it has grown exponentially on a large scale. 
Because of this Bt cotton, India became the number one exporter of cotton worldwide and the second largest cotton 
produces in the world. At present, Bt cotton is commercially grown in several other countries like China, Mexico, 
Australia, Argentina, South Africa and Indonesia etc. Globally, the area under Bt cotton keep increasing year by year 
(Reddy, 2003). 

4. Transgenic Brinjal: The traditional brinjal is infested by different insects (especially fruit and shoot borer). To combat 
these harmful insects, Bt brinjal was introduced. Bt brinjal got approval for commercialization on 14 October 2009 in 
India. But, because of concerns raised by some scientists, anti-GMO activists and farmers, the government of India 
officially announced on 9 February 2010 that there is no need of commercialization of the Bt brinjal. In Bangladesh, 
situation is different, Bangladesh Agricultural Research Institute got approval from Ministries of Environments and Forests 
and Agriculture for commercialization of Bt brinjal in Bangladesh. According to a very recently published report 
(February, 2020), a total of 31,400 farmers are now growing Bt brinjal in Bangladesh(Kumar et al., 1998). 
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5. Transgenic Maize: Using transgenic technologies, specific strains of maize have also been developed to express 
agriculturally-desirable traits, including resistance to pests and to some herbicides. BT maize produces Cry toxin that 
control the European corn borer or billion-dollar bug, corn rootworm, lepidopteran maize pests and thereby reduces the 
cost of cultivation. Bt insecticides differs from the conventional insecticides because they are toxic to only a small range 
of related insects due to specific pH levels, enzymes, and midgut receptors. A number of countries have adopted Bt 
maize. In 1996, there was only one country which was growing Bt maize, but number has increased to nine countries 
including four industrial – US, Canada, Spain, and Germany, and five developing countries, Argentina, Honduras, South 
Africa, Uruguay, and the Philippines in 2003. Since 2003, number of countries and area covered under Bt maize has 
increased significantly. The traditional corn has low lysine and tryptophan amino acids in Ze in protein (maize protein). 
Transgenic plants have been developed which has higher lysine and tryptophan content than previously reported for 
kernels. It has not been commercialized so far(Tang et al., 2013). 

6. Transgenic Banana: Worldwide, banana is most powerful fruit that is easily digestible and is the major source of 
calories. Transgenic banana has been developed which have good productivity and enhanced nutritional value. Several 
successful attempts have demonstrated the strength of this transgenic technology in developing disease resistant and 
abiotic stress tolerant transgenic banana. Only few of the transgenic banana have passed for field studies and some are 
currently undertaking nutritional human trials. Unfortunately, transgenic banana did not get any approval for 
commercialization in any country so far (Kikulwe et al., 2008). 

7. Transgenic canola: Transgenic canola is one of the five transgenic crops grown in Canada. Canola is Canada’s most 
second valuable crop, after wheat. Almost all the canola grown in Canada is transgenic – approximately 95%. The very 
first strain Roundup Ready canola was developed by Monsanto which was tolerant to glyphosate. Glyphosate is the active 
ingredient in the generally used herbicide Roundup(Falco et al., 1995). 

8. Crops resistant to various fungal, bacterial and fungal diseases: A number of transgenic crops having resistant to 
major fungal, bacterial and viral diseases have been developed around the world. List of these crops is very long; readers 
may read review or research papers available online on this topic(for example, Kumar et al., 2020). 

Issues with Transgenic Crops: Do We Really Need to Worry About? 
There are some issues or risks with consumption and commercial cultivation of genetically modified crops in public 
domain (Abbas, 2018).it is believed that even the insertion of a single gene can impact the entire genome of the host 
resulting in unintended side effects, all of which may not be recognizable at the same time. Following are the few issues 
related to the consumption of transgenic crops: 

1. Around the world, it is believed that cultivation and consumption of transgenic crops will cause adverse effects on 
human and animal health. Although, there is no major report on this aspect.  
2. Transgenic crops may be threat to the biological diversity and environment. 
3. It is believed that the transgenic crops can contaminate the traditional crop due to transfer of pollens from transgenic 
crop.  
4. Transgenic crops may have competition with natural species as these crops are assumed to have faster growth than 
the natural species.  
5. Transgenic crops can increase selection pressure on target and non-target organisms.  
6. It is believed that transgenes can be transferred horizontally from one organism to other, which may have harmful 
effects on recipient organism.  
7. Transgene integrated into the genome of plants may produce some unpredictable effects.  
8. It is believed that transgenic crops having resistance to a particular pest may induce the reproduction, growth and 
development of other insects. 
9. Religious issue: There are many peoples which believe that god have all powers. God determine the structure of 
creation and any distorting with it, is sinful. 

As aforementioned, there are various issues related to acceptance of transgenic crops, but concrete scientific facts are 
still lacking which can strongly say that adoption of transgenic crops is dangerous for human health and environment. 

Conclusion 
Using transgenic technology many transgenic crops have been developed which have enhanced yield, resistance to biotic 
and abiotic stresses, and enhanced nutritional traits and other qualities. Furthermore, various reports also suggest that 
adoption of the transgenic technology has helped in reducing the use of insecticides, fungicides, decreasing 
environmental footprint and increasing farmer income. Although these crops are granted with regulatory approval only 
after strict food/feed safety assessment, such as toxicity, allergenicity and compositional analysis, etc., still, concerns 
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are raised regarding its safety to the human health and environment. As discussed above, the commercial success of 
some transgenic crops in recent decades has demonstrated that significant benefits are going to increase from the use 
of transgenic crops for commercial cultivation at farmer’s field. Conclusively, these transgenic crops may provide some 
significant benefits like (a) efficient weed control; (b) decreased losses due to different insect-pests and diseases and 
reduced need of pesticides; (c) reduction in postharvest losses due to better shelf life and marketing flexibility due to 
broad resistance against different storage pests; (d) increased nutritional quality; (e)increased crop production. Keeping 
all benefits provided by transgenic crops in mind, there is a strong need to approve these transgenic crops for 
commercialization and for utilization as a human food. 

One has said correctly “Better Die a Satisfied Appetite than an Empty Stomach”. 
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Summary 
Information and communication technologies (ICTs) can help boost agricultural development by improving farmers’ 
access to vital information so that they make the best decisions and use their resources sustainably.  ICTs may include 
devices, networks, services and applications, including internet-based technologies and tools such as telephones, 
mobiles, televisions, radio and satellites. Some initiatives to promote ICT in agriculture include different mobile 
applications like Kisan Suvidha App, Soil Health Card App, Plantix App, Crop Manager App, Nutrient Manager App and 
many others. Other initiatives are e-NAM, Kisan Call Centre, KrishiCloud, IFFCO Kisan Sanchar Ltd., user friendly farmer 
portals and a number of websites that provide information to farmers and experts. 

Agriculture is a standout amongst the most critical imperative segments of our country. Majority of Indian farmers are 
small or marginal farmers who own 1 ha or less land and face challenges such as small landholdings, decreasing yield, 
decreasing profitability, uncertainty of water availability, vulnerability to world commodity prices and many more. On 
the other hand, with urbanization and income growth, consumption patterns have shifted from cereals to non-cereal 
food (pulses, edible oils, fruits, vegetables, dairy and other livestock, fisheries).Supply of these commodities do not 
match up to the demand and not surprisingly, food inflation has increased in recent years. Farmers should have been 
able to take advantage of this demand and increase their profitability but lack of timely information at many levels has 
prevented them from doing so. Many farmers can be better-equipped to handle these challenges if they are provided 
the right information at the right time. It is true that India possesses a valuable agricultural knowledge and expert 
advice. However, a wide information gap exists between the research levels and put into practice. Access and use of 
information sources is a first step toward better targeting of extension programs and advisory services that facilitate 
information sharing (Nain et. al., 2015).  

ICT (Information and Communication Technology) is an umbrella term that includes computer hardware and software, 
digital broadcast and telecommunications technologies as well as digital information repositories online or offline 
(Selwyn, 2002). Information and Communication Technology (ICT) can act as a direct force in the agricultural 
development process (Chahal et. al., 2012). Government’s vision of doubling farmer income by 2022 could be achieved 
not only by increasing production but also reducing input cost by preventing over usage of resource with the help of ICT. 
With the advent of android phone/smart phone and its compatibility with different mobile apps has created opportunity 
for vibrant application of ICT in agriculture. Some commonly used ICT tools to promote agriculture related information 
include call centres, web portals, mobile apps, community radio, video, digital photography, GIS, e-mail, audio and 
video conferencing and even social media platforms like facebook and whatsapp, these are intended to fulfil information 
processing and communications functions.  Approximately 45 per cent ICT projects of the whole world have been 
implemented in India and also maximum number of information kiosks has been employed in rural India. Nevertheless, 
it was found that majority of the ICT projects in agriculture were put into action in socio- economically developed states 
of South and North India, while deprived states are not benefitted by ICT initiatives. Some of the e-Agriculture initiatives 
in India are indicated below. 
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Kisan Suvidha App 
It has been developed by the ministry of agriculture and farmers welfare for farmers to facilitate dissemination of 
information on weather, market prices, plant protection, agro-advisory, extreme weather alerts, dealers-seed, 
pesticide, fertilizer, farm machinery, call to kisan call.  

Soil Health Card App 
It helps the farmers to get crop-wise recommendations of nutrients and fertilizers required in each type of soil. This can 
help in increasing the crop yield (Chouhan et. al., 2017). The soil health card mobile app is expected to benefit field-
level workers as it will automatically capture GIS coordinates while registering sample details at the time of sample 
collection in the field and indicate the location from where the sample has been collected. 

Kisan Mobile Advisory Service (KMAS) 
This scheme in main line extension system of Krishi Vigyan Kendra is new ICT initiatives to meet the needs and 
expectations of the farmers through SMS. 

IFFCO Kisan Sanchar Ltd 
The features of IKSL services include delivering up to four free voice messages on areas of interest, and have a helpline 
services managed by experts and organize phone-in programmes and mobile-based quizzes. 

Crop Manager App 
It is a computer and mobile phone-based application that provides small-scale rice, rice-wheat, and maize farmers with 
site- and season-specific recommendations for fertilizer application. 

e-NAM 
National Agriculture Market (NAM) is a pan-India electronic trading portal promoted by a Government of India which 
networks the existing mandis to create a unified national market for agricultural commodities. Purpose of the mobile 
App is to facilitate remote bidding by traders and access to arrivals and price related information to farmers and other 
stakeholders on their smartphones. 

Kisan Call Centre 
The main aim of the scheme is to answer farmers’ queries on a telephone call in their own language. These call centres 
are working in 21 different locations in the country covering all the States and UTs. A countrywide common eleven-digit 
Toll Free Number 1800-180-1551 has been allotted for Kisan Call Centre. 

User Friendly Portal for Farmers and Experts 
Various web portals like farmer’s portal, mKisan, iKisan, rice knowledge management portal etc are also useful for 
farmers and provide them all the information they needed. 

KrishiCloud 
Segregated information can be brought under one umbrella where all the channels can connect. Farmers will only have 
to call one number for any service that they would like to avail. Service Providers can reach the farmers easily by sending 
audio files, videos and SMS. 

Important Websites Related to Agriculture 
Ministry of Agriculture and Farmer’s Welfare, GOI (agricoop.nic.in), Agriculture Marketing-agmarknet.gov.in, 
agrocommerce.com, Indian meteorological department (imd.gov.in), agriculturetoday.in, apeda.gov.in, 
www.nabard.org, agridaksh.iasri.res.in etc. 

Conclusion 
The quality of rural life can be improved by quality information inputs which provide better decision-making abilities. 
The Indian Govt. is being made a remarkable achievements especially in the area of agriculture by giving various facilities 
to the farmers in which the ICT services is one among which is helping the farmers to understand the modern cultivation 
methods, availability of agriculture inputs, irrigational sources, availability of pesticide and fertilizers for increasing the 
production and productivity of crops. 
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Introduction 
Rice (Oryza sativa L.) is the chief food crop for more than three billion people worldwide. Because of its immense 
economic and communal significance, there is a steady necessity for new varieties with enhanced agronomic uniqueness 
like, tolerance to different biotic and abiotic stresses, high yield and better nutritional quality. Biotic stress includes 
resistance to bacterium, fungus, insect and virus and abiotic stresses are resistant to salinity, drought and temperature. 
Due to the high-density population, the production of good quality rice becomes a demand and this is going to be possible 
by classical, mutational and molecular approaches of breeding for the development of novel rice varieties. From some 
recent studies, it has been reported that several factors, including phytopathogens, climate change, and other 
environmental issues causing a big threat to global rice food security. Advances in genomics and genome manipulation 
techniques assure a genuine revolution in biotechnology and genetic engineering. The establishment of fresh tools for 
breeding and biotechnology, a relevance area of genetic engineering, has acknowledged important centers resulting in 
the development of useful tools. The appearance of multiple genomes editing technologies through the use of genetic 
engineering has an uprising impact on plant science and agriculture. The introduction of the target genome editing of 
living organism permits a large assortment towards improving yield and quality of crops. This creates plants with 
important ingredient values and with a character that shows resistance to various biotic and abiotic stresses. 

What is Genome Editing? 
Genome editing is a technique used to specifically and efficiently modify DNA within a cell. By using specific DNA 
sequence cuts with enzymes called 'engineered nucleases'; editing can be done. This technique can be used to add, 
remove, or alter DNA in the genome. The features of an organism or a cell can be manipulated through the genome 
editing.  

Mechanism of Genome Editing 
Genome editing uses the concept of genetic engineering of inserting site-specific nucleases (SSNs) to alter specific genes 
at preferred sites in the genome. 

Fig: CRISPR/Cas9 system components and pathways. 
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The SSNs include zinc finger nucleases (ZFNs), transcriptional activator-like effector nucleases (TALENs) and clustered 
regularly interspaced short palindromic repeats (CRISPR)-associated endonuclease Cas9 (CRISPR/Cas9). Among all, the 
CRISPR/Cas9 system is the most superior and broadly accepted because of its minimalism, strength, and high 
effectiveness. Genome editing with engineered nuclease (GEEN) technologies, permit cleavage and re-joining of targeted 
DNA molecules in particular site for successful alteration of genetic changes in cells. In this technology, particularly 
restriction endonucleases and ligase enzymes can be used for cleaving and re-joining of DNA molecules in small genomes 
like bacterial and viral genome. But the problem is that the restriction endonucleases can only aim comparatively short 
DNA sequences which approach cannot be implemented in large and complex plant genome. The designing of "artificial 
enzymes" as oligonucleotides which can selectively bind to specific sequences in the target DNA makes cleaving and 
binding to the target more efficiently. 

Genome Editing Tools in Rice for Biotic Stress Resistance 
Rice becomes more appropriate and viable for genetic manipulation because of its accessibility of massive genomic 
resources together with a small genome size. Rice is also being used to test the effectiveness of various genome editing 
technologies to know the functions of different genes and their possible development.  

As mentioned earlier, TALENs, CRISPR/Cas9, and CRISPR/Cpf1 systems have been reported as successful targeted 
mutagenesis in various crops (Yin et al., 2017). Bacterial blight susceptibility gene Os11N3 gene was targeted for TALEN-
based interruption to make disease resistance rice variety and also many studies have been showed broad spectrum 
resistance against blight disease in rice by the use of TALENs for targeting various susceptible genes (Cai et al., 2017). 
TALEN technology was found to use successfully interrupt the Oryza sativa betaine aldehyde dehydrogenase 2 (OsBADH2) 
gene for better aroma in rice (Shan et al., 2015). 

Another fresh and successful genome editing system that has been developed recently and become broadly accepted is 
the clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR linked with Cas protein -CRISPR/Cas9. 
This technique uses the adaptive immune system of bacteria and archaea which depends on the occurrence of particular 
sites in bacterial genome called CRISPR loci. These loci are composed of operons that code for Cas9 protein and a 
repetitive group of repeat spacer sequences. For BLB resistance in rice, CRISPR/Cas9 construct designed for OsSWEET14 
and OsSWEET11 have been reported the deletion of nine and seven nucleotides from the promoter region of the 
OsSWEET14 and OsSWEET11 genes (Wenzhi et al., 2013). A particular modified sgRNA was used to introduce target 
mutations in three rice genes, OsBADH2, Os02g23823, and OsMPK2 resulting in higher mutation rate of CRISPR/Cas9 
system as compared to TALENs as found by Shan et al. From the few flourishing researches on CRISPR/Cas9, it has been 
suggested to use this construct for knocking out screening of the entire rice genome with sgRNA libraries resulting in 
mutant rice populations with superior genetic variability and accuracy. 

CRISPR/Cpf1 is a recently developed approach and found to be a more capable and precise genome editing tool for a 
high rate of crop improvement. CRISPR/Cpf1 system has some significant advanced features over CRISPR/Cas9 which 
makes it a more efficient genome editing tool.In CRISPR/Cpf1 system, the Cpf1– crRNA complex itself can cleave the 
target DNA any tracrRNA. A crRNA is 40–45 nucleotides long consisting of the repeat and the spacer which is good enough 
to make easy gene editing as compared to CRISPR/Cas9 system (Zetscheet al., 2015). Cpf1 has dual enzymatic activity 
as it can act as RNAase to make precrRNA to crRNA and also as nuclease to cleave the DNA. Currently, three CRISPR/Cpf1 
systems (FnCpf1, LbCpf1, and AsCpf1) are available that have been used for genome editing in rice (Wang et al., 2017). 
CRISPR/Cpf1 systems make steady and inherited mutations in two endogenous rice genes OsPDS and OsBEL (Xu et al., 
2017) and the mutation efficiency was found as ranged from 13.6 to 43.1%. Another study was done by using a dual RNA 
polymerase II promoter in CRISPR/Cpf1 system to resolve the activity of Cpf1 from Acidaminococcus sp. BV3L6 (AsCpf1) 
and Lachnospiraceae bacterium ND2006 (LbCpf1). This research revealed that LbCpf1 coupled with pol II-promoter and 
a double ribozyme system can lead to successful mutagenesis by the expression of crRNA in rice. This system has been 
recently standardized for complex gene editing in rice (Wang et al., 2017). 

Base editor is a substitute technology for CRISPR/Cas9 and found to be the recent and most highly developed approach 
that is capable of direct and permanent conversion of one target base into another without the necessity of a DSB or 
donor template (Mishra et al.,2018). A specific base editing construct designated as nCas9-PBE, and a Cas9 variant Cas9-
D10A nickase (nCas9) was used for editing the OsCDC48 gene which regulates senescence and cell death in rice (Huang 
et al., 2016). 

Conclusion and Future Prospects 
Gene editing technologies, especially the CRISPR/Cas9 system, gives a better implication in plant research in the present 
time. It has been proved as the most efficient implement for crop improvement to generate mutations at preferred 
targets in the genome with more accuracy. One of the key benefits of this process is the genetic modification caused by 
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transgenes resulting in no differences between the gene-edited plants and those produced through conventional 
breeding. The introduction of CRISPR–Cpf1 system and base editing technology gives greater promise for rice genome 
editing with more specificity and accuracy. Epigenetic regulation through the manipulation of DNA provides a promising 
tool in crop improvement. A recent study by using CRISPR/dCas9 and DNA methyltransferase together 3a (DNMT3a) 
increase DNA methylation in the target in farmer's field has come under the biosafety regulation rules. CRISPR/Cas9 and 
other genome editing tools have brought in an innovator change in rice improvement which is essential for reaching the 
demands of rice for future generations. 
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Introduction 
In recent times, climate change is one of the most serious concern in the entire world. Climate change is defined as a 
change in the statistical properties of the climate system persisting for several decades or longer—usually at least 30 
years. These statistical properties include averages, variability and extremes. Climate change may occur due to natural 
processes, such as changes in the sun’s radiation, volcanoes or internal variability in the climate system, or due to human 
influences such as changes in the atmospheric composition or land use. Since 19th century the average earth’s 
temperature has increased by 0.9 °C due to anthropogenic activities, particularly because of greenhouse gas emissions 
in the atmosphere. The concentration of the major greenhouse gas- carbon dioxide in the atmosphere has been increased 
due to human activities. Over the past sixty year the global rate of increase in atmospheric carbon dioxide is about 100 
times faster than previous natural increases.  Its adverse effects are now clearly visible on agriculture sector that serves 
as the only reliable source for world’s food production. Increased concentrations of carbon dioxide directly affect plants, 
worsen the nutritional quality of food by decreasing protein and mineral concentrations by 5–15%, and vitamin B by up 
to a 30%. Hence, the carbon sucking from the sky can be a fundamental step towards curbing climate change in near 
future. This could be achieved by means of carbon sequestration and carbon trading which shall be discussed in brief in 
this article. 

Carbon Sequestration 
‘Carbon sequestration’ refers to the capture and storage of atmospheric carbon dioxide for a longer period either by 
enhancing natural sinks or through artificial methods. It depends on storage method, land management practices, crops, 
vegetation and geographic location. Sequestration can occur in terrestrial areas, deep ocean, underground storage of 
geologic formations.  

How Does Carbon Sequestration Take Place? 
1. Terrestrial sequestration: The natural focal points for the storage of carbon include soil and vegetation. The potential 
for sequestration can be increased by various methods such as afforestation (conversion of non-forested land to forest), 
reforestation (conversion of previously forested land to forest) and preservation of forest. The enhanced storage of 
carbon dioxide in agricultural lands may involve a change in land use and land management practices. For example, in 
conservation tillage practices, 30% crop residue is left on the soil after planting, soil is less disturbed and the amount of 
carbon dioxide is increased that gets accumulated in the soil. Governments can also encourage carbon storage by 
subsidizing new agricultural management practices that improve carbon storage. 

2. Geologic sequestration: In this process, carbon dioxide is directly injected into an underground geologic formation 
at high pressure and at depths generally greater than 2,625 feet and thus, carbon dioxide behaves like a liquid and 
occupies all possible areas, including the pore spaces within the surrounding rock.  It is predicted that properly managed 
geological storage is very likely (that is, 66–90 percent probability) to retain 99 percent of its sequestered carbon dioxide 
for over 1,000 years. 

Examples of storage sites include depleted oil reservoirs, unmineable coal beds, and deep saline aquifers. 
Steps involved in the ‘depleted oil reservoirs’ approach are as follows: 

a. A prior selection of key reservoir parameters which influence oil production and thereby carbon dioxide 
sequestration. 
b. Preference for the reservoir production drive. 
c. Simulation of stage of oil production along with carbon dioxide sequestration. 
d. Development of multiple regression relationships from results. 
e. Selection of potential reservoir candidates from the simulations. 

3. Unmineable coal beds:  The injection of carbon dioxide into coal beds at supercritical conditions results in enhancing 
the recovery of coal bed methane by using a technology known as enhanced coal bed methane recovery (ECBM). This 
could possibly store carbon for a long period. 
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4. Deep saline aquifers: This option involves injection of carbon dioxide into deep saline aquifers (underground salt 
water deposits). After injection, it starts reacting chemically with water containing salts to form precipitates that cannot 
leak up back into the atmosphere.  

5. Ocean sequestration: The storage of carbon can occur in ocean, the largest natural sink on earth by transporting 
carbon dioxide into the interior of ocean and the solubilizing carbon dioxide in sea water that is further enhanced by 
ocean circulation. Carbon storage can be further enhanced by ocean fertilization and direct injection. 

In the method of ocean fertilization, iron particles are added to the water for encouraging the growth of plankton. This 
leads to increased amount of carbon dioxide removed from atmosphere through photosynthesis. On the other hand, 
carbon dioxide can be directly injected into ocean depths by using onshore pipeline or ocean tanker. 

Challenges for Carbon Capture and Storage Implementation 
1. Increase in  the cost of electricity generation by about one to five cents per kilowatt-hour, depending on the fuel, 
technology, and location. 
2. Leakage of carbon from reservoirs. 

Carbon Trading and Kyoto Protocol 
It can be defined as a means of putting a price on a country’s carbon emissions so as to discourage further increase in 
greenhouse gases. China, Brazil and India are examples of emerging countries playing a great role in carbon trading all 
across the globe. Carbon trading is also termed as ‘cap and trade’ system. This is an important tool for states to get 
businesses to help mitigate climate change, thus, businesses running climate mitigation projects will be able sell the 
emissions reductions to countries. There are examples where carbon trading could lead to a greater investment and 
hence, effective reduction in greenhouse gas emissions – schemes to check deforestation and prevent land degradation.  

Carbon trading is one of the flexible mechanisms of Kyoto protocol. ‘Kyoto protocol’ is the first international attempt 
that addresses climate change by reducing emissions of greenhouse cases. Both developed and developing countries are 
included under Kyoto protocol. In addition to reduction in greenhouse gases emission, it also allows for carbon trading 
between member nations. Through carbon trading, the amount of specific chemicals that produce carbon dioxide and 
other greenhouse gases releasing from private business activities is restricted. Kyoto protocol allows certain participating 
countries to buy and sell some of their allowances to meet their emissions targets. It also permits different domestic or 
regional trading schemes to link to one another. 

Limitations of Carbon Trading 
1. It frames climate change as a market failure rather than as a fundamental system problem. 
2. It puts specific weight on efficiency against effectiveness. 
3. It stimulates optimization of existing systems instead of transformation. 
4. It fails to suggest a context sensitive policy approach 
5. It is unable to reflect realities of politics. 

Conclusion 
Climate change is one of the most complex issue that we are facing today. The singular action of planting trees will not 
solve the problem of climate change as it does not reduce reliance on fossil fuels. The implementation of certain 
ecologically sound sequestration practices is needed. Moreover, the flaws in carbon trading should be verified. Carbon 
tax should be implemented and enforced in advance of any international agreement on global carbon dioxide emissions. 
To reduce emissions of carbon dioxide, fundamental changes in energy production, development, and conservation, as 
well as changes in transportation, land use, and natural resource policies, must be pursued alongside efforts. 
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Rice fallows basically imply to those lowland kharif sown rice areas which remain uncropped during rabi (winter) due to 
various reasons such as early withdrawal of monsoon rains leading to soil moisture stress at planting time of winter crops, 
waterlogging and excessive moisture in November/December, lack of appropriate varieties of winter crops for late 
planting, and socio-economic problems like stray cattle, blue bulls etc. In India, about 11.7 m ha area of kharif rice 
remains fallow in the subsequent rabi due to number of biotic, abiotic and socioeconomic constrains (Ghosh et. al., 
2012). 

Among Various cropping sequences evaluated rice (Oryza sativa L.) - frenchbean (Phaseolus vulgaris) greengram (Vigna 
radiata L.) produced the highest rice equivalent yield (17.31 tonnes/ha/year), net return (39, 899/ha), benefit: cost 
ratio (2.25) and monetary advantage (140.48 /ha/day) (Mishra et al.,2013). The study involving Bio-physical aspects of 
popular rice (Oryza sativa L.) + lathyrus relay system for conserving natural resources and deriving the best benefits out 
of them was carried out in a vertisols. (Singh et al.,2017). Tilak (2004) reported that soil microbial population as affected 
by legumes. Crop residue cover over ZT helped in conserving the soil moisture and creating better micro-climate for 
crop growth and development. (Behera et al.,2014). Sarkar et al., 2000 reported that Intercropping of groundnut with 
sesame was found most beneficial to sole stand yield of sesame. Among the intercrop associations, sesame + groundnut 
under 2:1 row arrangement gave the maximum sesame equivalent yield (1245 kg/ha). 

The rice fallows offer good scope for area expansion of these crops and crop intensification. Their productive utilization 
can overcome many social and economic problems like unemployment, labour migration and low income. Development 
and popularization of improved varieties of pulses and oilseeds suiting to rice fallows of different agro-ecological regions 
coupled with improved agro-technologies can boost production, and thus improve income and livelihood security of 
farming community. Thus, introduction of pulses in rice fallows with appropriate production technologies may usher in 
another green revolution in the backward, poverty-ridden and deprived region of the country. 
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Abstract 
Requirement of sulphur is very large quantity in oilseed crops. It is particularly very sensitive to any scarcity in sulphur 
supply. Among the different nutrients, sulphur has been perceived as an essential nutrient to oilseed crops. Sulphur as 
a plant nutrient can play a key role in augmenting the production and productivity of oilseeds and it has a significant 
influence on quality. Sulphur performs many important roles in the synthesis of oils and vitamins. The S nutrition of a 
crop often has a strong influence on the quality of the produce. It is a constituent of three amino acids (cystine, cysteine 
and methionine) and thus play vital role for protein production. Soil sulphur content has been found to influence the 
level of yield response from a site and results point to that correct sulphur nutrition is critical for double low varieties. 
The response of oil content to sulphur application is less consistent than that of yield, but increases in oil content appears 
more likely where a low sulphur status occurs. Small changes in fatty acid composition may occur. Transformations in 
protein content permitting to sulphur application are usually small and associated with sulphur deficiency. Content of 
sulphur bearing amino acids may be reduced at low sulphur conditions. 

Introduction 
The chief sources of sulphur are organic matter, atmosphere, soil, precipitation, and sulphur comprising fertilizers, 
fungicides and insecticides which supply sulphur to the plants. Most of the sulphur in soils is found soil in organic matter. 
However, it is not available to plants in this form. In order to become available to plants, the sulphur must be first 
released from the organic matter and go through mineralization process. The mineralization process is a result of 
microbial activity. In this process sulphur is converted to the sulfate form (SO4-2), which is readily available to plants. 
The process is affected by the C/S ratio, temperature and moisture. Immobilization of sulphur is the opposite process in 
which available sulfate is converted back into the organic form. In recent survey, sulphur deficiency in soil and status of 
available sulphur in the soils of oilseed growing area is depleted in considerable amount because of continuous use of 
high analysis Sulphur devoid fertilizers like urea, diammonium phosphate, triple super phosphate, muriate of potash etc. 
Its deficiency negatively affects the crop growth phases, crop maturity and oil quality of oilseed crops. Moreover, 
application of low S or S free fertilizers has decreased the S inputs to agriculture fields during the last 20 years. 

Sulphur is an essential nutrient for all plants and animals, because it is a constituent of essential compounds such as 
cysteine, methionine, several coenzymes (e.g. biotin, coenzyme A, thiamine pyrophosphate and lipoic acid), thioredoxins 
and sulpholipids. Sulphur is an important nutrient for oilseed crop due to its association with yield and also a range of 
quality factors. Sulphur is also required by Brassicas for the synthesis of the sulphur bearing compounds glucosinolates. 
Oilseed crops need more S than cereal crops because it promotes pod initiation, whereas a deficiency of S aborts pods. 
Oilseeds occupy an important position in the agricultural economy of India. The country is the largest producer of oilseeds 
in the world and contributes 7 per cent of the global vegetable oils production with 14 per cent share in the area. 

Deficiency of Sulphur 
Sulphur (S) plays an important role in amino acid and protein synthesis, enzymatic and metabolic activities in plants. Its 
deficiency is fast emerging in areas under oilseeds and pulses due to higher removal of S by crops.  Deficiency of sulphur 
in most of the oilseed crops as a visible symptom appear on young foliage in the form of pale chlorotic leaves, thin 
slender stem, stunted growth, poor branching, and busy appearance. On an average, 41 per cent of Indian soils are 
deficient in S and it is widespread in coarse textured alluvial, red and lateritic, leached acidic and hill soils and black 
clayey soils. The deficiency of sulphur is emerging fast in areas where continuously sulphur free fertilizers like DAP, urea 
etc are being used. Sulphur deficiency is also found more in alkaline, coarse textured, low organic matter soils and highly 
weathered soils containing large amounts of iron oxide and sandy soils. 

How to Identify 
1. Yellowing or pale green color of the whole plant. 
2. Young leaves are chlorotic or light green colored with the tips becoming necrotic. 
3. Reduced plant height, stunted growth and slender shoot 
4. Leaves are paler yellow and cupped  
5. Lower leaves show does not necrotic 
6. Sulphur deficiency is more typical in sandy soil with low organic matter. 
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       Yellowing of sunflower leaves             Intercostate chlorosis in oilseed rape  

Why it is Important? 
1. Formation of chlorophyll, the green substance in leaves that permits photosynthesis, plants produce starch, sugars, 
oils, fats, vitamins and other vital compounds through photosynthesis. 
2. Protein production, primarily because S is a constituent of three s-containing amino acids (cysteine, cystine and 
methionine), which are the building blocks of protein. About 90% of plant S is present in these amino acids. 
3. Synthesis of oils. This is why adequate sulphur is so crucial for oilseeds. 
4. Activation of enzymes, which aid in biochemical reactions within the plant. 
5. Increases crop yield and improves produce quality, both of which determine the market price a farmer would get for 
his produce. 
6. Specifically with reference to crop quality, S improves protein and oil percentage in seeds, cereal quality for milling 
and baking, marketability of dry coconut kernel (copra), quality of tobacco, nutritive value of forages etc. 

How to Manage 
1. Sulphur fertilizer should be applied as close to crop need as possible to reduce the chance it will be lost from the root 
zone by leaching. 
2. Often including S in a fertilizer program to avoid S deficiency is more efficient and less costly than correcting a S 
deficiency. 
3. Ammonium sulphate fertilizers are so rapidly available to crops, they can be applied to crops in various ways. Normally, 
the uptake efficiency of soluble sulphate fertilizer is better when banded in soil versus broadcast and incorporation. 
4. Soil organic matter is the primary source of plant-available SO4 -S in surface soil. Soils particularly prone to S 
deficiency since only a small amount of SO4 -S is released from organic matter and is susceptible to leaching loss. 
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Introduction 
Insect behaviour can simply define as what insect do, it can be defined more precisely as an internally directed system 
of adaptive activities that facilitate survival and reproduction. The term ‘behaviour’ covers a very wide range of 
activities like general locomotion, grooming, and feeding etc. 

What is Behavioural Defence? 
Behavioural defence can be defined as the responses of organisms to perceived threats by potential predators. Some 
defences are completely obvious, always apparent, and carried with an insect as it goes about its daily life. They are 
called primary defences, most of these require no particular special action, and by virtue of always being present, can 
be considered to be passive messages. Other defences come into play only after actual contact with a potential enemy. 
They are termed secondary defences, they typically require some type of active response or reaction can be considered 
as active messages. 

Types of Behavioural Defence in Insects 
Behavioural defence in insects majorly classified into two categories based on adaptation i.e., active & passive. 
Camouflage (visual crypsis, olfactory crypsis and acoustic crypsis) masquerade, aposematism, mimicry (Batesian mimicry, 
Mullerian mimicry) comes under passive messages. Active messages contain thanatopsis, startle display, deflection of 
attack, group defence, there also present other than behavioural defences like mechanical and chemical defence. 

Primary Lines of Defence (Passive Messages) 
1. Camouflage/crypsis: Camouflage (crypsis) means resembling the general background crypsis classified in to visual 
crypsis and nonvisual crypsis (olfactory crypsis and acoustic crypsis). 

a. Visual crypsis: Visual crypsis means by visual prey resembles their host background. For example, Heliconia 
plants that vary in colour, from yellow to deep red, 4th and 5th stage nymphs often resemble the colours of 
their natal host plants. Chicks were raised together on a mixture of grains. Occasionally they supplemented their 
diet with mealworms placed upon heliconia inflorescences to acclimate them to the colours and shape of 
heliconia. 

After that predation on heliconia bugs, Leptoscelis tricolor examined the influences of crypsis, resembling their 
background were less likely to be eaten by avian predators. Experimental results reveal that, potential prey may 
be more likely to survive when they are cryptic against their backgrounds (Miller and Hollander, 2010). 
b. Olfactory/chemical crypsis: Olfactory crypsis means the olfaction (smell) is resembles to their host 
background. As per experiment of Henrique et al., (2010), they took plants and treehoppers were frozen at -
20oC for extraction of cuticular compounds to be used in bioassay and for chemical identification. They took 
predators as workers of Camponotus crassus and herbivore as Guayaquila xiphias treehoppers on a shrub of 
Schefflera vinosa and study showed that olfactory crypsis with cuticular compounds were less attacked by ants 
as compared to nymphs without cuticular compounds.  

c. Acoustic crypsis: Acoustic crypsis means the sound resembles their host background. In case of Maculinea sp. 
(blue butterfly) larvae are able to reach a higher social status within the ants’ colony’s hierarchy by mimicking 
the acoustic signals of their host queen ants. The larval acoustic emissions are more similar to a queen. The 
species of Maculinea displayed complex biological cycles and depend on particular host (ants) for their survival. 
The adults search for their host in early summer and females deposit their eggs on species-specific host plants. 
The young one (larva) feed inside flowers until it reaches 4th instar and ultimately drop to the ground. This part 
of the life cycle was called ‘‘pre-adoption’’ phase. Followed that, the larvae are ‘‘adopted’’ by Myrmica ants, 
which carry the caterpillars into the brood chambers of the ant’s nests, starting the next phase called ‘‘post-
adoption’’ of the butterfly’s life cycle. The larva will spend the next 11-23 months inside the ant nest by 
producing queen ant sound (Sala et al., 2014).   



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
738 

2. Masquerade (mimesis): Masquerade means resemblance to an inedible object that is a particular feature of the 
environment, and is uninteresting to the predator. For example, the tropical moth (Oxytenis anemia) showed two 
different mimesis. The uniqueness of the combination of these mimetic strategies reflects a high selection pressure 
against predator. Third instar mimesis as dark faeces (Dorsal view) and fifth instar mimesis as rolled up leaf (Dorsal view) 
(Nentwig, 1985). 

3. Aposematic colouration (Acoustic aposematism): Aposematic colouration means the warning colours or conspicuous 
colours of insect which shows that defence against predators especially bird predators. Acoustic aposematism means 
warning sounds given by insect against its predators. This phenomenon is further divided into two mechanism based on 
the colour and sound which are warning colour and warning sound. 

4. Mimicry: Mimicry contain three components one is an observer who observed the model and mimic, model means 
which is really one, mimic means which one imitate the model. Mimicry majorly categorised into Batesian mimicry and 
Mullerian mimicry. 

a. Batesian mimicry: A form of similarity in the colouration of two or more species, one of which is unpalatable 
or distasteful (model), the others of which are edible (mimic). The mimic protected by their potential predators 
because of similarity colouration to model. E.g. Danaus plexippus (model), Liminitis archippus (mimic) 

b. Mullerian mimicry: A form of similarity in the colouration of two or more species are unpalatable (both model 
and mimic); and if two or more species will be killed in proportion to its abundance in the habitat.  E.g. Danaus 
chrysippus (model), Danaus genetua (mimic). 

Secondary Lines of Defence (Active Messages) 
1. Thanatosis: When potential predator encountered then insects showing death feigning behaviour is called thanatopsis. 
E.g in weevils and beetles. 

2. Startle (deimatic) display: When caterpillar disturbed, large false eyes appear on the thorax (fifth instar anterior 
view) and even more disturbed caterpillar lift their anterior body and shown additional false eyes on the underside by 
pumping haemolymph into thorax and its mimic as snake. E.g. Hawk moth larva. 

3. Deflection of attack (“Lose-little-to-save much”): The deflection of attack from vital organs to the wing margin is 
regarded as an important adaptation in hairstreak butterflies. Moving its hind wings up and down almost non-stop, 
especially when threatened act as their false head. E.g. Adults of blue butterfly. And another in case of Luna moths 
(Actias luna), which generate an acoustic diversion with spinning hind wing tails to deflect echolocating bat attacks away 
from their body and toward non-essential appendages. 

4. Group defence: Group defence means insects are an aggregate or gregarious form and express defence against its 
predators. E.g. Cycloalexy and Balling behaviour. 

a. Cycloalexy: The heads move outward in Lima apicalis, where the immature insects kept outside and abdomens 
inside the circle defended by secretion of fluids from the head region. And the abdomens move outward in 
Coelonera ruficornis, where immature insects kept outside and head inside the circle defended by secretion of 
fluids from the abdomen. 

b. Balling Behaviour: In case of Apis cerana showed a well organised defence and killed a greater number of the 
predatory wasp by depicting this behaviour which persist up to 58 minutes and the temperature may be ~45o C 
or more inside the ball. Lethal temperature for the bee is ranged from 48-50o C whereas the hornet can live 
within the range of 44-46o C. 

Conclusion 
Defensive behaviour is the responses of organisms to perceive threats by potential predators either it may be passive or 
active responses. Good defences and defensive behaviours are leads to survival of the population and these reasons 
insects are evolved different strategies, by these ways they are not extinct and food chain will be maintained.  

In nature, the survival and reproduction are the key elements of life, for both of these elements defence is a paramount 
feature, without defence survival and reproduction not occur. So, the insect must defend against predators, parasitoids 
and parasites for their survival and reproduction. 
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Introduction 
Plant phenomics is the study of how the genetic architecture of a plant determines its performance, appearance and 
function. Genotype is all of its genes of a plant. Phenotype is the appearance, performance of a plant and determined 
by a combination of its genotype and the environment where it grows. Phenotyping is analysing a plant’s phenotype. 
Phenomics is technology to speed up phenotyping by utilising high-throughput imaging systems, robotics and field 
computing power. 

Importance of Phenomics 
one of humanity’s greatest challenges is that need to produce more food grains to feed increasing population under 
upcoming tougher climate conditions. High throuput phenomics techniques allow researchers to study plants in the field 
and measurements can be taken on many plants at once, over a whole growing season. 

Phenomics Includes 
Phenomics involves imaging techniques to allow researchers to study the inner mechanisms of leaves, roots or whole 
plants. Some Phenomics techniques are: 3D imaging, Infrared imaging, Fluorescence imaging, Magnetic resonance 
imaging and Spectral reflectance etc. 

1. Three- dimensional imaging (3D): Digital photos of the top and sides of plants are combined into a 3D image. 
Measurements that can be taken using a 3D image includes shoot mass, Leaf number, shape and angle, Leaf colour and 
Leaf health.  

2. 3D-imaging plant scan: Pots of plants move on a conveyor belt through an imaging chamber. The 3D models are 
automatically generated by a computer program.  

3. Far-infrared (FIR) imaging: FIR cameras are used to study temperature. They use light in the FIR region of the 
spectrum (15–1000 μm). Temperature differences can be used to study salinity tolerance, water usage and photosynthesis 
efficiency.  

4. Spectral reflectance: Spectral reflectance is the fraction of light reflected by a non-transparent surface. Researchers 
can use spectral reflectance to tell if a plant is stressed by saline soil or drought, well before it can be seen by eye. A 
hyper spectral camera measures all wavelengths of light that are either reflected or absorbed by a plant.  

5. Fluorescence imaging: Fluorescence imaging is used to study plant health and photosynthesis. Fluorescence occurs 
when an object absorbs light of one wavelength and gives off light of a different wavelength. Chlorophyll fluorescence 
is used to study the effect of different genes or environmental conditions on the efficiency of photosynthesis.  

6. Magnetic resonance imaging (MRI): Magnetic resonance imaging (MRI) is used to study plant roots. MRI uses a magnetic 
field and radio waves to take images of roots in the same way as for imaging body organs in medicine. MRI allows the 3D 
geometry of roots to be viewed just as if the plant was growing in the soil. 

Phenomics Tools in the Field 
Phenomics remote sensing technology allows researchers to study plants in the field. Measurements can be taken on 
many plants at once and over a whole growing season few of them are: Phenonet sensor network, Phenomobile, 
Phenotower, Plant Accelerator. 

1. Phenonet sensor network: A network of data loggers collects information from a field of crops and sends it through 
the mobile phone network to researchers at the lab. 
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2. Phenomobile: The pheno -mobile is a modified golf buggy that moves through a field of plants, taking measurements 
as is travels along. As a researcher drives the Phenomobile travels through the field site at 3–5 km per hour, it collects 
measure ments from the plot directly beneath it. 

3. Pheno tower: Pheno tower is a cherry picker used to take images of crops 15 m above the ground. 

4. Plant Accelerator: A high-tech glasshouse contains plant conveyor systems, and imaging, robotic and computing 
equipment. Using automated systems like these, researchers can screen thousands of plants in a short time. 
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Phenomics for Improving Crop Yields 
Yearly crop yield gains have slowed to the point of stagnation. 
1. Photosynthesis Supercharging: Plants have two major photosynthetic mechanisms i.e., C3 and C4. Researchers want 
to replace the C3 pathway of rice and wheat with a more efficient C4 mechanism. C4 plants can concentrate carbon 
dioxide inside the leaf and photosynthesise more efficiently than C3 plants, especially under higher temperatures, 
drought conditions and limited nitrogen supplies.  

2. Improving yield in wheat: Inefficiency of the Rubisco enzyme is a major limiting factor in photosynthetic performance 
in wheat. Some plants have better Rubiscos than others. Phenomics researchers are searching through thousands of 
wheat varieties for those with a better-performing Rubisco and higher rates of photosynthesis so that can grow well 
under nutrient deficiency, drought and salinity. Brachypodium is a model cereal plant and its entire genome is known 
and many of genes common in wheat. Scientists are studying its root formation to enhance the breeding of wheat to 
improve yield. 

Research Findings for Crops to Cope Up with Climate Change 
Scientists are focusing on drought-tolerant wheat, salt-tolerant crops like wheat, rice and barley. 

Drought-Tolerant Wheat 
Crops use different amounts of water at different growth stages and under different environmental conditions. To breed 
drought-tolerant wheat, researchers have to study performance in the field over a whole growing season. Phenomic 
remote sensing can measure about plants stressed condition under drought, canopy temperature and weather and soil 
data. 

Salt-Tolerant Wheat and Barley 
CSIRO (Common Wealth Scientific and Industrial Research Organisation) researchers are screening wheat and barley 
growing in saline conditions for salt-tolerant varieties. Plants grown in salty soil close their stomata to reduce water 
loss. It slows photosynthesis and reduces yield, heats the leaves but through Infrared cameras, quickly identify which 
plants are cooler and kept their stomata open. 

Research on Biofuels Crops 
Biofuels are often produced using food crops such as corn and soybeans. Scientists are experimenting non-food crops to 
produce biofuels. These require growing on less productive land, tolerating stresses, such as low water availability, 
salinity or low nutrient supplies. So far, Panicum virgatum is satisfying these demands as a biofuel crop. 

Robert et al., 2019 
Recently their findings showed that how field based phenomic tools can enable next generation plant physiological 
breeding in cereal crops for traits related to radiation use efficiency, photosynthesis and crop biomass. Previously these 
traits regarded as difficult, laborious to measure but through phonemic techniques like Li DAR, thermal imaging, leaf 
and canopy reflectance, machine learning it will speed up the breeding programs. 

Conclusion 
World population is being increasing day by day and to increase the food grain production a transformational advance is 
required to meet the global food demands. Phenomics is the upcoming powerful concept by utilizing the high throughput 
remote sensing, robotic and computer vision techniques to accelerate the crop breeding programs under limited 
resources and marginal climate conditions. Acquisition of large scale phenotypic data is a major challenge it hindering 
the crop improvement and functional genomics studies nevertheless recent advances like phonemics provides us solutions 
to overcome this challenge  and bridge the gap between phenotype-genotype, it is efficient in providing accurate high 
throughput phenotyping and leads to the speed up plant genetic improvement and promotes next generation green 
revolution in crop breeding. 
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Introduction 
NFT is a hydroponic technique whereby a very thin layer (film) of nutrient solution flows through watertight channels 
(also known as gullies, troughs or gutters), wherein the bare roots of plants lie. Channels are on a slope of 1.2–3.0 percent 
and nutrient solution is applied at the elevated end so that the solution flows down through the channels keeping the 
roots completely wet. The slope may be provided by the floor itself, or benches or racks may hold the channels and 
provide the required elevation. The thin water stream (1–2 mm deep) ensures sufficient oxygenation of the roots, as the 
thick root mat which develops on the bottom of the channel has its upper surface continuously exposed to the air. At 
the lower end of the channels, the solution is drained to a large catchment pipe, which conducts the solution back to 
the cistern to be recirculated. Depressions in the channel floors must be avoided because ponds of immobile solution 
will lead to oxygen depletion and growth retardation.  

Nutrient Film Technique (NFT) – nutrient solution flows through the root system of tomato in a gully. 

Channels generally consist of various types of plastic material, such as polyethylene liner, polyvinylchloride (PVC) and 
polypropylene, with a rectangle or triangle shaped section. The base of the channel must be flat and not curved so as 
to maintain a shallow stream of liquid. Depending on the crop and the size of the channels, inlet flow rates vary between 
1 and 3 liters per minute (2–9 liters m-2 h-1). Lower water flow rates are recommended for crops such as lettuce, higher 
rates for fruiting vegetables. A distinction may also be made between the inflow rates needed for a young crop (e.g. 2–
4 litres m-2 h-1) and a mature crop (e.g. 5–9 litres m-2 h-1). 

Flow rates beyond this range are often associated either with oxygenation or nutritional problems: too rapid and the 
water becomes too deep and oxygenation of the roots inadequate; too slow and the result is lack of nutrients, especially 
for plants with roots downstream in the channel and exposed to water from which many other plants have already 
extracted nutrients, especially nitrogen and potassium. The rate of nutrient depletion along the channel also depends 
on length. As a rule, length should not exceed 12–16 m.  

In order to overcome these problems, a modified system called super nutrient film technique (SNFT) has been 
developed: nutrient solution is distributed by nozzles arranged along the channel, ensuring adequate availability of both 
nutrients and oxygen near the roots. The delivery of nutrient solution may be continuous in a 24-hour cycle, or 
intermittent (alternating watering and dry periods to improve oxygenation of the root system). Another possibility – a 
compromise between these two approaches – is the continuous recirculation of the nutrient solution during daylight 
hours (dawn to dusk) and the automated switching off at night. Nevertheless, if recirculation of nutrient solution is 
intermittent, the volume capacity of the catchment tank has to be large enough to admit all the nutrient solution 
included in the system when recirculation is switched off. Before transplanting, the channels are usually covered with a 
black-on-white polyethylene film (0.15–0.25 mm thick), placing the film with the white side facing outwards (to reflect 
light and avoid excessive heating of the root and nutrient solution) and the black side inwards (to avoid light transmission 
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and consequent development of algae). Plants destined for use in NFT systems are raised in small pots or plugs or in 
rockwool cubes and are placed in the channels when a substantial root system has formed.  

The main advantages of NFT over other systems are the absence of substrate and the reduced volume of nutrient solution 
required, resulting in significant savings in water and fertilizers and reduced environmental impact and costs related to 
the disposal of the substrate. On the other hand, owing to the low water volume, the nutrient solution is subjected to 
major temperature changes along the channel and during growing seasons. Moreover, NFT has very little buffering against 
interruptions in water and nutrient supplies, and there is a considerable risk of the spread of root-borne diseases. 
Technically most crops could be growing a NFT system, but it works best for short-term crops (30–50 days), such as 
lettuce, because plants are ready to harvest before their root mass fills the channel. 

Deep Flow Technique (DFT) 
DFT is another method where roots are continuously exposed to moving water and nutrients. While with NFT, the water 
stream is as thin as possible, in DFT the continuously flowing nutrient solution has a depth of 50–150 mm. The large 
water volume simplifies the control of the nutrient solution and buffers the temperature, making the system suitable 
for regions where temperature fluctuation in the nutrient solution can be a problem. The width of the channels in a DFT 
system are usually about 1 m. Plants are grown on polystyrene trays which float on the water or rest on the channel 
sidewalls. 
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Introduction 
“HYDROPONICS” is the growing of plants in a liquid nutrient solution with or without the use of artificial media. 
Commonly used mediums include expanded clay, coir, perlite, vermiculite, brick shards, polystyrene packing peanuts 
and wood fiber. Hydroponics has been recognized as a viable method of producing vegetables (tomatoes, lettuce, 
cucumbers and peppers). Due to the ban on methyl bromide in soil culture, the demand for hydroponically grown produce 
has rapidly increased in the last few years.  

History 
The word hydroponics comes from two Greek words ‘hydro’ meaning water and ‘ponos’ meaning labor. This word was 
first used in 1929 by Dr. Gerick, a California professor who began to develop what previously had been a laboratory 
technique into a commercial means of growing plants. The U.S. Army used hydroponic culture to grow fresh food for 
troops stationed on infertile Pacific islands during World War II. By the 1950s, there were viable commercial farms in 
America, Europe, Africa and Asia. 

Advantages 
1. It can be used in places where in-ground agriculture or gardening is not possible (for example, dry desert areas or 
cold climate regions). 
2. More complete control of nutrient content, pH and growing environment.  
3. Lower water and nutrient costs associated with water and nutrient recycling.  
4. Faster growth due to more available oxygen in root area. 
5. Elimination or reduction of soil related insects, fungi and bacteria.  
6. Much higher crop yields. 
7. No weeding or cultivation required.  
8. Some crops, such as lettuce and strawberries, can be lifted from ground level to a much better height for planting, 
cultivation and harvesting. This gives much better working conditions and hence lowers labor costs. 
9. Crop rotation/fallowing is not necessary. 
10. Transplant shock is reduced. 

Disadvantages 
1. Initial and operational costs are higher than soil culture. 
2. Skill and knowledge are needed to operate properly. 
3. Some diseases like Fusarium and Verticillium can spread quickly through the system. However, many varieties 
resistant to the above diseases have been bred. 

Types of Hydroponic System 
1. Wick System: 

a. It is the most simple and basic form. 
b. It is a passive system i.e., it contains no moving parts. 
c. Easier to establish and cheaper.  
d. Consist of Grow tray (filled with growing medium), reservoir, wick and aeration system. 
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e. Reservoir is a nothing but tank filled with nutrition solution. 
f. Wicks are used to transport nutrition solution to the roots of plants in grow tray through capillary action. 
g. Aeration system is required to maintain level of oxygen in nutrition solution which is useful for the health of 
plants. 

2. Water Culture System: 
a. Simplest of all active hydroponic systems. 
b. Roots of plants are in direct contact of nutrition solution. 
c. Floating platform generally made up of Styrofoam is used to hold the plants. 
e. Aeration system consisting of air pump, airline and air stone is needed for necessary supply of oxygen. 
f. Fast growing water loving plants such as leaf lettuce, herbs are ideal choice for this type of hydroponic systems. 

3. Ebb & Flow System:  
a. As the name suggest this system follow a continuous process of flowing (flooding) nutrition solution to the 
roots and then falling back from the flood stage to the reservoir with certain period of time. 
b. The time period depends on age and type of plants, temperature and humidity and the type of growing medium 
used. 
c. Solution is flooded using water pump and drained out using drain tube.  
d. Main drawback is there is a vulnerability to power outages as well as pump and timer failures. The roots can 
dry out quickly when the watering cycles are interrupted. 

4. Drip System: Drip Systems are probably the most widely used type of hydroponic system in the world. A timer controls 
a submersed pump. The timer turns the pump on and nutrient solution is dripped onto the base of each plant by a small 
drip line. 

Recovery Drip System 
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a. Recovery Drip System: 
i. Doesn't require precise control of the watering cycles so inexpensive timer can be used. 
ii. A recovery system can have large shifts in the pH and nutrient strength levels that require periodic 
checking and adjusting. 

b. Non-Recovery Drip System: 
i. Needs to have a more precise timer to adjust watering cycles so that plants get appropriate amount 
of nutrient solution. 
ii. Requires less maintenance because the excess nutrient solution isn't recycled back into the reservoir, 
so the nutrient strength and pH of the reservoir will not vary. 
 

Non-Recovery Drip System 
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Abstract 
The global pandemic of COVID-19 that originated in the Wuhan province of China has stretched its arms in the entire 
world affecting each and every sector of the economy. However, amidst all the bad news there were some positive news 
about the environment and the ecosystem. It was claimed that nature is restoring all that it had lost. But the question 
is till how long the nature can sustain and reclaim all by itself. Once the quarantine is over and the economic activities 
resume, the damage will be two-fold owing to the attempt of the speedy revival of economy. With reverse migrations 
being a major concern during this pandemic, it is time to think of a solution that can give way to sustainable environment-
economy interaction. This article focuses on how management of ecosystem services can bring about stability in any 
such crisis in the present as well as in the future. 

Keywords: Ecosystem, Covid-19, Management, Pandemic. 

Introduction 
An ecosystem is a community of living organisms in conjunction with the non-living components of their environment, 
interacting as a system. These biotic and abiotic components are linked together through nutrient cycles and energy 
flows. Ecosystems may be forest ecosystems, terrestrial ecosystems, water ecosystems, agro-ecosystems and many more 
depending on the region considered. Ecosystem services are the outputs, conditions, or processes of natural systems that 
directly or indirectly benefit humans or enhance social welfare. They render a lot of benefits to the people either directly 
or as inputs into the production of other goods and services. 

The Pandemic - Corona 
The Covid-19 or the corona virus disease is a newly discovered infectious disease that started in the Wuhan province of 
China towards the end of 2019. With no specific treatment or vaccine, this disease has spread to the entire world 
affecting more than 4.8 million of the population and taking over 3 Lakh lives globally. The globe is under a complete 
lockdown thereby leading to heavy recession in the economy. Not only that but with increasing job losses in the 
unorganized sector, there are thousands who have either starved to death or have met with major casualties owing to 
the desperate effort to walk back to their homes, especially in developing countries like India. But amidst all the negative 
implications going around since its inception, the corona virus outbreak has brought some positive news about the 
environment. 

It is believed that the nature is reclaiming itself with the reduced human interaction. There was news about the Nitrogen 
Dioxide levels in China having dropped as a result of the virus quarantine. Also, there was much deliberation on the 
reduction of the pollution levels in Indian cities on the day of the People Curfew (Janata Curfew). The carbon emissions 
have fallen fast due to decrease in the human activities. All these have brought hope that the ecosystem is restoring all 
its lost. But the question is HOW LONG?? History tells us that when emissions have fallen sharply in the past, as they do 
after recessions, there’s often a rocketing rebound that wipes out any short-term cut in emissions. 

Once the economy resumes the cycle will switch very rapidly in a way that the ecosystem will lose twice that it had 
regained during these times. Thus, for any sort of long-term strategy, the appreciation and concern should not focus on 
the aftermath of such a pandemic outbreak but rather on the origin of such an interaction. The origin of such infectious 
diseases like Covid-19 can be traced back to the ecosystem alterations by humans at three different landscapes: 

1. At the Forest Landscape – Deforestation, expansion of settlements along the forest edges, increasing human-wildlife 
contact, forest habitat alternations, all have led to an abundance of vectors (likes ticks, mosquitoes, etc) and reservoir 
hosts (like pigs, bats and many more). 

2. Changes at the Agricultural Landscapes – Involving water diversion, irrigation water stagnation leading to vector 
multiplication, mixing of domestic and wild species in farms and unregulated meat market. 

3. The Urban Landscape – Urban and peri-urban sprawl intrude into the forested areas and with development of transport 
facilities raise the population density close to the wildlife areas.  
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This increased human and forest interface has led to the easy transfer of pathogens like virus and bacteria from a vector 
or reservoir population of animals to the humans. This is called the “ZOONOTIC ORIGIN OF DISEASE”. Also, the 
evolutionary capacity of viruses to rapid adaptation enables them to get transmitted effectively in domestic and peri-
domestic cycles.  

The novel SARS CoV-2 corona virus is also a product of such a natural evolution according to the findings published in the 
journal Nature Medicine. The findings also revealed that the molecular structure of the new corona virus mostly 
resembles the structure of the related virus found in bats and pangolins. The Covid-19 is a classic example of an emerging 
disease due to wildlife displacements, deforestation and illegal trade. 

Fig 1: Chain of Transmission of Corona Virus 

The Way Ahead – Solution 
There should be renewed focus on the ecosystem use changes and illegal trade to prevent the emergence of such novel 
infectious vector borne and zoonotic diseases. This fact emphasizes on the greater role of the government and the 
localities in ecosystem management for balanced human-environment interaction, thereby monitoring changes in the 
fauna populations and curbing illegal wildlife trade. However, just policies and laws on the part of the higher authorities 
will not solve the purpose. It is time to view the economy-environment interaction to combat the fight of health and 
livelihood. It is very clear that unless the users of the ecosystem sensitize and motivate themselves, it will be nearly 
impossible to combat such pandemics in the future. But any sort of motivation needs some sort of incentives. Unless the 
humans themselves feel the need and push to save the globe, it is nearly impossible to get such a task come into force. 
Thus, here comes a strategy that we call – Payments for Ecosystem Services (PES). 

Fig 2: The Working of PES 

Payments for ecosystem services (PES) are a market-based conservation tool in which ecosystem service beneficiaries 
compensate providers who protect, enhance, or restore ecosystem services (Engel, Pagiola, & Wunder, 2008; Daily et 
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al. 2009; Kemkes, Farley, & Koliba, 2010; Milder, Scherr & Bracer, 2010). Payment for Ecosystem Services (PES) has been 
one of the most promising innovation in the conservation strategy of Biodiversity since the Rio Meet in 1992. The basic 
idea behind PES is, essentially, to pay landowners to protect their land for ensuring the provision of some “service” 
rendered by nature, such as clean water, habitat for wildlife, or carbon storage in forests (Gaworecki, 2017). The 
important and attractive aspect of PES is that it not only promotes the investment for the conservation of the 
environment but also rewards the people for the same. It is important to note that the implementation of PES is quite 
different and location specific. But the scale of the programmes depends mainly on the political and administrative will 
of the governments and the financing agencies. This kind of a scheme is quite important for developing countries both 
in terms of economy and environment. Developing countries have a large portion of the world’s tropical forests, which 
are essential to provide ecosystem services. Developing countries also comprise a majority of the world’s poor 
populations, which makes for an especially fascinating setting in which to employ poverty and reduction measures for 
ecosystem degradation such as PES. This is an ethical low-cost employment generation programme especially needed 
when there are huge reverse migrations due to job losses as a result of a pandemic situation. The conservators of the 
nature are the ones who are the closest to the nature. These are our farmers and rural masses who have known the 
importance of all the services as well as the dis-services that we obtain from the ecosystem. Thus, giving them the 
ownership of the ecosystem around them can also help the urban and peri-urban people understand the products of the 
environment and protect themselves and the ecosystem from any sort of unforeseen crisis be it economic or social. 

Conclusion 
It is important for us to realise the benefits that we humans have been invariably deriving from the environment. It time 
to shift from a commercial market based approach to environmental market based incentive approach. Thus, PES an 
inductive strategy that has to flow from the individual to the community or society at large and not the vice versa. 
Therefore, we must follow the strategy “Minimum is the Next Maximum”. Not only that but understanding the functioning 
of the ecosystem can prevent us from using the forbidden services of the environment and this can be best understood 
when we have employed conservators of nature who have been staying in close association with ecosystem. Incentivizing 
such programmes can also increase the interest among those rural people who had been taking nature for granted. It is 
important to realise that our economies nest within ecosystems and are vitally dependent on ecosystem services such as 
watershed preservation, biodiversity conservation and climate change mitigation. Thus, creating programmes on the 
payment for ecosystem services aim to provide economic incentives to conserve the depleting natural resources and 
generate a continuous flow of the ecosystem services along with maintenance of their quality in the long run. Thus, 
Ecosystem Management and PES can be visualized as a STOP-GATE for Corona like Pandemics in the Future. 
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Introduction 
Natural resources are gifts of nature that the mankind uses or can potentially use to create material wealth, to ensure 
its existence and increase in welfare. Natural resources provide the base on which the edifice of development is raised. 
Its use depends upon the type of economy, the level of technology and preferences of the culture of the given society. 
The importance of natural resources is more critical to societies which are at a relatively low level of development. 
People have to confirm their livelihood and life style to the settings of nature. Sustainable use of resources can be 
ensured by good management, preservation of resources or a slower exploitation of resources so that nature can 
reproduce them. Over a considerable period of time, the mankind has not been able to manage natural resources 
effectively due to the population growth, reduced access to a number of resources and over use of the rest of natural 
resources. Land resources are capable of producing distinctive goods and services and make up the spatial plane on 
which most human activity takes place. In Indonesia, local people mostly depend on natural resources (mainly forest 
resources and agriculture) to earn their livelihoods. Highly dependent on those two sectors, the people realize the 
importance of proper and sustainable management of land resources. Land-use changes usually result from a greatly 
increasing population, economic growth, and physical development, all of which increase pressure on space and land 
resources. In India land resources includes 43% per cent of plains, 30% of mountains and 27% of plateaus. Most of plains 
consists agricultural land and industries, mountains provide spot for tourism perennial flow of rivers. 

What is Calling for Our Attention? 
India as a country is blessed with rich natural resources. But from research on the usage of natural resources in our 
country, it has been found that the resources are depleting every day. For example: Forest and arable land is being 
depleted due to urbanization, overpopulation and overconsumption. Water resources are being contaminated and are 
drying up due to industrialization. Wild life resources are being lost due to illegal poaching, hunting and industrialization. 
Therefore, it’s high time that there should be natural resource accounting and effective management. 

Table1: Land and water resources of India 

Particulars Quantity 

Geographical Area 329 million ha. 

Flood Prone Area 40 million ha. 

Ultimate Irrigation Potential 140 million ha. 

Total Cultivable Land Area 184 million ha. 

Net Irrigated Area 50 million ha. 

Natural Runoff (Surface Water and Ground Water) 1869 Cubic km. 

Estimated Utilisable Surface Water Potential 690 Cubic km. 

Groundwater Resource 432 Cubic km. 

Available Groundwater resource for Irrigation 361 Cubic km. 

Net Utilisable Groundwater resource for irrigation 325 Cubic km. 

Source: Ministry of Water Resources, River Development & Ganga Rejuvenation, Government of India 

Natural Resource Accounting 
Natural Resource Accounting (NRA) has become an important environmental/natural resources management tool in 
recent years. It provides information on stocks of a resource available at a particular point in time and what activities 
the resource is being used for. The conventional System of National Income Accounts (SNA) normally does not capture 
the cost of depletion, degradation or pollution of natural resources. This encourages unsustainable use of natural 
resources since the costs are not reflected when assessing the country’s economic performance or development progress. 
Rapid depletion of exhaustible resources, overexploitation of renewable resources and residual emissions in excess of 
assimilative capacity generally indicate that the economy has become too large relative to the ecosystem. Traditional 
measures of economic performance do not account for changes in natural and environmental resource capacity; they 
are poor indicators of the economy’s long-term sustainability. 
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Methods of Natural Resource Accounting 
1. Physical Accounts: Physical accounts of natural and environmental resources enumerate changes in resource quantity 
and quality in physical units such as barrels of oil or tons of carbon dioxide emissions. The stock at the end of a period 
should equal the stock at the beginning of a period plus net additions.  

2. Monetary Accounts: The monetary approach to natural resource accounting is found on the premise that income 
aggregates, such as Gross National Product and Net National Product, give a distorted view of economic progress. 
Distortion results from inappropriate or lack of treatment of defensive expenditures, depletion in resource capacity and 
residual pollution damages.  Incorporating these elements into national income accounts yields a resource-inclusive 
measure that can be used to determine whether or not the economy is developing in a sustainable manner. Several 
monetary indicators of economic welfare have been developed. One of the earliest indicators is Net National Welfare 
which was proposed by Nordhaus and Tobin. NNW is GNP minus the cost of pollution and other factors that degrade the 
quality of life, plus the value of uncompensated household services such as cleaning, cooking and repairing. Household 
services are included in NNW because they increase the quality of life. 

3. Satellite Accounts: Satellite accounts are natural resource accounts that are kept separate from the core national 
income accounts. They can be reported in either physical or monetary units. These accounts include satellite accounts 
that track changes in the value of reproducible tangible assets such as forests and non- reproducible tangible assets used 
in commercial production. Publicly owned natural resources such as national parks are excluded from the satellite 
accounts because SNAs only cover transactions involving assets in the private market economy. 

Water Management and Planning 
The status of water resources and increasing demands of water for meeting the requirements of the rapidly growing 
population of the country as well as the problems that are likely to arise in future, well planned long-term strategy is 
needed for sustainable water resources management in India. Data monitoring, processing, storage, retrieval and 
dissemination constitute the very important aspects of the water resources management. These data may be utilized 
not only for management but also for the planning and design of the water resources structures.  

 Groundwater Management              Rainwater Harvesting 

Policies 
1. National water Mission: The objective was to conserve water through minimizing wastage and ensuring equitable 
distribution of water across and within states through integrated water resource development and management.  

2. National Water Policy (1987): The objective was to conserve water by taking into account the changes in economic, 
social, climatic and demographic situation of the country.  
Accelerated water supply programme (1972-73): It was a national level policy framework for water supply in rural areas. 

3. Uttar Pradesh Water Management and Regulatory Commission Act (2008):  Major objective is de-politicization of 
the regulation of water resources by establishing institution where government has no control. It mainly deals with water 
allocation. 

Conclusion 
Water management has been a contentious and tricky affair in India due to socio-economic-political and ecological 
reasons. Factors like caste-class differences, heterogeneity of farmers, rural–urban dichotomy, and extreme different 
ecological conditions have influenced the water management. Lack of coordination between irrigation bureaucracy, 
policy making and various sectoral departments carrying out their own water programmes; have affected water 
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management in a diverse manner to people. In this diverse regime, India has been embracing water management in its 
water policies, but they remain a mere proposition. 
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Unfruitfulness is a major problem in many fruit crops and their varieties result in a huge loss to growers and make fruit 
cultivation less profitable. ‘Fruitfulness’ refers to the state where a plant is not only capable of flowering and bearing 
fruit, but also takes these fruits to maturity. The inability to do so is known as ‘unfruitfulness’ or ‘barrenness’. In spite 
of adequate flowering, low fruit yields in orchards have been experienced because of low initial fruit set and 
subsequently higher fruit-let abscission. In an orchard, all the trees do not bear fruits equally or regularly and sometimes 
fail to flower and bear fruit under similar conditions where another fruit tree bears heavily. This failure to fruit may be 
attributed to unfruitfulness. Any interference with the development of sex cells and organs leads to unfruitfulness. Thus, 
unfruitfulness is one of the serious problems of orcharding and its causes need to be understood properly for effective 
control and obtaining of an economically acceptable production level. 

Causes of Unfruitfulness 
Unfruitfulness can be due to lack of balance between vegetative growth and fruiting, lack of flowering and poor fruit 
set, which is as a result of the unfavourable environment. It can also be due to heavy cropping, leading to inhibition of 
fruit bud production and poor crop in the following year. Sterility also leads to unfruitfulness due to impotence, 
incompatibility or the abortion of embryo. Two factors responsible for unfruitfulness in fruit crops are: (A) external 
factors and (B) internal factors. 

External Factors 
Any external factor that affects the nutrition of the fruit tree is soil condition, water supply and cultural practices and 
is important on behalf of this. These conditions greatly influence the flowering and fruit setting in the fruit plant. Factors 
like nutrition, pruning, water supply, used rootstock, temperature, insect pests and diseases affect the fruiting in fruit 
trees. 

Environmental Factors 
1. Temperature: Among the environmental factors, temperature has a great importance. It affects flowering and fruit 
set in several ways. Temperature requirements are species specific. Variation in day and night temperature or extreme 
fluctuations, or continuously hot temperature adversely affects the pollination and fruit set in most of the fruits. For 
example, cloudy weather at full-bloom stage affect the pollination and fruit set in soft pears and plum. Temperature 
affects the bee activity in an orchard. Bees help in the pollination and fruit setting. However, the abscission of flower 
bud, fruit, etc. is a function of temperature. 

2. Rainfall: Rainfall is very important to maintain the underground level of water. It directly affects fruit setting by 
distributing the process of pollination and germination of pollen grains and staminal fertilization. It also helps in 
improving the quality of fruits particularly in peaches, patharnakh and mango. 

3. Winds: Wind also affects the fruitfulness indirectly by its effect on the pollinating agents, that is, it controls 
pollination either by promoting wind pollination or by checking insect pollination. For these plants’ movement of air at 
the time of flowering is necessary to affect pollination. Most of the fruit plants are insect-pollinated. In such plants, 
wind hinders rather than helping in pollination. 

4. Frost/Freeze: It is the most important factor for deciding the fruitfulness in an orchard. Frost injury can convert a 
regular bearing cultivar into an irregular bearing. Even orchards may not produce any fruit for two to three years 
continuously due to killing of branches caused by severe frost.  

5. Hail Storm: Hail storm has been found to be very harmful in hilly areas. Most of the apple crop was damaged by hails 
at fruit set. Hails kill flower buds and blossoms. There are areas which are prone to hails and freezes every year. Some 
areas are almost free from these hazards in the same zone. 

6. Cloudy Weather: Cloudy weather is more dangerous than hails. The humidity makes the conditions most favorable to 
spread fungal diseases. Powdery mildew in mango and Umran ber usually appears in cloudy weather. 
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7. Intensity of Light: Light affects fruitfulness indirectly by its effect on photosynthesis. Light also plays a major role in 
the fruitfulness of an orchard. Strawberry plants develop pistils only when these are exposed to specific light intensity. 
Even fruits do not develop proper color at maturity. 

Disturbed Moisture in Soil 
Soil moisture is one of the key factors to production of fruits. The excess soil moisture as well as low soil moisture 
conditions at the time of flowering and fruit abscission layer formation, leading flower and fruit drop. Growing cover 
crops or mulching the basins can overcome the low soil moisture. Flooding of the orchards at flowering time should be 
avoided. 

Nutrition 
Imbalance in the nutrients certainly cause unfruitfulness or flower drop. The practice of application of fertilizers at the 
time of flowering/fruit set should be avoided. The manures and fertilizers need to be applied one to two months before 
flowering and in split doses after fruit setting. 

Rootstocks 
Rootstocks affect the scion cultivars physiologically. Quince rootstock induces dwarfing in pear due to formation of 
inverted bottleneck, whereas D-4 produces very vigorous pear plants. Trifoliate orange and its hybrids Troyer and Carrizo 
produced dwarf citrus plants than on Jatti Khatti and Kharna Khatta. 

Pruning 
The deciduous trees are judiciously pruned each year. Un-pruned grapes bear little crop with small bunches as compared 
to pruned vines. Un-pruned peaches bear little fruit and are prone to limb breakage. To improve fruiting, right pruning 
is given every year. Similarly, summer dormant ber is pruned in May-June to get more fruit. 

Plant Age 
Some fruit plants have long juvenile period than others. The Citrus medical and C. jambhiri plants bear only male flowers 
in the first few years. Young grape vines produce less pollen than the aged vines of the same cultivar. 

Chilling Requirements 
Some fruit trees need desired chilling hours requirement for spur formation and flowering. Bartlette and conference 
pears do not flower in plains; whereas low chilling requiring ‘Leconte’ and other pears bear heavy fruit. In ‘Leconte’ 
pear profuse flowering is observed every year but fruit set is irregular due to change in season. 

Spraying at Full-Bloom 
Normally insecticide sprays at flowering time are not recommended. However, sometimes due to prolonged flowering 
particularly in litchi, mango and pear, it becomes necessary to control aphids, etc. In mango a disease ‘Jhumka’ has 
suffered due to poor pollination. Insecticide sprays should be avoided on full- bloom. 

Internal Factors 
There are a number of internal factors which are associated with unfruitfulness. They have further been divided or 
grouped into 3 major categories:  
1. Evolutionary tendencies: 

a. Monoecious and Dioecious nature: The plants with stamen and carpals in same or different flowers on the 
same plant are known as monoecious plant e.g. mango. When the stemen and carpels are present in different 
plant then the plant is called dioecious plant like papaya. In monoecious plant pollination and fruit set is not a 
problem due to self-pollination. In dioecious plant if available of any of the pollen or carpel at definite time 
then there will be no fruit set. 
b. Heterostyled: A condition in flower where length of the style is different and cannot be easily pollinated. 
c. Dichogamy: The different in receptivity time of stigma and pollen grain. Protandrous is the situation where 
the steman mature first then the stigma and in protogynos situation the gynocium ripen prior to the androecium. 
d.  Abortive flowers: It also causes unfruitness as there is flower and fruit drop in case of aborted flower or 
pistil or ovule. 

2. Genetic influence: Self-sterility is a condition determined by the inheritance received from the parents but can 
develop in favorable environment which affect the off springs as well as hybrid. Incompatibility is the major reasons for 
barrenness in fruit plants. 
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3. Physiological factors: The different physiological causes like slow pollen tube growth, premature, or delayed 
pollination, plant nutrient status, positions of fruit setting, hormonal imbalance etc. make the plant barren either at 
the primary or latter stage of fruit growth. 

Conclusion 
Unfruitfulness can be due to lack of balance between growth and fruiting and lack of flowering and poor fruit-set as the 
result of various internal and external factors in different fruits and their cultivars. So, it is necessary to make necessary 
corrective measures which should begin from planning level and extends to an established orchard. The crop/variety 
should be chosen on the basis of climate and adaphic factors. Different varieties should be cultivated and the introduction 
of effective pollinizers’ varieties and pollinator (Honey bee) is necessary. While selecting pollinators for apple styler, 
receptivity and pollen potency should be considered first. Therefore, in order to obtain high roductivity in apple plant 
diploid, self-fruitful and compatible varieties are used to ensure cross pollination. Also, old orchards should be 
rejuvenated. Thinning and crop regulation should be practiced and regular bearing varieties should be planted. So, it is 
important to analyze the problem and then corrective measures could be suggested. Basically, planning should be done, 
so that the future will be problem free, and then, adoption of correct package of practices should be followed. 
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Summary 
Novel coronavirus is a very infective virus affecting the worldwide and has become pandemic till now. Covid-19 has 
infected millions of people in the world and thousands of deaths has been taken place due to coronavirus infection. 
Scientists are trying to make a suitable vaccine and treatment but they are not getting success till now. It is seen that 
this virus infecting more to old, very young and person that have already medical conditions as they have low immunity 
against the disease. So, in the absence of vaccine or treatment, nutrition is the best alternatives for boosting the immune 
system of the body for the prevention of COVID-19. The immunity can be enhanced by eating of immunomodulatory 
nutrients containing foods in adequate amount for the safety of COVID-19 infection 

Introduction 
COVID-19 is a highly infectious viral disease triggered by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
It was first noticed in Wuhan city of China in December 2019 and spread all over the world, become pandemic till now. 
Most common signs of this disease are fever, cough and difficulty in breathing, complications include acute respiratory 
distress syndrome and incubation period vary from 2-14 days. Humans with preexisting health condition, older and young 
people more susceptible to this disease because they have low immunity as compared to a healthy human. 

The Relation Between Nutrition and Immunity 
No vaccine or treatment is available against the COVID-19 till now so nutritional strategy can be important alternatives 
to enhance the immune system for prevention of this disease. Immune nutrition is a branch of science which deals with 
how nutrients regulate the immune system of the body. Healthy diets provide support to the immune system of the body 
but a variety of food provides healthy balanced diets, not a single food. 

Immune Boosting Nutrients 
Several nutrients directly or indirectly support our immune system so that the immune system works well and fights 
against any disease or infection on exposure. These nutrients are Protein, vitamins (vitamin A, vitamin E, vitamin C, B6, 
B12, folic acids, vitamin D), linoleic acids, essential amino acids, minerals (zinc, iron, selenium, copper, and magnesium), 
probiotics (Lactobacillus and Bifidobacterium) and prebiotics (Inulin and oligosaccharides) 

Immune Booster Foods 
Some specific food contains an adequate amount of immune booster nutrient, not all the foods so it is necessary to 
include these foods into the diet. These foods are: 
1. Protein: Various types of meats, eggs, legumes, soy-based products and dairy foods. 
2. Antioxidants: Most green vegetables, citrus and fruits. 
3. Omega fatty acids: Different types of Fish, butter and nut fruits 
4. Prebiotics and probiotics containing foods: Fruit, vegetables, grains, dahi, kefir, yoghurt. 
5. Minerals: Vegetables, fruits, grains and different dairy foods. 

Immune Booster Dairy Foods 
World Health Organization/ Food and Agriculture Organization (WHO/FAO) recommended daily nutrient intake of 1gram 
of calcium for adult’s humans. Under normal dietary situations, nearly 30–40 per cent calcium of cheese and milk is 
absorbed in the intestinal gut. The digestibility (95%) values of milk protein are higher than vegetable protein.  Dairy 
products are a good source of several immunomodulatory nutrients like minerals, vitamins etc. so they improve the 
immunity of body on consumption and protect from any diseases. 
1. Milk: Casein protein, vitamin A, E, K and D, probiotics and minerals (calcium, phosphate, potassium, magnesium, 
chloride) and energy. 
2. Yoghurt:  High levels of vitamin B, conjugated linoleic acid, bioactive peptides, vitamin D and probiotics 
(Streptococcus thermophilus and Lactobacillus bulgaricus) 
3. Kefir: Probiotics mainly Lactobacillus kefiri, vitamins and essential amino acids. 
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4. Cheese:  Myristic, stearic, monounsaturated fatty acids, polyunsaturated fatty acids, vitamins like riboflavin, vitamin 
B12, niacin, folate vitamin A, protein, minerals like calcium, zinc, phosphorus and magnesium. 

5. Butter: Conjugated linoleic acids, β-Carotene, vitamin A and D. 

Meat and Different Meat Products 
Meat is a very high amount of protein, containing approximately all the essential amino acids and is a rich source of 
vitamin K, B12, B6, niacin, choline, riboflavin with minerals zinc, selenium, phosphorus and iron. The nutrients present 
in the meat are superior quality than vegetable protein. Their nutrient digestibility is also higher than other sources. 
Eating an adequate amount of meat improves the immune system of the body so that the immune system protects from 
any infection or diseases. 

Precautions During COVID-19 Pandemic 
Not only eating healthy foods necessary during this pandemic but also hygiene and sanitation is important for the 
contamination of foods. For insure, the hygiene and sanitation the following steps should be during handling or cooking 
of foods. 
1. Never eat raw food material either it is vegetable or it is animal products. 
2. Keep separates raw & cooked foods 
3. Properly cook the food, especially animal products 
4. Always properly close the foods 
5. Use strict hygiene & sanitation measures during handling the foods. 

Conclusion 
Eating healthy foods with dairy foods are improved immune system function of the body with the improvement of health 
or well-being and so with the support of these nutrients, our immune system fights against COVID-19 or any other disease. 

Conclusion 
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3. Tripathi, M. K. K., & Giri, S. K. K. (2014). Probiotic functional foods: Survival of probiotics during processing and 

storage. Journal of Functional Foods, 9(1), 225–241. 
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Introduction 
In India, approximately 100 insect species feed on rice and 20 of these are considered to be major pests (Cramer, 1967) 
of which yellow stem borer, Scirpopagha incertulas Walker is the dominant and most destructive pest occurring 
throughout the country causing yield loss of about 10-60 per cent (Panda, et al., 1976; Pasalu, et al., 2005). The insect 
causes “Dead hearts” at tillering stage and “White ear head” at reproductive stage. 

RICE STEM BORER: Scirpophaga incertulas Wlk (Pyraustidae: Lepidoptera). 

Mark of Identification 
1. Adult is yellow colour. 
2. Female having black spot on forewing. 
3. Female moth bears tuft hairs at the tip of abdomen.  
4. Larvae is pale yellowish white with dark brown hair. 

Life Cycle of Rice Stem Borer Scirpophaga incertulas Wlk 
1. Egg: 100 – 200 eggs/female in mass near the tip of tender leaf blade. Egg period 5 – 7 days  

2. Larva: Larval period 5– 6 weeks 

3. Pupa: Pupal period 8 – 10 days in silken cocoon in stem  

4. Adult: Adult period 2 – 6 days 

5. Total life cycle: 43 – 88 days. Hibernating larva remain inside stem or stubbles 3-5 generation in year. 

    
Eggs Larvae Pupae Adults 

Nature of Damage 
Damage is caused by the larvae in two phases:  

        Dead heart      White ear of paddy 
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1. Growth or tillering stage: 
a. Larvae feeds on leaf sheath and bores inside, feeds on the vascular portion for 2-3 days and bore into the 
stem near the nodel region. As a result, the nutrient flow is rendered.  
b. There by resulting into death of central shoot know as dead heart. 

2. Earhead stage: The hatching larvae bore directly into the peduncle and cut off inner walls of stalk. Plant produce 
empty ears. The ears become white in colour and there is no grain set. This stage is called white ear or empty ears stage. 

Control Measures 
1. Ploughing & flooding the field for control of larvae. 
2. Removal and destruction of rice stubbles after the harvest of  the crop.  
3. Clipping the tip of the seedling prior transplantation of  seedling aids in the elimination of egg masses. 
4. Moth may be collected by setting light traps and killed. 
5. Resistant Variety: Narmada,IR-22,IR-66,GR-102,Cr- 138- 928 
6. Egg Parasite: Tetrastichus sehoenobil, Trichogramma chilonis. 
7. Larvae parasite: Isotima javentis 
8. In Nursery: Apply carbofuran 3 G OR Cartap 4 G @ 1 kg/100 m2, 5 days   after seed sowing and 4 days prior to 
uprooting of seedlings. 
9. The top of the seedling is to be cut off while planting. 

Insecticides 
1. Spray B.t @ 1.5 kg/ha 
2. Carbofuran 3 G @ 25 kg/ha. OR Cartap 4 G @20 kg/ha OR Monocrotophos 0.036% OR Quinalphos 0.05% in standing crop. 
3. Fipronil (Regent)5% SC  40 to 75 gm or chlorpyriphos 10 G @ 10 kg/ha.  
4. Spinosad 45% SC @ 2 ml/l of water prove effective (Chatterjee and Mondal 2014). 

Conclusion 
1. Cramer, H. H. (1967). Plant Protection and World Cup Protection. Pflanzeschutz Nachar. 20:  524. 
2. Panda, N., Samalo, A.P., Patro, N. C. and Reddy, T.G. (1976). Relative abundance of Lepidopteran stalk borer of 

rice in Bhubneswa. Indian Journal of Entomology. 3:  301-304.  
3. Pasalu, I.C., Katti, G., Krishnamurthy, P., Subbarao, L.V., Reddy, C.S., Subaih, S.V., Krishnaih, N.V. and Prasad, 

J.S.(2005). Integrated pest management in rice. In: Technical Bulletin, No. 15, Directorate of Rice Research, 
Hyderabad. P. 53. 

4. Chatterjee, Sitesh and Mondal, Palash (2014). Management of rice yellow stem borer, Scirpophaga incertulas Walker 
using some biorational insecticides. JBiopest 7(supp):143-147. 
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Introduction 
A bacteriophage also known informally as a phage is a virus that infects and replicates within a bacterium. The term was 
derived from "bacteria" and the Greek word “phagein”, means to devour. Bacteriophages are composed of 
proteins that encapsulate a DNA or RNA genome and may have relatively simple or elaborate structures. Phages 
replicate within the bacterium following the injection of their genome into its cytoplasm.  

Among the phages that have been identified, the majority belongs to the tailed phages and these form the taxonomic 
order: Caudovirales. These phages possess icosahedral heads containing genome comprised of double stranded DNA. The 
order Caudovirales is made up of three phage families which includes Myoviridae, Podoviridae and Siphoviridae. Phages 
belonging to other families have highly variable morphologies with genomes of varying nucleic acid composition 
(Ackermann, 2007). 

The discovery of bacteriophages is credited to Frederick Twort (Twort, 1915) and Felix d’Herelle. Similar findings of 
antibacterial agents that hinted on the existence of phage had been made prior to that of Twort and d’Herelle (Abedon 
et al., 2011). However, they were the first to suggest this phenomenon as being viral in origin. D’Herelle – Coined the 
term bacteriophage and  

Phage-derived enzymes Phage proteins can also be exploited as antimicrobials. Lysins (i.e. endolysins) are hydrolytic 
enzymes that degrade bacterial cell wall peptidoglycan to facilitate phage release. 

Multiplication of Phage for Field Application 
1. Loop full of bacteria added to Luria Bertani broth 
2. Incubate over night at 30 degree 
3. Add bacteriophages and spin at 1200rpm for 30 min 
4. Dilute with distilled water 
5. Mixed with skim milk (1:2) 
6. Field applications. 

Commercialization of Phage for Biocontrol in Crop Disease 
1. Agriphage: A USA based company, Omnilytics was the first company to receive registration (from the U S 
Environmental protection agency) for their phage based biopesticide product Agriphage. The product is designed for the 
control of bacterial spot or speck of tomatoes (specific for X. campestris pv. vesicatoria). 

2. Biolyse: a Scottish company, APS biocontrol, which has developed a bacteriophage-based wash solution (Biolyse) for 
potatoes tubers, which is to be used for prevention of soft rot disease(specific against soft rot- Enterobacteriacea) during 
storage (APS Biocontrol Ltd,). 

Nature of Damage 
Damage is caused by the larvae in two phases:  

Advantages of Phage Biocontrol Over Other Strategies 
1. Phage are self-replicating and self-limiting, quickly degradable. 
2. Phage are natural components of the biosphere; they can readily be isolated from wherever bacteria are present, 
including soil, water, plants, and animals. 
3. Phage can be targeted against bacterial receptors that are essential for pathogenesis, so resistant mutants are 
attenuated in virulence. 
4. Phage are nontoxic to the eukaryotic cell. 
5. Phage are eliminating only target bacteria thus their use can also be coupled with the application of antagonistic 
bacteria. 
5. Phage preparations are fairly easy and inexpensive to produce and can be stored at 4◦C for months without 
significant reduction in titer. 

https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Capsid
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/Cytoplasm


 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
762 

Potential Issues Concerning the Use of Phage in Biocontrol 
1. The main limitation for the application of phages in biocontrol in is bacterial host-range. 
2. Phage mixtures/cocktails need to be updated constantly in order to lyse as many newly emerging strains of the target 
bacterium as possible.  
3. Not all phages make for good therapeutics. 
4. Exposure to high temperature, high and low pH and sunlight, and  
5. The most destructive environmental factor was determined to be the UV-A and UV-B spectra (280–400 nm) of sunlight. 

Difficulties in Using phage for Management of Plant Diseases 
1. Resistance to phage 
2. Criteria for selecting suitable phage 
3. Strain variation 
4. Persistence of phage in the phyllo sphere and rhizosphere. 

Conclusion 
1. Ackermann, H. W. (2009), Phage classification and characterization. Methods Mol. Biol. 501, 127–140. 
2. Twort, F. W. 1915. An investigation on the nature of ultra-microscopic viruses. Lancet 2:1241-1243. 
3. Abedon, S, T., Thomas-Abedon, C., Thomas, A. and Mazure, H., 2011, Bacteriophage prehistory, Bacteriophage 1:3, 

174-178. 
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All over the world, farmers work hard but do not make money, especially small farmers because there is very little left 
after they pay for all inputs (seeds, livestock breeds, fertilizers, pesticides, energy, feed, labour, etc.). The emergence 
of Integrated Farming Systems (IFS) has enabled us to develop a framework for an alternative development model to 
improve the feasibility of small sized farming operations in relation to larger ones. 

Scope of Farming System 
Farming enterprises include crop, livestock, poultry, fish, tree crops, plantation crops, etc. A combination of one or 
more enterprises with cropping, when carefully chosen, planned and executed, gives greater dividends than a single 
enterprise, especially for small and marginal farmers. Farm as a unit is to be considered and planned for effective 
integration of the enterprises to be combined with crop production activity. Integration of farm enterprises to be 
combined on many factors such as:  
1. Soil and climatic features of the selected area.  
2. Availability of resources, land, labour and capital. 
3. Present level of utilization of resources.  
4. Economics of proposed integrated farming system.  
5. Managerial skill of the farmer 

What is Integrated Farming System? 
Integrated Farming System is the Judicious mix of agricultural enterprises such as dairy, poultry, piggery, fishery, 
sericulture etc. suited to the given agro-climatic conditions and socio-economic status of the farmers which would bring 
prosperity in the farming. It involves the utilization of primary produce and secondary produce of one system as basic 
input of another system. 

2. Biolyse: a Scottish company, APS biocontrol, which has developed a bacteriophage-based wash solution (Biolyse) for 
potatoes tubers, which is to be used for prevention of soft rot disease(specific against soft rot- Enterobacteriacea) during 
storage (APS Biocontrol Ltd,). 

Objectives of IFS 
1. Identify existing farming systems in specific areas and access their relative viability 
2. To formulate farming systems model involving main and allied enterprises for different farming situations 
3. To ensure optimal utilization and conservation of available resources and effective recycling of farm residues within 
system 
4. To maintain sustainable production system without damaging resources /environment 
5. To rise overall profitability of farm household by complementing  main /allied enterprise with others 
6. Reducing the use of chemical fertilizers and other harmful agro-chemicals and pesticides to provide pollution-free, 
healthy produce and environment to the society. 
7. To enhance the productivity. 

Principles of IFS 
1. Minimization  of risk 
2. Recycling of waste and residues 
3. Integration of two or more enterprises 
4. Optimum utilization of all resources 
5. Maximum productivity and profitability 
6. Ecological balance 
7. Generation of employment potential 
8. Increased input use efficiency. 

Components of IFS 
1. Field crop production 
2. Vegetable cultivation 
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3. Fruit production 
4. Poultry farming 
5. Livestock integration 
6. Duckery  
7. Aquaculture 
8. Agroforestry  
9. Bee-keeping 
10. Biogas plant  
11. Sericulture 
12. Rabbit rearing 
13. Piggery. 

Integrated Farming Systems Under Varying Situations 
1. Integrated farming system for irrigated conditions: Cropping with dairy, biogas and silviculture. 

2. Integrated farming system for rainfed conditions: Cropping with goat and silvipasture. 

3. Integrated farming system for island ecosystems: 
a. Coconut-cum-fodder-cum-milch cattle 
b. Coconut-cum-fodder-cum-fish or prawn culture 
c. Coconut-cum-fish culture, in salt affected areas 
d. Fruits-cum-fodder-cum-milch cattle. 

Integrated Farming Systems Models Under Agroecosystem 
1. Model 1 (Wetland farming system): In a model developed for 0.40 ha (1 acre) considering small and marginal farmers, 
the crop rotation that is followed and water requirement for the fish pond is as given below: 

2. Model 2 (Garden land farming system): A model on integrated farming system to suit the small farmers under the 
upland conditions was developed. The following are the components of the model. 

Cropping: 1.00 ha 
Ragi+sunflower-cotton+maize+green gram/cowpea 
Summer cotton +maize+wheat+green gram/cowpea: 0.56 ha 
Sun flower/raddish/beetroot/Bengal gram/onion: 0.19 ha 
Perennial grass fodder: 0.15 ha 
Perennial legume fodder: 0.05 ha 
Farm shed: 0.05 ha. 

3. Model 3 (dry land farming system): 
a. Crop components: 

i. Sorghum +cowpea (grain): 0.20 ha 
ii. Sorghum+ cowpea (fodder): 0.20 ha 
iii. Subabul+ cenchrus ciliaris: 0.20 ha 
iv. Acacia Senegal-tree fodder: 0.20 ha 
v. Prosophis cineraria-tree fodder: 0.20  

b. Goat rearing 

c. Technology integrated: 
i. Tree farming 
ii. Water harvesting 
iii. Goat rearing 
iv. Organic recycling 

Components Allocation of land 

Cropping 0.36 ha 

Fisheries 0.04 ha fish pond 

Poultry(shed placed over the pond)  

Total 0.40 ha 
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Constraints of IFS 
1. Heavy investment in the initial stage 
2. Involvement of multidisciplinary activities  
3. Non-availability of improved breeds of livestock at farms site 
4. Lack of marketing for the produce from different enterprises. 
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Introduction 
Biogas is also called as gobar gas and it is a renewable natural gas. Biogas is a mixture of a different gases produced by 
anaerobic digestion of organic material such as manure, sewage, municipal waste, plant material and crops. The biogas 
consists of primarily methane (CH4) and carbon dioxide (CO2) and may have small amounts of hydrogen sulphide (H2S) 
and other gases. The gases methane, carbon monoxide and hydrogen can be combusted or oxidized with oxygen. This 
energy release allows gobar gas to be used as a fuel, it can be used for any heating purpose such as cooking. Biogas can 
be upgraded and cleaned to natural gas standards when it becomes bio-methane. The formation of biogas is an important 
part of the biogeochemical carbon cycle. Methanogens are the last link in a chain of microorganisms which are degrade 
organic material and return the decomposition products to the environment, producing biogas. Methane in atmosphere, 
from biogenic sources: 90 % and methane in atmosphere, from petro sources: 10%. 

Ingredient 
Raw Material: 
1. Plant biomass (husk, grass and weeds), Animal biomass – cattle dung, manure from poultry, goats & sheep slaughter 
house & fishery wastes, Agricultural wastes, Human excreta, Industrial waste (saw dust, waste from food processing 
industries), Domestic waste (vegetable peels and waste food materials). 

2. All forms of biomass listed above may be used along with water; The size of the biogas plant is to be decided based 
on availability of raw material. Generally average cattle yield is about 10 kg dung per day. For example, the average gas 
production from dung may be taken as 40 lit/kg of fresh dung. The total dung required for production of 3 m3 biogas is 
3/0.04= 75 kg. Hence, the minimum of 4 cattle is required to generate the required quantity of cow dung. 

Figure 1: Process for production of biogas 

Production of Biogas 
Biogas is produced by 4 steps: 
1. Hydrolysis  
2. Acidogenesis 
3. Acetogenesis 
4. Methanogenesis 
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Hydrolysis 
1. Biomass is made up of large organic polymers  
2. Complex polymers hydrolysed to monomers  
3. Complex organic molecules → simple sugars, amino acids and fatty acids. 
4. Hydrolysis done by hydrolytic fermentative bacteria. 

Acidogenesis 
1. Further breakdown of the rest components by acidogenic bacteria.  
2. Ammonia, H2, H2S, CO2, shorter volatile fatty acids, alcohols, carbonic acids as well as trace amounts of other by-
products produced. 

Methanogenesis 
This is the terminal stage. In this, Intermediate products of the preceding stages converted to methane, CO2 and water. 
These components make up the major part of the biogas which is done by Methanogenic bacteria. 

There are Different Types of Biogas Production Plants 
The main two types are as follows:   
1. Fixed-Dome Plant 
2. Floating-Drum Plants 
Construction: The biogas plant is a brick and cement structure having the following five sections:  
i. Mixing tank: Present above the ground level. 
ii. Inlet tank: The mixing tank opens underground into a sloping inlet chamber. 
iii. Digester: The digester is a huge tank with a dome like ceiling in which the inlet chamber opens from below. The 
ceiling has an outlet with a valve for the supply of biogas. 
iv. Outlet tank: The digester exposes from below into an outlet chamber. 
v. Overflow tank: The outlet chamber exposes from the top into a small over flow tank. 

Fixed-Dome Plant 
1. Construction: The biogas plant is a brick and cement structure having the following five sections:  

a. Mixing tank: Present above the ground level. 
b. Inlet tank: The mixing tank opens underground into a sloping inlet chamber. 
c. Digester: The digester is a huge tank with a dome like ceiling in which the inlet chamber opens from below. 
The ceiling has an outlet with a valve for the supply of biogas. 
d. Outlet tank: The digester exposes from below into an outlet chamber. 
e. Overflow tank: The outlet chamber exposes from the top into a small over flow tank. 

Figure 2: Fixed Dome type Bio-gas Plant 

2. Working of fixed dome type plant: The various forms of biogas are mixed with an equal quantity of water in the 
mixing tank. This forms the slurry. The digester filled with slurry through the inlet chamber. When the digester is partially 
filled with the slurry, the introduction of slurry is stopped and the plant is left unused for about 2 months. During this 
period, anaerobic bacteria present in the slurry decomposes of ferments the biomass in the presence of   water. As the 
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results of anaerobic fermentation, biogas is formed, which starts collecting in the dome of the digester. The collection 
of biogases is started more as more, the pressure exerted by the biogas forces the spent slurry into the outlet chamber 
and then the spent slurry overflows into the overflows tank.  

The spent slurry is manually removed from the overflows tank and used as manure for crops. The gas valve attached to 
a system of pipelines is opened when a supply of biogas is required. 

Floating-Drum Plant 
1. Construction: The floating gas holder type of biogas plant has the following 4 sections:  

a. Mixing tank: Present above the ground level. 
b. Digester tank: Deep underground well like structure. It is divided into 2 chambers by a partition wall in 
between. It has 2 long cement pipes a) inlet pipe opening into the inlet chamber for introduction of slurry. b) 
outlet pipe opening into the overflow tank for removal of spent slurry. 
c. Gas holder: An inverted steel drum stays above the digester. The drum can move up and down that is float 
over the digester. The gas holder has an outlet at the top which could be attached to gas stoves.  
d. Over flow tank: Present above the ground level. 

Figure 3: Floating Dome type Bio-gas Plant 
 

2. Working of floating drum plant: The preparation of slurry (mixture of equal quantities of biomass and water) is start 
in the mixing tank. The digester filled with prepared slurry through the inlet pipe. The plant is left unused for about 2 
months and introduction of more slurry is stopped. During these two months, anaerobic fermentation of biomass takes 
place in the presence of water and produces biogas in the digester. The collection of biogases being lighter rises up and 
started. The gas holder now starts moving up.  

The collection of biogases is started more as more, the pressure exerted by the biogas forces. the spent slurry into the 
outlet chamber. When the outlet chamber gets the spent slurry, the excess is forced out through the outlet pipe into 
the overflow tank and this slurry later used as manure for crops. The gas valve of the gas outlet is opened when supply 
of biogas is required. 

Composition of Biogas 
Table 1: Typical composition of biogas 

Compound Molecular Formula Percentage 

Methane    CH4 50-75 

Carbon dioxide                       CO2 25-50 

Nitrogen    N2 0-10 

Hydrogen H2 0-1 

Hydrogen sulphide                 H2S 0-3 

Benefits of Biogas 
Alternate energy source, control pollution, requires only locally and easily available material for construction, Little 
operational skills and maintenance required and Pathogens and weed seed control. 
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Conclusion 
Biogas is a clean source of energy. Biogas plants have been in operation for a long period of time, especially in village 
areas around the globe. The research organizations should focus on newer efficient low-cost designs. The government 
can play important role by introducing different education schemes, legal frame works and the availability of technology 
and simultaneously creating more awareness and providing more subsidies. 
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Abstract 
Nanotechnology will revolutionize agriculture and the food industry by innovating new techniques such as: precision 
farming techniques, improving plants' ability to absorb nutrients, more efficient and targeted use of inputs, disease 
detection and disease control, withstanding environmental pressures and effective processing, storage and packaging 
systems.  

Increase the efficiency of the applied fertilizer by releasing fixed nutrients with the help of nano clays and zeolites, and 
restore soil fertility. Nanoherbicides are being developed to address the perennial weed management problems and to 
exhaust weed seed banks. Nanotechnology can act as sensors for monitoring agricultural soil quality and thus preserve 
the health of agricultural plants. 

What is Nano-Technology? 
Nanotechnology is a group of emerging technologies which control the structure of the matter on a nanometer scale to 
produce materials with unique properties. Nanotechnology is the manipulation or self-assembly of individual atoms, 
molecules, or molecular clusters into structures to create new or vastly different properties of materials and devices. 

What are Nanoparticles (NPs)? 
Nanoparticles, natural or manufactured, have one or more external dimensions of 1−100 nm. One milliardth of a meter 
is a nanometer. Nano materials are composed of components of very small size which have an impact on the properties 
of macro level materials. 

Potential Application of Nanotechnology in Agriculture 
Nanotechnology has the potential to revolutionize the agricultural and food industries with new tools for molecular 
disease treatment, rapid disease detection, plant capacity to absorb nutrients, and so on. Smart sensors and intelligent 
delivery systems will help to combat viruses and other crop pathogens in the agricultural sector.  

Use of nanofertilizers for effective use, and slow nutrient release viz. Nano-5, Nano-Gro as regulators of plant growth; 
nanopesticides encapsulated in controlled release nanoparticles, nano emulsions for high efficiency use, e.g. Allosperse 
delivery system, Nano revolution-2 and adjuvant; will increase efficiency in use of agricultural inputs. Nano sensor for 
soil and water conservation in precision farming and nano materials e.g. Geohumus and Nano-Clay help in efficient 
natural resource utilization. 

Application of Nanotechnology in Agriculture and Allied Sciences 
Nanotechnology has its application in several fields of science out of which few are in agriculture and allied are food 
technology, crop improvement, seed technology, precision farming, equilibrium crop nutrition nanofertilizer, plant 
disease diagnosis, weed management, water management, biosensors and pest management.  

Nanotechnology will change the way food is produced, processed, packaged, transported and consumed throughout the 
food industry. Nanotechnological devices for controlled environment Agriculture that provide 'scouting' capabilities could 
greatly improve the capacity of the grower to determine the best harvest time for the crop, the vitality of the crop and 
food safety issues such as microbial contamination or chemical contamination. 

1. Application of nanotechnology in Precision Farming: Precision farming has long been a desired goal of maximizing 
output (i.e. crop yields) while minimizing input (i.e. fertilizers, pesticides, herbicides etc.) by monitoring environmental 
variables and applying targeted action.  

Precision farming uses computers, global satellite positioning systems, and remote sensing devices to measure highly 
localized environmental conditions, thus determining whether crops grow to maximum efficiency or accurately identify 
the nature and location of problems. 
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2. Nano Sensors: Nano-sensors are used to determine crop harvest time, to detect crop health and to determine crop 
microbial or chemical contamination. Nano sensors were also able to monitor crop and animal health, and magnetic 
nano-particles could remove contaminants from soil. 

3. Nanofertilizers: Nano encapsulated slow release fertilizers have also become a trend for saving fertilizer consumption 
and minimizing pollution in the environment. Excellent alternatives to soluble fertilizers are slow release fertilizers. 
Nano fertilizers are swiftly and completely absorbed by plants. A patented nano-composite consists of N, P , K, 
micronutrients and amino acids which have been reported to increase nutrient uptake and utilization by grain crops. 

4. Nanoherbicides: The development of a target-specific herbicide molecule encapsulated with nanoparticles is aimed 
at specific receptors in the roots of target weeds which enter the root system and translocate to parts which inhibit food 
reserve glycolysis in the root system.  

It has been reported that soybean-based nano-surfactant makes glyphosate-resistant crops susceptible to glyphosate 
when applied with the 'nanotechnology-derived surfactant.' 

5. Nanopesticides: Recent development of a formulation of nano-encapsulated pesticides has slow releasing properties 
with increased solubility, specificity, permeability and stability. (A few chemical companies have recently openly 
promoted nanoscale pesticides for sale as "micro-encapsulated pesticides," such as Karate ZEON, Subdue MAXX, Ospray's 
Chyella, Penncap-M. 

6. Applications of nanotechnology in agronomy: The use of nano sensors will determine how much fertilizer and 
chemical pesticides are needed in every small part of a farm. Nano sensors and smart delivery systems based on nano 
could help in the efficient use of natural agricultural resources such as water, nutrients and chemicals through precision 
farming.  

Seeds can also be impregnated with nano-encapsulations, thus reducing the seed rate, ensuring the correct standing of 
the field and improving crop output. 

Applications of Nanotechnology in Pest and Plant Disease Management 
The use of pesticide nano particles and nano capsules is more effective and environmentally friendly; and the production 
of nano crystals to increase the efficiency of pesticides for lower-dose application. In the near future, nano particles for 
the delivery of active ingredients or drug molecules will be at its helm for therapy of all plant pathological sufferings. 
There are myriad nano-materials including polymeric nano-particles, iron oxide nano-particles and gold nano-particles 
that can easily be synthesized and exploited as piggybacks for pesticide or drug delivery. 

Applications of Nanotechnology in Food Industry 
Nanotechnology can provide solutions such as modifying the permeation behavior of foils, increasing barrier properties 
(mechanical , thermal , chemical, and microbial), improving mechanical and heat-resistance properties, developing 
active antimicrobial and antifungal surfaces, and sensing, as well as signaling microbiological and biochemical changes. 

Negative Effects of Nano Materials 
1. Nano particles on biological and environmental systems such as free radical toxicity resulting in lipid peroxidation and 
DNA damage. 
2. High nano silica silver concentration caused some chemical injuries on the plants tested. 
3. Extremely high doses of these materials are associated with fibrotic pulmonary responses, resulting in inflammation 
and increased risk of cancer.  

Conclusion 
The extensive use of agrochemicals to boost agricultural production has polluted not only the top soil, groundwater and 
food, in the current agricultural scenario. Increasing agricultural productivity is necessary but consideration must be 
given to the damage caused to the ecosystem by new approaches. In the agricultural sector nanotechnology is becoming 
increasingly important. Promising results and applications in the areas of pesticide delivery, biopesticides, fertilizers, 
and plant transformation genetic material are already being developed.  

The use of nanomaterials to deliver pesticides and fertilizers is expected to reduce the dosage and ensure slow delivery 
of controlled materials. The nanotechnology tools can be used to address urgent environmental protection, pollution 
detection, sensing, and remediation issues. 
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Introduction 
Insect traps are used to monitor or directly reduce populations of insects or other arthropods, by trapping individuals 
and killing them. They typically use food, visual lures, chemical attractants and pheromones as bait and are installed so 
that they do not injure other animals or humans or result in residues in foods or feeds. Visual lures use light, bright 
colors and shapes to attract pests. Chemical attractants or pheromones may attract only a specific sex. Insect traps are 
sometimes used in pest management programs instead of pesticides but are more often used to look at seasonal and 
distributional patterns of pest occurrence. This information may then be used in other pest management approaches.  

Types of Insect Trap 
1. Light traps: Light traps, with or without ultraviolet light, attract certain insects. Light sources may include fluorescent 
lamps, mercury-vapor lamps, black lights, or light-emitting diodes. Designs differ according to the behavior of the insects 
being targeted. A wide variety of light traps with different light designs are being used. Photo response of the different 
insect species since last forty years (Sheikh et al.,2016). Light traps are widely used to survey nocturnal moths. Total 
species richness and abundance of trapped moths may be influenced by several factors such as night temperature, 
humidity and lamp type. Grasshoppers and some beetles are attracted to lights at a long range but are repelled by it at 
short range. Farrow's light trap has a large base so that it captures insects that may otherwise fly away from regular light 
traps. Light traps can attract flying and terrestrial insects, and lights may be combined with other methods described 
below. 

Light trap 

2. Adhesive traps: Sticky traps may be simple flat panels or enclosed structures, often baited, that ensnare insects with 
an adhesive substance. Baitless ones are nicknamed "blunder" traps, as pests might blunder into them while wandering 
or exploring. Sticky traps are widely used in agricultural and indoor pest monitoring.  

   Yellow sticky trap     Blue sticky trap 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
774 

Shelter traps, or artificial cover traps, take advantage of an insect's tendencies to seek shelter in loose bark, crevices, 
or other sheltered places. Baited shelter traps such "Roach Motels" and similar enclosures often have adhesive material 
inside to trap insects. 

3. Flying insect traps: These traps are designed to catch flying or wind-blown insects. 
a. Flight interception traps or are net-like or transparent structures that impede flying insects and funnel them 
into collecting. Barrier traps consist of a simple vertical sheet or wall that channels insects down into collection 
containers. The Malaise trap, a more complex type, is a mesh tent-like trap that captures insects that tend to 
fly up rather than down when impeded.  

b. Pan traps are simple shallow dishes filled with a soapy water or a preservative and killing agent such as 
antifreeze. Pan traps are used to monitor aphids and some other small insects.  

c. Bucket traps, often supplemented with a funnel, are inexpensive versions that use a bait or attractant to lure 
insects into a bucket or bottle filled with soapy water or antifreeze. Many types of moth traps are bucket-type 
traps. Bottle traps are widely used, often used to sample wasp or pest beetle populations. 

          Flight trap             Pan trap          Bucket trap 

4. Terrestrial Arthropod Traps 
a. Pitfall traps are used for ground-foraging and flightless arthropods such as Carabid beetles and spiders. Pitfall 
traps consist of a bucket or container buried in soil or other substrate so that its lip is flush with the substrate. 

b. Grain probe trap is a type of trap used to monitor pests of stored grain, consisting of a long cylindrical tube 
with multiple holes along its length that can be inserted at various depths within grain. Subramanyam et a1. 
(1989) modified the plastic traps so that the holes were slope upwards so that can reduce damage of grain. 

       Pitfall trap            Grain probe trap 

5. Aquatic arthropod traps: Jar or bottle trap: Aquatic emergence traps are cage-like or tent-like structures used to 
capture aquatic insects such as chironomids, caddisflies, mosquitoes, and odonates upon their transition from aquatic 
nymphs to terrestrial adults. Aquatic emergence traps may be free floating on the water's surface, submerged, or 
attached to a post near shore. 
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Bottle trap  

Advantages 
1. Using trap anytime during crop growth. 
2. Farmer can predict best time for insecticide. 
3. This can reduce uses of insecticides and production cost. 
4. It is non-toxic.  

Disadvantages 
1. Some traps are costly. 
2. Beneficial insect also trap.  
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India is the largest producer of groundnut, Arachis hypogaea (L.) in the world and second in export followed by China. A 
product of such an important crop when stored both as unshelled and kernels for different uses are vulnerable to attack 
by a plethora of insect-pests. The post-harvest losses in groundnut caused by insect-pests very from 10-25 per cent. 
About 100 insect species have been reported to infest stored groundnut. Out of these, Caryedon serratus [(Olivier) 
(Coleoptera: Bruchidae)] is of economic importance and posed to be a potential threat to stored groundnut (Wightman 
et al., 1986). Up to 73 per cent losses have been reported due to this pest. It also adversely affects during the export of 
groundnut. If it is not properly controlled, peanut seeds cannot be exported as well as the exported seeds when they 
reach the importing country do not accept the quantity of groundnut and are sent back. 

Distribution 
Bruchids are known to infest groundnut in storage in almost all the groundnut growing countries including Nigeria, Sudan, 
Senegal, Egypt, Brazil, India, China, Vietnam, Indonesia, Thailand, United States of America and Australia. In India, C. 
serratus was first reported to be infesting groundnut round the year in Andhra Pradesh and Tamil Nadu in 1914 (Fletcher, 
1994). it is prevalent in Rajasthan, Gujarat, Madhya Pradesh, Punjab, Hariyana, Jammu and Kashmir, Himachal Pradesh, 
Kerala, Orissa, Karnataka, Andhra Pradesh, Maharashtra and Tamil Nadu (Mittal & Khanna 1974, Arora & Singal 1978). It 
is most severe in Junagadh, Rajkot, Jamnagar, Porbandar and Gir- Somnath districts of Gujarat. 

Host Range 
Tamarind, Tamarindus indica is considered as the main host. Besides tamarind and groundnut, it bruchid was noticed on 
rice, Oryza sativa (L); gum, Acacia nilotica (L.), and khejri, Prosopis cineraria (L.) (Singal & Toky 1988). karanj, Pongamia 
pinnata (L.), kachnar Bouhinia variegata (L.) (Nilsson & Johnson, 1992) and bronze shower tree, Cassia moschata HBR 
(Romero & Johnson, 2002). 

Seasonal Abundance     
Normally, bruchid infestation found during June to December in area where warm humid conditions prevail. Further, the 
bruchid population increase with the increase in temperature and humidity. However, the condition of 28 ± 2°C and 70 
± 5 per cent RH is highly encouraging for growth and development of bruchids. The increase in temperature from 25 to 
40°C results in shortening the time required and generation doubling by three times. It showed that higher temperature 
favours the fecundity of the pest. Overall, January-February was found to be optimum for C. serratus when the 
temperature ranged from 24.63 - 26.76°C with relative humidity of 76 per cent. Similarly, May-June period with 
considerably higher temperature of 30.77°C and 76 per cent humidity was found to be least suitable for this pest. This 
pest causes maximum storage loss during the period from September to February (Sujatha et al., 2015). 

Bruchid, C. serratus 
Bruchid adults are dark brown in colour, 4-7 mm long and show sexual dimorphism where, antennae are long and serrated 
in males than in females, whereas the pygidium is exposed in females than in males. The hind leg femur is serrated and 
5 mm wide in both females and males. Grubs are pink in colour, 10 mm long and possess abdominal uromeres. Grubs 
inflict where the adults lay eggs on exposed pods and it is carry forwarded to storage. 

Life Cycle 
The total period required to complete the life cycle varies from 65 to 80 days at 28 ± 2°C and 70 ± 5 per cent RH. The 
adult longevity for males in 20 days, whereas, for females is 17 days. The pre-oviposition, oviposition and post-oviposition 
period are 2, 7 and 9 days, respectively. The average fecundity per female is 43-75 eggs. The incubation period of egg 
is 4-6 days; the grub upon hatching scrape the pod or kernel surface and penetrate the pod to feed on kernels. The grubs 
pass through four larval instars before pupation viz., first, second third and fourth which complete in 13, 9, 13 and 17 
days, respectively and completing  total larval period in 52 days. The fully grown grubs emerge out by making an exist 
hole and construct a tough silken cocoon on surface of pods or kernels. Grubs pupate inside silken cocoons, where 
pupation lasts for 12 days. Generally, sex ratio in bruchids is recorded being 1: 0.7 (female: male).  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
777 

Irrespective of egg density (number of eggs laid), only two adults emerge out of one seeded pod/ kernel. However, four 
and five adults emerge out of two and three seeded pods, respectively (Nataraja et al., 2014). Under laboratory 
conditions, the biology of C. serratus from egg to adult stage revealed mean number of eggs laid by a female as 45 eggs. 
The ovipositional, Incubation, larval, pupal and total developmental period were found to be with an average viz; 14, 
6.5, 19, 17.50  and 44 days, respectively. The longevity of female and male adults were 22.5 days and 19.5 days, 
respectively (Sharma et al., 2017). 

Nature of Damage  
Grub cause extensive damage to kernals than pods by feeding internally. Which results in quantitative and qualitative 
losses to the stored product.  The larvae of C. serratus bored into the seeds via small holes and fed on the embryo and 
the endosperm (Conway, 1983). The quantitative loss may go up to 73 per cent depending upon the storage period and 
the level of infestation. The high metabolic activity of bruchid is due to their large population in storage which increase 
temperature and moisture content, which ultimately favors mould growth. The pods and kernels damaged by bruchids 
were further prone to Aflatoxin (mycotoxin) contamination making it unfit for human consumption, hence, leading to 
huge qualitative losses (Nesci et al., 2011). Over and above, it creates a serious hurdle in exporting of groundnut kernels. 

Favorable Conditions 
The infestation of bruchids starts from the field, which later becomes critical during storage. The most favorable factors 
for the growth and development of bruchids are temperature (28 ± 2°C), Relative Humidity (70±5), seed moisture content 
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(>9%) and the presence of previously infested/ broken seeds in produce (Nataraja et al., 2014). The bruchid infested 
pods and kernels including broken seeds are highly prone to damage by secondary insect-pests. 

Management 
The eco-friendly management of the insect-pests of stored groundnut could be achieved by targeting the weak points in 
the life cycle or by altering the favorable factors responsible for infestation and establishment of the pest. 
1. Harvest the produce at right maturity stage. 
2. Avoid heaping the produce in the field itself. 
3. Prefer sun drying of pods for reducing seed moisture content to the safe level (<10%) as well as reducing attack by 
secondary pests. 
4. Sort out and dispose any broken and damaged seeds (pod/kernels) from the seed lot for reducing attack by secondary 
pests. 
5. Clean and fumigant godowns and storage structure as well. 
6. Treat pods with neem seed powder (0.25%). Also, the pods can be treated with either neem oil at 5 per cent (v/w) or 
pongamia or eucalyptus or castor oil at 10 per cent (v/w). 
7. Store pods in air tight polythene or super grain bags or galvanized metallic/PVC seed bins. 
8. If stored in gunny bags, then spray safe pesticides like, deltamethrin 2.8 EC @ 9 ml/l on the gunny bags an allowed to 
dry and then used for thus treated baus for storage groudnut. 
9. Keep aluminum phosphide 56% @ 1 pouch (10 g/ ton of pods in air tight godowns for exposure period of 3 days. Use of 
aluminum phosphide is restricted under strict supervisor of expert only. 
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Weeds are certainly as old as agriculture and from the very beginning; farmers realized the presence of those unsown 
species interfered with the growth of the crop they were intending to produce. Weeds are unwanted and undesirable 
plants which interfere with the utilization of land and water resources and thus affect human welfare. These plants have 
the ability to persist and spread through multiple reproduction and dispersal of dormant seeds or vegetative propagules. 
Leaving weeds unchecked will sooner or later lead to considerable reduction in crop yield. Therefore, competition 
between the undesired plants and the crop has to be avoided for achieving better crop productivity. Effective weed 
management is critical to maintain agricultural productivity. 

Efficient Use of Herbicides 
Increased interest in organic agriculture calls for alternative solutions for weed management. As a result, number of 
directions has evolved of which a more efficient use of herbicide is a first track. This strategy can be implemented 
through the use of micro herbicides, different herbicide combinations, improvements in the application technology like 
types of nozzles, spray volume, diameter and use of factor adjusted dosages, use of surfactants or adjuvants and go for 
herbigation. 

Compatible herbicide combinations control the weeds in a single pass. Besides that, it also reduces the occurrence of 
herbicide resistant biotypes in weeds by using single herbicide. In ready mix formulations, the different herbicides are 
mixed in desired concentration to avoid any phytotoxicity to crop. Through the use of micro herbicides, we can reduce 
the dose of chemicals applied on per ha to micro levels. Adding surfactants and adjuvants facilitates to improve 
spreading, wetting, dispersing and other surface modifying properties which enhance the action of active ingredient. 
Herbigation is the effective method of applying herbicides through irrigation systems. Success of good herbigation 
programmes depends upon good management, uniform water applications and knowledge of the movement of herbicides 
in the soil. 

Laser Technology 
A laser beam directed towards weeds can be an efficient weed control method as an alternative to herbicides. Lasers 
deliver high-density energy to selected plant material, raising the temperature of the water in the plant cells and thereby 
stop or delay the growth. A commercial use of lasers for weed control, however, require a systematic investigation of 
relationship between energy density and the biological effect on different weed species, growth stages, etc. 

Allelopathy     

 
The effect of allelochemicals on the growth of plants may occur through various mechanisms like reduced mitotic 
activity, suppress hormone activity, reduced rate of nutrient uptake, inhibit photosynthesis, respiration, inhibit protein 
formation, reduction in permeability of cell membrane and enzyme action. The use of allelopathically active crops 
against weeds can be utilized in different ways: surface mulch, incorporation into soil, crop rotation, cover crops, 
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intercropping, water extracts as natural herbicides and incorporating an allelopathic character into a desired crop 
variety. 

Biological Control 
A biological weed control regiment can consist of biological control agents, bio herbicides, use of grazing animals, and 
protection of natural predators. It is an effective, environmentally safe method of weed management. Now-a-days, 
instead of direct release of bio agents, augmentation technique is used. Augmentation refers to the action taken to 
increase the population of beneficial natural enemies to bring about effective suppression of pest population mostly by 
release of bio control agents in the areas of less abundance or where population build-up of the biological control agent 
occurs too late to cause appreciable damage to the target pest. Several anomalies are present for the establishment of 
biological control agent in a new site compared to its original habitat. So, augmented release is required to ensure the 
early establishment of bio control agents. 

Weeds as Bio Fluids 
Liquid fuels made from biomass for energy purposes. This has a high energy density. This is helpful to reduce dependency 
on nano fluids. Adding product value to the invasive weeds may prove to be an effective way for weed management. So 
many weeds have the potentiality of being used as bio fluid. Thermal conduction nature of these weed based bio fluids 
are comparable with presently used nanofluids. 

RNA Interference Technology  
It’s a way to destroy specific RNA messages so that a particular protein is not made. It is an elegant way of targeting 
particular genes and turning those genes off. It involves the topical application of a mixture of glyphosate and double-
stranded RNA to interfere with the expression of herbicide resistance genes in weeds. 

Nanotechnology 
Nanotechnologies are the design, characterization, production and application of structures, devices and systems by 
controlling shape and size at nanometer scale. Molecular characterization of underground plant parts for a new target 
domain and developing a receptor-based herbicide molecule having specific binding property with nanoherbicide 
molecules like carbon nanotubes capable of killing the viable and dormant underground propagules of weed seeds. In 
addition, nano-encapsulation allows for the gradual release of herbicide, which can provide improved levels of crop 
safety over other formulations. 

Weed control using robotic technology is also gaining importance today over worldwide. This includes weed mapping, 
robotic suit, weed twister, robotized patch sprayer, co robotic intra robotic systems etc. 

Conclusion 
Even though, there are so many advances had undertaken in the field of weed management, the importance of these 
methods lies in its usability in farmer’s field. The advances in weed management includes efficient use of herbicides, 
laser technology, use of bioherbicides, use of herbicide resistant crops, robotics, nano technology, used as heat transfer 
biofluids and allelopathy. Out of these methods, the most adaptable method is efficient use of herbicides. This can be 
easily practiced by the farmers in the field when compared to other methods and it gives better yield and economic 
returns. Biological methods are useful for maintaining good soil health and also environmental quality. Other approaches 
are need based or demand driven in nature. 

Reference 
1. Halley, C. O., Renata, S. M., Claudia, B. R. M., Renato, G., Marcelo, B. D. J. and Leonardo, F.F., 2015. Nano 

encapsulation enhances the post emergence herbicidal activity of atrazine against mustard plants. PLoS ONE 10(7): 
e0132971. 

2. Mathiassen, S. K., Thomas, B., Christensen, S. and Kudsk, P., 2006. The effect of laser treatment as a weed control 
method. Biosys. Eng., 95(4):497-505. 

3. Meher, W., Rashmi, P., Neeraj, K., Yadav, R. R., Rajiv, P., Jane, C. N. and Vyom, P., 2015, Heat transfer biofluids: 
A novel approach towards weed management. Ecol. Engi., 84:492–495. 

4. Sushil Kumar and Puja, R., 2011, Evaluation of augmentative release of Zygogramma bicolorata (Coleoptera: 
Chrysomelidae) for biological control of Parthenium hysterophorus L. Crop Protection 30: 587-591. 

  



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
781 

Climate Change and its Impact on Pest Management 
Article Id: 30294 

Nihal R1 
1PhD Research scholar, Department of Agricultural Entomology, Bidhan Chandra Krishi Viswavidyalaya, 

Mohanpur, Nadia-741235, West Bengal, India. 

 

Introduction 
Insect pests cause an estimated annual loss of 13.6% globally, and thus the extent of losses in India has been estimated 

to be 17.5% (Dhaliwal et al., 2010). The pest associated losses likely to increase as a result of changes in crop diversity 

and climate change, and changes in the cropping patterns and the cropping intensity. Pest associated losses increased 

from a mean of 7.2% in the pre-green revolution period to 23.3% in the post green revolution period on several crops in 

India. Climate change and climate variability will have major consequence for water availability, forest cover, 

biodiversity, crop production, and food security. Changes in rainfall pattern are of greater importance for agriculture 

than the annual changes in temperature, especially in regions where lack of rainfall could also be a limiting factor for 

crop production. Geographical distribution of tropical and subtropical insect pests will extend alongside shifts within the 

areas of cultivation of their host plants, while distribution and relative abundance of some insect species vulnerable to 

high temperatures in the temperate regions may decrease. High mobility and swift advance in population will intensify 

the extent of losses due to insect pests.   

Current estimates of dynamics in climate indicate an increase in global mean annual temperatures of 10C by 2025, and 
30C by the end of the next century, and the date at which an corresponding doubling of CO2 will be achieved is appraised 
to be between 2025 and 2070, depending on the level of emission of greenhouse gasses. Mean annual temperature 
changes between 3-60C are assessed to occur across Europe, with greatest increases occurring at high latitudes. 

Climate Change and Emerging Pest Problems in India 
1. Several insect pests, that were important in the past or the minor pests, are likely to become more 
2. Devastating with global warming and climate change. 
3. Many insect species, that will move to newer areas as invasive pests will also pose a major threat to crop production 
and food security, as they find more suitable climatic niches in the new areas.  
4. The invasive species are likely to cause more harm in the absence of natural enemies in the new habitats. 

Climate Change Effects on Geographic Distribution and Population Dynamics of Insect Pests     
Low temperatures are every so often vital than high temperatures in shaping geographical distribution of pests. Rising 

temperatures may end in a greater ability to overwinter in insect species limited by low temperatures at higher latitudes, 

extending their geographical range.  Spatial shifts in distribution of crops under changing climate will also impact the 

distribution of insect pests within a geographical region. Whether or not an insect pest would move with a crop into a 

new replacement habitat will depend upon other environmental conditions like the presence of overwintering sites, soil 

type and moisture.  

Populations of the corn earworm [Heliothis zea (Boddie)] in the North America might move to higher latitudes/altitudes, 

resulting in greater damage in maize and other crops (EPA 1989).  The cotton bollworm/ legume pod borers, H. armigera 

and M. vitrata will move to temperate regions in northern Europe. Helicoverpa armigera has already reached Brazil as 

an invasive pest, and is probably going to maneuver to North America (Czepak et al. 2013). 

For all the insect species, higher temperatures, below the species’ upper threshold limit, will end in faster development, 
leading  to rapid increase of pest populations because the time to reproductive maturity is reduced.  In addition to the 
direct effects of temperature changes on development rates, increases in food quality because of plant stress lead to 
dramatic increases in growth of insect pest populations, while the expansion of certain insect pests may be adversely 
affected (Maffei et al. 2007). 

Global Warming and Pest Outbreaks 
Pest outbreaks are more likely to befall with stressed plants as a effect of weakening of plants’ defensive system, and 
thereby, increasing the extent of susceptibility to insect pests. Global warming will lead to earlier infestation by H. 
armigera in North India, leading to increased crop loss.  Overwintering of insect pests will increase as a result of global 
climate change, producing larger spring populations as a base for a build-up in numbers within the following season.  
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Many insects such as Helicoverpa spp. are migratory, and therefore, could be well adapted to take advantage of new 
opportunities by moving rapidly into new areas as a result of climate change. 

Climate Change Effects on Expression of Resistance to Insect Pests 
Host plant resistance to insects is one of the foremost environmentally friendly components of pest management.  
However, global climate change may modify the relations between the insect pests and their host plants. Resistance to 
sorghum midge, observed in India, breaks down under high humidity and moderate temperatures in Kenya. There will be 
increased impact on insect pests which profit from reduced host defences as a result of the strain triggered by the short 
of adaptation to sub-optimal climate. Complications with new insect pests will occur if climatic changes favour the 
introduction of non-resistant crops or cultivars.  The introduction of novel crops and cultivars to take benefit of the new 
environment is one of the adaptive approaches proposed as a probable response to global climate change. 

Climate Change Effects on Activity and Abundance of Natural Enemies  
Relationships between pests and their natural enemies will vary as a outcome of global warming, leading to both 

increases and decreases in the status of individual pest species.  Fluctuations in temperature will also vary the timing of 

diurnal activity patterns of different groups of insects, and fluctuations in interspecific interactions could also change 

the efficacy of natural enemies for pest management. Enumerating the effect of climate change on the activity and 

efficiency of natural enemies will be a key concern in forthcoming pest management programs. The majority of insects 

are benign to agro-ecosystems, and there is much indication to suggest that it is because of population control through 

interspecific interactions among insect pests and their natural enemies (pathogens, parasites, and predators). 

Oriental armyworm, Mythimna separata (Walk.) populations increase during prolonged periods of drought followed by 
heavy rainfall. Aphid population increases with a rise in CO2 and temperature, nevertheless, the parasitism rates remain 
unchanged in elevated CO2. Temperature not only affects the rate of insect development, but also has a profound effect 
on fecundity and sex ratio of parasitoids. The interactions between insect pests and their natural enemies got to be 
studied carefully to formulate suitable methods for using natural enemies in pest management. 

Climate Change Effects on Efficacy of Bio-Pesticides and Synthetic Insecticides 
There will be an increased inconsistency in insect injury as a result of global climate change.  Higher temperatures will 
make dry seasons drier, and conversely, may increase the amount and intensity of rainfall, making damp seasons wetter 
than at present.  Current sensitivities on environmental pollution, human health hazards, and pest resurgence are a 
consequence of improper use of synthetic insecticides (Sharma 2016). Natural plant products, entomopathogenic viruses, 
fungi, bacteria, and nematodes, and synthetic pesticides are sensitive to the environment. Rise in temperatures and UV 
radiation, and a decline in relative humidity may render many of those control tactics to be less effective, and such an 
impact are going to be more distinct on natural plant products and the biopesticides.  

Thus, it is essential to devise suitable approaches for pest management which will be effective under situations of global 
warming in future. Farmers will need a set of pest control strategies which will give sustainable yields under climatic 
change. Increased temperatures and UV radiation, and low relative humidity may render many of those tactics to be less 
efficient, and hence, there is a need to deal with these issues on an urgent basis for sustainable crop production and 
food security. 

Conclusion 
Climate change and climatic variability can have diverse impact on natural enemies of pest species. A careful analysis is 
required on how the host-natural enemy systems react to changes in temperature and CO2. There is a pressing need to 
study the impact of these climate change parameters distinctly and together under controlled environmental conditions 
to know the nature and direction of their impact on natural enemies as part of the tritrophic system. Existing long-term 
historical field data records at regional and local scales need to be meticulously studied to explain the consequences in 
terms of changes in pest-natural enemy distribution, mismatch in crop-pest-natural enemy synchronization, effects on 
fitness, abundance, inter- and intraspecific interactions. 

In the tropics, specifically in India, better research attention is required in view of the vast range and intricacy of the 
agro-ecosystems and landscapes to exploit the full potential of natural enemies. Strategic and coordinated pest 
surveillance programmes such as those currently operational in several states like Maharashtra, Orissa, Punjab and 
Gujarat are most relevant and timely. Monitoring of natural enemies and recording the degree of natural regulation 
needs greater emphasis in such programmes. These and other identified tritrophic systems warrant greater research 
attention and need to be monitored closely in future.  
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Climate change effects the life-history traits of hosts and natural enemies differently. The impact might be more on 
natural enemies as they belong to a higher trophic level. As a result, the extent of natural or biological control is probably 
going to be affected giving scope for pest outbreaks. Better understanding of the varied impacts is only probable by 
studying the behavioural, physiological and functional adaptations of natural enemies to climate extremes both at the 
species level and at the community level. This might result in development of suitable adaptation approaches that 
maximize the extent of natural regulation of insect pests, particularly in dryland ecosystems which are fragile and are 
in greater need of such ecosystem services. 
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Introduction 
We have some extent achieved food security after the green revolution but failed in nutritional security. Among the food 

crops, the pulse is a protein-based crop plays a major role in mitigating malnutrition related disease. Chickpea is the 

most important pulse crop having the largest area and production. There are so many challenges such as biotic stress 

includes various diseases, pest and weed and abiotic stress includes heat and drought in chickpea production. Plant 

breeders try to enhance the yield and quality to feed the ever-increasing population. For this reason, breeder speed up 

their breeding program by incorporating efficient novel technologies in traditional breeding. Current advancement of 

genomic tools with next generation sequence facilitated the development of a huge number of genomic resources, 

including re-sequencing of few thousand germplasm, genome sequence assemblies, fine genetic maps and a range of 

low- to high-density genotyping platforms. The combination of highly efficient genotyping and phenotyping lead to the 

identification of genes which governing the metabolic pathways of specific trait for its improvement. Integration of 

Sequence based omics technology to identify the gene and its function which reduces the gap between genome and 

phenome for developing superior chickpea varieties.   

Approaches for Genomic-Assisted Breeding in Chick Pea 
1. Utilization and discovery of genetic resources for the target trait: Narrow genetic base of the genetic resource can 
slowdown the breeding process. 

Fig.1 Genome based Approaches for avoiding the genotype–phenotype gap in chickpea. 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
785 

For that different organizations like ICRISAT, NBPGR & ICARDA etc. explore the broad base germplasm with high diversity 
for the trait of interest and conserved in their gene bank. It will help to screen QTLs for different biotic stress and abiotic 
stress if the diversity of the genetic resources is enhanced. It can be utilized in developing multi-parent advanced 
generation inter cross (MAGIC) populations and nested association mapping (NAM) to enhance the accuracy to capture 
and identify the novel genomic loci of target traits for novel genotypes and haplotypes discovery (Varshney et al., 2018). 

2. Re‑sequencing of Whole‑genome: The discovery of the draft genome sequence of chickpea provide huge scale re-
sequencing with high-density markers and high-throughput genotyping to understand the translational genomics leads to 
sequence-based breeding for chickpea improvement. The whole-genome re-sequencing (WGRS) of mapping of the 
population of different cultivars enables us to study the genetic diversity pattern which is used in QTLs and target traits 
identification.  

It is used for identification of signature sequence, unique alleles and linked marker and also for the discovery of pan-
genome enables identification of species-specific genes and signature genomic location for crop evolution and 
domestication. Super pan-genome which is pan-genome of different pan-genomes of species provides genus level genetic 
variation that can be used to study in distant hybridization (Khan et al., 2020). 

3. Functional omics approaches to bridge the genome-phenome gap: Integration of all omics platforms to identify the 
function of target genes, which contribute the phenotype to avoid the gap between genotype and phenotype by avoiding 
unnecessary genotyping. Current research focus on RNA-sequencing techniques to understand the expression and 
regulation of target genes, proteins under different stress condition in chickpea. The new efficient genotyping tools 
enable a cost-effective molecular breeding with a huge number of SNPs to know the genetic variation for the trait of 
interest (Choi 2019).    

4. Sequencing‑based rapid trait mapping: In the current post-genomic era, fine genetic mapping of target trait based 
on genome sequence through different approaches such as GWAS & GS enables detection of QTL and study the markers- 
traits association. It also used for the identification and validation of SNPs to study the pattern of population structure, 
allelic diversity and linkage disequilibrium among the all germplasm of chickpea.  

Fine association analysis and GWAS coupled with QTL mapping and transcriptome analysis of different accession and 
mapping populations to identify molecular signatures controlling photosynthetic efficiency in chickpea (Basu et al., 
2019). 

5. Marker Assisted Selection for developing new varieties: The incorporation of efficient molecular tools with breeding 
programs speeds up the breeding cycle with the target traits for nutrition, biotic and abiotic stress resistance and yield.  

Some classical examples of chickpea varieties were developed through marker assisted backcrossing such as Pusa 

chickpea 10216 and Geletu for drought‑tolerance and Super Annigeri 1 and improved JG74 lines for Fusarium wilt 
resistance. 

6. Capture of minor genetic variation through Genomic Selection: The failure of the MAS to capture the minor QTLs 
is overcome by genomic selection.  

Genomic selection having both training and breeding population provides the calculation of genomic estimated breeding 
values that are used to enhance the selection efficiency by decreasing the length of breeding cycles, low genotyping 
thereby decreasing the time and cost, and leading to better genetic gains of quantitative traits in chickpea (Roorkiwal 
et al., 2016). The efficiency of GS can be further enhanced by the incorporation of high-density SNPs and GWAS for the 
development of improved chickpea varieties.  

7. Sequence‑based holistic breeding approach: Rapid improvement of genomics technology possible only due to large 
set genomic database availability helps breeder to identify the gene of interest. Different molecular breeding methods 
such as MABC, MAS and QTLs introgression in different species along with chickpea. This approach integrates GWAS and 
GS with highly efficient genotyping and phenotyping of parent germplasm from a mapping or breeding population to 
enhancing genetic gain. 

Transcriptomics, proteomics and metabolomics profile analysis can be done to identify the gene function and understand 
the mechanism lying behind. The newly emerge speed breeding can be used for rapid generation advancement (Roorkiwal 
et al., 2020). 
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Fig.2 Sequence‑based holistic breeding approach pipe lines  

Conclusion 
The genetic gain can be enhanced either by rapid generation advancement or increased the genetic variation existing 
among the genotypes, precision and efficiency of selection to develop improved chickpea varieties. The functional 
genomics with genome wide selection enables us to identify and understand the function of targeted genes to solve the 
gap between the genotype and phenotype. The high efficient genomics tools act as a key player in the next-generation 
breeding of chickpea for quality improvement, biotic and abiotic resistance and try to make the world self-sufficient in 
both food and nutrition. 
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Introduction 
Organic agriculture has developed by the conscious efforts of inspired people to create the best possible association 

between the earth and men. It aims at sustaining and increasing the productivity by improving soil health and overall 

improvement of agro-ecosystem. Certified organic cultivated farm area rose from 1.5 million hectares in 2017 to 1.78 

million hectares in 2018. Overall, the certified organic cultivated area in the country is about 2 million hectares (FiBL & 

IFOAM, 2019). India is the second most populous country in the world.  

With the rising population, the cultivable land resource is decrease day to day. To meet the food, fiber, fuel and other 

needs of the growing population, the productivity of agricultural land and soil health needs to be improved. Green 

Revolution in the post-independence era has shown path to developing countries for self-sufficiency in food but sustaining 

agricultural production against the finite natural resource base demands has shifted from the “resource degrading” 

chemical agriculture to a “resource protective” biological or organic agriculture.   

Organic Farming 
Organic farming is a system which avoids or largely excludes the use of synthetic inputs (such as fertilizers, pesticides, 
hormones, feed additives etc) and to the maximum extent feasible rely upon crop rotations, crop residues, animal 
manures, off-farm organic waste, mineral grade rock additives and biological system of nutrient mobilization and plant 
protection.  

Organic agriculture is based on holistic production management systems which promote and enhance agro-ecosystem 
health, including bio-diversity, biological cycles and soil biological activity. It emphasizes the use of management 
practices in preference to the use of off-farm inputs, taking into account that regional conditions require locally adapted 
systems.  

This is accomplished by using, where possible, cultural, biological and mechanical methods, as opposed to synthetic 
materials, to fulfill any specific function within the system. Organic farming is based on production standards which are 
environmentally supportive and are socially, economically and ecologically sustainable. It is believed to play a pertinent 
role in safeguarding biodiversity, improving the soil health, and inclusive and sustainable development of the farming 
community. 

Need of Organic Farming 
Organic Food Industry is Growing Fast and Guarantees High Profitability, improvement of Environmental Sustainability 
and Food Security and Improvement of Human Health. With the increase in population our compulsion would be not only 
to stabilize agricultural production but to increase it further in sustainable manner. The scientists have realized that the 
‘Green Revolution’ with high input use has reached a plateau and is now sustained with diminishing return of falling 
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dividends. Thus, a natural balance needs to be maintained at all cost for existence of life and property. The obvious 
choice for that would be more relevant in the present era, when these agrochemicals which are produced from fossil 
fuel and are not renewable and are diminishing in availability. It may also cost heavily on our foreign exchange in future. 

Key Characteristics of Organic 
1. Protecting the long-term fertility of soils by maintaining organic matter levels, encouraging soil biological activity, 
and careful mechanical intervention. 

2. Providing crop nutrients indirectly using relatively insoluble nutrient sources which are made available to the plant 
by the action of soil micro-organisms. 

3. Nitrogen self-sufficiency through the use of legumes and biological nitrogen fixation, as well as effective recycling of 
organic materials including crop residues and livestock manures. 

4. Weed, disease and pest control relying primarily on crop rotations, natural predators, diversity, organic manuring, 
resistant varieties and limited (preferably minimal) thermal, biological and chemical intervention. 

5. The extensive management of livestock, paying full regard to their evolutionary adaptations, behavioral needs and 
animal welfare issues with respect to nutrition, housing, health, breeding and rearing. 

Strategies to Promote Organic Farming in India 
1. Promoting Organic Farming through Agro Tourism: By which urban families are encouraged towards organic farming 
and farmers also gets premium prices.  
2. Getting support of professionals in branding organic products.  
3. Retailing, Packaging and Labeling should also be better managed to promote organic products. Like attractive package 
through organic waste.  
4. High value crops having commercial viability, industrial use and export potential should be considered over other 
crops. 

Principles of Organic Farming 
Organic farming is considered to be native of India. India and China are the countries which play a very significant role 
in promoting the adoption of organic farming and this is the only reason for which agriculture is still somehow very much 
sustained in these countries. The principles of organic farming are as follows (Chandrashekar, 2010): 
1. To work within a closed system and draw upon local resources as much as possible  
2. To maintain long-term fertility of soils  
3. To avoid all forms of pollution that may result from agricultural techniques  
4. To produce food in sufficient quantity with high nutritional quality  
5. To minimize the use of fossil energy in agricultural practices  
6. To make it possible for agricultural producers to earn a living through their work and develop their potentialities as 
human being. 

Future Prospects 
1. Healthy foods 
2. Improvement in soil quality 
3. Increased crop productivity and income 
4. Low incidence of pests 
5. Employment opportunities 

Demand for organic food is probably the single most important variable for the future of organic farming. In the current 
situation, actual demand for organic food does not fully realize its potential for a number of reasons. The crucial obstacle 
to the full realization of potential demand is lack of transparency in the market from the view point of the consumer. In 
most countries, consumers encounter a variety of labels. The organic market is continuing to grow, consumers must be 
able to distinguish easily between organic products and conventional products. The ecological, social and economic 
aspects of farming would be taken into account, including the responsibility for future generations. 

Conclusion 
Organic farming can be a viable alternative production method for farmers to get sustainable production in agriculture. 
The ecological, social and economic aspects of farming would be taken into account, including the responsibility for 
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future generations. Organic farming is one of the best farming practices to decrease the use of synthetic input, cost of 
the production, increase the quality of food, enhance biological diversity within the whole system, improvement of the 
soil health and environment sustainability. 
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Introduction 
Knowledge regarding direct, residual and cumulative effects of fertilizers and manures, other agrochemicals and any 

other input or practice is the fundamental in systems approach. An under dose will not harness the full benefits of costly 

inputs, while the over accumulation will result in serious upheavals in the environment. The successive increments of 

many fertilizer nutrients such as P, S, Ca, Mg, Zn, B, Fe etc result in their accumulation at toxic levels. More application 

of N leads to luxuriant growth inviting more of diseases and insect-pest while showing no residual activity. More K 

application leads to luxury consumption.  

The adverse effects of agro-chemicals are clearly visible on soil structure, microflora, quality of water, food and fodder. 

The quality of the produce is deteriorated due to the entry of chemical residues in the plant body and then to the food 

chain. The concerns such as declining factor productivity like rice and wheat production, depletion of soil organic carbon 

and mineral nutrients, waterlogging and salinization, increasing nitrate concentration in well water are the consequents 

of the modern rice-wheat production system with its unbalanced and injudicious use of chemical fertilizers and 

pesticides.  

Direct Effect 
An effect of organic manure, fertilizer, pesticide, or growth hormone on growth, development and yield of crop within 
the cropping season.  

Residual Effect 
An effect of the remains/residues of the organic manures, fertilizers, pesticides, or growth hormones on growth, 
development and yield of the next crop/cropping season. 

Cumulative Effect 
Effect owing to increasing or growing by accumulation or successive additions of fertilizers or manures. 

Direct and Residual Effect of Rock Phosphate on Soil and Crop Production 
Majority of Indian soils being acidic or alkaline in nature loose a large portion of added phosphorus due to adsorption 
and immobilization to organic forms. Phosphorus being one of the main limiting nutrients, with much lower bioavailability 
indices needs more attention than any other nutrients due to ever increasing demand. It needs to be supplemented on 
regular basis for maintaining soil P status at a level that can withstand the crop requirements especially in areas with 
low inherent soil phosphorus. Modern agriculture warrants judicious use of phosphatic fertilizers in areas where P is a 
limiting factor for crop production. In view of the escalating prices and concomitant shortages of raw materials for P 
fertilizer industry, exploration of indigenous source of P such as rock phosphate gained utmost importance. Direct 
application of rock phosphate has helped india save US $ 6.6 million. Many researchers have evaluated the direct and 
residual effect of different indigenous rock phosphate in meeting the phosphorus requirement of crop. 

Residual, Direct and Cumulative Effect of Boron Application on Wheat and Rice Crop 
With different field experiments conducted to investigate the direct, residual and cumulative effect of boron on wheat 
and rice yield in boron deficient soil (0.29 mg kg-1) for two consecutive years. Three rates of boron ranging from 0-2 kg 
ha-1 in soil were applied as borax (B: 11%) along with basal dose of nitrogen, phosphorus and potassium. The results 
showed that the direct application of 2 kg B ha-1 in wheat was more beneficial as compared to cumulative or residual 
application in rice-wheat system. Highest grain yield of wheat (4803 kg ha-1) was recorded with the application of 2 kg 
B ha-1 only to wheat crop (direct) while (4700 kg ha-1) recorded with the application of 2 kg B ha-1 both to wheat and 
rice (cumulative). The yield increased due to residual effect of boron was statistically lower than the cumulative effect 
of boron. In rice maximum paddy yield was recorded with the cumulative application of boron followed by direct and 
residual applied boron in rice wheat system. The concentration of boron in soil and leaves increased due to treatments 
in order; cumulative> direct effect> residual> control (without boron). Therefore, it was found that under boron deficient 
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soil conditions, yield of wheat can be increased by direct application of B, while yield of rice can be maximised by the 
cumulative use of B fertilization. 

Residual, Direct and Cumulative Effect of Zinc Application on Wheat and Rice Yield 
Zinc deficiency is prevalent particularly on calcareous soils of arid and semi-arid region. It was found that grain yield of 
wheat and rice was significantly increased by the direct application of 5 and 10 kg Zn ha-1. Highest grain yield of wheat 
(5467 kg ha-1) was recorded with the direct application of 10 kg Zn ha-1 while 4994 kg ha-1 was recorded with the 
cumulative application of 10 kg ha-1 but the yield increase due to residual effect of zinc was statistically lower than the 
cumulative effect of zinc. Maximum paddy yield was recorded with the cumulative application of zinc followed by 
residual and direct applied 10 and 5 kg Zn kg ha-1, respectively. The concentration of zinc in the soil and leaves increased 
due to treatments in order cumulative> residual> direct effect> control (without zinc). It was found that under zinc 
deficient soil conditions, yield of wheat can be increased by direct application of zinc, while yield of rice can be 
maximised by the cumulative use of zinc fertilization. 

Conclusion 
Across the modes of application, the cumulative effect of nutrient combinations recorded significantly higher yields than 
direct effect. The direct effect was significantly more than the residual effect of nutrient combinations. The nutrient 
combinations applied to wheat, as well as to the preceding rice, resulted in improved soil fertility status than nutrient 
combinations applied to only wheat (direct) or to only preceding rice (residual). The cumulative effects of organic 
manures were also higher as compared to their direct effects. 
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Summary 
India is blessed with a wide variety of foods (both conventional and unconventional) owing to its rich social, cultural and 

natural fabric. One such example is Makhana, also known as black diamond, rich in protein and vitamin but low in fat 

and cholesterol content ideal for modern nutritional demand. Makhana is cultivated within wetlands (transitional zone 

between terrestrial and aquatic ecosystem), which support a stable aquatic ecosystem with rich biological diversity. 

Makhana is one of the most common dry fruits due to low fat content, high contents of carbohydrates, protein and 

minerals. Makhana is considered excellent during pregnancy because of having a low glycaemic index and other 

nutritional assets as well.  

Introduction 
Euryale ferox Salisb is an aquatic crop, belonging to family Nympheaceae. It is commonly known as Makhana, Gorgon 

nut or Foxnut and grown in stagnant perennial water bodies like ponds, Oxbow lakes, and swamps.  The popped expanded 

kernel of gorgon nut (Euryale ferox) which is a monotypic genus, is characterized by its hard seed coat (shell), black 

colour and round shape seeds. Makhana seeds are also called as Black Diamond. The seeds of Makhana are popped and 

eaten as roasted as well as used in preparation of various kind of sweets and recipes. It has nutritional and medicinal 

properties and there is a great export potential of this crop. 

The edible part of makhana seed is perisperm and the popped kernel known as makhana, are polished by rubbing it 

against baskets made from bamboo without any delay to avoid absorption of moisture. 

Makhana is one of the most common dry fruits due to low fat content, high contents of carbohydrates, protein and 
minerals. Edible part of Makhana contains 12.8% moisture, 9.7% protein, 0.1% fat, 0.5% minerals, 76.9% carbohydrates, 
and 1.4 mg/100 g of carotene. The calorific value of raw seeds (362 kcal/100 g) and puffed seeds (328 kcal/100 g) lie 
close to staple foods like wheat, rice, other cereals and some aquatic plants like Nelumbo and Trapa. 

Origin and Distribution 
Makhana plant is considered as a native of South-East Asia and China, but distributed to almost every parts of the world. 
In general, its distribution is extremely limited to tropical and sub-tropical regions of South-East Asia and known to exist 
in Japan, Korea, Russia, North America, Nepal, Bangladesh and some parts of India. In India, it is distributed in West 
Bengal, Bihar, Manipur, Tripura, Assam, Jammu & Kashmir, Eastern Odisha, Madhya Pradesh, Rajasthan and Uttar 
Pradesh. However, its commercial cultivation is limited to North Bihar, Manipur, parts of West Bengal and Madhya 
Pradesh.  

In the state of Bihar, major Makhana producing districts include Darbhanga, Sitamarhi, Madhubani, Saharsa, Supaul, 
Araria, Kishanganj, Purnia and Katihar. Approximately, 80% of the total production of processed Makhana comes from 
Darbangha, Madhubani, Purnia, and Katihar districts alone. 

General Description of Crop 
The mother plant, Euryale ferox Salisb. (Makhana) comes under the family of Nymphaeaceae, is a large water lily. 
Morphologically it is a rooted submerged macrophyte with an attached rosette of spiny floating leaves. It is characterized 
by gigantic floating leaves ranging from 1 to 2 meter. The rounded leaves (uppermost part) appear to be green whereas 
the colour is deep purple on the reverse (lower-most) and covered with numerous spines on all the surfaces. It has cluster 
roots of fleshy and fibrous nature. Makhana has much thicker roots, as long as 40 to 50 cm. This unique aquatic plant is 
having bright purple-blue flowers, up to 4 to 5 cm long, with white petals in the centre, and long pedicel. It is an 
absolutely seed propagated plant, which produces 15 to 20 rounded, spongy fruits, having sharp prickles. Each fruit 
consists of a number of seeds, small in diameter (less than 2 cm), having a hard-outer cover around the white edible 
part. The seeds are finally processed into the edible form, which is white and starchy in nature i.e. makhana (Kumar 
2017). 
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Close view of makhana leaf Dorsal view of makhana leaf 

 

  
Makhana flower Mature fruit of makhana 

Cultivation of Crop 
Makhana is cultivated either in perennial water bodies having water depth of 4-6 ft or in the field system. 

Pond System 
This is the traditional system of Makhana cultivation. Makhana is cultivated as a seasonal annual crop and dies out after 
the fruits mature. The seeds are first broadcasted (sowing) in the surface water of wetland during the post-monsoon 
period (November-December). However, seed sowing is not required in old Makhana growing ponds since left over seeds 
of the previous crop serves as a planting material of subsequent crop. The germination process starts in the month of 
March and the plant comes out above the surface water. After one and half months (30-45 days) from the flowering 
period, the fruits get fully matured and the ripen seeds start bursting during the month of July-August.  

In the traditional system, apart from Makhana, air breathing fishes get enter into the ponds as wild fishes along with 
flood water and harvested by the farmers as an additional crop. 

Field System 
This is a new system of Makhana cultivation, which has been standardized by the research institute. In the system, 
Makhana cultivation is carried out in agriculture fields at a water depth of 1 ft. This system is very easy to operate and 
provides opportunities of cultivate the same fields in a year for cereals and other field crops. The Makhana seedlings are 
first raised as a nursery and then transplanted in the main filed at the optimum time. Depending upon the availability 
of field and nursery, the transplanting can be done in between first week of February to the third week of April. Through 
this system, the duration of Makhana crop is reduced up to the four months. 

Field view of makhana 

Harvesting 
Harvesting refers to the collection of scattered seeds, either from bottom of the pond or shallow water filed. Harvesting 
of Makhana is done in the month of August-October by divers of “Mallah” community in the morning around 6.00-11.00 
am and it involves drudgery. A diver goes deep into the bottom surface of pond, lies down, hold his breath and drag the 
mud towards the bamboo pole locally known as “Kaara” with both palms. A heap of mud is formed near the base of 
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bamboo pole which is later sieved with locally made bamboo screen called “Ganjaa”.The time required for collection 
depends upon the amount of seeds lying in the bottom of the pond or the fields. Collected seeds are thoroughly thrashed 
by feet to remove the membranous cover. The average in of the seeds varies from 2.5-3 tonnes per hectare of pond. 

Harvesting of makhana 

Processing of Makhana 
Processing of makhana seeds are very tedious and still carried out by traditional methods due to lack of new processing 
technology. Seeds are sun-dried in the morning, so that the moisture content reaches around 31%. Water is spread out 
to keep the seeds fresh and to maintain the moisture content optimum. The other step of processing involves drying, 
grading pre-heating and tempering, roasting and popping. After processing makhana seeds are dried to facilitate removal 
of kernel from the seed coat and passed through different size of sieves to differentiate them into 2-3 grades (Mani, 
2019). 

Uniform heat transfer occurs when seeds of same size are heated during preheating and roasting. Graded seeds are 
heated in cast iron pan with continuous stirring over fire and 230°C-335°C for approximately 6 minutes. When a crackling 
sound is heard 5-7 seeds are taken out kept on a hard surface and heated with a wooden hammer. Seed coat breaks and 
due to sudden release of pressure, the kernel pops out in expanded form and seat coat are then removed manually. 

           Makhana seeds after collection      Makhana finished product 

Conclusion 
Makhana cultivation within the wetlands is associated with numerous economic benefits. There is a scope in revenue 
generation by practising makhana in a vast area, where the major cost of about 84% is consumed in Makhana processing, 
as compared to the cultivation cost of only about 15% (Kumar 2017). Furthermore, Makhana cultivating wetlands and 
water bodies are utilized as an ideal reservoir for culturing diverse fish fauna in the intervening period between two 
successive Makhana crops. The decomposed plant parts of Makhana accumulate organic detritus in the bottom surface, 
which are consumed by the bottom-dwelling fish fauna in the wetlands. The Makhana cultivation along with fishing 
practice has enormous socio-economic values, which provided economic sustenance to the settlers residing around. 
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Summary 
Agriculture is the backbone of the Indian economy and a key area to ensure food safety. In due course the availability 
of information on agriculture is essential for make informed decisions on food safety issues. India is one of the few 
countries in the world that uses space technology and observations of the earth to generate regular updates of crop 
production statistics, and provide input for sustainable agriculture. 

Optical and radar satellite images are widely used in the supervision of agriculture. Radar images used during the 
monsoon season. Integrated use of geospatial technology tools with crop models and in situ observation network allows 
for timely forecasting of crop production and drought assessment and monitoring. 

Remote Sensing 
Remote sensing is the collection of information on an object or phenomenon without making it physical the contact with 

the object and therefore, unlike on-site Observation. Remote sensing is used in many areas, including geography, 

surveying and most scientific disciplines (e.g. hydrology, ecology, oceanography, glaciology and geology); there are also 

military intelligence, intelligence, trade, economy, planning and humanitarian applications. 

In general use, the term "remote sensing" typically refers to the use of a satellite or airborne sensor technology to detect 

and classify objects on Earth, including on the surface and in the atmosphere, and oceans, based on common signals 

(e.g. electromagnetic signals radiation). It can be divided into 'active' remote sensing. (i.e., when a signal comes from 

a satellite or an aircraft, and its reflection from the object is detected by the sensor) and passive" remote sensing (i.e. 

when reflected from sunlight is detected by the sensor). 

Geographical Information System (GIS) 
The Geographic Information System (GIS) integrates Location data, both quantitative and qualitative location information 
that allows visualization, analyses and report information using maps and diagrams with the help of the GIS technology 
you can answer questions, perform What-if scenarios, and visualize the results. The GIS has been identified as a system 
for managing infrastructure assets, is a natural resource and all facilities as needed. Simple to analyze and manage data 
about objects and assets that are GIS, planning, construction and maintenance more efficient and cost-effective.  

GIS is a software-based system that marks the end final information on the good or any kind of object, such as which are 
displayed by the end user on the maps with the desired accuracy in Raster and vector forms. GIS helps in geographic 
location, Parent-child relationship, unique identification, attributes, technical parameters, 2D/3D view and all others 
adapted requirements. The GIS information/data are the most adaptable, precise and easy to use for operating and 
other software requirements applications. IMIS main application, other IMIS can be easily developed to specific user 
requirements. These systems are essential in the utilities sector (water, electricity, gas). 

Agricultural plants, as living organisms need water and nutrients for growth and are sensitive to meteorological 
phenomena, diseases and parasites. Far the remote sensing survey can provide data that can be used for the 
identification and monitoring of agricultural crops. If this data is stored in a Geographical Information System (GIS), 
together with other parameters, become an important tool that contributes to making decisions about crops and 
agricultural strategies. 

Importance of Remote Sensing and GIS 
To identify the potential environment of particular crops, GIS is the best technique because it brings all the data together 
in a single analysis platform. Different vegetation indices such as NDVI, FPAR and TVI are widely used to monitor the 
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harvest. Health which is also directly proportional to yield. In the event that crop insurance, the actual damage can be 
assessed. Complaints and compensation can be granted on an equitable basis. 

In order to monitor crop health, growth and production, there are several factors that play a role, such as temperature, 
irrigation, etc. and soil health are the most important. For to this end, the government has adopted a system is called 
the soil health card. 

Soil Health Card Scheme is a scheme launched by the Government of India in 19 February 2015. Under the scheme, the 
government plans to issue soil cards to farmers which will carry crop-wise recommendations of nutrients and fertilizers 
required for the individual farms to help farmers to improve productivity through judicious use of inputs. All soil samples 
are to be tested in various soil testing labs across the country. Thereafter the experts will analyse the strength and 
weaknesses (micro-nutrients deficiency) of the soil and suggest measures to deal with it. The result and suggestion will 
be displayed in the cards. Under this scheme mapping of soil is done along with its nutrient and sub-nutrient information 
like pH content, nitrogen, phosphorus, soil moisture etc. 

Conclusion 
In order to implement these programs effectively it is vital to use the latest technologies like remote sensing and GIS. 
Remote sensing is used to forecast the expected crop production and yield over a given area and determine how much 
of the crop will be harvested under specific conditions. Researchers can be able to predict the quantity of crop in a given 
farmland over a given period. GIS has the capability to analyze soil data and determine which crops should be planted 
where and how to maintain soil nutrition so that the plants are best benefitted. GIS in agriculture helps farmers to 
achieve increased production and reduced costs by enabling better management of land resources. 
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Introduction 
Industrial revolution, intensive agriculture and growing human population are causing extensive exploitation of natural 
ecosystem which leads to advanced destruction process of land ecosystem. As ecosystem more complex and their 
biological communities, it is not easy to directly assess the health of natural environments. Therefore, the use particular 
taxa e.g. insects, bats, frogs, fish, nematodes etc. that show measurable responses to these changes.  Responses of some 
species like insects, bats, frogs, fishes, plants etc. to disturbances can be used as a parameter of analysis about levels 
of change in the environment. Bioindicators are the species or species group that reflects the abiotic or biotic state of 
an environment, represents the impact of environmental change on a habitat, community, or ecosystems, or indicates 
the diversity of other species (McGeoch, 1998). Peck et al. (1998) suggested that insects have certain characteristics 
which make them good bioindicators are:  

1. Abundance: Insects are found in almost all ecosystems and they have higher growth rate and population turn over 
than plants and animals. 

2. Easily sampled and identified: Due to their small size sampling is easy, and also have many morphological 
characteristics due to this they can be easily identified which make them more suitable.  

3. High sensitivity: They are sufficiently sensitive to provide an early warning for change, distributed over a wide 
geographical area. They respond quickly to environmental stress. 

4. Continuous assessment of intensity of stresses: They can continuously access the stresses that may be due to 
industrial revolution, intensive agriculture and growing human population etc. will leads to certain pollution, 
deforestation, degradation of natural resources etc. 

5. Provide information: Some species of insects can tolerate the excess level of pollutants and other toxic substances 
thereby, provide information even if there is extent damage caused by environment alteration or pollution. 

6. Fragility to small changes: It allows insects to select demographical or behavioural variables that can be measured 
or observed in the field, and have a close correlation with the preselected abiotic variables. 

Use of Insects to Bio Indicate 
Insects can be used to bio indicate the change in different environments such as, changing physical and chemical 

environment, habitat quality and conservation value and changes in the ecological status of the habitat with respect to 

time and place. 

Insects as Bioindicators of Air Pollution 
Winged termites, Reticulitermes sp. when come out of the soil in a group after rainfall occurs, it is believed that rain 
will not come again for some time. If there was no rain in the previous day or week but the insects are coming out of 
the soil, rain is expected to come soon so they act as an indicator for the occurrence of rain. Termites use environmental 
cues as a signal to start swarming and also synchronized with other termite colonies of the same species to ensure the 
possibility of inbreeding is reduced. Hence, they act as indicators for the rainfall. When corn field ants, Lasius alienus, 
are moving along a path carrying their food items with them, a heavy rain is expected on the same day, or within one or 
two days. Movement of bees and locusts in cluster in the sky and ants climb towards roof of the house indicate cyclone. 
Brown bug is found under stone on river bank after monsoon season, it is said that the autumn season is over and winter 
is beginning. If this bug species is found in the forest during summer season, it is expected that rainfall and flooding are 
about to begin. Crickets chirping are the indicators for the change in temperature, it is said that how many times a 
cricket chirp within 15 seconds by adding 37 to this, we can know about the outside temperature. They are also indicators 
of heavy rain. Male crickets produce sounds by wings. Schmitz and Bousack (2012) studied “fire loving” beetles, 
Melanophila conspula Lee, that act as indicator of fire. These beetles appear to be greatly stimulated by heat and 
attracted by smoke. They normally breed in fire scarred pines and under ordinary conditions they are rarely encountered 
in nature. Melanophila approach forest fires and there is considerable evidence that these beetles can detect fires from 
great distances of more than 60 km because Melanophila beetles are equipped with infrared receptors and are also 
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attracted by hot surfaces. Springtails are considered as potential bioindicators to indicate change in soil characteristics 
and environmental pollution. They are highly sensitive to air pollution, particularly to PM10 and No2 concentrations.  

Terrestrial Insects as Bioindicators 
Carabid beetles are best indicator for any habitat alteration. Scarabaeidae beetles have high potential as environmental 
indicators in forest area or agricultural crops. Beetles acts as bioindicators for pollution from heavy metals, herbicides, 
Co2, insecticides and radioactive phosphorus. They are most sensitive group of soil invertebrate to copper pollution. 
Lepidopteran moths and butterflies have ecological faithfulness in temperate and tropical regions. They are more 
sensitive to changes in environment due to pollution by heavy metals and high environmental stressors such as mining, 
agricultural activities etc. Honey bee, Apis mellifera is considered one of the most versatile and efficient bioindicators. 
They show environment chemical impairment due to high mortality rate and intercept particles suspended in air or 
flowers. They are used to monitor trace metals in urban environments, radioactivity after Chernobyl disaster, pesticides 
and herbicides effects, industrial wastes and pollutants (Urbini et al., 2006). Ants are extremely abundant and relatively 
high species richness. They have major influence on soil development and nutrient cycling and role in establishment of 
food chain. They are highly sensitive to ecological changes. Termites inside forests are indicators of the health of an 
ecosystem and their mounds provide vital clues about the ecology of the region. They are indeed architects of change. 

Table 1. Terrestrial Insects as Bioindicators of Environmental Changes 
Chemical/pollutant Insect bioindicators  

Herbicides Soil collembolan 

Habitat degradation Dragonflies 

Selenium toxicity Honey bee 

Fire burning Ants 

Trace metals Social paper wasp 

Metals Cadmium and Zinc Ground beetles 

Landscape and habitat features Lepidoptera, spiders, carabid beetles 

Mining disturbance Grasshoppers 

Boreal Forest Coleoptera 

Nitrogen inputs/ Pesticides Collembola 

Heavy/trace metals Sarcophagid flies 

Air pollution/ acid deposition Collembola 

Lepidoptera 

Aquatic Insects as Bioindicator 
Springtails are sensitive to changes in soil and soil water acidification by organic pollutants and waste. Their diversity 
reduction can show pollution by heavy metals, fertilizers, radiation, soil fumigants, insecticides in agricultural soils etc. 
(Rusek, 1998). Water striders can act as bioindicators of heavy metal (iron and cadmium) pollution in water. iron and 
cadmium. Diptera (Flies and Mosquitos), larvae require different environmental conditions, which makes these flies good 
bioindicator. Due to environmental requirements of their larvae, these insects are particularly affected by the 
landscaping diversity reduction. Insects belonging to order Ephemeroptera, Odonata, Hemiptera, Diptera, Hymenoptera 
and Trichoptera are potential bioindicator of human impact. 

Table 2. Aquatic Insects as Bioindicators of Environmental Changes 
Chemical/pollutant Insect bioindicators 

Water quality Ephemeroptera 

Water pollution Mosquito 

pH/acidification Lentic chironomids 

Coal mine runoff Trichoptera 

Streams Plecoptera 

Lakes Chironomid midges 

Nitrogen and phosphorus Lentic chironomids 

Heavy metals Caddisflies 

Pesticides Dragonflies 

Conclusion 
Insect bioindicators are essential for monitoring and for detection of changes in environment. Insects as a bioindicators 
can be applied in predicting impact of anthropogenic activities particularly pollutants and environmental changes. 
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Termites Locust Dragaonfly 

 

   

Honey bee Ants Melanophila conspula beetle 

 

   
Mosquitoes Collembolans Water striders 

Figure 1. Some of the important insect bioindicators of the ecosystems. 
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Introduction 
In the nucleus of each cell, the DNA molecule is packaged into thread-like structures called chromosomes. Each 
chromosome is made up of DNA tightly coiled many times around proteins called histones that support its structure.  
That Chromosomes are responsible for the transmission of hereditary characteristics. Chromosome were first Discovered 
by Strasburger in 1875 and the term chromosome was first used by Waldeyer in 1888. 

Chromosome Shape 
The shape of chromosome is determined during anaphase. Chromosome shape is determined by the position of 

Centromere. Based on the position of centromere chromosome assume three shapes ¬– 

1. Rod shape: When centromere occupies terminal. 

2. J shape: when centromere occupies sub-terminal. 

3. V shape: when centromere occupies median position of chromosome. 

Chromosomes are classified on the basis of the number and position of centromere present in the chromosomes. Based 

on the position of centromere, chromosomes are of following types: 

1. Metacentric Chromosome: A chromosome in which the centromere is located in the middle position. Such 

chromosomes assume V shape during anaphase. 

2. Sub-metacentric Chromosome: A chromosome in which the centromere is located slightly away from the central 

region. Such chromosome assumes J shape during anaphase. 

3. Acrocentric Chromosome: A chromosome in which centromere is located very near to one end. Such chromosome 

assumes J shape during anaphase. 
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4. Telocentric Chromosome: A chromosome in which centromere is located at one end. Such chromosome assumes rod 

shape during anaphase. 

Chromosome Size 
The chromosome length differs in different plant species. The maximum length is observed during Interphase and 
minimum during anaphase. During cell cycle, the chromosome length varies due to coiling and decoiling. The maximum 
chromosome condensation occurs at metaphase and chromosome size is determined at mitotic metaphase. In general 
plant chromosomes are larger than animal chromosomes. among the higher plants, monocots generally possess larger 
chromosomes than dicots. 

Usually, the mitotic chromosomes range in length from 0.25µm in fungi and birds to 30 µm in some plant species such as 
Trillium. Their diameter varies from 0.2 µm to 3.0 µm. The polytene giant chromosome of Diptera may be about 300 µm 
in length and about 10 µm in diameter. 

Chromosome Number 
The chromosome number is of two types, somatic chromosome number and gametic chromosome number. The 
chromosome number differs from different plant and animal species. Haplopappus gracilis contains only two pairs of 
chromosomes (2n=4), while the plants Ophioglossum reticulatum (a fern) contains 630 pairs (2n=1260) of chromosomes 
in its Somatic cells. 

In animals, the lowest chromosome number has been reported in the Round Worm (2n=2) on the other extreme, some 
protozoa possess up to 1600 chromosome. 

Parts of Chromosomes 
Chromatid - chromatid is the structural and functional unit of chromosomes. The term chromatid was first used by 
McClung in 1900. At metaphase, each chromosome consists of two longitudinal parts called chromatids. These chromatids 
of the same chromosome are called sister chromatids, while chromatids of homologous chromosomes are called nonsister 
chromatids. 

Centromere 
The two sister chromatids of a chromosome are held together at a point called centromere. It is also called the primary 
constriction or Kinetochore. 

Chromonema 
The coiled filament that extends the entire length of a chromosome and on which the genes are located is called 
chromonema. 

Chromomere 
The beadlike structures that lie along the chromonema of a chromosome during the early stage of cell division are known 
as chromomere. 

Knobs 
In some species, chromosomes possess spherical heterochromatic bodies which are called knobs. 
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Secondary Constriction 
The narrow region of chromosome other than centromere is known as secondary constriction. It is associated with the 
nucleolus during interphase of cell division and take part in reorganization of nucleolus at the end of the cell division. 
Some part of secondary constrictions is also called “Nucleolar Organizing Region”. Generally secondary constriction is 
located on the short arm of a chromosome and eery rarely on the long arm. 

Telomere 
The term telomere was coined by muller in 1938. Telomere protects the chromosomes from fusion with other 
chromosomes and provide stability to the chromosome. 

Satellite 
Satellite is mostly present as the tip of chromosomes and carries the nucleolar organizing region that represent site for 
nucleolus formation and r-RNA synthesis. A chromosome with secondary constriction is called satellite chromosome or 
Sat- chromosome. 

Matrix 
Matrix is enclosed in a sheath Known as pellicle. It is a mass of acromatic material in which chromonemata are embedded. 
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Introduction 
Chimera have fascinated the scientific communities for centuries. Descriptions of chimera first appeared in the 
hoticultural literature in 1674 when the Florentine gardener Pietro Nati discovered the ‘Bizzaria’ growing from the graft 
junction of Citrus aurantium and Citrus medica. The term chimera, in botany, simply refers to a plant or plant part that 
is a mixture of two or more genetically different cells. The term heterogenomic refers to organisms that contain 
heterogeneous genomes. Chimera is a type of heterogenomic in which heterogeneous genomes are housed in separate 
nuclei. Chimera is usually produced from an agglomeration of cells originated from separate zygotes. 

Classification of Chimera 
Chimeras can be classified by the arrangement of their genetically distinct cell types as well as the nature of their origin. 

Markers that favour genotypically distinct cells to be distinguished from one another have made chimeras exceptionally 

useful for executing cell lineage analyses. Before going into the classification of chimera, it is necessary to understand 

the structure of the shoot apical meristem (SAM). Most seed plants have tunica-corpus SAMs that are organized into outer 

tunica layer dividing anticlinally and an inner corpus layer dividing both anticlinally and periclinally. These clonally 

distinct cell layers contribute to separate tissues within the newly formed lateral organs. The outer meristem layer (L1) 

forms the colourless epidermal cover, the second meristem layer (L2) forms the sub-epidermal palisade mesophyll and 

abaxial spongy mesophyll tissue, and the inner corpus (L3) forms the deep mesophyll and vascular tissue (Tilney-Bassett, 

1986). Periclinal chimeras have a uniform, genetically distinct layer of cells in the SAM while mericlinal chimeras have a 

heterogenomic population of cells within a single layer of the SAM. Sectorial chimeras either have a heterogenomic 

population of cells traversing multiple SAM layers or have non-patterned heterogenomic patches of cells (as shown in 

Fig.1 and Fig. 2). ¬– 

Fig.1 Two layered tunica and corpus model of shoot apical meristem. 

Interspecies Chimeras 
The fact that fully-functioning, reproductive organisms can form out of a aggregation of cells from species that have 
diverged over millions of years is a proof of the remarkable resilience of plant development. These implausible 
interspecies chimeras can be employed to determine which cell layers regulate overall plant architecture (Kaddoura and 
Mantell, 1991). Interspecies chimeras are typically generated by mixing cells from different species together into a single 
callus culture. Heterogenomic callus is commonly formed by grafting two species  together and subsequently inducing 
bud formation at the graft- junction (generating a graft-chimera) (Chen et al., 2006) or by co-culturing the two species, 
using a modified tissue culture protocol (Murashige and Skoog, 1962). The production of interspecies chimeras is a largely 
underappreciated, yet powerful tool that can be used to tease apart intercellular coordination during development. 
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Fig.2 Mutational basis and phenotypic manifestation of periclinal (A), mericlinal (B), and sectorial (C-D) mosaics 
(Source: Frank and Chitwood, 2016). 

Cytochimeras 
Cytochimeras are mosaics that vary in their cytological aspects (usually nuclear size), can be synthesized through induced 
polyploidization with colchicine treatment (Dermen, 1940). While photosynthetic markers allow for efficient lineage 
tracking at the organ level, cytochimeras provide a high-resolution method of tracking individual cells at a histological 
level. This technique is rarely used today, due to the labour-intensive methodology required to examine these mosaics. 
The demonstration that the SAM is organized into clonally distinct cell layers, and subsequent tracking of these layers 
into tissue positions within mature organs, is based upon impressive, histological dissection of cytochimeras (Stewart 
and Burk, 1970). 

Micro Chimerism 
Mutations that bring forth striking shifts in plant phenotype are broadly appreciated as significant drivers of evolutionary 
change and agronomic improveent; in contrast, the cumulative impact of small effect somatic mutations remains 
ineffectively comprehended. In annuals, these events may have almost no effect on the life cycle of the plant. 
Nonetheless, very long-lived organisms that gather somatic mutations over a number of years, for example,  the Bristle 
Cone Pine and the Llangernyw Yew (Sussman et al., 2014). 

Conclusion 
Chimeras are organisms that are composed of a cluster of genetically different cells. The primary depiction of a non-
anecdotal chimera dates back to the middle of the seventeenth century when the Florentine gardener Pietro Nati found 
an adventitious shoot developing from the graft junction between sour orange (Citrus aurantium) and citron (Citrus 
medica). This baffling chimera that grows with sectors phenotypically taking after each of the citrus progenitors 
encouraged discussion and was fittingly named the "Bizzaria". Since this significant disclosure at the turn of the twentieth 
century, chimeras have served both as tools and as unique biological phenomena that have contributed to our 
understanding of plant development at the cellular, tissue and organismal level. Rapid advancements in genome se- 
quencing technologies have enabled the establishment of new model species with novel morphological and 
developmental features that enable the generation of chimeric organisms. 
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Introduction 
Citrus is one of the most important fruit crops of the world, belonging to the family Rutaceae and subfamily Aurantoideae 
which contain sweet orange, mandarin, and lemon. Fruit classified as a hesperidium and is characterized by vesicles 
within segments. Citrus fruits hold an important place in the economy of the country and these fruits form the third 
largest fruit industry. Citrus fruits rank third in area and production after banana and mango in India. The sour oranges 
grown in India seldom reach the consumer in their whole fruit form. Rather, they come as manufactured products as 
syrups, flavouring agents, health supplements, candies, oils, or extracts.  

Over the past few decades, an increasing trend toward efficient utilization of natural resources has been observed around 
the world. The direct disposal of agro-industrial residues as a waste on the environment represents an important loss of 
biomass, which could be bio converted into different metabolites, with a higher commercial value. 

What is Waste? 
Food Processing wastes are those end products of various Food Processing Industries that have not been recycled or used 

for other purposes. These wastes could be considered valuable by-products if there were appropriate technical means 

and if the value of the subsequent products were exceeding the cost of reprocessing. Impacts of waste not managed 

wisely are; affects our Health, Socio-Economic Conditions, and affects our climate. 

Citrus by Products 
Citrus fruits are principally consumed by humans as fresh fruit or processed juice, either fresh chilled or concentrated. 
After juice is extracted from the fruit, there remains a residue comprised of peel (flavedo and albedo), pulp (juice sac 
residue), rag (membranes and cores), and seeds. These components are either individually or in various combinations, 
are the source materials from which citrus by-product feedstuffs (BPF) are produced. The main citrus BPF from citrus 
processing are,     
1. Fresh citrus pulp (whole residue after extraction of juice) 492 and 692 g/kg of fresh fruits 
2. Dry matter (DM) 600-650 g/ kg peel, 300-350 g/kg pulp and 0-100 g/kg seeds, and 
3. Dried citrus pulp (DCP) formed by shedding, liming, pressing and drying the peel, pulp and seed residues to about 
80g/kg moisture 
4. Citrus meal and fines formed and separated during the drying process.  

A typical processing plant produces these BPF in a ratio of about; 
1. 850g/kg DCP  
2. 140 g/kg citrus meal and  
3. 10g/kg citrus fines.  
Other citrus BPF includes, Citrus molasses, made by concentrating the press liquor from the citrus peel residue, with a 
bitter taste and contains about 100 to 150 g/kg soluble of which 500-700 g/kg consists of sugar. Citrus peel liquor, which 
is similar to citrus molasses, but not as concentrated, and Citrus activated sludge, which is produced from liquid wastes 
from citrus processing plants. Other minor BPF from citrus include cull or excess fruit. 

Major Wastage & by Products 

Citrus 
Fruits

Peel (45-
55%)

Pectin Marmalade
Candied 

peels
Limonene

Animal 
feed

Seed (2-
7%)

Oil 
extraction

Animal 
feed
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 Pectin Manufacturing 

Pectin & it's Applications 
The most important area of citrus peel utilization is the production of enzymes, especially pectinolytic ones. Pectinolytic 
enzymes or pectinases are a heterogeneous group of related enzymes that hydrolyze the pectic substances. 
1. Typical levels of pectin in citrus peels are about 30%. 
2. Pectin occurs as a white to light brown powder or granular & odourless.  
3. Mainly used as a gelling agent, thickening agent, and stabilizer. 
4. Used in confectionery jellies to give a good gel structure, clean bite, and to release a good flavour.  
5. Used to stabilize acidic protein drinks, like yogurt.  
6. Typical levels of pectin as a food additive are between 0.5-1.0%. 
7. Used against constipation, diarrhea, and as a demulcent (mucoprotective agent) and a stabilizer. 

Marmalade 
1. It refers to a fruit preserve made from the juice and peel of citrus fruits, sugar, and water.  
2. It is a fruit jelly in which slices of the fruit or its Peel are suspended.  
3. Place of origin Britain, preferred fruit is Seville orange, with high pectin content. For marmalade pectin and acid 
contents are kept on the higher side. 

Candied Peel 

Oil (Limonene) Extraction from Citrus Peel 
1. The outer peel (flavedo) of citrus fruit has a good amount of limonene. 
2. A colour less unsaturated hydrocarbon, with a boiling point of 176℃. 
3. Limonene is relatively, stable and can be distilled without & composition, it is not soluble in water. 
4. D - Limonene has a citrus smell and it occurs in the citrus peels. 
5. It gives citrus fruits their familiar aroma. 
6. The composition varies with the ripeness of the fruit. 

Citrus 
Peels

Cutting 
into small 

peels

Blanching 
90-92℃

for 5 min

Drying at 
50℃ (10% 
moisture)

Extraction 
0.05N HCL 
for 1 hour 

at 95%

Filtration 
with thick 

muslin 
cloth

Drying at 50℃

Packing Pectin powder

Distillation
Washing of 

precipitated pectin 
with 70% ethanol

Pectin extraction
Filtration (Muslin 

cloth)
Precipitation with 

95% ethanol 

STEP 1:  Fruits
STEP 2: Separate 

the peel and 
juicy sacs

STEP 3: Cut the 
peel into desired 

shapes

STEP 4: Blanch 
the peels

STEP 5: Drain the 
water & keep the 

peels aside

STEP 6: 
Preparation of 

Sugar syrup

STEP 7: Add the 
peels to sugar 

syrup

STEP 8: Cook for 
20-30 min

STEP 9: Remove 
the peels and 

glaze the candy 
with sugar

STEP 10: Allow 
for drying
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Applications 
1. As it is combustible, it considered as a biofuel.  
2. Used in cosmetic products, food flavourings and as a fragrance in the perfume industry.  
3. Important medicinal properties: sedative, anti-stress, anti-carcinogenic, relieve heartburn, and gastrointestinal 
problems. 
 4. Used as an insecticide due to the presence of an enantiomer. 

Method of Preparation 

Important Value-Added Products 
1. Aloe & Mandarin Juice (helpful to stomach and intestines) 
2. Candle (burn for more than 100 hours) 
3. Canned fruits (whole/segments) 
4. Frozen fruits (whole/segments) 
5. Jeju Kimchi sauce (made from mandarins) 
6. Jeju Godgamagauul (A drink from organic tangerines consists of beta-carotene) 
7. Essential oil 
8. Essences (made of oranges) 
9. Infused {TEA, VINEGAR, LIQUOR} 
10. Cosmetic uses (face masks, feet rub) 
11. Pickles 
12. Citrus peel powder 
13. Zest {Frozen & Dried} 
14. Repellent 
15. Potpourri 
16. Soil enricher (utilized in compost making). 
17. More than 15.6 million tons of peel, rag, seed remain each year after citrus fruits are processed into juice, and 
concentrate. 

In the past years, the solid wastes were dumped on wasteland or used as a soil conditioner and the liquid wastes were 
ponded or flushed into streams, lakes, or sewers. Due to which the BOD level increased and polluting the underground 
water. 

Now 80-90% of the wastes were converted into usable products such as pectin manufacturing, extraction of oils, making 
of brined peels, dried pulp (Animal feed).   

Food wastes are a source of valuable compounds e.g. Pharmaceutical Industry. 

Conclusion 
Citrus by-products represent a great potential for use as substrates in biotechnological processes. Several studies have 
been described regarding the employment of this residue for the production of value-added products, as well as value-
added compounds, such as enzymes, biofuels, biopolymers, SCP, organic acids, prebiotic compounds and natural 
antioxidants among others. These are found to be effective not only in the point of low-cost substrate, but also in solving 
problems related to their disposal. 

Citrus Peel 100g Cut into slices
Add distilled 

water
Homogenize in a 

blender

Transfer the 
mixture to a 
round flat 

bottom funnel

Set apparatus for 
steam distillation 

Turn on the hot 
plate & condense 

Collect the 
distillate

D-Limonene (1.2 
g)
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Introduction 
The plants required nutrients to boost crop yields and improve overall plant health and quality. Besides improving the 

growth and yield, the nutrients also influenced to crop plants by determining its resistance or susceptibility against a 

number of diseases, their histological or morphological structure, and the virulence or avirulence in pathogens. Plants 

required several nutrients such as nitrogen, phosphorous, potassium, calcium, magnesium, iron, zinc, sulphur etc., for 

their better growth and development. Among all essential nutrients, Nitrogen (N) is the most important nutrient for 

plant growth and development.  

It is particularly important as an essential macro element for plant normal growth and development, which accounts for 
~1.5% to 2% of plant dry matter and ~16% of total plant proteins (Scheible et al., 2004). Its assimilation is related to key 
metabolic or physiological processes such as respiration, photosynthesis, photorespiration, tricarboxylic acid (TCA) cycle 
and amino acid synthesis (Makino, 2001). Unsurprisingly, the plant’s N status can influence plant resistance to varied 
abiotic and biotic stresses. However, the effect of N on disease development is inconsistent and contradicts each other, 
and the real causes of this inconsistency are poorly understood.  

The effect of nitrogen on disease development may be due to the form of N nutrition of the host, the type of pathogen: 
obligate and facultative parasites or the stage at which nitrogen are applied. It has been observed that obligate parasites, 
e.g., Puccinia graminis and Erysiphe graminis, increased the severity of the infection when there is high N supply; 
however, the condition was opposite in case of facultative parasites, e.g., Alternaria, Fusarium and Xanthomonas spp., 
where the severity of the infection was decreased by application of higher amount of N fertilizers (Dordas, 2008). 
Therefore, in this article we summarized the role of nitrogen and its different form on development of disease in crop 
plant.  

Table 1. Effect of N Level on Disease Severity of Various Pathogens 
Obligate parasite Pathogen/ Disease High N Low N 

Erysiphe graminis Increase Decrease 

Puccinia graminis Increase Decrease 

Olpidium lycopersicum Increase Decrease 

Plasmodiophora brassicae Increase Decrease 

Tobacco mosaic virus (TMV) Increase Decrease 

Facultative parasite Fusarium oxysporum Decrease Increase 

Alternaria solani Decrease Increase 

Xanthomonas vasicatoria Decrease Increase 

Additionally, the form of N fertilization can also change disease severity in plant. Thus, NH4+ form of N significantly 

increased plant resistance to take-all disease in wheat, summer patch in bluegrass and black root rot in strawberry, 

while NO3
- nutrition induced plant resistance to Fusarium infection (Wang et al., 2016). 

Table 2.  Effect of Different Form of N Fertilizers on Plant Disease Development 
Disease Pathogen N form 

No3- NH4+ 

Rice blast Pyricularia oryzae D I 

Brown spot Helminthosporium oryzae D I 

Black scurf Rhizoctonia solani I D 

Scab of potato Streptomyces scabies I D 

Stem rust of wheat Puccinia graminis f.sp. tritici I D 

Stripe rust Puccinia striformis I D 

Angular leaf spot of cotton Xanthomonas campestris pv. malvacearum D - 
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Root rot of pea Aphanomyces euteiches D I 

Root rot of tobacco Thielaviopsis basicola I D 

Root rot of cotton Phymatotrichum omnivorum I D 

Mechanism of Disease Stimulation and Suppression 
1. Stimulation of disease: The application of nitrogen in plants promoted more succulent tissues, apoplastic amino acid 
concentrations and improved plant canopy structure, which directly or indirectly favour the growth of pathogenic spores 
(Dordas, 2008).  

During infection the biotrophic pathogen induced amino acid accumulation at the site infection, among which gamma-
aminobutyric acid (GABA) is an important N source for the development of Stagnospora nodorum, Fusarium graminearum 
(Bönnighausen, 2015) and Cladosporium fulvum (Solomon and Oliver, 2002).  

In fungus Magnaporthe oryzae, nitrogen starvation stimulates pathogen effector genes, such as the Avr (avirulence), hrp 
(hypersensitive response and pathogenicity), and hydrophobin MPG1 genes (Donofrio, 2006). 

2. Suppression: The suppression of disease with N fertilizers is mainly achieved through multiple defense-related 
enzymes acting to affect primary or secondary metabolites. The Nitrogen mediated biochemical defense are associated 
with (1) plant metabolites including antimicrobial proteins, phytoalexins, organic acids and amino acids and (2) defense-
related enzymes. 

Pathogenesis related protein (PR protein) considered as antimicrobial proteins are N-based compounds and their 
responses to N availability are differ. Chitinase and β-glucanase can bacterially cell wall and chitin or dextran of the 
fungal cell wall by degrading the glycoside peptide bond to counter pathogen infection. The activity of some PR protein 
i.e., β-1,3-glucanase (PR-2 protein), chitinase (PR-3) and chitosanase, increased with the increased N fertilization rate, 
which correlated with enhanced plant disease resistance. 

The N application can also stimulate the activation of plant defense-related enzymes during plant-pathogen interactions 
which fight against pathogen invasion (Ngadze et al., 2012 and Thapa et al., 2018). The phenylalanine ammonia lyase 
(PAL) is considered as the key regulatory enzyme in phenylpropanoid pathway that involved in the synthesis of secondary 
antimicrobial compounds. 

The N deficiency up-regulated the genes encoding gene ral phenylpropanoid metabolism such as PAL, 4-coumarate: CoA 
ligase (4CL) and cinnamate-4-hydroxylase (C4H), while decreased PAL activity has been seen with N fertilization. 

Conclusion 
This review summarizes the effect of nitrogen along with its different form of nutrition i.e., NO3

- and NH4
+ in the host 

and pathogen. On host plant, N nutrition influences the strength physical barriers with reduced lignin content and wax 
layer thickness or provides more succulent tissues that affect the penetration by pathogens. Contrary, N nutrition 
induced biochemical defense  in host plant that represents a network of antimicrobial proteins, phytoalexins,  defense-
related enzymes, organic acid metabolism, amino acid, and endogenous hormones.  

However, the relationship between plant disease incidence to different rates and forms of N fertilization is complicated. 
Therefore, the understanding of this relationship or the exploration of the underlying mechanisms is of great significance 
for agricultural practices. 
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Introduction 
Sowing of wheat in North eastern India gets delayed due to various reasons viz: preparation of field, late vacation of the 
field by growing of long duration traditional rice varieties. Generally, it is not possible to undertake tillage operations 
for growing of wheat since the soil remains wet for a long time after harvest of long duration rice crop in lowland areas.  

In such areas dry or soaked wheat seeds can be broadcasted a few days before or immediately after the harvest of the 
rice crop under wet / saturated soil conditions. This system of growing wheat is called as surface seeding. 

Depending on soil wetness, dry or soaked seeds (in fresh water for 6-10 hrs) can be used for seeding. Soaked seed should 
be preferred as it germinates quickly and uniformly. If dry seeds are to be used, seeding should be done in the afternoon 
to facilitate imbibition of water and swelling of seeds in cooler environment. It is essential to maintain saturated 
conditions till root anchorage. Water stagnation should not be allowed to ensure proper germination and good crop 
stand. This technology is most suitable for low land areas. 

Broadcasting of dry or soaked seeds on wet soil in standing rice crop (or about a week before harvesting) or on wet/muddy 
soil after rice harvest is called surface seeding. Excess soil moisture does not permit time for tillage and sowing 
operations which in turn result in reduction of wheat yield to the tune of 40-70 kg/ha/day depending upon extent of 
delay in sowing. Wheat sowing may be advanced by 15-20 days by this technique. Heavy textured soils are more suitable 
than light textured for surface seeding. Lowland rice soil and fringes of deep-water rice areas are most suited for surface 
seeding of wheat. In medium land also, this technique can be adopted for reducing the cost of production and earlier 
sowing. There is a vast scope of adoption of this technology in eastern UP, Bihar and West Bengal.  

How Surface Seeding? 
Surface seeding of wheat can be done in the following ways: 

1. Broadcasting of wheat seed in standing rice crop about one week before harvesting when soil is wet enough to facilitate 

germination. In case of less wetness of soil, seeds soaked in water (8-10 hrs.) may be used. 

2. Under depleted soil moisture condition after rice harvest. Broadcasting of wheat seed one day after irrigating dry rice 

field. Rice straw mulch after seeding ensures better germination. 

3. In the above methods, land is not tilled. However, in special circumstances under midland rice field condition where 

soil moisture is not enough for proper wheat germination, land may be tilled conventionally and seeds to be broadcasted 

on the surface is followed by irrigation. By this method, sowing may be done one week in advance. 

Varieties 
Surface seeding of wheat is generally done under late sown condition. Experiments on selection of varieties  for surface 
seeding of wheat have revealed that HUW 234, NW1014, HD 2285 and HP 1744 are better as they yielded 39.5,36.9, 34.1, 
31.2 q/ha respectively when sown even in the first week of January. DBW 14, PBW 373, NW 2036 also gives higher yield 
(30-35 q/ha) under surface seeded condition.  

Seed Treatment 
Seeds should be treated with Vitavax (2.5 g/kg seed) and then mixed with fresh cow dung in 2:1 ratio before seeding in 
order to protect seeds from picking by birds. When soil is less wet, soaked seeds (8-10 hrs) may be used. 

Seed Rate 
Surface seeding is done in late sown condition and sufficient plant population is essential for higher yield, the seed rate 
should be 150 kg/ha. 
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Fertilizer Application 
The fertilizer dose and its time of application for surface seeded wheat is different from normal sown wheat. For higher 
yield of surface seeded wheat, 120 kg N, 60 Kg P2O5 and 40 kg K2O per ha should be applied. Full dose of phosphorous as 
DAP and potassium as muriate of potash (MOP) should be applied 10-12 days after sowing when soil is still wet. About 
23.4 kg N/ha should be applied through urea to make it one-third of full dose of nitrogen. The remaining two thirds of 
nitrogen should be applied in two equal proportions at first and second irrigation. 

Water Management 
Water management in surface seeded wheat is slightly different from existing practices. In this system, first irrigation 
should be applied at 30-35 days after sowing (DAS), second at 50-55 DAS and third at 80-85 DAS. The land should be well 
levelled before rice establishment itself so that wheat seeds may not rot due to stagnation of water in depressions and 
irrigation could be applied evenly. It is better to use plastic pipe for controlled irrigation to the crop. 

Weed Management 
The emergence of weeds in surface seeded wheat is slightly later than wheat sown by usual practice. In order to control 
broad-leaved weeds, 2,4-D @ 0.5 kg ai/ha should be sprayed 45-50 days after sowing after mixing in 400-500 litres of 
water. In case of existence of narrow leaved weeds too, isoproturon @ 1.0 kg ai/ha should be mixed with 2, 4-D. Due to 
water logging in low lying areas, generally there is no weed problem. However, if such situation exists one litre 
glyphosate in 250-300 litres of water, may be sprayed a day before sowing. If a thin layer of rice straw is sprayed on soil 
surface after broadcasting wheat, it will facilitate germination, saves seeds from picking by birds, conserve soil moisture, 
reduce weed problem and improve soil physical problem. 

Advantages 
1. Higher yield due to 15-20 days earlier sowing. 
2. Saving of Rs 1500-2000/ha on land preparation. 
3. Less time required for irrigation 
4. Double cropping in mono cropped rice areas and increase in wheat acreage. 

Surface seeding provides an additional window for increasing the wheat area by doubling the cropping intensity in areas 
where only single crop is possible due to protracted wet soil conditions following rice harvest. The cost of producing 
wheat is only 70-75 per cent as it eliminates the need for tillage operations. This practice utilizes residual soil moisture 
and also reduces the turnaround time by early sowing of wheat. Those land remains fallow after rice harvest due to 
excess wetness of soil may be brought under wheat by this technique. 
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Summary of Article 
Food allergy is an adverse immune response to food proteins and can be immunologically mediated. Antigens that trigger 
allergy are called allergens. Allergens in food are either proteins, glycoproteins or polypeptides. Allergenicity can be 
associated with the type and structure of proteins. The incidence of food allergy continues to be on rise; and about 2 to 
4 per cent of total population suffers from food allergy, out of which 8 per cent comprise children. With the introduction 
of food additives such as colouring agents and preservatives, the number of substances that may generate adverse 
reaction has increased.  

Cow milk, fish, egg, nut, wheat etc. are the most common food responsible for allergic reaction. Symptoms typically 
occur 2 minutes to 3 hours after the person eats food to which he or she is allergy. Common symptoms of food allergy 
include vomiting, diarrhoea, eczema, urticaria, rhintis, abdominal cramps, burning and swelling around the mouth. 
Employees in the food industry are exposed to a wide variety of substances and many among them can induce allergic 
reactions often called as occupational allergies. Skin prick test, Radioallergosorbent Test are commonly used to 
determine the existence of allergy. Drugs like epinephrine and adrenaline have been reportedly observed highly effective 
for the treatment of food allergy. Proper diagnosis is essential for the prevention and adequate therapy of food allergy. 

Introduction 
The word “Allergy” was introduced by Van Pirquet in 1911. He defined it as altered reactivity of host. We have an 

immune system within our bodies as the defense force. It identifies the body’s enemies like bacteria, virus etc. and 

eliminates them. However, it ignores useful substances like food and drugs.  

If the immune system reacts to useful substances, then the person is said to have developed an allergy (Beck and Martin, 

1999). For example; the windblown pollen released from orchards grass has no effect on some person but it may cause 

violent attack of “Hay Fever” in other person. Allergy is a harmful immune response elicited by an antigen that is not 

itself intrinsically harmful. The word allergy means immune system has responded to a specific component. 

There are four types of adverse food reaction: 

1. Food intolerance (Non-immune mediated reaction). 

2. Food toxicity (Toxic reaction). 

3. Food aversion (Psychological reaction). 

4. Food allergy (Immune mediated reaction). 

Incidence of Food Allergy 
Bock et al. (1987) estimated that six to eight per cent of children under the age of three have food allergies and nearly 
four per cent of adults have them. Food allergy causes roughly 30,000 emergency room visits and 100-200 deaths per 
year in the United States. The most common food allergies in adults are shellfish, peanuts, tree nuts, fish and egg and 
the most common food allergies in children are milk, eggs, peanuts and tree nuts, soya and wheat.  

Allergen 
Antigens that trigger allergy are called allergens. These may be from foods, pollen, house dust, animal hair or mould. 
According to Steinman (2003) allergen may be either proteins, polypeptides or glycol proteins. The allergenicity can be 
associated with the type of structure of the protein and the peptides primary, secondary or tertiary. In case of tertiary 
structure allergenicity disappears on denaturation, where as in case of primary structure allergenicity remains. Further, 
the protein has to be large enough to be recognized by the immune system as a foreign compound. 

Seed Rate 
Surface seeding is done in late sown condition and sufficient plant population is essential for higher yield, the seed rate 
should be 150 kg/ha. 
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Symptoms of Food Allergy 
1. Angioedema: Soft issue swelling, usually involving the eyelids, face, lips and tongue. Angioedem a may result in severe  
swelling of the tongue as well as the larynx (voice box) and trachea, resulting in upper airway obstruction and difficulty 
breathing. 
2. Itching of the mouth, throat, eyes, and skin. 
3. Nausea, vomiting, diarrhea, stomach cramps and/or abdominal pain. This group of symptoms is termed gastrointinal 
hypersensitivity or anaphylaxis. 
4. Rhinorrhea, nasal congestion. 
5. Wheezing, scratchy throat, shortness of breath or difficulty swallowing. 
6. Anaphylaxis: a severe, whole-body allergic reaction that can result in death. 

(Pomes et al., 2004). 

Mechanism of Food Allergy 
The process by which an allergic reaction occurs is a complex chain of events. Once inside the body, the allergen is 
captured by the antigen presenting cells (APCs), these cells break down allergen into two smaller pieces called peptides 
which then combine with other proteins present within the APCs, called human leukocyte antigens or HLAs. As such the 
job of HLAs is to help the body distinguish self from non-self, so when a foreign substance enters the body (Allergen) the 
body will attempt to dispose it off. The combined peptide HLA travels to the surface of the APC, exposing itself to a 
neighboring immune cell called the T- lymphocyte or T-cell. This sets off another chain of events in which different 
types of T-cells are created which interact with other immune cell called B cells. The end result is the production of an 
antibody immunoglobulin E or IgE, which is behind every single allergic reaction, from hay fever and asthma. These IgE 
antibodies attach themselves to receptors located on the surface of particular types of white blood cells, including mast 
cells and basophiles. 

Unlike infections where repeated exposure to an offending agent builds up one’s immunity, repeated exposure to the 
agent responsible for allergies. The Hypothalamus in the brain constantly checks and controls the autonomic nervous 
system. The hypothalamus in turn is considerably influenced by the cerebral cortex. It the message formulated in the 
cerebral cortex is one that could cause an emotional response, it is sent to the hypothalamus. The hypothalamus then 
sends the message via the autonomic nervous system to the allergic target tissues. 

Table 1: List of Common Allergies 
Allergy Cause Symptoms Treatment Prevention 

Asthma Dust mites, animal 
hair, pollen, foods 
and food additives 

Difficulty in breathing, 
wheezing 

Prick test, in severe 
condition, course of 
injection 

Keep house dust free, 
avoid pollen, keep 
clear list of allergic 
foods  

Contact 
dermatitis  

Jewellery, chemicals  Itchy, blistery 
inflammation  

Steroid cream  Avoid contact with 
allergen  

Eczema Some foods and sea 
foods 

Rash on hands, face, 
arm and legs 

Antihistamine tablets 
and anti-allergic cream  

Take diet precautions  

Food allergy Milk, flour, eggs and 
nuts  

Upset stomach and 
general nausea, 
swollen tongue and 
lips, diarrhoea  

Prick test, elimination 
test 

Avoid allergic foods  

Migraine Cheese, wine and 
yeast extract  

Blinding headache Elimination test Avoid allergic foods 

Nettlerash Foods, handling 
certain plants, hot 
and cold water  

Red, irritability,  
swelling with small 
white point in centre  

Anti-histamine cream Avoid allergens  

(Source: Dewaries, 2007). 

Conclusion 
Today, by building upon the discoveries of the pest century, our understanding of the mechanisms of allergic diseases 
has increased manifold. These new discoveries have given us the opportunity to develop new treatments for this disease. 
Allergists are able to treat the symptoms of allergic disease and empower individuals to manage their conditions better 
than they ever could before. We strongly believe that one day there will be a way to intervene before an individual 
develops allergies. 
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The grail of modern agriculture is to manage production practices so that soil and crop quality are maintained, crop 
yields are maximized with adverse environmental effects being minimized. The increased global population has directly 
resulted in generation of quantum amounts of diverse solid wastes worldwide. In this era of accelerated industrialization 
and urban development, injudicious use of natural resources and consequent production of complex solid waste is posing 
a severe threat. With the banning of ocean disposal and new landfilling regulations, much more solid waste is now 
beneficially reused. Agriculture use of biosolids is still considered the most feasible disposal option, because of its cost-
effectiveness. On the other hand, due to the increased transportation, disposal costs, and increasing public pressure, 
efforts are being made to reduce the quantity of biosolids for disposal.  

Introduction 
Biosolids is an important type of organic wastes among the various categories of solid waste (Singh et al., 2014). Biosolids 

also referred to as sewage sludge or domestic wastewater residuals is an insoluble biological solid residue or organic 

waste resulting from different sewage treatment processes (Usman et al., 2012) in wastewater treatment plants 

worldwide (Marguí et al., 2016). The improper disposal of solid wastes like biosolids and other biowastes pose a serious 

threat to the environmental quality leading to problems like groundwater contamination, degradation of soil quality, 

etc. Over the time, different approaches of safe biosolids disposal such as incineration, soil application, land filling 

(Marguí et al., 2016) and sea dumping have been explored (Sanchez Monedero et al., 2004). 

Biosolids are used in agronomic crop production primarily as a nitrogen (N) fertilizer source, and its application is mainly 

aimed to meet crop N needs. In addition, biosolids also contain significant amounts of phosphorus (P) and organic matter, 

and small amounts of various trace elements and some contain lime. Thus, in addition to their effects on soil and crop 

N, biosolids can also affect the amount of soil and crop P levels, soil pH, soil organic matter content, and soil trace 

element concentrations. Objectives of biosolids management includes supplying sufficient nutrients for crop production 

while minimizing the potential for nutrient loss from the soil, and maintaining soil pH and organic matter levels in desired 

ranges. Because many trace elements tend to accumulate in soil, biosolids management also requires tracking trace 

element additions to soil.  

Being a rich and widely accepted source of beneficial plant nutrients and organic matter, agricultural utilization of 

biosolids has become a common practice worldwide. Land application of biosolids has shown to have a positive effect on 

plant growth (Singh and Agrawal, 2008) thereby increasing yield production and nutritional quality as well. However, 

presence of heavy metals in the sludge is seen as a limiting factor for its land application and plant growth medium due 

to the associated threat of leaching and food chain contamination due to these trace metals. 

Effect on Growth and Development of Plants 
With the tremendous increase in biosolids generation around the world resulting from ever increasing global population 
and urbanization, management of this solid waste remains a major environmental challenge. Land application of biosolids 
for agricultural purposes has been a widely practiced disposal method due to its multiple benefits of recycling of plant 
nutrients, improvement in soil’s physicochemical and biological properties, rich source of organic matter, all of which 
contribute significantly towards plant growth, development and increasing crop yields. Biosolids application provides 
varying amounts of macronutrients mainly nitrogen and phosphorus to crops.  

Effects of Biosolids Application on Soil Properties 
1. Organic Matter: Soil organic matter (SOM) is generally considered the single most important property affecting soil 
quality and functioning. The use of biosolids as a source of organic matter to agricultural or degraded lands improves 
the physical, chemical and biological properties of soils by decreasing the bulk density, increasing pore size, soil aeration 
and root penetrability and water holding capacity resulting in an increase in crop yields (Gilbert et al., 2011). 
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Biosolids are typically made up of 40 - 70% organic matter, identified as a mixture of fatty acids, steroids, proteins, 
carbohydrates, lignin, amino acids, sugars, celluloses and humic material (Torri, Alberti 2012). Organic carbon added 
through biosolids consists of two fractions of different degree of biodegradability: a labile fraction (53-71%) that 
mineralizes quickly and a resistant fraction (28.5-45.4%) which is apparently not available to soil microorganisms and 
remains in the soil after application (Antoniadis et al., 2008).  

When biosolids are applied to lands repeatedly and/or at high rates, a substantial increase in soil organic matter content 
is observed, particularly pronounced on degraded soils (Garcia-Orenes et al., 2005).  

2. Macronutrient Content and Release: The addition of biosolids to agricultural land increases the growth and production 
of crop plants, usually exceeding that of well-managed fertilized controls (Corrêa, da Silva 2016). This rise in productivity 
is attributed to the increase in water holding capacity and nutrient availability to plants. Biosolids are a source of plant 
nutrients, including nitrogen (N), phosphorus (P), sulphur (S), magnesium (Mg), calcium (Ca) and micronutrients such as 
copper (Cu), zinc (Zn) and boron (B). Nutrient content in biosolids depends on the untreated water source, chemicals 
used in the wastewater treatment plants (WWTP) in pre- or post-treatment, or types of unit operations being used. 

a. Nitrogen: Usually, nitrogen supplied by biosolids is present as organic forms, ranging between 50 - 80% and 
these organic forms are not immediately available to plants. The conversion of organic nitrogen into plant 
available forms (ammonium NH4+ or nitrate ions NO3−) is mediated by heterotrophic soil microorganisms 
(Pierzynski et al., 2005).  

Nitrogen mineralization is the process by which organic N is first released as NH4+ ions, which may be directly 
absorbed by plant roots or oxidised by aerobic, nitrifying bacteria to nitrite ions (NO2−). Nitrite ultimately 
oxidises to nitrate ions (NO3−), which are easily absorbed by plant roots (Pierzynski et al., 2005). The proportion 
of organic N in biosolids that becomes plant available is referred to as the ‘mineralizable’ fraction. For agronomic 
and environmental purposes, it is often assumed that, after a single application, 20% of biosolids organic-N is 
mineralized in the first year, 10% in the second, and 5% in the third year (USEPA, 1995). However, the available 
fraction of organic N in biosolids may be influenced by soil properties, and environmental conditions.  

b. Phosphorus: Biosolids-borne P may be found in both soluble and insoluble organic and inorganic P compounds 
(Tian et al., 2012). Inorganic P is the predominant form of P in biosolids, representing 70 to 90% of total P (He 
et al., 2010). The relatively low N/P ratio of biosolids has led to a significant over-application of P at the N-
based rate. As the amounts of P applied often exceed crop removal, more than 95% of biosolids-borne P remains 
in soils (Corrêa, 2004).  

Phosphorus availability in biosolids is strongly influenced by the wastewater treatment process used (Torri et 
al., 2016). Biosolids treatment with high Al and/or Fe doses results in biosolids having low available P 
concentrations, with Fe and Al phosphates as dominant P forms (Shober, Sims 2007). Taking into account that 
the solubility kinetics of these phosphate minerals is extremely slow, it is unlikely that, once formed, these 
minerals would readily release P into the soil solution (Strawn et al., 2015). In fact, P in biosolids treated with 
Al and Fe was found to be less soluble than P in untreated biosolids or commercial fertilizers (Kyle, McClintock 
1995).  

c. Potentially Toxic Elements: The presence of biosolids-borne potentially toxic elements (PTE) such as arsenic 
(As), cadmium (Cd), copper (Cu), chromium (Cr), lead (Pb), mercury (Hg), nickel (Ni), and zinc (Zn) is the most 
critical long-term hazard when biosolids is land applied. Some of these elements have been reported to be 
essential to all plant species (micronutrients), and some others are known to have stimulating effects on plant 
growth, although their functions have not been recognized yet. 

Elevated levels of PTEs in agricultural soils may adversely affect soil’s quality and deprive the plant yields. They 
also possess ecological and human health risk if entered into the food chain or leach into ground waters. Biosolids 
contain varying concentrations of PTE as a result of drainage waters, business effluents (such as car washes, 
dental uses, among others), atmospheric deposition, traffic related emissions and household effluents (Torri, 
Lavado 2008 a,b). Unlike the majority of organic compounds, PTE do not undergo microbial or chemical 
degradation (Adriano 2003). These elements persist in the environment for a longer time after their introduction 
and accumulate in soils, which are their final sink (Raymond, Okieimen 2011). When PTEs are introduced into 
the soil, they are subjected to a series of chemical and biochemical processes, such as adsorption/desorption, 
precipitation/ dissolution, complexation /dissociation, and oxidation/reduction (Violante et al., 2010) though 
not all the processes are equally vital for each element.  
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Soil physical-chemical properties such as pH, cation exchange capacity (CEC), organic matter content, 
mineralogy and the nature and amount of the trace element are also likely to assume great importance in 
determining PTE behavior in biosolids amended soils, especially at low biosolids application rates (Shaheen et 
al., 2014). 

Conclusion 
Biosolids is a good source organic matter, plant macro and micro-nutrients and in future can be an alternative to 
expensive chemical fertilization. Addition of treated biosolids to soil has been found to be favourable to soil health, 
enriching soil with essential nutrient elements and also increasing the pH of the soil. Further, soil amendments with 
biosolids has been effective in increasing morphological attributes as well as yield in different crop species. However, 
use of biosolids for commercial agriculture has to be done cautiously.  

It is common that biosolids generally contains toxic metal residues (heavy metals), as well as toxic organic residues, 
indiscriminate use of it can have detrimental effect to the productivity of the soil and can cause harm to the food chain. 
Moreover, the character of the biosolids changes over time and hence stringent and periodic monitoring of biosolids for 
agricultural use should be done. It is evident that implication of biosolids induce agricultural productivity to a certain 
level; but the application of this waste in major food generation still needs more focus. 
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Introduction 
Plant growth regulators are organic compounds other than nutrients that in small amounts promote, inhibit or otherwise 

modify a physiological process in plants. Plant hormones are signal molecules produced within the plant, and occur in 

extremely low concentrations. Plant hormones and growth regulators are chemical compounds that affect flowering, 

ageing, root growth, distortion and killing of leaves, stems, and other plant parts; prevention or promotion of stem 

elongation, etc.  

Rastogi (2011) defined that the plant growth regulator or phytohormone as an organic substance produced naturally in 

plants controlling growth and other functions at a site remote from its place of production in minute quantities. They 

are naturally produced within plants, though very similar chemicals are also produced by fungi and bacteria that affect 

plant growth (Srivastava, 2002). Plant hormones are other than nutrients, but chemicals that in small amounts promote 

and influence the growth, development, and differentiation of cells and tissues (Opik et al., 2005). The biosynthesis of 

plant hormones within plant tissues is often diffuse and not always localized. Plants utilize simple chemicals as hormones, 

which move more easily through the plant's tissues.  

They are often produced and used on a local basis within the plant body. Plant hormones produce one part of plant cell 

that affect even different regions of the cell. The concentration of hormones required for plant responses are very low 

(10−6 to 10−5 mol/L). Because of these low concentrations, it has been very difficult to study plant hormones, and only 

since the late 1970s have scientists been able to start piecing together their effects and relationships to plant physiology. 

Hormones are transported within the plant by utilizing four types of movements.  

For localized movement, cytoplasmic streaming within cells and slow diffusion of ions and molecules between cells are 

utilized. Vascular tissues are used to move hormones from one part of the plant to another part of plant; these include 

sieve tubes or phloem that move sugars from the leaves to the roots and flowers, and in the xylem  moves water and 

mineral solutes from the roots to the foliage part of the plant. A plant growth regulator is also an organic compound, 

either natural or synthetic, that modifies or controls one or more specific physiological processes within a plant through 

translocation. 

Classification of Plant Growth Regulators 
They are classified in to five major classes: 
1. Auxins: Auxin is a plant hormone produced in the stem tip that promotes cell elongation. Auxin moves to the darker 
side of the plant, causing the cells there to grow larger than corresponding cells on the lighter side of the plant. This 
produces a curving of the plant stem tip toward the light, a plant movement known as phototropism. The major sites of 
auxin production are the shoot tip, developing seeds and buds. Auxins are compounds that positively influence cell 
enlargement, bud formation and root initiation.  Auxins promote stem elongation, inhibit growth of lateral buds 
(maintains apical dominance).  

Auxin also plays a role in maintaining apical dominance. Most plants have lateral (sometimes called axillary) buds located 
at nodes (where leaves attach to the stem). Buds are embryonic meristems maintained in a dormant state. Auxin 
maintains this dormancy. As long as sufficient auxin is produced by the apical meristem, the lateral buds remain dormant. 
If the apex of the shoot is removed, the auxin is no longer produced. This will cause the lateral buds to break their 
dormancy and begin to grow. In effect, the plant becomes bushier. When a gardener trims a hedge, they are applying 
apical dominance. 

2. Cytokinins: Cytokinins are plant growth substances (phytohormones) that promote cell division, or cytokinesis in roots 
and shoots of plant. They are primarily involved in cell growth and differentiation, but also affect apical dominance, 
axillary bud growth, and leaf senescence. In the past when the first cytokinins were isolated from yeast cells called 
kinins. They help delay senescence of plant tissues, are also responsible for mediating auxin transport throughout the 
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plant, and affect internodal length and leaf growth. They have a highly synergistic effect in concert with auxins, and the 
ratios of these two groups of plant hormones affect most major growth periods during a plant's lifetime.  

Cytokinins promote the growth of lateral buds which is counter the effect of apical dominance induced by auxins; they 
in conjunction with ethylene promote abscission of leaves, flower parts, and fruits (Sipes and Einset, 1983). The 
correlation of auxins and cytokinins in the plants is a constant (A/C = const.). There are two types of cytokinins: adenine-
type cytokinins represented by kinetin, zeatin, and 6-benzylaminopurine, and phenylurea-type cytokinins like 
diphenylurea and thidiazuron (Aina et al., 2012). 

3. Gibberellins: Gibberellins (GAs) are plant hormones that regulate growth and various developmental processes i.e. 
stem elongation, germination, dormancy, flowering, sex expression, enzyme activation, leaf and fruit senescence. GA 
extensively used on seedless grape varieties to increase the size and quality of the fruit. Pre-bloom spray of 20 ppm GA 
induces rachis of the fruit cluster to elongate. This creates looser clusters that are less susceptible to disease during the 
growing season. GA is also used to increase the yield of barley malt and to decrease the time required for this process.  

Application of GA to germinating barley supplements the endogenous content of this hormone and accelerates the 
production and release of hydrolytic enzymes i. e. amylases. They can easily degrade the stored carbohydrates. Foliar 
spray of 100 ppm GA3 at during panicle initiation stage enhances the panicle exertion and also increases seed weight 
and yield in hybrid rice. GA has been used to control flower sex expression in cucumbers and squash. GA application 
promotes maleness in these plants.  

GA is applied to citrus crops for example GA3 is sprayed onto oranges and tangerines to delay or prevent rind-ageing, so 
that fruit can be harvested later without adverse effects on rind quality and appearance. For lemons and limes, GA3 
synchronizes ripening and enhances fruit size. GA is used extensively to increase the sucrose yield of sugarcane. 
Sugarcane is normally fast growing C4 plant of the poaceae family. It is sensitive to cool temperatures in winter, which 
reduce internode elongation and subsequent sucrose yield. The adverse effects of cooler temperature can be 
counteracted by the application of GA3. 

4. Abscisic acid: Abscisic acid (also called ABA) is one of the most important plant growth regulators. It was found in 
high concentrations in newly abscised or freshly fallen leaves so it is called "abscisic acid". In the plants ABA plays an 
important role in closing of the stomata under water stress. Plants are in water-stressed condition,  the roots are 
deficient in water, a signal moves up to the stem or leaves, causing the formation of ABA precursors in leaves, which 
then move signal to the roots. The roots then release ABA, which is translocated to the foliage parts of plant via- the 
vascular system (Ren et al., 2007) and controls the potassium and sodium uptake within the guard cells, which then lose 
turgidity, closing of the stomata (Yan et al., 2007).  

ABA occurs in all parts of the plant and its concentration in any plant tissue seems to mediate its effects and function as 
a hormone; its degradation or more properly catabolism, within the plant affects metabolic reactions and cellular growth 
and production of other hormones (Kermode, 2005).  Plants life starts as a seed with high concentration of ABA. Just 
before the seed germinates, ABA concentration decrease; during germination and early growth of the seedling 
development stage, ABA concentration decrease even more. As plants start to produce shoots with fully functional 
leaves, ABA levels start to increase and slowing down cellular growth in more "mature" areas of the plant. Stress condition 
induces the synthesis of ABA. 

5. Ethylene: Ethylene is most extensively used plant hormone in agriculture because it regulates many physiological 
processes like ripening and abscission. The natural biosynthesis of ethylene trigger by Auxins and ACC. In agricultural 
several cases used this practice. Ethylene is very difficult to apply in the field as a gas. This limitation can be overcome 
if an ethylene compound is used. The most widely used compound is ethephon or 2- chloro ethyl phosphonic acid (CEPA) 
(trade name ethrel).  

100-250 ppm ethrel sprayed at 2-3 leaf stage induce femaleness in cucumber and melons. Ethylene can be used for quick 
ripening of fruits for marketing. It also helps in degreening of citrus and banana which increases its market acceptability. 
Storage facilities established to inhibit the ethylene production and enhance preservation of fruits in a controlled 
atmosphere of low O2 concentration and low temperature that inhibits ethylene biosynthesis. A relatively concentration 
of CO2 (3-5%) prevents ethylene action as a ripening promoter. 

Other Growth Hormones 
Other identified plant growth regulators include: 
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1. Brassinosteroids: Brassinosteroids are a class of polyhydroxysteroids, a group of plant growth regulators. 
Brassinosteroids have been documented as a sixth class of plant hormones. They stimulate cell elongation, cell division, 
gravitropism, resistance to stress and xylem differentiation. They inhibit root growth and leaf abscission. Brassinolide 
was the first identified brassinosteroid and  isolated from extracts of rapeseed (Brassica napus) pollen in 1979.  

2. Salicylic acid:  Salicylic acid activate genes in some plants that produce chemicals that aid in the defence against 
pathogenic invaders. 
3. Jasmonates: Jasmonates are produced from fatty acids and promote the production of defence proteins that are used 
to fend off invading organisms. They are also believed to have a role in seed germination and affect the storage of 
protein in seeds and seem to affect root growth. 

4. Plant peptide hormones: Encompasses all small secreted peptides that are involved in cell-to-cell signalling. These 
small peptide hormones play vital roles in plant growth and development, include in defence mechanisms, the control 
of cell division and cell expansion and pollen self-incompatibility.  

5. Polyamines: Polyamines are strongly basic molecules with low molecular weight that have been found in all organisms 
studied thus far. They are essential for plant growth and development and also affect the process of mitosis and meiosis. 

6. Nitric oxide (NO): Nitric oxide serves as signalling hormone and defence responses (e.g. stomatal closure, root 
development, germination, nitrogen fixation, cell death, stress response). NO can be produced by a yet undefined.  NO 
syntheses, a special type of nitrite reductase, nitrate reductase or non-enzymatic processes and regulate plant cell 
organelle functions (e.g. ATP synthesis in chloroplasts and mitochondria) (Roszer, 2012).  

7. Strigolactones:  Strigolactones implicated in the inhibition of shoot branching.  

8. Karrikins: Karrikins not plant hormones because they are not made by plants, but are a group of plant growth 
regulators found in the smoke of burning plant material that have the ability to stimulate the germination of seeds. 

9. Florigen: These hormones are synthesized in the older leaves and then transferred to the growing region where it 
starts the floral and bud initiation. It is primarily responsible for flowering in plants. It also called flowering hormones 

10. Anthesins: Its newly discovered hormones responsible for flower formation which is used by horticulturists to induce 
the early flowering in some plants. 

11. Vernalin: It is used to undergo and bring nervalisation in some plants. 

12. Morphactins: They are synthetic growth regulators which have the several roles and functions as natural growth 
regulators. It has been effective in flowering stimulation. 

Benefits of Using Plant Growth Regulators 
1. Promote and accelerate root formation on cutting. 
2. Keep fruit on trees longer time to allow further ripening achieved by the application of auxin. 
3. Thin blossom clusters and increase berry size in grapes- achieved by the application of gibberellic acid 
4. Increase size and crispness of stalks of celery- achieved by the application of GA 
5. Control the size of plants. 

Conclusion 
The plant growth regulators either synthetic or natural have been found great applications in agriculture. Plant growth 
regulators, which are in small quantity, can have effects to promote and modify a physiological process in plants. On the 
evidences of their effects in small quantity these growth regulators have been found greater applications and economic 
importance for farmers. The growth regulators are used: to increase the fruit sizes, to induce early flowering and increase 
the number of flowering, to break the dormancy of some seeds, to quicken the maturity and improve the fruit quality; 
to increase the sugar content in sugarcane; to increase the yield and oil contents; to promote the flower initiation and 
control ripening some other fruits and many more. 
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Magnetism is the force of attraction or repulsion of a magnetic material due to the arrangement of its atoms, particularly 

its electrons. A magnetic field is vector field that describe the magnetic influence of electrical current. Magnetic field 

that varies with location exerts a force on magnetic materials. Both strength and direction of magnetic field varies with 

location.  

Magnetic Pest Control Method and Device 
The U.S. Navy Entomology Centre of Excellence (NECE) has developed a novel method and device to capture insect and 
small rodent pest. Upon consumption of a bait material infused with ferromagnetic particles (iron, nickel, cobalt, 
gadolinium, or magnetic alloys), pest become inescapably bound to a magnet. This method and device have broad 
potential for public health, agricultural, industrial, commercial and residential pest control application as well as 
pesticide-free technology is well suited to complement existing IPM strategies. 

Effect of Magnetic Field on Mosquitos 
Phylogenetically diverse organisms, including some insects, are able to detect and respond to magnetic fields comparable 
to the Earth’s magnetic field. Because of tremendous importance to public health, mosquitoes were tested for the 
presence of permanent ferromagnetic material indicative of a biological compass and also tested behavioral response to 
magnetic fields. Behavioral experiments tested the effect of a horizontal, l.0-gauss field on orientation. Ten female 
mosquitoes were placed in a cylindrical paper carton covered with a layer of nylon screen and a layer of plastic film. 
Behavioral experiments showed that females of Anopheles  freeborni, Anopheles. gambiae, and Anopheles stephensihav 
a greater tendency to rest on the sides of a container parallel to a magnetic field than on the sides perpendicular to the 
field.  For all 3 species, approximately two thirds of the females (62-68%) came to rest in the 2 quadrants of a round 
container parallel to a uniform, horizontal l.0-gauss field. Differences were statistically significant, as indicated by the 
lack of any overlap in 95% confidence limits of the percentages of mosquitoes in pairs of quadrants. Also, great 
consistency occurred between trials for individual quadrants, adding more confidence that the observed effect was real. 
Behavioral experiments showed that females of Anopheles  freeborni, Anopheles gambiae, and Anopheles Stephensi 
have a greater tendency to rest on the sides of a container parallel to a magnetic field than on the sides perpendicular 
to the field.  For all 3 species, approximately two thirds of the females (62-68%) came to rest in the 2 quadrants of a 
round container parallel to a uniform, horizontal l.0-gauss field. Differences were statistically significant, as indicated 
by the lack of any overlap in 95% confidence limits of the percentages of mosquitoes in pairs of quadrants.  Also, great 
consistency occurred between trials for individual quadrants, adding more confidence that the observed effect was real. 
Anopheles freeborni were tested using a restrained mouse for bait, performing 7 sets of experiments under each of the 
following 3 conditions: The Earth's natural field, a horizontal field of 1.0 gauss rotating 90◦each 15 sec (i.e., I rpm), and 
a null field. Anopheles stephensi was tested in 7 sets of experiments using a mouse as a blood source, comparing the 
Earth's field with a rotating 1.0-gauss field. This species was also tested using a human hand as a blood source, comparing 
the Earth's field to a rotating l.9-gauss field. Anopheles gambiae was tested with a human hand as a blood source. 
Comparing the Earth's field to a rotating l.9-gauss field in 3 sets of tests. 

Effect of Magnetic Field on Bombyx Mori 
The influence of magnetic energy on the total protein content in the silk gland, fat bodies and haemolymph of fifth 
instar larvae of multivoltine crossbreed race (PM x CSR2) of silkworm, Bombyx mori (L) was studied. Magnetic field 
influence morphological, physiological and biochemical characteristic of biological system. Magnetic field effects larval 
behavior of silkworm, hormonal level and acid phosphate activities. Magnetization also influenced incubation period, 
silk producing potential and amino acid content in the larvae of B. mori. 

Bio-Effects of Near-Zero Magnetic Fields on the Growth, Development and Reproduction On 
1. Small brown plant hopper, Laodelphax striatellus  
2. Brown plant hopper, Nilaparvata lugens 
In this study, near-zero magnetic fields (NZMF) in relation to normal geomagnetic fields (GMF) were setup using the 
Hypomagnetic Field Space System (HMFs) to investigate the effects of magnetic field on the growth, development and 
reproduction of two species of migratory plant  hopper  the small plant  hopper Laodelphax striatellus and Brown plant 
hopper, Nilaparvata lugens Exposure of both plant hoppers to NZMF delayed egg and nymphal development duration and 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
827 

decreased adult weight and female fecundity. The 1st- and 5th instar of SBPH and BPH showed different responses to 
NZMF. The 4th instar was significantly affected by NZMF, especially for BPH males, in which NZMF exposure reduced the 
difference in development duration between females and males. Compared with GMF, the vitellogenin transcript levels 
of newly molted female adult and the number of eggs per female were significantly reduced in both plant hopper species, 
indicating negative effect on fertility under NZMF. Thus, NZMF negatively affected the growth and development of SBPH 
and BPH, with particularly strong effects on reproduction. 

Magnetic Field Effects on the Metabolism and Enzymes Activity in Some Harmful Insects 
Effect of the magnetic field on the physiological aspects of some insects was studied for larvae of three insects reared 
in suitable rearing boxes in laboratory at 25 ±2°C and 70 ±5% RH. The three insects were: 
1. Cotton leaf warm, S. littoralis,  
2. Red palm weevil, R. ferrugineus  
3. Greater wax moth, Galleria mellonella 

Rearing insects started with a suitable larval instar. Numbers of larvae (from each insect) divided into 2 similar and equal 
groups, the first reared as a control (without magnetic field), while the second group was exposed to the magnetic field 
(MF) along rearing period. An appropriate number of larvae from the control and the treated ones were taken for Bio-
chemical analysis and the main parameters were recorded. The measured physiological parameters were: total protein, 
total carbohydrates, total lipids, invertase enzyme and alkaline phosphatase. 

Magnet as an Insect Attractant Technology 
In this magnet technology magnet target the adult (moth) stage of the insects life-cycle.  By killing moths before they 
can lay their eggs, the reliance on foliar applied insecticide for larval control can be considerably reduced. When moths 
are active in crop, they require energy (in the form of sugars) to allow them to fly in search of mates and egg laying 
sites.  The plant volatiles are Magnet mimic the type of odour signals that male and female moths look for when seeking 
nectar rich flowers. This makes magnet treated crop rows highly attractive zones that moths will move toward when 
needing an energy source. It is important to note that the volatile blend in Magnet is not a mimic of a particular plant. 
The best components from a number of different plants have been combined, resulting in a combination of plant volatiles 
not normally found in nature but highly attractive to moths. The volatiles in Magnet attract moths that are in the vicinity 
of treated rows. Once moth arrives at a Magnet treated row, it is stimulated to feed on Magnet deposit due to their high 
sugar content. The insecticide added to Magnet (sold separately and added just prior to application) is ingested by the 
moth causing death (suitable insecticides include methomyl, spinosad and thiodicarb- refer to the Magnet label.) Female 
Helicoverpa moths can lay over 100 eggs. By killing moths before they can lay their eggs, the number of eggs and larvae 
in the crop will be greatly reduced.  (Anonymous 2009) Ag Biotech has developed two strategies for magnet’s uses in 
cotton. Magnet ideally used under a pre-emptive strategy to provide ongoing suppression of Helicoverpa over long period 
or it can be used reactively as a  Knockdown product to limit the impact of a spike in pest number. 

Pre-Emptive Strategy 
Commercial scale trial work has shown that using Magnet (that is 1 treated strip every 144 metres) on a tight schedule 
of 4 to 6 days provides a high level and continual suppression of Helicoverpa moths. This preemptive strategy for Magnet 
fits with Helicoverpa moth ecology and also corresponds with the 4 to 6-day period that magnet remains effective (with 
nil rain). 

Knockdown Strategy 
Magnet can be used more selectively in a targeted approach when an increase in pest number occurs, such as spike in 
the moth population or with an observed increase in egg numbers. It is recommended to user the higher rate of 1magnet 
strip every 72 metres. which provide higher percent control and faster knockdown. 

Application Methods of Magnet on Field 
1. Ground and Air Application: Apply the Magnet Mixture (including insecticide) in bands 10 to 50 cm wide on the crop 
with 72 (general rate) or 36 (high rate) metre spacing between bands. Calibrate the nozzle to deliver 500 millilitres of 
Magnet Mixture per 100 metres of treated crop. Application must result in coarse deposits of the Magnet Mixture (>3 mm 
in diameter) being visible on the crop. Larger deposits of the mixture on the crop canopy surface will improve Magnet’s 
performance by improving the ability of mouths to feed and by prolonging the product’s effectiveness (up to 6 nights 
after application). Magnet is best applied in the late afternoon just prior to peak moth activity at night. Use a 3-orifice 
liquid fertiliser nozzle e.g. Spraying Systems Stream Jet SJ3-04-VP or equivalent. Larger sizes can be used where higher 
flow rates are needed. Use one nozzle per band and direct the streams to deposit the Magnet Mixture on the top of the 
crop canopy. 
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2. Aerial Application: Use one nozzle positioned midway along the wing of the aircraft where minimum turbulence is 
experienced. It is recommended to use stainless steel 3/8-inch tubing attached to a CP nozzle body diaphragm (or 
equivalent), so the Magnet Mixture is delivered in thick streams. The end of the tube should be horizontal to the ground 
in order to minimise shattering. 

Conclusion 
Although magnetism is not been incorporated as a component Integrated pest management strategy in India, it is been 
widely considered as proven management tactics for a number of insect pests in foreign country. If we adopt such 
innovative technique, we will definitely find a good result. At the same time, it is eco-friendly and economic for farmer’s 
point of view. 
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Introduction 
Agricultural mechanization implies the use of different types of power sources and machines in place of draught animals 
in view to reduce the struggle of human beings as well as the efficiency of utilization of various crop inputs. Besides, 
reduce the cost of operations, improving the productivity of land, and reduce the losses at different stages of crop 
production. The sale of tractors and power tillers in India has shown exponential growth over the past decades. The 
power availability increased from 0.25 to 1.84 kW/ha, while productivity from 0.52 to 1.92 t/ha, respectively, from 1971 
to 2012 (Cherian et al.,2016). The adoption of power tillers by the farmers for carrying out farming operations is low 
when compared to tractors.  

Since independence, the landholding size of India farmers decreasing trend, hence there is a demand for a machine 
which can match their needs.  Out of the total cultivation land in India, about 85% constitute marginal (less than 1 
hectare) and small (1-2 hectares) holdings (Economic Survey of India, 2018-19). In such a scenario, tractors with high 
horsepower prove to be impractical for use over such small farmlands. Tillers, on the other hand, perfectly fit these 
small sizes where the horsepower requirement is as low as 6.62 – 8.95 kW and weight of about 480 kg, which is supported 
on two drive wheels. A third small wheel is there in the rear which used as a depth adjustment wheel during 
transportation and field operation. Therefore, power tiller emerged as the most popular machine among small and 
medium farmer. The concept of power tiller came to the world in the year 1920, while in India was India during 1963. 
Power tiller is a single axle tractor that is being increasingly used for mechanization agriculture. 

Components of a Power Tiller 
A power tiller consists of the following main parts: 
1. Engine 
2. Transmission gears. 
3. Clutch. 
4. Brakes. 
5. Rotary unit. 

All the power tillers are fitted with an I. C. engine. At present, most of the power tillers are equipped with a diesel 
engine. Kubota, Mitsubishi, and Sarachi are power tiller companies in India.  

Power tiller can be used effectively in the following systems of agriculture. (Panwar et al., 2001) 
1. Wetland agriculture  
2. Hill agriculture  
3. Small and marginal farming  
4. Horticultural  
5. Suburban farming 

Advantages of Power Tiller Over Tractor 
A power tiller can go a narrow approach way, has got short turning radius and operates well in widely spaced crops like 
maize, peach and oranges (Panwar et al., 2001). It is also suitable on mild sloppy plains (up to 15 percent), in hilly 
terrain and a different farming system like agroforestry and orchard. 

The Modes of Operation of Power Tiller 
Power tillers are capable of performing operations right from primary tillage to transportation of crops. Besides, with 
suitable attachments, it serves many functions such as rototilling, cultivation, planking, ridging and furrowing, sowing, 
fertilizer application, pumping water, weeding, plant protection, harvesting, and threshing. In short, power tiller can 
execute all these services for many types of crop production. Though power tiller is a versatile prime mover, it finds its 
work mostly in wetland applications. 
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Figure 1. Rotary tiller Figure 2. Haulage Figure 3. Puddling 

   
Figure 4. Potato digger Figure 5. Spraying Figure 6. Water Pumping 

Application of Power Tiller in Dryland 
For dryland cultivation, power tiller is not commonly used for primary tillage operation due to its low draft ability which 
increases the completion time of the process. For this reason, the adoption of power tiller is still slow as compared to 
the tractors in India, and the annual hour's use of power tiller is 300 h compared to 1000 h for a tractor. The annual 
service of power tillers is less because of its unsuitability for carrying out primary tillage operation in drylands. Many 
matching type implements were developed in India to enhance the versatility of power tillers, and to make their use 
more economical (Varshney, 1995). Mould board plough, cultivators etc., were also used with power tillers but with little 
success. The small-sized pneumatic tires of power tiller and low weight of it are responsible for low draft and drawbar 
power development. 

Drawbacks of Power Tiller in Dry Land 
The use of power tillers is limited in the dry field condition due to the following principal reasons. 
1. Low tractive power tiller available due to the use of small size pneumatic tires  
2. Lack of suitable attachments of power tiller limits the performance of multiple jobs. 
3. Relatively incur a high cost per unit of power output. 

An Effective Use of Power Tiller in Dry Land 
Generally, primary tillage operation with power tiller is cumbersome and tedious as for completing total tillage operation 
it takes several passes in the field. So, many researchers suggested with the front-mounted cultivator in power tiller 
which can acts as a combination tillage implement with rotary tiller when operated together may result in reducing the 
number of passes of operation. With this combination plough land twice in a single pass of power tiller and hence, higher 
reduction of clod size. It may also utilize the negative draft power of the rotary tiller so part of the power requirement 
of cultivator can be met.  Maximum utilization of the power tillers engine power (bhp) can be possible with front-
mounted cultivator when operated simultaneously with a rotary tiller. 

Power tiller can be made more adopted by the following means. (Panwar et al., 2001) 
1. It is available at an affordable price, so small and marginal former can purchase it. 
2. Due to its low weight and sharp turning, i is best suitable in hilly agricultural systems. 
3. They are increasing the number of matching implements for multiple operations using power tillers. 
4. Its companies are strengthening the repair and maintenance facility and availability of spare parts in the vicinity of 
the user machine. 

Drawbar Performance of Power Tiller 
A 6.71 kW power tiller evaluated for draft and drawbar power in different gears at rated and three-quarter rated speeds 
of the engine, at 147 kPa inflation pressure of pneumatic wheels, with and without 40 kg of wheel ballast. The results 
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of the study showed draft values of 2107, 2110 and 2110 N in second low, third low and first high gears at an engine 
speed of 1500 rpm with a 15%-wheel slip.  Similarly, an 8.95 kW power tiller weighing 485 kg and fitted with pneumatic 
tires of size 6–12 with six-ply rating on tilled land.  

The draft value was found to be 803 N and 773 N in 2nd low gear and 3rd low gear, respectively. The puling ability of 
the power tiler was found to be more with steel wheel in comparison with pneumatic wheel (Narang and 
Varshney,1995;2006).  An 8.1 kW power tiller was able to develop 1.273 kW drawbar power at speed 1.18 m/s on tilled 
land. (Sahay et al.,2009). When power tiller with cage wheel on wetland was able to generate 1318N draft with 72.91 % 
tractive efficiency (Pradhan et al. (2016). 

Performance of Power Tiller with Different Implements 

Figure 7. Field efficiency of different dry land operations with power tiller (Ademiluyi et al.,2007) 

Figure 8. Field Capacity (ha/hr) of different dry land operations with power tiller ((Ademiluyi et al.,2007) 

Power- tillers are better alternatives when compared to animal drawn equipment for several field operations like tillage, 
planting, harvesting and transportation. The power tiller is capable of primary and secondary tillage operations and is 
most suitable for operations in hilly regions, wet conditions. With the combination of cultivator and rotary unit, it can 
better even in dry land conditions. External attachments can be made on the tiller depending upon the nature of work. 
So, the tiller can be used as a multi-purpose machine. 
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Introduction 
The insect pests, non-insect pests (nematodes, mites, birds, rodents, crabs, snails and slugs etc.), fungi, bacteria, viruses 
and weeds are the major biotic stresses to diminish agricultural production and productivity. Invariably, they are known 
to cause about 25 to 35% yield losses and further about 15 to 25% losses during post-harvest operations including storage 
(Prakash and Rao, 2008). Climate change is likely to change the scenario of pest, pestilence and pesticides through 
evolutionary, physical, physiological and phenological changes, pest abundance, distribution and changes in community 
and biodiversity have direct and indirect effects on production of the food grains in addition to the out-breaks and 
epidemics of the crop pests.  

The Indian climate has undergone significant changes showing increasing trends in annual temperature with an average 
of 0.56°C rise over last 100 years (IPCC, 2007). Moreover, the rate of global warming is increasing and the mean 
temperature in India is predictable to rise up to 1.7°C and up to 3.2°C during kharif and rabi seasons respectively, 
whereas, the mean rainfall is projected to increase by 10 per cent by 2070 (Gupta, 2011). Being a tropical country, India 
is more challenged with impacts of looming climate change. The country is experiencing declining trend of agricultural 
productivity due to fluctuating temperatures, frequently occurring droughts and floods, problem soils and increased 
outbreaks of insect pests and diseases.  

Climate change impact may include, changes in diversity and abundance of insect pests, changes in geographical 
distribution of insect pests, increased overwintering of insects, rapid population growth and number of generations, 
changes in synchrony between insect pests and their host crops, introduction of alternative hosts plants, changes in host 
plant resistance, changes in insect biotypes, changes in tritrophic interactions, impact on extinction of species, changes 
in activity and relative abundance of natural enemies, increased risk of invasive pest species and reduced efficacy of 
crop protection technologies etc. 

Impact on Insect Pests 
Insects being poikilothermic (cold-blooded organisms), their life activities are mostly exaggerated by temperature. The 
temperature of their bodies is almost the same as that of the environment. Hence, temperature is perhaps the most 
significant environmental factor that influence insect behaviour, diversity, distribution, growth, development, survival, 
reproduction, incidence, voltinism and phenology of insect pests.  

The effect of elevated temperature increases consumption rates and decrease the time to pupation, making insect pest 
less apparent to their natural enemies. It also increases the potential number of generations per season. It has been 
assessed that with a 2°C temperature increases, insects might experience 1-5 supplementary generations per season 
(Yamamura and Kiritani, 1998). Additionally, the temperature may change gender percentages of some insect species 
viz., thrips (Lewis, 1997). Moreover, insects that spend various stages of their life cycles in the soil may affect more 
gradually by temperature changes compared to above ground since soil provides an insulating medium that will tend to 
buffer temperature changes more than the air (Bale et al., 2002). Increased temperature is probable to enhance the 
occurrences of many insect pest’s species by fastening their development and multiplication, thereby, cause more plant 
damages or ultimately yield losses.  

The other environmental variable, CO2 can indirectly affect life activities of insect pests through physiochemical changes 
in most of the plants. Elevated CO2 typically may cause accumulation of carbohydrates and increases C:N ratio and 
changes nutritional quality of foliage, which provides the foundation of compensation feeding hypothesis, in which 
increased feeding by herbivorous insect pests are anticipated. Plants signaling chemicals like allelo-chemicals respond 
to affect insect performance differently.  

These different responses of plant hormones affect specific secondary chemical pathways, which may increase or 
decrease incidences of the insect pests depending upon response of the individual or group of chemicals. Therefore, the 
elevated CO2 may alter the defense interaction and signaling of the host plants to the insect pests. Moreover, at elevated 
CO2, carbon-based compounds (phenolics and tannins etc.) enhances which may reduce growth of the insects, whereas, 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
834 

nitrogen-based compounds (alkaloids, cyanogenic glycosides etc.) reduces which will decrease insect pests attack 
respectively. 

Impact on Plant Mites 
In general, life activities of phytophagous mites are temperature dependent, but due to their highly adaptive nature to 
adversative climate, these mites may quickly adapt to elevated temperature. Accordingly, incidences of the 
phytophagous mites are likely to be more severe along with widening of their host range. At increased temperature, 
mites as vectors and transmits severe viral diseases may be enhanced disease severity as well as facilitating in breaking 
host plant resistance to pathogens. However, erratic rainfall may help their migration and distribution to new areas or 
new hosts. 

Impact on Phyto Nematodes 
Phyto nematodes as plant parasites in general may adapt to increased soil temperature and spread to new localities. 
Elevated CO2 will indirectly affect the Phyto nematodes by altering the plant defense physiology especially through 
increase in root respiration, which may be attracting infective juveniles and helping in their penetration. 

Impact on Plants / Weeds 
Increased temperature accompanied by elevated CO2 will favor C4 weeds. Evapo-transpiration is much reduced in C4 
plants at elevated CO2 due to reduced opening of stomata. Thus, rainfed production system is likely to suffer more due 
to C4 weeds. Further, elevated CO2 is expected to increase tillering in C3 grasses, and to enhance leaf-area in C4 grasses. 
Erratic rainfall may cause shift in the weed composition and enhance weed competitiveness. Increased temperature, 
elevated CO2 and high rainfall will reduce the effectiveness of the weedicides, thus suggesting for developing new 
strategies for weed management.  

Furthermore, elevated CO2 decreases rate of water loss (evopo-transpiration) from the leaves through less opening of 
stomata, thus enhancing water use efficiency of the plants. But increased water content in the plants are beneficial for 
most of the pests as it helps in nutrient assimilation and digestion especially nitrogen. Elevated CO2 also increases leaf 
temperature in addition to alter the nutritional contents. This change of the microclimate in the crop canopy provides 
congenial conditions for multiplication of many pests. 

Impact on Plant Pathogens 
Climate change is prospective to interfere with host-pathogen interactions, gene expression, pathogen survival, 
infection, colonization, dispersal of inoculums and population life history which may result in mutation, genetic drift, 
gene flow, gene expression, interspecific hybridization, asexual/sexual reproduction, evolution of new strains of the 
pathogens and finally creating new diseases or disease or outbreaks. However, in root crops the incidences of soil borne 
pathogens are expected to be reduced owed to greater partitioning of the assimilates, whereas, incidences of the foliage 
diseases may be increased under elevated CO2, increased temperature and rainfall due to enlarged canopies. 

Implications for Food Security 
The emerging pest’s problems under varying climate strategies are predictable to increase the risk of reduction in world 
food production and threatening the food and nutritional security. Moreover, the utmost challenge in the country to 
upsurge the levels of food production to meet the needs of increasing population and doubling the income of farmers 
for their better living standard using the present sustainable use of lessening natural resources. Therefore, these 
problems are likely to be provoked further by changing climate which put forth major challenge to achieve a goal of 
food security. 

Conclusion 
Pest management is one of the most significant factors for national food security. Suitable pest and diseases monitoring 
and the studies of the status of crop pests-diseases, their nature of damage, extent of losses and climatic influences 
could be worked to develop their management strategies. Under the climate changing scenario, there is a need to 
develop climate resilient crop varieties having desired quality traits and tolerance to both biotic and abiotic stresses. 
Location specific bio-intensive insect pest management (BIPM) modules may be developed and used instantly based on 
pest monitoring and their ETLs.  

Further in future studies, the potentials of using pest monitoring digital devices such as e-pest surveillance, sensor-based 
insect traps, drones and robots etc. may be explored and used to study the occurrence and incidences of pests and 
diseases. The study on the crop-pest-natural-enemy-weather relationship need to be carried out under changing climatic 
conditions and to develop pest forewarning modules for pests of agricultural importance. 
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Introduction 
Oyster mushroom is popularly known as ‘Dhingri’ mushroom. It is largest cultivated mushroom in Maharashtra. Oyster 
mushroom is excellent source of protein, carbohydrates, vitamins (vitamin D, C and B complex) amino acids, and minerals 
such as iron, calcium, phosphorus potassium, selenium and dietary fiber and can boost immune system. (Shinde and 
Jadhav., 2015).  

The species can be grown on variety of agricultural waste materials like wheat straw, cotton stalk and leaves, paddy 
straw, soybean straw etc., In India commercially cultivated species are Pleurotus sajor-caju, P. florida, P. eous, P. 
ostreatus, P. flabellatus, P. eryngii, P. levis, P. cystidiosus etc. In recent years, 25 species are commercially cultivated 
in different parts of world. P. sajor-caju is the most suitable for cultivation between temperature range 20-30°C 
recording the higher mushroom yield than other species (Agrios., 2005; Tesfaw., 2015; Shinde and Jadhav., 2015; 
Krishikosh., 2017) 

To harvest the mushroom, they should be grasped by the stalk and gently twisted and pulled. If kept in a refrigerator, 
this should remain fresh for 3 to 6 days (Krishikosh). Pin hole size, high temperature (250 C),  high relative humidity (80-
90%) were optimal for oyster spawn running, cultivation and spawn production and growth. The maximum yield was 
obtained during the 1 st  flush of harvesting than the 2nd and 3rd flush (Tesfaw., 2015). 

Different Species of Oyster Mushroom 
1. In recent 25 species are commercially cultivated in different parts of world.  

2. Research at AICRP on Mushroom, Pune center has revealed that P. sajor caju is the most suitable for cultivation 

between temperature range 20-30°C recording the higher mushroom yield than other species. 
3. In India commercially cultivated species are: Pleurotus sajor-caju, P. florida, P. eous, P. ostreatus,  P.flabellatus, P. 
eryngii, P. levis, P. cystidiosus etc. 

Pleurotus sajor-caju: 
1. The fruit of this variety is grey in colour 
2. It grow successfully at temperature 20-30 0 C and 
humidity 80-90 %. 
3. It is adaptable to variation in temperature and 
pressure. 

 
Pleurotus  eous: 
1. The fruit of this variety is pink in colour 
2. It grow  at temperature 20-24 0 C humidity 60-90 %. 
3. It is less  tasty than  P. sajor-caju 
4. The fruits is grown in a bunch. 

 
Pleurotus florida: 
1. The fruit of this variety is white in colour 
2. The fruits on the bed grown in bunch like  
3. The fruits are larger 
4. If  the harvesting is late then it will turn into soft and 
black colour. 
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Growing Condition 
1. Optimum temperature - 25 °C  
2. Relative Humidity - 85 %  
3. Adequate cross ventilation and defused sunlight is necessary for spawn run and cropping. 

Cultivation Technique 
1. Isolation and preparation of mother culture.  
2. Preparation and procurement of spawn.  
3. Substrate preparation.  
4. Spawning of substrate. 
5. Crop management. 

Advantages of Oyster Mushroom Production 
1. It grows on wide range of agricultural wastes.  
2. It can in wide range of temperatures (15°C to 35°C).  
3. Mushroom production from substrates is high.  
4. It is less prone to diseases and competitor mould than another mushroom.  
5. Most suitable for rural areas and create self-employment to people.    
6. Faster growth rate and easy to cropping.  
7. Low cost of production. 

Flow Chart of Oyster Mushroom Cultivation 

Chop the wheat 
straw in small pieces 

2-3 cm

Soak in cold water 
3.10hrs

Drain out excess 
water

Sterilization

Chemical treatment: 
Solution of formalin 
(125ml)+ Bavistin 

(7.5gm) for 18hrs in 
100 lit. of water

Disinfect polythene 
bags in 5% formalin

Make a layer of straw 
2-3cm

Spread the spawn

Fill the bed and make 
3-4 layers

Tie the neck of the 
bag tightly with 

thread

Make 30-40 pinholes 
on bed surface

Keep bags in 
incubation room

Spawn run is 
complete in 15-20 

days

Cut open the bags 
and stack it in well 

ventilated room

Water 2 -3 times in a 
day

Mushroom pinheads 
in 3-5 days

After 1 week harvest 
the mushroom with a 

clean knife



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
838 

     Chemical treatment       Incubation room 

Plant Protection 
Green mould (Trichoderma spp, Aspergillus spp, Mucur spp.): @ 2% formalin solution  

Insect infestation - Malathion or Dichlorovos 75% EC @ 0.02%. 

Mushroom Products 
1. Mushroom paneer 
2.Noodles 
3. Bhurji 
4. Soup 
5. Pizza 
6. Biryani 
7. Pakoda 
8. Samosa  
9. Papad 
10. Pickles 
11. Biscuits etc. 

Conclusion 
Relative humidity, aeration, temperature and contaminations are most important factors during oyster cultivation in 
locally available substrates, materials and technologies. Even though oyster spawning grows best at 25⁰C, it is also 
possible to cultivate at lower temperature. Drying the substrates greatly reduce the yield hence spraying with water is 
mandatory. To activate 2nd, 3rd, & 4th flush, covering the substrate with plastic is very important to make the substrate 
moist generally oyster can be cultivated in locally available materials without using sophisticated lab equipment for 
spawn production. Mushroom cultivation is considered as an alternative source of income to uplift the living standards 
of poor farmers and also to add high quality protein in their daily diets to eradicate malnutrition problems. Pleurotus 
spp. (oyster mushroom) can easily be grown by the rural women with minimum efforts. The Research at AICRP on 
mushroom, Pune, has revealed that P. sajor-caju is the most suitable cultivation. 
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Introduction 
Late blight is the most destructive disease of potato throughout the world. It was first recorded in the beginning of 
nineteenth century in the Andes Mountains of South America. The fungus moved from this place to Europe around the 
year 1842 and established in Ireland where it caused severe epidemic in 1845-46, resulting in famous Irish famine. It 
caused by the oomycete pathogen Phytophthora infestans, disease of major concern all over the world is costing huge 
losses every year in potato (Kumaon et al., 2001). Yield loss due to late blight in India varies from year to year and range 
from 20-75 % (Sundaresha et al., 2015). In 1875, de Bary studied it in detail and gave name the pathogen to P. infestans 
which means infectious plant destroyer (Turner, 2005). The fungus has special feature of an indeterminate sympodial 
sporangiophore with ovoid, detachable and papillate sporangia (de Bary, 1876; Widmark, 2010). In India, the disease was 
first reported from Nilgiri Hills in between 1870 and 1880, later it was  appeared regularly in plains as well as in hills. In 
Himachal Pradesh, this disease was first reported from Kumarsain of Shimla District by Butler (1903).  

Symptoms 
1. The symptoms of the disease appear on leaves, stem and tubers (Figure 1). 
2. Initially small water-soaked lesions develop near the tips and margins of the leaves which rapidly grow into large, 
brown to purplish black, necrotic lesions under favourable weather conditions. 
3. During morning hours, whitish downy growth of the pathogen consisting of sporangiophores and sporangia can be seen 
on the edges of the lesions mostly on the underside of the leaves. 
4. Light brown to dark brown lesion appear on stem and petioles which may elongate later and girdle the affected parts. 
5. The tubers may get infected by rain washed sporangia from the diseased foliage. The infected tuber shows irregular, 
small to large, slightly depressed areas of brown to purplish skin which extend deep into the internal tissue of the tubers. 
6. The infected tuber tissue which is firm and dry in the beginning is often invaded by secondary pathogens, mainly 
bacteria both in the field or poorly ventilated storage places resulting in to soft rot of tubers. 

Figure 1: Symptoms of late blight of potato 

Pathogen 
1. The disease is caused by Phytophthora infestans. 
2. The mycelium is coenocytic, endophytic, hyaline, branched and intercellular. 
3. Sporangiophores arise from the internal mycelium through stomata and are slender, hyaline, sympodially branched, 
indeterminate, relatively thick walled, septate having side branches with swollen base. 
4. Sporangia develop on the tip of the sporangiophores and are hyaline, thin walled, lemon shaped, distinctly papillate. 
On maturity, the sporangium turns to the side, growth of the sporangiophore continues which looks to have zigzag growth 
with characteristics swellings at the nodes. 
5. P. infestans is heterothallic for sexual reproduction and involves two mating types namely A 1 and A 2. 
Antheridia and oogonia are produced after A 1 and A 2 mating types come in close contact. 
6. Antheridia are amphygynous while oogonia are spherical. 
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Epidemiology (Dutch Rule for Late Blight) 
1. Night temperature below the dew point for 4 hours or more 
2. Night temperature not below 10 C 
3. Mean cloudiness not below 0.8 on the fallowing day  
4. Rainfall of at least 0.1 mm for the fallowing days  
5. If this conditions favours for 7 days the disease will appear. 

Forecasting 
1. Several methods of late blight forecasting have been developed for better disease management through proper 
planning of spray programme. 
2. These are primarily based on record of temperature and rainfall or relative humidity and predict the probability of 
the late blight development assuming the presence of inoculum.“BLITECAST”, a forecasting model is being used in North-
eastern U.S.A. for timing fungicide application. Such disease prediction rules have also been developed in Netherlands 
(Dutch Rules) and England (Beaumont Rules). 
3. In India, CPRI people achieved complete success in predicting outbreaks of late bligh in the hills. According to them 
7 day moving rainfall (30 mm for Shimla, 28.9 mm for Ootacamund and 38.5 mm for Shillong) and mean temperature of 
23.9o C or less continues for 7 days, the disease would appear within 3 weeks and if hourly temperature ranging between 
10-20o C associated with 80 per cent or more relative humidity continues for 18 h for 2 consecutive days, the blight 
would appear within a week. 

Management 
1. Use healthy seed and cull piles near cold stores should be destroyed. 
2. Plant late blight-free seed tubers. 
3. High ridges and proper earthing up prevents tuber infection. 
4. Restrict irrigation during cloudy days. 
5. Digging of tubers should be done after 2-3 weeks of dehaulming. 
6. Destroy all cull and volunteer potatoes. 
7. Scout fields regularly, especially in low, wet areas, along tree lines, at the center of the pivot and other areas that 
remain wet for longer periods where late blight first may occur. 
8. Applying phosphorous acid to potatoes after harvest and before piling can prevent infection and the spread of late 
blight in storage. 
9. Give timely application of fungicides like mancozeb/ chlorothalonil/ propineb (0.25%) as prophylactic sprays (1st week 
of November for main crop in plains and IIIrd week of June in hills) and repeat at weekly intervals. 
10. Repeat sprays promptly after rain. Use metalaxyl + mancozeb or cymoxanil + mancozeb (0.25%) only when disease 
risk is likely to be severe and favourable weather conditions persist. 
11. Avoid the use of formulations containing metalaxyl alone. 
12. Use resistant varieties like Kufri Giriraj. 
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Introduction 
The impacts of climate change are reducing the capacity of natural resources (biodiversity, soil and water) to satisfy the 
food demand of the world’s enormous population. Food security and climate change should be considered as an 
interlinked challenge which needs to be addressed simultaneously. Increasing efficiency of available resource in 
agriculture and building resilience to climate risks are the prime actions for combating these challenges. For this, CSA is 
an integrated approach that helps guide actions and develop agricultural strategies to effectively support development 
and ensure food security under the threat of climate change. Climate Smart Agriculture (CSA) encourages sustainable 
development of agricultural systems through practices and approaches that achieve improved food security, increased 
resilience and low-emissions development where possible and appropriate in the face of climate change (FAO, 2010). 

CSA is composed of three main pillars:  
1. Sustainably increasing agricultural productivity and farm incomes along with food security and development;  
2. Adapting and building resilience to climate change at multiple levels; and 
3. Reducing Greenhouse Gases (GHG) emissions, where possible. 

CSA focuses on meeting the needs of people for food, fuel, timber and fibre through science-based actions; contributing 
to economic development, poverty reduction and food security; maintaining and enhancing the productivity and 
resilience of both natural and agricultural ecosystem functions, thus building natural capital; and reducing the trade-
offs involved in meeting these goals. CSA looks forward to achieve food security, climate change adaptation and 
mitigation, providing the means to help stakeholders from local to national and international levels identify the 
agricultural strategies suitable to their local conditions, taking into consideration the social, economic and environmental 
context where it will be applied.  

Hence, CSA relates to both on- and off-farm actions. The different prospects which can be integrated into a climate-
smart agriculture includes:  
1. Management of farms, crops, livestock, aquaculture and fishery for better management of resources and to produce 
more with less resources while increasing resilience;  
2. Ecosystem and landscape management to conserve ecosystem services that are key to increase resource efficiency 
and resilience;  
3. Services for farmers and land managers to create an environment conducive for implementation of the necessary 
changes.  

Moreover, CSA is not a single specific agricultural technology or practice that can be universally applied, but an 
integrated approach that requires context-specific assessments to identify the suitable agricultural technologies and 
practices as well as the barriers to their adoption by farmers, and the appropriate solutions in terms of policies, 
strategies, actions and incentives.  

Crop Physiology and Genetics Under Climate Change 
Responding to effects of climate change (for example, changes in nutrient availability and plant nutrient acquisition, 

higher CO2 concentrations and temperatures, water deficits and flooding) that influence the closure of the yield gap 

between potential and actual production will require continuation of existing ‘best management practices’ coupled with 

improvements in agronomic management practices and crop-breeding (George, 2014 and Tittonell et al., 2013).  

Molecular approaches and genetic engineering will foster better understanding and manipulation of physiological 

mechanisms responsible for crop growth and development, as well as the breeding of stress-adapted genotypes, but 

there are various social controversies surrounding the use of these technologies. High-throughput phenotyping platforms 

and comprehensive crop models will lead to more rapid exploration of genetic resources, enabling both gene discovery 

and better physiological understanding of how crop improvement can increase tolerance to environmental stress (Cossani 

et al., 2012; Reynolds et al., 2012; Pask et al., 2013).  
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Development of new crop genotypes to meet the need to thrive under future management and climate conditions, the 

expected increases in the frequency of climate shocks and the uncertainty of rates of climate change presents a 

challenge. The specific examples set forth in the following paragraphs demonstrate how greater understanding of 

biochemical pathways, plant traits and phenotypes and germplasm evaluation could help overcome bottlenecks in both 

yield and development of physiological resilience to environmental stresses. 

Molecular approaches provide opportunities to establish linkages between biochemical pathways and physiological 

responses. In cereals such as rice, grain yield is highly dependent on the carbohydrate source and sink relationship, which 

is highly influenced by the plant hormone cytokinin (Peleg et al., 2011). Cytokinin production also affects drought 

tolerance and senescence, and isopentenyl transferase (IPT) expression controls upregulation of pathways for cytokinin 

degradation.  

Therefore, it follows that tolerance of abiotic stress by delaying stress-induced senescence through manipulation of IPT 

expression in transgenic lines could maintain optimal levels of cytokinin, resulting in greater fitness and more seed and 

grain production (Peleg et al., 2011). When exposed to varying drought intensities pre- and postflowering, transgenic 

rice with higher IPT expression maintained consistently higher grain yields and concentrations of sucrose and starch 

compared to the wild-type genotype. The delayed onset of drought-related symptoms in the transgenic lines caused 

positive source–sink relationships for a relatively longer period with higher photosynthetic rates than the wild type. 

Combinations of multiple plant traits to survive stress, however, may produce more resilient crop production in the face 

of climate change (Cossani et al., 2012). Survival strategies employed by plants include early flowering to escape drought 

periods, stomatal control to prevent water loss, enhanced root growth in deeper soil layers to access water and reduced 

leaf growth to minimize the transpiring surface. These adaptations come at a cost, where reductions in the growth cycle, 

light interception and carbon (C) assimilation by photosynthesis are often accompanied by a higher Carbon requirement 

to build additional plant roots, especially under nutrient stress. Thus, the trade-offs of introducing new plant traits must 

be considered for specific types of environmental stress (Reynolds et al., 2012). 

By examining the genetic basis of physiological mechanisms and environmentally induced stress responses, crops such as 
maize, wheat and other cereals can be bred to produce better yields and tolerances through targeted accumulation of 
alleles that confer robust responses to environmental stressors such as drought. This approach was used by the 
International Maize and Wheat Improvement Center for the discovery and accumulation of drought-adaptive traits in 
wheat and maize germplasm from wild-type crop relatives and cultivars from a wide range of climates and growing 
conditions (Reynolds et al., 2012; Pinto at al., 2010). Screening for physiological traits can be highly effective in selecting 
such lines for a breeding programme.  

Canopy temperature (CT) is an example of a widely used, high-throughput germplasm screening tool. CT is linked to 
stomatal conductance, an indirect indicator of water uptake by roots, especially under drought and heat stress (Rebetzke 
et al., 2013). In one study, researchers found that 60% of variation in yield from recombinant inbred lines grown under 
drought conditions was explained by CT (Olivares et al., 2007). Screening for physiological traits in candidate genotypes 
as an initial step may thus accelerate the search for novel genes and genotypes that will be needed to deal with rapid 
changes in climate, such as the greater intensity and frequency of drought. Trait-based breeding programmes will be 
most effective when approaches are developed to simultaneously screen a broad array of genotypes for phenotypic 
responses to environmental stresses quickly. 

Conclusion 
Disciplinary, interdisciplinary and trans-disciplinary scientific approaches play a fundamental and profound role in 
developing understanding of the processes underlying CSA and serve as partners in enumerating priorities for CSA. They 
form a crucial element in the knowledge base needed to implement CSA actions and manifest future transformative 
changes in agriculture in a changing climate. 
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Introduction 
Agriculture is the main strength of Indian economy and with variety of agricultural crops grown today. We have achieved 
food security by producing over 250 million tons of food grains. However, our struggle to achieve nutritional security is 
still on. Nutritional security can be achieved only if there is balanced and well nutritional diet by all the people over the 
country. In India majority of the population consumes cereal dominated diet which is sufficiently rich in calories but 
deficient in proteins. So, it is necessary that there must be an alternative protein food source to combat the protein 
deficiencies of growing population. For this purpose, FAO has recommended mushrooms as an alternative source of 
quality proteins. 

“Mushrooms are the fleshy or leathery compound fructification with variously coloured     commonly found on manure 
pits dung heaps and on any rich organic matter. They are borne on stalk and provide with gills and pores to the underside 
which contains mycelia layer.” 

They comprise a large heterogeneous group with different shape, size, colour & edibility or the 2000 known edible 
species. Only 20 are under commercially cultivation. These are white button mushroom paddy straw mushroom & oyster 
mushroom. At present, the total mushroom production in India is approximately 0.13 million tons. From 2010-2017, the 
mushroom industry in India has registered an average growth rate of 4.3% per annum. Out of the total mushroom 
produced, white button mushroom share is 73%. India ranks 18 in the mushroom production. India contributes 4.44% in 
the global mushroom production.  

The per capita consumption of mushroom in India is 20-25 grams .The growth rate of mushroom production increased by 
4.83 % per year in 2010-2018. There are also many constraints in adoption of mushroom farming like related to price 
fixation and lack of government support along with non-availability of quality spawn in the local area its untimely supply 
and lengthy method of compost preparation in case of button mushroom are the major bottlenecks in adoption of this 
venture (Gurdarshan singh and Gurmeet Singh, 2017). The present review highlights the scenario, impact of mushroom 
farming due to COVID-19 and different bottlenecks for adoption of different mushroom cultivation practices in India. 

Government of India is taking all necessary steps to ensure that we are prepared well to face the challenge and threat 
posed by the growing pandemic of COVID-19.The government of India and WHO has suggested and recommended to stay 
safe by staying in homes due to the rapid spread of COVID-19. So, by using the principle that prevention is better than 
cure if we apply here to the current society it says that “Than getting cure after the attack it is advised to take care by 
following certain basic measures. If we see the scenario the rapid spread was reported to age groups having less immunity 
power. Mushroom intake may certainly boost the immunity power in all age groups. WHO recommends that coping with 
stress during the 2019-nCoV outbreak as “If you must stay at home, maintain a healthy lifestyle - including proper diet, 
sleep, exercise and social contacts? Doctors also said that elderly and young ones are usually most vulnerable to the 
influenzas because of low immunity and they needed to be more careful against this pandemic. However young also 
needed to be concerned about boosting immunity power and this would eventually move and combat the virus.  

So, immunity and immune power should be developed. While there is no better way to pump up our body's natural 
immune-boosting abilities than to pack our diet with healthy plant-based foods. Mushrooms are used in Ayurveda and 
folk medicine in India (Adhikari, 1981; Jitendra and Vaidya, 2000).Most people overlook the mushroom, which is which 
are unsung heroes of a healthy diet. Adding them to salads, soups, breakfast scrambles, pasta basically anywhere you 
can, to slow aging and increasing the immunity, and reap the benefits. The powerful mushroom has been helping humans 
since ancient times. Preliminary evidence suggests that mushrooms may support healthy immune response, lower 
inflammation and, through interaction with the gut micro biota, improved immune cell functionality.  But there are 
many bad impacts on such mushroom growers due to lockdown .In some cases it is having positive impact also. In this 
perspective it is said again that every phenomenon in any situation has boon and a curse.  
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Mushroom Growers are Mostly Affected by the Following Situations (Bottlenecks) 
1. Problems of Procuring the raw material 
2. Problems in safe storing of procured raw material 
3. Problems due to  weather conditions in different areas due to heavy rains 
4. Lack of Freshly prepared and quality spawn  
5. Lack of Transport Facilities 
6. Lack of Labor facilities 
7. Difficulties in Value addition and Quality  
8. Difficulties in maintenance of mushroom growing rooms  
9. Lack of availability for sale in the market 
10. Low Remunerative prices  
11. High input costs  
12. Local farmers who grow and distribute the mushrooms for the sake of locally available hotels, Restaurants are facing 
remarkable loss due to closure of all the hotels in this Lockdown period. 

There is crop advisory designed for growing mushrooms for the sake of mushroom farmers. The ICAR-Directorate of 
Mushroom Research, Solan Himachal Pradesh also has released timely crop advisory from time to time for the sake of 
mushroom farmer community. 
1. As most of the places there are many rains and contingency crop planning is being followed in some areas to sustain 
crop stability and enhancing crop productivity, similarly as mushroom growers already  might have procured the raw 
material, storing it properly protecting from untimely rains is necessary 

2. Mushroom has known to everyone as of recent trend even though it is having great past. Even then the farmers are 
advised to take up mushroom cultivation on a small scale / phased manner so that there is no problem in the sale of the 
produce in the local areas as transportation and other factors like packaging quality assurance, Value addition are 
minimized to due to this COVID-19. 

3. We Indians are having self-sufficient food grains due to the continuous work done by the hands of farmers in their 
fields. So, our farmers must use masks and sanitizers while carrying out the various activities in the mushroom growing 
areas by maintaining the social distance as per the guidelines of the local administration to avoid the danger of spreading 
COVID-19. 

4. Using of the freshly prepared/procured mushroom spawn is important as it has got the ability to develop good yield 
and high fruiting as the old spawn may not give good yield and there will be chances of loss due to failure of the crop. 
This affects the farm income and creates a bad remark. 

Picture showing Inoculation of Oyster mushroom mycelium in culture media for spawn production under proper 
lab conditions in the department of plant pathology at college of agriculture, sonai by Alamuru Krishna Chaitanya. 

5. Though Mushroom has the greater nutritive value but marketing is the major bottleneck .This is due to Lack of 
awareness .By Creating awareness among the consumers about the nutritional and medicinal value of the mushroom as 
it is a complete food so that the growers do not face any problem in the sale of their produce is a basic added advantage 
for grower community  

6. As plant pathologists always believes and suggests that Sterilization is the basic principle of plant pathology, during 
the lockdown break treating empty growing mushroom rooms with disinfectant like Formaldehyde and Disposing off SMS 
properly in the pits away from the farm for maintaining proper hygiene and sanitation in and around the farm. 
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Picture showing Cleaning and proper sanitization of mushroom room by Komal Gosavi, Tanpure Amruta, Gaikwad 
Mansi, Thete Nikitha in college of Agriculture, Sonai. 

7. Mushroom has good scope in Value addition too. But Fresh mushrooms are perishable in nature, so they must be made 
into different products. The growers can also sell the prepared products like pickle already prepared by them during 
lock down which can increase the farm income to maintain sustainability. If the mushrooms are already drying then it 
should be packed in air tight packing containers. 

Picture: -Students of Experimental Learning Module of College of Agriculture,Sonai creating Awareness of 
mushroom through Value Addition in Mela in the month of February 2020 in Mula Education society, sonai. 

Conclusion 
Mushroom is a valuable source of good proteins and its consumption in this period will certainly boosts the immunity of 
the people .Farmers are presently facing ample of problems as mentioned above. Even ICAR- DRM, Solan also 
recommended crop advisory in this period and organizing mushroom trainings for the welfare of mushroom community. 
Impacts of mushroom market due to lockdown will certainly have loss but the care should be taken accordingly and value 
addition should be done and proper storage should be maintained. 

Source: - https://nrcmushroom.org/assets/images/covid-19-banner-min.png 
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Introduction 
The Indian agricultural sector generates 500 million tons of crop residues per year. According to the report of MNRE, out 
of total crop residues generated most of it utilized for domestic purposes, as animal feed and industrial applications, 
etc. Still there is a surplus of 140 million tons out of which 90 million tons of crop residues being burned in the field. 
Burning of crop residues generates numerous environmental issues. Few adverse effects of the crop residue burning are 
the emission of greenhouse gases contributing to global warming, increasing the amount of particulate matter and smog, 
causing health hazards and the most important effect is the degradation of soil fertility causing loss of productivity.  

Instead of burning of crop residues it is recommended that it should be kept as it is on the field. Since, crop residue 
cover protects soil from erosion and retains soil moisture. When benefits of keeping the crop residues on the surface 
were not recognized it was a common practice to completely bury it into the soil. Most of the conservative agricultural 
practices recommend tillage practices to be performed without a disturbing surface layer of crop residues. However, 
sometimes an excessive amount of crop residues remains after harvesting of crop those should be removed or 
incorporated into the soil with the help of tillage equipment i.e. rotavator, moldboard plough, etc. Too much load of 
crop residues on the soil surface makes sowing operation difficult. The quality of straw incorporation is affected by the 
type of tillage tool used and its operational parameters. The interaction of tillage equipment with straw and soil affect 
the movement and incorporation of straw into the soil. There is numerous tillage equipment being used for managing 
the straw. Some of them are good at completely burying the straw into the soil and some of them are good at tilling the 
soil underneath without disturbing the top crop residue cover. Based on the objective of the work type of tillage 
equipment to be used is selected. Some of the tillage equipment used for straw management are discussed below.  

Chisel Type Implements 
These types of implements consist of shanks fitted with soil engaging tool and they have to be pulled through the soil. 
Chisel type implements do not have any moving part. Examples of chisel type implements are chisel plow, cultivator, 
and subsoilers. The most common soil engaging tool used for crop residue management on the chisel type implements is 
‘sweep’. Operational parameters such as speed and depth of operation affect the ability of sweep to incorporate the 
straw into the soil. With an increase in speed the amount of straw buried is also increases. At shallower depth chisel 
type implement fitted with sweep keep 95% of total crop residues on the surface while at greater depth keep 70% of the 
crop residues on the surface (Raper, 2002). 

Disc Type Implements 
Disc type implements are often used in hard and heavy clay soils for shallow incorporation of straw and to improve 
surface mulch. The disc tillage tool can burry 47 to 86 % of surface straw into the top 0-15 cm deep soil layer (Mari et 
al., 2014). Disc type tillage tools found to burry more straw as operating depth increases. The percentage of straw buried 
also increases with the increase in the speed of operation. In the case of tandem disc harrows, it is seen that decreasing 
the gang angle reduces the percentage of straw buried into the soil. 

Rotary Implements 
Rotary implements such rotary tiller used for straw chopping, shallow tilling, and mixing chopped straw with tilled soil 
in a single operation. Wheat or paddy field harvested with combine harvester left with standing stubbles. The rotary 
tiller is good at chopping off those standing stubbles and mixing it with soil at shallow depth. As a result of the chopping 
action of rotary tiller, stubble size gets reduced to a length where it does not create any disturbance for seed germination 
and accelerates the straw degradation. With increase in rotary kinematic parameter (ratio of blades rotational velocity 
to forward speed) the amount of straw buried also increases. 

Inversion Type Implements 
Inversion type tillage equipment such as moldboard plough known for complete inversion of soil and straw. It is estimated 
that single pass of moldboard plough can bury the 90-100 % of the straw present on the surface. Operation of such type 
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of implements is not suitable when moisture conservation is the objective. Soil worked with these types of equipment is 
more susceptible to the erosion by wind and water. With increase in the speed of operation the depth of straw buried 
decreases. 

No Tillage 
No tillage cultivation technique in which crops grown without disturbing the soil through operations. Almost all crop 
residues remain on the surface which reduces the erosion by and conserve moisture. Slow warming up of surface during 
cold season restricted no tillage practices only to low rainfall areas. 

Soil Tillage Intensity Rating (STIR) 
STIR is the numerical value calculated based on the factors determine by the crop management decisions implemented 
for particular field. STIR value is calculated by using RUSLE2 computer model. The factors that are considered while 
calculating STIR value are 1. Operational speed of tillage equipment 2. Depth of tillage operation 3. Percent of soil 
surface area disturbed  

STIR values reflects the type and aggressiveness of soil disturbance caused by the tillage equipment. The Value of STIR 
is measured on the 0-200 scale. Lower STIR values mean less soil disturbance. The STIR values for most common tillage 
equipment are given Table 1 below. 

Table 1. STIR values for some common tillage operations: 

Sr. No Tillage Equipment STIR Value 

1. No tillage  0 

2. Field Cultivator (Sweeps 15-30 cm width) 23 

3. Tandem Disc 32-39 

4. Chisel- twisted shovel or sweeps 42-49 

5. Mouldborad Plough 55-65 

Source: https://extension.umn.edu/soil-management-and-health 

Conclusion 
Since, different type of tillage implements is having different capabilities of straw incorporation they are suitable only 
for particular situation. The field were objective is to keep the most of the straw on the surface, chisel type of tillage 
implements is best suited for such situation. Rotary tiller is good at handling lengthy straw by chopping and mixing them 
into soil. Inversion type implements are not suitable for conservative agriculture. 
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Introduction 
Costus speciosus (Kebuka) is commonly known as Crepe ginger or wild ginger. It belongs to the family Zingiberaceae. It 
is a tropical rhizomatous herbaceous perennial plant. It is popularly known as ‘insulin plant’ by the ethnic groups in India 
because it is used in the treatment of diabetes. It can also grow as ornamental plant for aesthetic purpose in the gardens. 
Costus speciousus is widely used in traditional herbal medicine to cure various human ailments. This plant is cultivated 
in India for its medicinal as well as ornamental purpose. Costus is under cultivation as rainy season crop (Kharif) in 
isolated patches in different part of India. The cultivation of Costus speciosus is mainly done for the diosgenin content 
and other steroidal saponins. Costus can be used for kapha and pitta disorders, fever, cough, diabetes, edema, blood 
diseases and other skin ailments. In general, it is harvesting from the natural habitats to extraction of diosgenin from its 
economic parts as rhizomes. Costus speciosus is in the verge of extinction in natural sources.  Henceforth, there is a 
need to explore the diverse area of its natural sources for collection of diverse genetic material and methods to develop 
the conservation strategies. Thus, the collection, conservation and cultivation of Costus speciosus are the need of ours 

to meet the demand of the herbal industry. 

Geographical and Botanical Description 
Costus specious is distributed in tropical and subtropical area of Asia, Africa and America. It is mostly distributed in the 
moist area of Indo-Malayan and Sri Lanka. In India the plant naturally grows in Sub-Himalayan tract, in parts of central 
India and in the Western Ghats of Maharashtra, Karnataka and Kerala and also found in roadside ditches and low-lying 
areas in the forest, generally the shady areas. It is also found in Assam, Andhra Pradesh, Tamil Nadu and West Bengal. 

Costus speciosus is a rhizomatous herbaceous perennial plant. It is an erect plant grows to height of 2.7-3 m. The 
vegetative portion above the ground diffentiate as nodes and internodes.  The leaves are large in size of 15-30 × 5.7-7.5 
cm and they are arranged spirally on the erect stem. The flowers are white in colour in clustered in terminal globose 
heads. The flowering occurs from August-September. The fruits are globose or ovoid capsules. The fruiting generally 
starts from mid-November. The seeds are sub-globose (Khanna et. al., 1977). 

Plant parts used: The plant parts used are rhizome, root, stem and leaves. 

Chemical Composition 
The all plant parts are useful but the rhizomes are most economic parts in this crop.  The diosgenin is mainly extracted 
from the rhizomes. The bio active phytoconstituents are diosgenin, dioscin, costusosides, eramanthin, prosapogenins A 
and B of dioscin, gracillin, β-sitosterol, β -carotene etc. 

Various chemicall compounds are found in different plant parts like,  
1. Leaves: α- amyrinsterate, β-amyrin and lupeol Palmitates.  

2. Seeds: Two new quinones, dihydrophytylplastoquinone and its 6-methyl derivatives and α-tocopherol.  

3. Defatted seeds: diosgenin, glucose, galactose and rhamnose. 

4. Rhizomes: Five new compounds-tetradecyl 13-methylpentadecanoate, tetradecyl 11- methyltridecanoate, 14-
oxotricosanoic acid, 14-oxoheptacosanoic acid and 15- oxooctacosanoic acid.  

5. Root: 31 norcycloartanone, cycloartanol, cycloartenol and cyclolaudenol. 

Traditional and Medicinal Uses of Costus speciosus 
It is used in the Ayurvedic system of medicine in the treatment of pneumonia, skin problems, fever, constipation, 
asthama, cough, urinary ailments and jaundice (Moosmann and Behl, 2002). Rhizomes of Costus are used as herbal 
remedy for fever. It is a natural source of diosgenin which can be used for synthesis of sex hormones, contraceptives and 
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cortisone (Sarin et. al., 1974). The blood glucose of the body can be decreased as it possesses hypoglycemic properties 
and insulin potentiating action (Eliza et. al., 2008). C. speciosus is used to control vata and kapha and promotes 
complexion in ayurvedic system of medicine.  Dyspepsia, cough and other respiratory disorders can be cured by using C. 
speciosus.  

The diseases like boils, constipation, diarrhoea, dizziness, headache, ear, eye, and nose pain can be treated by C. 
speciosus in Southeast Asia. Syphilis can be controlled by using the rhizome extract by Japanese people (Jain, 1991).  
The rhizomes of C. speciosus possess cardiotonic, hydrochloretic, diuretic and CNS (central nervous system) depressant 
activity according to pharmacological studies. It is also used for the relief of headache by applying juice of rhizome on 
the forehead.  Fever can be cured by applying bruised leaves and decoction of stem. Leaves are also used for scabies 
and stomach problems. Stems are ground into paste and applied for blisters. Rhizome extract is used for treating snake 
bites. C. speciosus is traditionally used as a medicinal herb mainly for its stimulant, carminative, diuretic, digestive and 
antiseptic properties. The rhizome is used internally in the treatment of abdominal pain, liver problems, jaundice, gall 
bladder pain etc. The leaves and rhizomes of C. speciosus have been reported to possess steroid diosgenin, which is anti-
diabetic in nature.  The juice of the boiled plant is used for the ear problems. Also, the juice obtained from the rhizomes 
of costus has antifertility properties and it is used to treat leprosy (Shobana and Naidu, 2000). 

Cultivation Practices 
1. Soil and Climate: The plant grows well in moist soils. Alluvial soil with pH ranging from 5.7-7.5 is considered as best 
for the cultivation of Costus. A sub-tropical climate with annual rainfall ranging between 1000-1500mm is good for its 
cultivation. 

2. Preparation of land: The land should be ploughed repeatedly by 2-3 times and soil should be brought to fine tilth. 
After ploughing the field, FYM should be applied @15t/ha. The soil is mixed well with FYM and furrows are made at a 
distance of 50 cm. 

3. Propagation and Planting: For the commercial purpose this plant is propagated through rhizomes. It can also be 
propagated using seeds and stem cuttings. The cuttings of rhizomes which are used for propagation should have 2-3 
viable active buds. It can also be propagated by vegetative methods like division of culms and seeds dispersed by birds 
(Trease and Evans, 1978). Further, biotechnological approaches such as tissue culture and germplasm preservation can 
also be utilized (Neelesh, 2010). Planting is done generally in the third week of April to third week of May.  The rhizomes 
pieces weighing about 40-50 g should be selected. The pieces of rhizomes are planted at a depth of 8-10cm. About 2000-
2400kg of fresh rhizomes is to be required to planting of one-hectare land. Irrigation should be given immediately after 
planting.  

4. Manures and Fertilizer: Diosgenin is the main content obtained from this plant. To obtain the maximum diosgenin 
content the optimum dose is 45:30:30 of NPK with a mixture of 15 t/ha of FYM. The dosage of P and K should be given 
in two splits i.e., 20 and 60 DAPS. While, N should  be given along with P and K at 60 DAPS. 

Fig. 1: Field view of Costus speciosus 
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5. Irrigation: For its successful crop growth it needs more number of irrigations. If the crop is planting during April and 
May, 2-3 irrigations should be given in a month till the commencement of monsoon. At least two irrigation should be 
given while tuberization during the month of September to November. The number of irrigations may depend upon the 
duration of the crop and its stage for harvesting.   

6. Weeding and intecuture: The crop should be kept free from weeds; one weeding should be done during sprouting 
period of the crop. During the active growth stage of the crop most of the weeds are suppressed. About 2-3 weedings 
are required before the crop is harvested in August or September.  

7. Pest and Diseases: The pest and diseases reported in Costus are Rhizome rot caused by Phytophthora solani, Phythium 
rhizome rot caused by Pythium spirosum and Leaf Blight caused by Curvularia paradissi. Use of fungicide like Benlate, 
Bavistin and Dithane Z-78 can be done as preventive measure. 

8. Harvesting and Yield: The maximum diosgenin content can be obtained the crop at 16-17 months old active stage of 
vegetative growth. The aerial shoot and the rhizomes should be are harvested. Minimum damage should be done to the 
rhizome as they are considered as the economical part. The rhizomes are dried under the shade and further the process 
of extraction of diosgenin could be carried out. About 17-19 months old crop yields 50 tonnes per hectare of rhizome 
containing 75-125kg of crude diosgenin. 

Conclusion 
The therapeutic properties of C. speciosus is mainly due to alkaloids, glycosides, steroids, phenolis, tannins, terpenoids 
and saponins are present in the plant parts. It is used for the treatment of diabetes by various ethnic groups in India. Its 
demand is increasing in India and also across the globe due to the increasing diabetic population. To cope up with the 
commercial demand, it is necessary to adopt the cultivation of this crop. C. speciosus is one of the species which is on 
the verge of extinction. Hence, the cultivation practices should be followed for conservation of this species to meet the 
demand of herbal industry. 
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Introduction 
Plants have different developmental strategies for growth and all those are genetic programmed. Additionally, growth 
is significantly influenced by environmental factors specifically in plants. It is very important to understand that how 
plant growth is regulated at the molecular level and through which molecular mechanisms environmental signals are 
able to influence growth. There are multiple growth regulation aspects related to embryogenesis, seed and bud 
dormancy, fruit bud initiation, flowering, regulation of flowering, fruit set, fruit development etc. Molecular insights 
into different growth-related process and how it is signaled may lead to opportunities to engineer crops with increased 
quality and so higher yields. Especially in case of fruits crop where the growth regulation is very important to attain 
quality and quantity both. Presently molecular approaches have been appeared as a potent tool and can advanced the 
study and improvement of fruit crops. 

Basic Need / Importance of Molecular Approaches 
1. Molecular approaches are important to identify simple and complex effects of gene on growth regulation and 
utilization of those valuable genes through different molecular technique for improving quality and yield of fruit crops. 

2. Molecular approaches are also important for studying the interaction between gene and environment which are related 
to crop growth regulation and ultimately use that knowledge for enhancement of fruit quality and yield. 

Molecular Techniques 
An array of molecular tools to understand plant functioning and response to environmental signaling are used are as 
following: 
1. PCR (Polymerase Chain Reaction): PCR is a relatively simple and inexpensive tool that is used to focus in on a segment 
of DNA and copy it billions of times over. Through the use of PCR, it gets possible to make millions of copies of a particular 
section of DNA from a very small amount of DNA. It is applied in the early stages of DNA processing for sequencing for 
detecting the presence or absence of a gene. 

2. Recombinant DNA technology: Recombinant DNA (rDNA) molecules are primarily  formed by laboratory methods of 
genetic recombination (such as molecular cloning) to bring together genetic material from multiple sources, thus creating 
sequences that does not otherwise be found in the genome.  

3. Genetic transformation: The whole Process of transfer, integration and expression of transgenes in the host cells is 
called as genetic transformations. There are number of methods available to transfer DNA into plant cells. Some vector-
mediated methods are (1) Agrobacterium-mediated transformation (2)Viral transformation (transduction). 

4. RNA interference (RNAi): The discovery of RNA interference (RNAi) in mid ninety’s added a new dimension in the 
regulation of gene expression by different types of RNA. It is a mechanism in which double stranded RNA (dsRNA) is the 
initiating factor in post-transcriptional gene silencing. 

5. Others: Nucleic acid hybridization, DNA fingerprinting, Sourthern blotting, Northern blotting, In situ hybridization, 
DNA sequencing, Restriction mapping, use of molecular marker, microarray are some other molecular techniques. 

Molecular Approaches in Crop Growth Regulations 
Different molecular approaches are done on diverse crop growth regulation parameters and on various fruit crops which 
are summarized as below. 

1. Fruit growth and ripening: The molecular approaches for regulation of fruit ripening follows a complex phenomenon 
with drastic changes in chemical composition, which improve the important quality attributes like favour, softness, 
sweetness and color. These changes are governed by many genes and enzymes and involve many biochemical steps.  
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Table 1. List of genes involved in fruit ripening and their regulatory activities 

2. Fruit firmness: Fruit firmness is an important attribute and determines the market quality of fruits. The firmness and 
shelf life of fruits is governed by many genes. Few examples of genes responsible for fruit firmness and shelf life are 
mentioned in table 2.  

Table 2. Gene for fruit firmness and longer shelf life 

S.No. Fruit Gene References 

1. Strawberry FaEXP1, FaEXP2 Dotto et al.,2006 

2. Peach PpPG Qian et al., 2016 

3. Papaya EXPA8, EXPB3 Porika et al., 2016 

4. Banana MaMADS1,  MaMADS2 Cazkansk, 2016 

Conclusion 
Molecular approaches  concern with the molecular basis of biological activity between biomolecules in the various 
systems of a cell, including the interactions between DNA, RNA, and proteins and their biosynthesis, as well as the 
regulation of these interactions. Though molecular research is highly skill specific and involve larger cost but advances 
in study of molecular approaches in crop growth regulation exhibit a great potential for improving the fruit production. 
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Common name Bhindi (India) gombo (French), Lady’s finger or okra 
(english), bamiah  (arabic ) and guino-gombo (Spanish) 

Botanical name Abelmoschus esculentus (L.) Moench 

Family Malvaceae 

Chromosome number 2n=130 

Introduction 
Okra (Abelmoschus esculentus) is a common vegetable in India. It is an important crop of tropics and subtropics. The 
crop is grown for its young tender fruits, used in curry and soups after cooking. It is a good source of vitamins A and B, 
protein and minerals. It is also an excellent source of iodine and is useful for the treatment of goiter. Okra Fruits are 
also dried or frozen for use during off –season. Dry fruit skin and fibres are used in manufacture of paper, card board 
and fibres. For jaggery preparation its stems and roots are used for clearing cane juice. The predominantly okra producing 
states are West Bengal, Bihar, Odisha, Uttar Pradesh, Assam, Karnataka and Andhra Pradesh (Thumburaj et. al., 2014). 

Climate 
Okra require warm humid and long growing period during its growing season. Okra grows best within a temperature range 
of 24-27°C. Seeds fail to germinate when temperature is below 20o C. 

Soil 
Okra grows best in loose, friable, well-drained sandy loam soils rich in organic matter and pH range of 6.0-6.8 is 
considered as optimum. Okra is highly susceptible to frost. 

Varieties 
1. Released by IARI: Pusa Makhmali, Pusa Paushja, Pusa A-4, Pusa Sawani, Sel-2. 

2. Released by IIHR: Sel-10 (A. Anamika), Sel-4 (A. Abhay). 

3. Released by PAU: P-7, Punjab Padmini, Punjab no. 13, Punjab 8. 

4. Released by IIVR: DVR 1, 2, 3, 4, VRO 3, 4, 6, 5, 22, 25. 

5. Hybrids: CO 2, 3, COBhH 1. 

6. Other: Parbhani kranti, MDU 1, Varsha uphar, Aruna, CO 1, Azad Kranti. 

Seed Rate and Seed Treatment 
Seed treatment with Tricoderma viride @ 4 g/kg or Pseudomonas fluorescens @ 10 g/ kg of seeds and again with 400 g 
of Azospirillum using starch as adhesive and dried in shade for 20 minutes. Sow three seeds per hill at 30 cm apart and 
then thin to 2 plants per hill after 10 days (Anon., 2013). 

Land Preparation 
The land should be well prepared with 2-3 ploughing. About 20-25 tonnes of well decomposed FYM is applied at the time 
of land preparation. Okra seed is sown on ridges or on flat beds. 

Sowing 
The distance of sowing is closer in summer, 45ⅹ 30 cm than in rainy, 60ⅹ 45 cm. The hybrid varieties should be planted 

at a spacing of 75 x 30 cm or 60 x 45 cm. Irrigate the field 3-4 days before sowing. The seeds germinate in about 4-5 
days. 
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Nutrient Management 
About 20-25 t/ha of FYM is applied to the soil at the time of field preparation. The general recommendation for optimum 
yield is 100 kg N, 60 kg P2O5 and 50 kg K2O. Half dose of N and full dose of P2O5 and K2O are applied at the time of 
planting. The other half dose of N is given 30 days after sowing. 
Recommendation for hybrid varieties is 150 kg N, 112 kg P2O5 and 75 Kg K2O. Out of this dose, 30 % of N and 50 % of P & 
K is applied as basal dose. Other 50 % of P and 40 % of N and 25 % of K is applied as first top dressing four weeks after 
sowing. Balance quantity of 30 % N and 25 % K is applied as second top dressing about 7 weeks after sowing. 

Irrigation 
In summer, crop is irrigated at an interval of 4-5 days. Moisture stress at fruit setting stage reduces the fruit quality and 
the yield. Normally, the crop is irrigated by adopting the furrow method of irrigation. 

Intercultural Operations: Weed Management 
In Okra 3-4 weeding is needed. The first weeding is done when the seedling is about 15 days old and later at fortnightly 
interval. Pre-emergence application of Basalin 48 EC (1.5kg a.i./ha) or Stomp 30 EC (0.75 kg a.i./ha) followed by one 
hand weeding at 20-25 days after sowing effectively controls the weed growth. 

Plant Protection Techniques: Insect pests 
1. Shoot and fruit borer (Earias vittella): The larvae bore into the growing shoot initially and fruits at later stage.  It 
is the major pest of okra.  

Control:  
a. Summer  ploughing  and  phytosanitation also  helpful  in  reducing  the  pest population.   
b. Follow the crop rotation excluding cotton and hollyhock. 
c. Regularly remove the attacked fruits and bury them deep into the soil. 
d. Spray carbaryl (4g/litre of water) or quinalphos 25 EC (2ml/litre of water) at fortnight interval.  

2. Whitefly (Bemesia tabaci): The insect act as vector to transmit the yellow vein mosaic virus disease.   
Control:  
a. Follow crop rotation. 
b. 4-5 foliar spray of imidacloprid 17.5 SL (0.002%) or dimethoate (0.05%) at an interval of 10 days. 

Diseases 
Yellow vein mosaic: This viral disease is characterized by yellowing of veins. The infected plants remain stunted and 
bear very few, yellow coloured fruits.  White fly (Bemisia tabaci) act as a vector to transmit Yellow Vein Mosaic Virus. 

Control:   
1. Grow resistance varieties like Parbhani kranti, Varsha uphar, Panjab padmini, Arka abhay, Arka anamika etc.  
2. Rogue out the diseased plants from the fields.  
3. Control white fly by spraying malathion (0.1%) or dimethoate (0.05%) at an interval of 10-15 days. 

Harvesting and Yield 
The first fruit picking is done in about 45-60 days after seed sowing. The fruit at harvesting should be tender and medium 
sized (7-10 cm long). Harvesting is carried out once in 3-4 days. Okra yields 7.5-10 t/ha. Yield of hybrid varieties ranges 
from 15-22 t/ha. 

Conclusion 
Okra is an important vegetable crop in India mainly cultivated in Odisha, West Bengal and Maharashtra. Climate and 
temperature are favourable for growing okra in India. Okra is grown in early spring and late summer. Many improved 
varieties were released having disease and pest resistance quality and high yield. Yellow vein mosaic is the most 
important disease of okra. Average yield is between 7.5-10 t/hac and for hybrids 15-22 t/ha. 

Reference 
1. Anonymous, 2013. Crop Production Techniques of Horticulture crop. Horticulture College and Research Institute, 

TNAU, Coimbatore - 641003 
2. Sumathi E. 2007. Seasonal incidence of sucking pests and fruit borers of bhendi. Journal of Ecobiology 19:15-8.  
3. Thamburaj S and Singh N. 2014.Vegetables, tuber crops and spices, ICAR, pp. 222-232. 
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Micronutrients are essential elements that are used by plants in small quantities. For most micronutrients, crop uptake 
is less than one pound per acre. In spite of this low requirement, critical plant functions are limited if micronutrients 
are unavailable, resulting in plant abnormalities, reduced growth and lower yield. In such cases, expensive, high 
requirement crop inputs such as nitrogen and water may be wasted. Because of higher yields, higher commodity prices 
and higher costs of crop inputs, growers are reviewing all potential barriers to top grain production, including 
micronutrient deficiencies. Micronutrient deficiencies can be detected by visual symptoms on crops and by testing soils 
and plant tissues. The most reliable micro-nutrient soil tests are for zinc, boron, copper, and manganese. Though 
adequate, these tests are not as precise as those for soil pH, potassium and phosphorus. Indian soils are generally poor 
in fertility especially in micro-nutrients due to continuous cultivation for a very long time without addition of micro-
nutrient fertilizer resulting in deficiency. 

Micro-nutrients play important role in Indian agriculture towards sustainable crop production. In addition, green 
revolution led-increased demand of micro-nutrients by the high yielding crop cultivars as well as adoption of intensive 
cropping practices, use of high-analysis fertilizers with low micro-nutrient content, decreased use of organic manures 
and crop residues, growing of crops in soils with low micronutrient reserves and other natural and anthropogenic factors 
adversely affecting phyto-availability of micronutrients aggravated the situation (Shukla, 2015). Each micro-nutrient 
plays a different role in a plant organism. Hence, the most important micro-nutrients are boron, iron, manganese, zinc 
and molybdenum. 

Boron is a crop element important for, sugar transport, formation of cell wall, production of amino acids, crop 
reproduction, for flowering and fruiting and crop quality. The effects of boron deficiency will vary depending on the 
type of crop. However, the most common symptoms include, stunted growth of young crops, the death of growing points, 
deformation of leaves, dark brown lesions on leaves, yellow chlorosis on leaves and poor flowering. 

Iron is micro-nutrient essential for crop growth. The importance of iron is its role in chlorophyll production. Iron is 
essential for photosynthesis and enzyme composition. Iron also influences the transfer of energy, nitrogen reduction, 
and fixation, as well as lignin formation. Manganese influences chloroplast production and is an active participant in the 
photosynthesis process. Manganese also activates enzymes and influences germination and crop maturity. However, 
when compared to an Iron deficiency, the transition between the leaf blade and the veins is much milder in a manganese 
deficiency. Zinc is a component of many enzymes. It plays an important role in, early growth stages, root, seed, and 
fruit development, photosynthesis, balance of plant hormones, auxin activity. Zinc deficiency manifests differently 
depending on the crop type, but the most common symptoms include, stunted growth, reduced length of internodes, 
smaller young leaves, yellowing on the lower leaves. 

Plants grown in nutrient solution without molybdenum developed characteristic phenotypes including mottling lesions 
on the leaves, and altered leaf morphology where the lamellae became involuted, a phenotype commonly referred to 
as ‘whiptail’. The only trace element that could eliminate these phenotypes was found to be molybdenum. Visual effects 
in young plants include mottling, leaf cupping, grey tinting, and flaccid leaves which are often found on seedlings that 
remain dwarfed until dying (Kaiser et al., 2005). 

References 
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We use the term 'salt-affected soil’ to refer to soils in which salts interfere with normal plant growth. Salt-affected soils 
can be divided into saline, saline-sodic and sodic, depending in salt amounts, type of salts, amount of sodium present 
and soil alkalinity. Each type of salt-affected soil will have different characteristics, which will also determine the way 
they can be managed. Soil management is an integral part of land management and may focus on differences in soil 
types and soil characteristics to define specific interventions that are aimed to enhance the soil quality for the land use 
selected. Specific soil management practices are needed to protect and conserve the soil resources (FAO).  

The amount of salt-effected soil varies in different places. In humid regions the salt problem is limited unlike arid and 
semi-arid areas. Salt accumulation and water logging mainly threaten agriculture areas. Agriculture production are 
affecting due to salt problem. It is economical to undertake salinity or sodicity in control limits in order to use that land 
for agricultural production as well as buildings could be safeguard from the hazard of salt and water logging. The soluble 
salt that occurs in the soils consists mainly of ions, sodium, calcium, magnesium, potassium, chloride, sulfate, 
bicarbonates and carbonates. As a result of chemical decomposition and physical weathering these constituents of salts 
are generally released and exists on soil surface or on crop root zone.  

A high concentration of such salts interferes the growth of plants, reduces the crop production and land value. The 
control of this problem is prime important for maximizing and sustainable agriculture. The control of the salts can be 
through soil applied amendments like gypsum, acids, sulfur, HCl, pressmud, molasses and various field practices including 
ploughing, irrigation, surface flushing, leaching and draining practices and many more management practices as follows, 

Amelioration practices: 
1. Biochar application for the remediation of salt-affected soils. 
2. Enhancing productivity of salt affected soils through crops and cropping system. 
3. Effect of bio-solid waste compost.  
4. Trifolium isthmocarpum, a salt-tolerant wild leguminous forage crop in salt-affected soils. 
5. Forage production and N2 fixation in mixed cropping of salt bush and shrubby medic grown on a salt affected soil. 
6. Remote sensing and geographic information system for appraisal of salt-affected soils. 
7. Sub-surface drainage practice for salt movement. 
8. Biomass production in agroforestry and forestry systems on salt-affected soils.  
9. Restoration of degraded salt affected lands to productive forest ecosystem. 

References 
Food and Agriculture, soil portal, (http://www.fao.org/soils-portal/soil management/en/). 
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Introduction 
Sunflower (Helianthus annus L.) is relatively a new introduction to India as an oilseed crop. Sunflower holds good promise 
because of its short duration, photo insensitivity, wide adaptability and drought resistance. It is also known as wonder 
crop because it is the cheapest, easiest and richest source of protein.  It can be taken very well as catch crop. Its oil 
contains good percentage of unsaturated fatty acids/ linoleic acid (64%) which helps in washing out cholesterol deposition 
in the coronary arteries of the heart and is very good for heart patients. Its  oil is used as salad oil, cooking oil, drying 
oils, plasticizers etc. The oil cake contains 40-44 per cent high quality protein and good for poultry and livestock feed. 
It is also used for manufacturing of soaps and cosmetics. 

Climatic Requirements 
Sunflower is well suited to tropical and sub-tropical regions. Since sunflower is a day neutral plant, it’s growth and yield 
is not very much affected by photoperiod. A temperature range of 20-25oC is considered optimum, although sunflower 
can be grown in a temperature range of 8-34oC without much reduction on its yield. Therefore, warm days and cool 
nights are considered best for sunflower cultivation. Temperature above 38oC at post anthesis and below 16oC at 
flowering period affect seed yield and oil content. Hence, one should be careful about its sowing time so that flowering 
period must not fall in temperature regime above 38oC otherwise seed set will be seriously affected due to dessication 
of pollens and drying of stigmas. Content of linoleic acid which is good for heart patients by lowering cholesterol content 
in its seed oil increases when temperature decreases during night period during its developmental phase. It is drought 
tolerant due to its deeper and explorative tap root system and short growing period but there will be drastic reduction 
in the seed yield if there is moisture stress during main growth and  at flowering period. More importantly, being C3 
plant, sunflower is well suited in the present scenario of increased CO2 content in the environment. 

A well spread rainfall of 500-700 mm over its growing period is considered good for optimum yield but care must be 
taken about sowing time to avoid coinciding its flowering and seed setting period otherwise yield will be seriously 
affected. Sunflower is susceptible to waterlogging and wind damage especially when plants are half grown or thereafter. 
Therefore, drainage facility must be provided particularly in the kharif season. 

Soil 
It can be grown in a wide range of soil conditions varying from sandy loam to clay loam but thrives best on medium to 
heavy  loam soils. Water logging is very harmful for this crop. Very light soils usually cause a severe moisture stress 
resulting in poor crop growth and yield but if there is any provision of irrigation, they can be grown successfully even on 
light textured soils. Sunflower can grow well on neutral to slightly alkaline soils with an ideal soil pH range of 6.5 – 8.0. 
Acidic soils below pH range of 4.6 is not suitable for its cultivation. The soil must be well drained. 

Land Preparation 
Sunflower needs a  weed free, deep friable seed bed with adequate moisture supply. The land should be well prepared 
first by ploughing deep by soil turning plough followed by two cross harrowing. As this crop is usually attacked by 
cutworms, thimet/foret 10G @ 10 kg/ha can be applied at the time of last ploughing. 

Conclusion 
Molecular approaches  concern with the molecular basis of biological activity between biomolecules in the various 
systems of a cell, including the interactions between DNA, RNA, and proteins and their biosynthesis, as well as the 
regulation of these interactions. Though molecular research is highly skill specific and involve larger cost but advances 
in study of molecular approaches in crop growth regulation exhibit a great potential for improving the fruit production. 

Important Composite / Commercial and Hybrid Varieties Suitable for Different States 
States Composite varieties Hybrid varieties 

Punjab, Haryana Morden, DRSF 108, DRSF 113 KBSH-1, Jwalamukhi, Sungene-85, PAC-36, KBSH 44 
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Maharashtra Morden, DRSF 108, DRSF 113, 
TNAUSUF 7 

MSFH-8, KBSH-1, KBSH 44, MSFH-17, LSH- 3, 
Sungene- 85, PAC-36, 

Gujarat Morden, DRSF 108, DRSF 113, 
GAUSUF 15 

KBSH-1, Jwalamukhi, Sungene-85, PAC-36, KBSH 44 

Andhra Pradesh, 
Telangana, Tamil Nadu, 
Karnataka 

Morden, DRSF 108, DRSF 113, 
TNAUSUF 7 
 

PAC-36, Jwalamukhi, Sungene-85, MSFH 17, 1, KBSH 
1, KBSH-44 

UP, Bihar, West Bengal, 
Other states 

Morden, DRSF 108, DRSF 113 KBSH-1, Jwalamukhi, Sungene-85, PAC-36, KBSH 44 

Sowing Time 
This crop can be grown in any season, any time but September to October in rabi, January to February in summer/zaid 
and June to July in kharif is the best time for sowing the crop.   

Seed Rate 
A seed rate of 5.0 kg per hectare is sufficient for hybrid and 8.0 kg/ha for composite seeds.   

Seed Treatment 
Before sowing, seed must be treated with APRON 35 SD @ 6.0 g/kg seed in endemic areas of downy mildew disease or 
Captan or thiram @ 3.0g/kg seed to minimize soil/seed borne fungal diseases.   

Spacing 
A distance of 45 cm between row to row and 20 cm between plant to plant is optimum spacing for composite varieties 
while it is 60 cm between row to row and 30 cm between plant to plant for hybrid varieties.   

Method of Sowing 
Line sowing is always better for inter-culturing operations and realization of good yield.   

Manuring 
This crop responds well to organic manures. Therefore, apply about 10-12 tonnes compost/ farm yard manure in the soil 
before 20-30 days of sowing. It will not only supply nutrients to the crop but also improves the physical and biological 
conditions of soil. 

Fertilizers 
Being an exhaustive crop, it responds well to fertilizer application. Fertilizer recommendation varies as per the soil test 
values but in general, a fertilizer dose of 60 kg nitrogen, 80 kg phosphorus and 40 kg potash for composite varieties and 
80 kg nitrogen, 90 kg phosphorus and 40 kg potash per hectare has been reported good for substantial yield increase.  

Full dose of phosphorus, potash and half dose of nitrogen is applied as basal and the remaining half of nitrogen in two 
equal splits at the time of first irrigation and at the time of flowering time is applied. 

Thinning and Weeding 
Thinning or gap filling is done in the early stage of growth to have a good stand of about 50,000 -75,000 plants per 
hectare. Only one seedling is allowed at one point. It is very essential to keep the field weed free up to 50 days to 
minimize reduction in crop yield.  

Two hand weeding at three and five-six weeks after sowing have been found quite effective in controlling the weeds. 
Chemicals such as Pendimethalin @ 1.0 kg/ha or Alachlor @ 1.5 kg a.i./ha as pre-emergence application has been found 
more economical and efficient in controlling weeds especially during early stages of crop growth. 

Irrigation 
Usually no irrigation is needed to kharif crop. It is very sensitive to water stress between flowering to grain filling stages. 
Rabi crop requires two-three irrigations at four to five leaf stage, flowering and grain filling stages while four to eight 
irrigations are needed for summer or zaid crop at an interval of 10-15 days depending upon soil types. 



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
862 

Plant Protection 
This crop does not have serious insect-pest and disease problem at present but birds especially parrots are a menace 
during seed formation stage to harvesting and constant vigilance to scare them away is necessary. Parrots invade the 
crop in flocks and cause heavy loss of seeds. Tying of bright reflector ribbons above the crop should be used for this 
purpose. 

Important Insect-Pest and Diseases and their Managements 
Cutworms (Euxoa spp.) Cutworms are nocturnal, feeding at night and hiding during the day making them hard to detect. 

Management- Grow sunflower on slopes of ridges. Apply chlorpyriphos 20 EC or Imidacloprid in the soil.  

Other insects such as defoliators, sucking pests, head damaging pests can also be controlled effectively by integrated 

pest management using biological, cultural, physical and chemical methods (Endosulfan @ 0.05% and Dimethoate @ 

0.03%). 

Important diseases such as - rust, root, collar rot and head rot can be controlled effectively by spraying with Dithane M-
45 @ 0.25% . Seed must be treated with APRON 35 SD @ 6.0 g/kg seed in endemic areas of downy mildew disease or 
Captan or Thiram @ 3.0g/kg seed to minimize other soil/seed borne fungal diseases. 

Grain Filling Problem 
There is always a problem of grain filling in the heads as this crop is a self-incompatible and depends on insects for cross 
pollination and seed set. Therefore, bee hive boxes are kept in the field to increase the seed yield. Hand pollination 
could also be done by gentle rubbing of the sunflower heads with palm or with soft muslin clothes during flowering period 
between 7 am to 11 am on alternate days for about two weeks. 

Harvesting 
When the back of the floral heads and outer bracts turns yellow or yellowish-brown, harvesting is done. All heads may 
not be ready for harvest at one time. Therefore, harvesting is done in two to three instalments. The harvested heads 
should be dried well in the sun and then threshing is done by beating the centre of the of the head with a small stick. 
The seeds again should be sun dried to bring the moisture down to 8-10 per cent before storage. 

Yield 
A good crop of sunflower cultivated by following proper crop management practices will yield 15-20 q/ha with composite 
varieties and 25-30 q/ha with hybrid varieties. 
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Introduction 
Plants hold the position as the primary producers in the food chain and they are the natural lungs of the Earth. But will 
they be considered the same if they are made to grow in places other than our planet? And if they do, then what kind of 
molecular changes would occur in them?  The outer space poses a challenging environment for human exploration due 
to several different reasons. The threat includes extremities of temperature, elevated levels of vacuum, radiations etc. 
We, therefore, need an in-depth knowledge and understanding about the biological consequences that occur to plant in 
space with which we can take the required measures to reduce the negative effect of them on humans, animals as well 
as plants. Learning the art of growing plants in space have added benefits other than being a source of food. Plants make 
the surroundings more pleasant, reduce stress levels, increase pain tolerance, and improve productivity in people thus, 
aids in the mental wellbeing of humans (Lohr, 2010). Plants also benefit from purifying the surrounding air and water 
cycling. Musgrave, 2007 ). One of the major limitations of travelling in a spacecraft is that it reduces the quality of the 
commodities taken along. Therefore, plants are considered immensely important for supplying fresh food, rejuvenation 
of atmosphere and to provide clean water for the astronauts. 

Plant Space Biology 
Research in space Biology would enable us to know in-depth about the plant growth by probing the vital building blocks 
of plant life down to the molecular level: transcriptomics, genomics, proteomics, and metabolomics. The NASA scientists 
wanted to work basically on growing fresh edible plants as a food source keeping in view the health and the nutrition of 
the astronauts. One of Space Biology’s major goal is to understand how the environment in the spaceflight affects how 
plants grow and thrive. Edible romaine lettuce, tomatoes and cabbage has successfully been grown. The scientists also 
studied how organisms repair cellular damage and protect themselves from infection and disease in conditions of 
microgravity. Space Biology researches to test the growth of a variety of new plants its crew can eat as they fly to the 
moon and Mars. Therefore, on a long-term space mission, we can ensure sustainable food production. (Carlyle, 2018).  

Figure 1: First plant cycle experiment onboard the International Space Station(ISS), showing Arabidopsis Thaliana 
retrieved from ISS. 
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Timely literature updates on space biology have documented numerous changes at the cellular and molecular response 
levels which includes confirmed studies on germination and growth, reduced or inhibited cell division, altered 
chromosomal effects, differential cell size and shape, altered patterns of root growth and differentiation, photosynthesis 
and gas exchange and varied gene expression. (Chebli Y. and Geitmann,2011;  Thora W. Halstead  and F. Ronald 
Dutgcher,1987). Since the plants complete their full lifecycle on space, the first example of seed-to-seed-to-seed (i.e., 
two consecutive life cycles) of a plant (Arabidopsis thaliana) in space was completed in 2000–2001(Link et. al., 2014). 
With the advanced plant growth chambers, the scientists were able to provide a regulated set of controlled conditions 
suitable for the plants growing in microgravity due to which most problems related to growing plants in space were 
circumvented. The scientists depicted that gravity is not necessary for seed-to-seed growth of plants, though it plays a 
direct role in plant form and may influence seed reserves and plants may go through differential morphological features 
under space conditions.(Hoson, 2014) (Figure 1). 

When they returned to earth biochemical, molecular and cellular analysis was performed and a 55% reduction in protein 
body was observed. And since the scientists did not find any signs of hypoxia, they concluded that the plants were not 
starved of oxygen. The growing conditions were amended for plants in space by enforcing high airflow rates and timely 
ethylene removal. (Merkys et. al., 1983; Musgrave et. al., 1998). 

Molecular  Response in Space 
Microgravity ceases cell differentiation and growth, alters the gene expression and synthesis of proteins and also affects 
the plant physiology. The elevated or decreased level of gene expression may be caused due to several genes which are 
associated with it which are called the  “major space genes,”  which affects the Ca2+ and lipid signalling, the cell 
membrane biosynthesis, the total metabolism, plant stress response and protein synthesis (Paul et. Al. , 2012; Bohnert 
et. al., 2006). Different parts of the plants like the leaves, hypocotyls and roots all differ in their gene expression to 
spaceflight, which primarily affects the spaceflight, which may cause wide-ranging cell wall remodelling, especially in 
roots. Figure 2 shows the differentially expressed genes in leaves, hypocotyls and roots. (Paul, A. et al., 2013).  Selected 
transcriptional responses to spaceflight were shown to be consistent among distinct flight experiments. The expression 
of heat shock protein (HSP) genes was also shown to increase in the A. thaliana seedlings which showed an acceptable 
hypothesis about the role of chaperons in supporting the organization of the cytoskeleton in plants during their 
adaptation to microgravity. 
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Differentially Expressed Genes in Response to the Spaceflight Environment 
1. Shows the clustering of all 480 genes hierarchically with statistically significant (p < 0.01) differential expression in 
the spaceflight environment by at least 1.9-fold in at least one of the three organs (LVS – Leaves; HYP – Hypocotyls; RTS 
– Roots). 
2. Venn diagrams that show the organ-specific gene expression patterns of up (red box, left) and down (green box, right) 
among leaves (green), hypocotyls (blue), and roots (tan). 
3. A list of the 26 genes coordinately regulated up or down in all organs. The Public ID number is interpreted with a brief 
description, and the matching fold-change values are shown in the columns allotted for each organ.  
4. Hierarchical clustering of 158 genes from point no. 4, which have an association with cell wall remodeling and cell 
expansion, pathogen or wounding responses, and growth hormone signal transduction. Green indicates down-regulated 
genes and red indicates up-regulated genes. 
 
The proteomic profiles of A. thaliana calluses growing under conditions of microgravity showed significant differences 
the content of a number proteins participating in a wide range of cellular processes, including general responses to 
stresses, carbohydrate metabolism, protein synthesis and degradation, intracellular transport, signalling, and the 
biosynthesis of the cell membrane, among which the number of proteins decreased and some increased. (Zhang et.al., 
2015). Many of the proteins whose amount increased were concomitant with the metabolism of auxin and alterations in 
the cell wall. It is highlighted that, even though the gene expression alterations which led to metabolic rearrangements 
occurring in seedlings and cell cultures under conditions of microgravity, they differ considerably. It has been concluded 
that with the advancement in technologies in the field of proteomics and transcriptomics, as well as for other “omics,” 
we will be able to discover differentiated responses of different cell types inside organs to the conditions of spaceflight 
(Ferl et al.,2015). 

Conclusion 
Molecular approaches  concern with the molecular basis of biological activity between biomolecules in the various 
systems of a cell, including the interactions between DNA, RNA, and proteins and their biosynthesis, as well as the 
regulation of these interactions. Though molecular research is highly skill specific and involve larger cost but advances 
in study of molecular approaches in crop growth regulation exhibit a great potential for improving the fruit production. 
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Abstract 
It is said that everything comes with a cost and the ongoing Corona Virus pandemic is the cost that the nations are 
bearing for globalisation. Covid-19 has not just rattled lives, but also economies across the world and our country, has 
not been spared either. The outbreak of the Covid-19 pandemic is an unprecedented shock to the Indian economy. It is 
no longer only a global health crisis; it is also a major labour market and economic crisis that is having a huge impact on 
people. With the prolonged country-wide lockdown, global economic downturn and associated disruption of demand and 
supply chains, the economy is likely to face a protected period of slowdown. This article is an attempt to study the 
economic disruptions due to the crisis and the impact of the crisis on different sectors. 

Keywords: Covid-19, pandemic, labour market, economic downturn, lockdown. 

Introduction 
The world is facing humanity’s biggest crisis since World War-II. Almost every country has been affected by the 
devastating Corona Virus disease (COVID-19). We are in the middle of a global Covis-19 pandemic, which is influencing 
two kinds of shocks on countries: a health shock and an economic shock. The Covid-19 which originated in China in 
December 2019 and over the next few months rapidly spread to almost all countries of the world can potentially turn 
out to be the biggest health crisis in our history.  

The 2019 Corona Virus disease (COVID-19), although a pandemic, is fast turning into a global economic pandemic. Its 
economic costs are likely to be massive across the world and in India. Covid-19 has had a deep impact on every aspect 
of our lives in India and the world. Along with an unprecedented human toll, Covid-19 has triggered a deep economic 
crisis.  

The rampant spread of Covid-19 outbreak across borders and geographies has severely impacted almost the whole world 
and triggered significant down-side risks to the overall global economic outlook. Due to the lockdown announced by the 
Indian government, the economy may slow over the next few months. For most businesses, the slowdown could be in 
the form of supply disruptions, fall in consumption demand and stress on the various sectors. The Novel Corona Virus has 
cast a long shadow over a much anticipated mild-recovery in the Indian economy in financial year 2021, with the WHO 
declaring it a pandemic. 

Impact of the Crisis 
The country-wide lockdown has brought nearly all economic activities to an abrupt halt. The demand-supply disruptions 
are likely to continue even after the lockdown is lifted. Three main components of aggregate demand-consumption, 
investment and exports are likely to stay subdued for a prolonged period of time. In addition to the unprecedented 
collapse in demand, there will be widespread supply chain disruptions due to unavailability of raw materials, exodus of 
millions of migrant workers from urban areas, slowing global trade, shipment and travel related restrictions imposed by 
nearly all affected countries. The damage caused by Covid-19 is not confined to only select pockets of business but it is 
a widespread malady that is expected to keep the economy sick for a longer time. 

While the magnitude of the impact may vary from sector to sector, there are some sectors that have suffered the most 
and continue to suffer. 

1. Agriculture and rural activities: The agriculture sector is critical as large number of workers and most of the people 
of India are dependent on this sector. The performance of agriculture is also key to the state of rural demand. In the 
Covid-19 outbreak, the situation of rural India is likely to worsen significantly. The rabi crop stood ready for harvest in 
many fields when the Covid-19 crisis brought everything to a halt, in the aftermath of the lockdown, harvest of the rabi 
crop has been delayed due to non-availability of labour, machinery, transport facilities and restriction on movement. 
Restrictions of movement and labour scarcity may impede farming and food processing (FAO, 2020). Since supply chain 
are not working properly vast amount of food are already wasted leading to massive losses for Indian farmers. Media 
reports show that the closure of hotels, restaurants, sweet shops and tea shops during the lockdown is already affecting 
milk sales. Accordingly, the prices of cereal and vegetables which had initially gone up have been reversing. The on-
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going crisis may have adverse impact on rural manufacturing and services. Media reports reveal that the rural wages are 
declining due to the arrival of migrant workers from the cities. The tribal communities are amongst the most vulnerable 
in terms of food and nutrition security as seen in national statistics. The informal sector is a major source of credit in 
rural India and borrowing at high rates of interest is expected to increase to tide over the crisis. 

2. Automobiles: As India battles its worst pandemic crisis, there will be a huge toll on the economy and the automobile 
industry, in particular, will take a hit. With most auto-shocks down by nearly 40-70% since February 2020, the post Covid-
19 scenario might see consumers move away from all forms of shared mobility to more personal forms of transport. Auto 
industry may face production of Rs.1.23 lakh crores during shutdown. A reduction of about Rs.4600 crore in imported 
inputs by the auto industry is anticipated. Auto industry is hit from multiple fronts, including domestic and demand, 
supply chain disruption. 

3. Tourism: India is big on cultural and historical tourism, attracting domestic and foreign nationals throughout the year. 
The Indian tourism industry is projected to book a revenue loss of Rs.1.25 trillion in calendar 2020 as a fall out of the 
shutdown of hotels and suspension in fight operations after the onset and spread of Corona Virus pandemic. The report 
assumes the impact of the pandemic on tourism at about 50% during January and February 2020, while it may be higher 
at 70% in March alone. During April-June, the Indian tourism industry is expected to book a revenue loss of Rs.69, 400 
crores, denoting a year-on-year loss of 30%. 

4. Aviation: After the Government of India indefinitely suspended tourism visas, airlines are said to be working under 
pressure. Nearly 600 international flights to and from India were cancelled for varying periods. Domestic traffic growth 
is also gradually being affected with domestic travellers postponing or cancelling their travel plans. 
Poultry: The Covid-19 outbreak and the consequent lockdown have pushed the poultry sector in the country into a crisis 
with losses projected at Rs.22, 500 crore beginning February this year. The industry incurred large net losses due to 
sharp decline in demand, realisation and profitability. Rumours circulated in social media, linking poultry birds are 
possible vectors of the virus, further lead to the demand drop and hence realisations. While realisation has recovered 
from lows of March 2020, overall volume is likely to remain modest in Q1FY21 thereby putting pressure on overall 
profitability.  

The potential economic loss in India would vary by sectors. Current quarter consumption could drop by more than 30% 
in discretionary categories such as, clothing, fishing and by up to 10% in areas such as food and utilities. Strained debt-
service-coverage ratios would be anticipated in the travel, transport and logistics; textiles; powers and hotel and 
entertainment sectors. 

Conclusion 
Covid-19 has posed an unprecedented challenge for India. In any evolving crisis, when no one is able to say for sure when 
it will be contained and what its long-term impact could be, the stress will be placed unequally on the individual and 
society, and on the government. Though the central and state governments have recognized the challenge and have 
responded but this response should be just the beginning. Policy maker need to be prepared to scale up the response as 
the events unfold so as to minimise the impact of the shock on both the formal and informal sectors and pave the way 
for a V-shaped recovery. 
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Abstract 
Under the concomitant alarming uphill in the world’s population and increasing demand for the food crop, the plant 
breeding faces the most dramatic global agricultural scenario. The search for new means to increase productivity, 
efficient, and stress adapted genotypes with improved physiological characteristics has attracted the attention of the 
plant breeders. Therefore, the stay-green trait has become an important strategy to overcome the current yield plateaus 
allied with yield adaptability and stability.  Stay greens or delayed leaf senescence, has been identified to extend foliar 
greenness even under post-anthesis drought. It is an important component in the genetic improvement of several crops 
to promote stress tolerance and yield gain. Genotypes having these traits maintains more photosynthetic active leaves 
and therefore, have more production and productivity of yield as well as biomass tolerant to biotic and abiotic stresses. 
The earliest stay green record was found in broad beans varieties having a uniform seed size and could be harvested at 
a more mature stage than the very late white varieties. By the end of the 1970s, stay breeding has become an important 
character especially in commercial bred crops like maize. 

Physiological Features of Stay Green Plants 
The desirable morphological traits associated with SG trait are characterized by a longer green state in the late period 
of grain filling of the plants, including a greater number of grains per ear, resistance to lodging, and tolerance to biotic 
and abiotic stresses.  Increase in leaf area, photosynthetic competence, water used efficiency, leaf anatomy established 
senescence pattern in which leaves and stem and they are the last parts to lose photosynthetic ability. Therefore, 
providing greater production of sugars from photosynthesis and breeding with an SG phenotype can improve yield under 
post-flowering drought stress (terminal drought stress).(Figure 1). 

Fig 1: Physiological features of stay green  

Significance of Stay-Green Characters 
1. Nitrogen remobilizing during grain filling. 
2. Drought and logging resistance. 
3. Enhancing fodder improvement. 
4. Silage making quality. 
5. Increase market value in horticultural crops. 
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Types of Stay- Green 
Five ways to stay green (Figure 2). Curves show chlorophyll content and photosynthetic capacity (arbitrary scale) for a 
representative leaf, whole plant, or canopy. 
Type A: photosynthetic area active for a longer period, plant experiencing a delay in senescence. 

Type B: senescence is initiated on schedule, but subsequently proceeds relatively slowly. 

Type C: also known as cosmetic stay-green. Pigments are accumulated on the surface of the organs giving the impression 
of retaining chlorophyll and reduction of senescence. 

Type D: Green color is maintained with leaf death via freezing, boiling or drying Generally practice in the herbaria and 
freezing of vegetable. 

Type E: described the photosynthetic capacity of the tissues and that increased concentration results in a delay in 
yellowing of leaves and stems (similar to type A) even with the reduced ability to fix carbon dioxide. 

Fig 2:Thomas and Howrath(2000) 

Stresses and Stay-Green 
Stay green are of two types; Functional stay and Nonfunctional/cosmetic stay green. In functional stay-green genotypes 
the initiation of senescence is delayed (Type A) or senescence progression is slow (Type B) and it is of agronomic interest 
because the photosynthetic activity is retained for more time as compared to standard genotype and it provides yield 
advantages under stress conditions. In nonfunctional/cosmetic stay green genotypes, due to defects in chlorophyll 
degradation pathway leaf color is retained although senescence occurs at a normal rate and photosynthetic capacity is 
lost (Thomas and Howarth 2000).  

Senescence in the plants is induced by numerous physiological and biochemical factors. Age of developmental 
senescence, stress-induced senescence-like heat, drought, low nitrogen supply, or due to biological factors. SG 
genotypes constitute a potential germplasm source for the genetic improvement of many important crops. QTLs for SG 
have been identified in major cereals crops like wheat, maize, rice, barley, and sorghum to mitigate heat and drought 
stresses. (Figure3). 
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Fig: 3. QTLs mapped in major cereals , (a),sorghum (b) wheat, (c) rice , (d) maize and(e) barley.  

1. In sorghum, B35, SC56, and E36-1 with B35 genotype are the important source for SG.  Using several bi-parental 
populations QTLs for SG have been identified in the three source lines.  From the crosses between B35 (SG line) and 
Tx7000 (senescent, post-flowering drought-sensitive) four QTLs for the SG trait have been identified on a recombinant 
inbred line (RIL) population produced. Among these QTLs, Stg1 and Stg2 QTLs have been mapped to chromosome 3, 
whereas Stg3 and Stg4 QTLs have been located on chromosomes 2 and 5, respectively (Reddy et al. 2014). 

2. In  wheat three QTLs located on chromosomes 1AS (QSg.bhu-1A), 3BS (QSg.bhu-3B) and 7DS (QSg.bhu-7D) associated 
with stay-green character were found when recombinant inbred wheat lines (RILs) from the cross of the synthetic variety 
stay-green “Chirya 3” synchronized Indian cultivar ‘Sonalika’ were analyzed (Kumar et al., 2010). 

3. In rice, four QTLs TCS4, Csfl6, Csfl9/Tcs9, and Csfl12 were found in two RILs derived from the combination of varieties 
'Suweon490' (japonica and synchronized) x 'SNU-SG1' (japonica and stay green) and ‘Andabyeo’ (indica and synchronized) 
x ‘SNU-SG1’. (Fu et al., 2011).  

4. In maize, 14 QTLs were identified from the F2 segregating population from contrasting parents for the stay-green 
character. (Zheng et al., 2009). And in temperate maize germplasm mapped three and five QTLs in F4 progenies and 
their test crosses. (Beavis et al., 1994). 

5. In barley, although the research is limited nine QTLs related to SG were identified in multiple populations.  The short 
arm of barley chromosome 5H showed consistency however, its expression possessed high GxE interaction under different 
environments of all populations.  (Emebiri et al., 2013). 

Future Prospective 
To break the plateau of productivity and adaptation associated to unfavorable environmental conditions particularly 
heat and drought stresses, the key point is to understand the physiological mechanisms associated with stay-green habit 
and photosynthetic efficiency. There is a need to explore and use the stay-green character in breeding programs which 
may result in significant genetic progress to harness against the burning problems like heat and drought stresses. 
Moreover, it attributes advances in grain yield, quality, and disease resistance. This trait in combination with other well-
furnished commercial traits may provide the required QTLs to stay green for different crops which will be of economic 
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value. Furthermore, the use of biotechnology can give new approaches to stay-green, elucidate the gene identity, grain 
quality, and deep physiological analysis, including metabolomic, transcriptomic, and ionomic studies. comparative 
mapping approaches also provides huge genomic information about the inheritance, physiology, and expression of SG 
and this can be done without extensive phenotyping. 

Conclusion 
Although, stay green seems to be a very complicated trait and henceforth it should be rather be nominated as a system 
and not just a trait. Stay green trait in plant mechanism manages the canopy size, water uptake and utilization, nitrogen 
and carbon dynamics, leaf senescence, photosynthesis capacity, and finally assimilates partitioning. All these comprise 
very complicated and interacted biochemical processes through hormonal balance and other pathways. Based on this, it 
is obvious that this trait needs to be explored extensively in breeding programs. 
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Introduction 
Human beings occupy the lion’s share in exploiting the nature than any other species on the earth. From the day when 

early man produced the fire from stones to the man sending the rovers to other planets for expeditions, Humans have 

evolved a long way by getting civilized and many technological developments have taken place, in the same manner 

the global population is getting increased day by day, in the past decade (2010-2019) the world population has 

increased by 12.05%. Global agriculture is facing severe consequences of climatic change, increased population stress, 

and adverse environmental impacts. To meet the demand produced by the increase in population. New mechanisms 

must be found to ensure food security through sustainable crop production systems that supply adequate nutrition, 

without harming the agro ecosystem. The application of inorganic fertilizers, solely cannot maintain the soil fertility 

and productivity under various cropping sequences. Thus, the continuous use of high rates of fertilizers with poor use 

efficiency may lead to many adverse environmental consequences. Indigenous Technical Knowledge (ITK) is essential 

for self-dependency and is based on the nativity. This is based on local resources and is more adaptable than the 

externally introduced practices which can be expensive, inadequate, and irregular in availability. Any practice, 

considered valid and productive should have a scientific basis for its successful results. Farmers are not able to explain 

the scientific justification behind indigenous practices even though they have their world views ascribed with informal 

knowledge.  

With increased awareness of organic farming among the farming community, the use of many organic formulations in 
crop production is increasing. Among indigenous technologies used by farmers, Panchagavya and beejamrutha are two 
organic liquid formulations that have received widespread attention and acceptability among organic farming 
practitioners. Panchagavya and Beejamrutha had got references in the scripts of Vedas (divine scripts of Indian wisdom) 
and Vrkshayurveda (Vrksha means plant and Ayurveda means health system). The texts on Vrkshayurveda are 
systematizations of the practices followed at the field level; they proved to be efficient plant growth stimulants enhances 
the biological efficiency of crops and the nutritional quality of the fruits and vegetables. In Sanskrit, panchagavya means 
the blend of five products obtained from cow (all the five products are individually called “gavya” and collectively 
termed as “Panchagavya”). It contains ghee (Clarified butter), milk, curd, cow dung and cow urine. When suitably mixed 
and used, these substances had a positive influence on living organisms and these have astonishing effects. The use of 
beejamrutha formulation has been given significance since age-old days. Beejamrutha, a mix of cow dung, cow urine, 
water, lime and a handful of soil, an organic product helpful for the plant growth and protects the crop from harmful 
soil-borne and seed-borne pathogens the presence of naturally occurring beneficial microorganism’s predominantly lactic 
acid bacteria, yeast, actinomycetes, photosynthetic bacteria, nitrogen fixers, phosphorus solubilizers and fungi in 
panchagavya and beejamrutha which can be prepared by a fermentation process from locally available ingredients in 
the farm. 

Preparation of Vedic Indian Bio-Based Formulations 
1. Preparation of Panchagavya formulation: Panchagavya is prepared in a wide mouthed plastic container; metal 
containers are not recommended to be used. First the fresh cow dung (12.5 kg) and cow’s ghee (Clarified Butter) (2.5 
kg) should be added into container and mixed it thoroughly. For 3 days the mixture is stirred twice a day. On the fourth 
day, the rest of the ingredients are added (cow urine-7.5 L, milk-7.5 L, curd 5 L, Jaggery-1.25 kg and banana-30 in 
number) and final volume 50 L should be maintained by adding water. Stir it twice daily for 15 days so that mixture 
won’t settles at the bottom. The panchagavya stock solution will be ready after the 20th day. It should be kept in the 
shade and covered with a plastic mosquito net to prevent houseflies from laying eggs and the formation of maggots 
(worms) in the solution. Whenever required suitable quantity of water is added to keep the slurry in a liquid state. During 
the application of the formulation it is sieved well and used for seed treatment, spraying and through irrigation. 

2. Preparation of Beejamrutha Formulation: Beejamrutha is prepared using the ingredients viz. cow dung, cow urine, 
water and lime. Cow dung (5 kg) tied in a cloth was dipped in a bucket containing 50 litres of water overnight. Next day 
morning, the tied dung is squeezed to remove the essence of dung completely and dipped in the water. Five litres of 
cow urine, a handful of soil and 50g of calcium chloride is added to this extract. 
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3. Preparation of Jeevamrutha formulation: Jeevamrutha is prepared by mixing 10kg of cow dung with 10 litres cow 
urine, add 2 kg jaggery, 2 kg pulse flour (Besan is preferred, if not any kind of pulse flour can be used ), handful of 
garden soil and in an iron barrel the volume made up to 200 litres with tap water. Barrel should be kept in shade covered 
with wet gunny bag and was stirred thrice a day till use. 

4. Preparation of Amritpani: This formulation is prepared by mixing cow dung 10Kg with desi ghee 250gms and honey 
500gms. For field purpose, above made material is mixed with 200 litre of water and applied in the field after sowing 
the crop. 

Effect of Bio-Based Formulation (Panchagavya) on Rice 
2% of panchagavya spray was effective in enhancing the growth and yield of rice and panchagavya spray on 25 and 45 
DAS advanced the harvest by 10 days Viveknandan (1999). Application of cow dung solution on 25th day after 
transplanting and 1% cow urine solution on 30th day after transplanting and, 3% panchagavya spray after 40th day after 
transplanting recorded higher yield of 1400 kg/acre in Kitchadi samba an indigenous variety Gomathinayagam 
(2001).Panchagavya, is proven to have biofertilizers such as Azospirillum (1010), Azotobacter (109), PSB (107) were found 
besides the lactobacillus Solaippan et al (2002). 3% panchagavya spray significantly increased the productive tillers/hill 
(10.06), panicle length (19.89 cm), filled grains per panicle (97.18), and seed test weight (16.55g) compared to without 
panchagavya spray (8.54 18.66cm, 83.53, and 15.59g) respectively, 3% panchagavya spray recorded significantly higher 
grain yield (5433 kg/ha) and straw yield (7325 kg/ha) compared to without panchagavya spray (5002kg/ha and 6781kg/ha) 
and   3% spray of panchagavya recorded higher B:C ratio of 1.91 than out panchagavya spray 1.80 Yadav and Christopher 
Louduraj (2006). The maximum height (99.25 cm), tillers/hill (13.8), dry matter accumulation (67.5 g/hill), leaf area 
index (4.6) and SPAD value (43.6) were recorded by the application of panchagavya (seedling root dip + one spray at 30 
DAT (6%) + application through irrigation water at 60 DAT) followed by D3 (three sprays at 15, 30 and 45 DAT @ 6%) 
Pravin upadyay et al (2019). 

Conclusion 
As the soil and water resources are getting depleted and contaminated due to the indiscriminate use of chemical 
fertilizers. Leaching of nutrients is increasing, definitely there is a need for new techniques, but our mythological gurus 
and ancestors in Vedas has explained these techniques. As “Old is gold” is new trend, the age-old techniques came as 
new techniques to rescue the environment, they are the Bio-based formulations like Panchagavya, Jeevamrutha, 
Beejamrutha, and Amritapani. They help in more nutrient absorption from soil by fixation and prevent leaching losses, 
they maintain soil fertility, they prevent the pest and insect attacks. Hence the use of these bio-based formulations 
helps the farmers and environment. 
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Introduction 
Semiochemicals are derived from the Greek word, “semeion” which means sign or signal. Semiochemicals are the 
chemicals that mediate interactions between organisms, either within the same species (pheromones) or from different 
species (allelochemicals). 

Plant semiochemicals generally produce a wide range of behavioral and physiological responses in insects. Some of the 

insects acquire host plant compounds that are used by them as sex pheromones or their precursors. E.g. Sequestration 

of plant chemicals by larvae and their subsequent use by adult males in sex attraction is shown in Utetheisa ornatrix 

(Arctiidae), whose sex pheromone is derived from pyrrolizidine alkaloids (PAs) which is being ingested  from the host 

plant Crotalaria spectabilis at the larval stage. U. ornatrix larvae sequester PAs and they employ the alkaloids through 

metamorphosis into the adult stage to provide egg protection for the next generation. Leaf-emitted volatiles are one 

of the important cues for insect pests to locate host plants, not just for food sources, but also to find mates of the 

opposite sex, as host plants are opportune sites for mating. 

Semiochemicals are Generally Divided into Two Different Categories 
1. Pheromones: Acting between individuals within species. There are different pheromones like: 

a. Alarm Pheromone 
b. Trail Pheromone 
c. Sex Pheromone 
d. Aggregation Pheromone 

2. Allelochemicals: Acting between individuals of different species. There are different allelochemicals like, 
a. Allomones 
b. Kairomone 
c. Synomone 
d. Apneumone 

Different Types of Pheromones 
1. Sex pheromones: They are generally produced by females to attract males for mating. These sex pheromones are 
produced by eversible glands at the tip of the abdomen and received by sensory  
sensillae on male antenna. These are volatiles which are species specific and relate only to smaller no. of species-
depends on distance. 

2. Aggregation pheromones: Mainly cause insects to aggregate at food locales, reproductive habitats, hibernation sites. 
These types of Pheromones attract the species of both the sexes and tend to operate over a long range. They are 
prominent in some species of beetles like bark beetles, Ips spp. 

Host Plant Defenses Against Insects 
Host Plants protect themselves against insect pest by two types of defense: 

1. Direct defense: These are mediated by some of the characteristics of plant that affect the phytophagous insects 
feeding activity such as first line of defense like the mechanical protection on the plant surface (e.g., hairs, trichomes, 
thorns, spines, and thicker leaves).  

Other than the protection of host plant mechanically production of toxic chemicals such as terpenoids, alkaloids, 
anthocyanins, phenols, and quinones) are the secondary metabolites produced by host plant that either kill or retard the 
development of the herbivore. 
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2. Indirect defense: These are mediated by the release of a mixture of  volatiles that specifically attract natural enemies 
of the insect pests to provide food (e.g., extra floral nectar) and housing to enhance the effectiveness of the natural 
enemies. e.g.: HIPVs. 

Herbivore-Induced Plant Volatiles 
Herbivore-Induced Plant Volatiles (HIPVs) constitute signal/cues which are important for natural enemies (parasitoids 
and predators) to find prey or hosts (Hare, 2011). Upon herbivory i.e., after being injured by insect pests, an induced 
blend of volatiles of different chemical classes is emitted by plants and that are produced through a variety of 
biosynthetic pathways. This blend is used by natural enemies (predators and parasitoids) as a reliable and well-detectable 
cue to find-insect pest infested plants. The sensory perception of plant volatiles by insects relies on olfactory sensilla, 
which are located primarily on the antennae. 

Trophic Interaction 
Natural ecosystems consist of wide complex trophic interactions between plant, herbivores, and natural enemies 
(parasitoids and predators). Widely studied trophic interactions include plant-spider mite-predatory mite, plant-leaf 
beetle-egg parasitoid, plant-caterpillar- parasitoid, and plant-caterpillar-predatory bug. (Gols et al., 2003). Plant 
volatiles are released as a result of oviposition by insect pests, and these compounds may attract natural enemies 
(parasitoids and predators). Till date, oviposition-induced volatiles have been reported for three systems including a leaf 
beetle, a sawfly, and a stinkbug as herbivores and three different parasitic wasps. 

Table 1: Examples of Synergism of Plant Volatiles and Sex Pheromones 
Host Insect Plant volatiles Sex pheromone 

Zea mays Helicoverpa zea (Z)-3-hexenyl acetate Z)-7-hexadecenal, hexadecanal 

Beta vulgaris Spodoptera exigua Linalool, myrcene 
benzaldehyde 

(Z,E)-9,12-tetradecadienyl 
acetate 

Brassica oleracea 
subsp. capitata 

Plutella xylostella (Z)-3-hexenyl acetate (Z)-11-Hexadecenal, (Z)-11-
hexadecenyl acetate 

Papaya Toxotrypana curvicauda Host fruit odors 2-Methyl-6-vinylpyrazine 

Cotton, tobacco, 
tomato 

Heliothis virescens (Z)-3-Hexenyl acetate (Z)-11-Hexadecenal, (Z)-9-
tetradecenal, hexadecanal 

Table 2: Examples of Synergism of Plant Volatiles and Aggregation Pheromones 

Insect Responses to Sex Pheromones 
The behavior of insect pest are influenced by host plant semiochemicals that are responding to sex pheromone released 
in association with the host plant. Apparent Positive effects of host odor on sex pheromone responses may be due to 
synergism or may result from an additive effect of certain individuals responding to only one or the other stimulus. 

Interaction of Plant Volatiles and Male-Produced Pheromones 
Such effects are present in the Diptera particularly in families Tephritidae and Drosophilidae. For example: 
1. The amalgamation of male pheromone and host fruit odor is more alluring to female papaya fruit flies, Toxotrypana 
curvicauda, than is either male pheromone or host fruit odor alone. 

Host Insect Plant volatiles Aggregation pheromone 

Cotton Anthonomus grandis Trans-2-hexenol, 
cis-3-hexenol, n-hexanol 

Grandisol, grandisal 

Palm Rhynchophorus ferrugineus Host plant volatiles Ferrugineol (4-methyl-5-
nonanol) 

Sugarcane Rhabdoscelus obscurus Ethyl acetate 2-methyl-4-heptanol 

Oil palm Oryctes rhinoceros Oil palm, fruit bunches Ethyl-4-methyloctanoate 
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2. In the maize weevil Sitophilus zeamais, weevils responded significantly more to male-produced pheromones deployed 
with grain than to either pheromone or grain separately. 

Interaction of Plant Volatiles and Female-Produced Pheromones 
Sex attraction reactions of males to female pheromone may likewise be directly affected by stimuli from host plants. 
For example: 
1. Helicoverpa zea males are trapped with a combination of a synthetic female sex pheromone blend and either Z-3-
hexenyl acetate or Z-3-hexen-1-ol, both known host plant odorants compared to female sex pheromone used alone. 

2. More tobacco budworm (Heliothis virescens) captured in traps baited with a combination of synthetic female sex 
pheromone and Z-3-hexenyl acetate than with pheromone alone (Light et al. 1993). 

Advantages 
1. Effective in minute quantities and consequently economical. 
2. Species specific; so non-target organisms are spared.  
3. Affects more than one aspect of insect development and hence effective against insects which are resistant to 
insecticides. 
4. Highly biodegradable-nonpolluting, eco-friendly. 
5. Non-toxic to plants and animals. 
6. Suitable for insects which are living in concealed environments. 

Conclusion 
Volatiles released from various plant tissues (e.g., leaves, flowers, fruits) can affect and stimulate the production and 
release of pheromones and helps in suppressing pest population. Semiochemicals are one of the informative molecules 
which are used in insect-insect or plant-insect interaction and more and more considered within IPM strategies as 
alternative approach to insecticide treatments. Due to their high volatility, they can act at long distances and rapid 
dissipation. The risk to environment and human health is also reduced compared to pesticides. For every one of these 
reasons, semiochemicals are compounds of possibly high interest in IPM. The improvement of sex attraction initiated by 
host odors recommends more effective traps can be formulated for the management of insect pests. The synergism 
between insect pheromones and plant odors can uplift the attraction of natural enemies, offering new techniques for 
biological control. 
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Introduction 
India is the largest producer and also the top exporter of spices. India is known for its large variety of spices which 
includes both perennials (black pepper, Clove, cinnamon, cardamom etc.) and annual crops (garlic, turmeric, chilli, 
cumin, coriander, fennel, fenugreek, dill, ajwain, nigella etc.). India exported 857,400 tons of spices whose worth is Rs. 
1588220.35 lakhs during April- December 2019 (Anonymous, 2020) but most of the spices were exported in their raw 
form. As the demand for value-added products is high in the international market because of their better shelf life and 
easier handling, there is an opportunity of their commercial demand. Among value-added products, packaged powders 
have shown the best consumer demand. Spices are known for their aroma, colour, medicinal properties, volatile oils and 
so on. Hence, while processing spices both intrinsic as well as extrinsic properties should be kept in mind. A most common 
and important method of processing spices is making powder which involves the grinding of spices to powders. There are 
various particle sizes for different purposes which vary from 50-850 μm and can be achieved by using several types of 
mills such as the hammer, attrition, pin mill etc. (Singh and Goswami, 1999; Goswami and Singh, 2003). The grinding 
process involves increasing surface area by breaking the particle into small particles but in this process, a significant 
amount of energy is lost as heat. Only 1% of energy is utilized for breaking particle whereas 99% is lost as heat component. 
As we all know spices contain a different type of volatile oils and aroma which are sensitive to heat hence the process 
makes a considerable loss in the processing which reduces the demand of the product in the international marketing and 
another problem is that when there is an increase in surface area with a combination of heat increase the chances of 
fatty oils contained in the spices to melt and hinder the continuous process by sticking on the grinding surface. By using 
conventional grinding equipment, loss of 30-40% volatile oils and colour have been reported (Pesek and Wilson, 1986; 
Wolf and Pahl, 1990). The above-mentioned problem can be dealt by grinding the spices at low temperature which can 
be achieved by cryogenic grinding. 

Cryogenic Grinding 
Cryogenics a Greek originated word which means production using cold and it is also known as the study of materials at 
very low temperature. Cryogenics deals with a very low temperature usually below -153 °C. Cryogenic grinding involves 
grinding at very low temperature using cryogens. Commonly used cryogens include liquid nitrogen, oxygen, argon, neon, 
krypton, xenon, hydrogen, helium, liquefied natural gas and carbon dioxide. The boiling point of these gases are very 
low, for example, the boiling point of nitrogen is -195.6 °C and of carbon is -78.5 °C. At such a low temperature, there 
are very fewer chances of loss of any volatile materials. Due to extremely low temperature, the spices turn brittle from 
ductile hence grinding become easy which result in finer and more consistent size particles. Cryogenic grinding involves 
two processes, first, it involves freezing of spices by using cryogen which is also known as pre-cooling with the help of 
screw conveyor assembly with vacuum insulation and by circulating nitrogen and second it involves grinding of the spices 
with cryogen or without them. The cryogenic grinding unit, therefore, consists of a pre-cooling unit and grinding unit 
(Singh and Goswami, 1999). In this process first, the material is cleaned and then loaded on a vacuum conveyor. From 
there material flow through screw conveyer where chilling of material is done with cryogens. After achieving the desired 
temperature, the product is ground at low temperature and in an inert atmosphere. After that, the product is brought 
to room temperature and packed. The grinding unit can be jacketed to maintain the desired temperature and by adding 
cryogens with feed too. Both grinder and screw conveyors are properly jacketed to avoid any heat loss. Usually, the 
temperature of the pre-cooler is maintained at -100 °C and the temperature of grinder is maintained between -85 to -
80 °C (Banwal et al. 2017). There are several other methods of pre-cooling and grinding too which involves the spraying 
of liquid nitrogen in Pre-cooler etc. 

Advantages of Cryogenic Grinding Over the Conventional Method of Grinding 
The cryogenic grinding process makes the spices from ductile to brittle hence there is a very less energy requirement 
and can handle softer materials as compared to the conventional method of grinding (Singh and Goswami, 2000; Goswami 
and Singh, 2003). Due to less energy requirement, these units can work with relatively low power motors. At such low 
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temperature, there is no release of fatty oils from spices hence they do not hinder the continuous process of grinding 
which results in the higher grinding output. There are no or fewer chances of sieve clogging which is a major problem in 
the case of conventional grinding. As the process is occurring at very low temperature there is a very low loss of essential 
oils and total oils in the machine.  The product from the cryogenic grinding retain natural colour and natural aroma is 
also well preserved (Andres, 1976; Wolf and Pahl, 1990; Saxena, 2015; Sharma et al., 2016). As the product becomes 
brittle, it becomes easier to break hence a product with very fine sizes and of same consistency can be obtained by 
cryogenic grinding (Anon.,1962; Gopalkrishnan et al., 1991; Wistreich and Schafer, 1962). Most of the spices are also 
used for their medicinal purpose but in the conventional method, most of their medicinal properties are lost due to 
generated heat but in case of cryogenic grinding such properties are well retained. 

Conclusion 
In a world where the demand for quality and more natural flavours is increasing day by day, cryogenic grinding offers a 
promising technology in value addition of spices. There are a lot of researches are done and being conducted for checking 
the effect of the cryogenic grinding on several herbs and spices so that a better value-added product can be produced. 
By so many researches, it is clear that cryogenic gives us a better product but a lot of work is needed to focus on cutting 
down the initial cost of the machine so that the process can be taken to domestic scale as well. If the cost of the unit 
can be decreased, then this technology can come out with a boom in value addition of spices. 
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Introduction 
The mushroom which is commonly known in our country by the names of Khubi, Chhatrak, Sumpa prominently, the flower 
of the earth is also being used as a nutritious food. It is a good source of high-quality protein, vitamin, mineral salts and 
edible fiber. Along with the food, mushrooms have medicinal importance as well. The sacred Indian religion book Rigveda 
describes the medicinal importance of mushrooms. 

The Greeks have given it strength to the warriors in the battlefield, the people of the Rome have called it the “food of 
God” and the Chinese have called it an “age-enhancing” chemical. The medicinal importance of mushroom has been 
confirmed scientifically by research. Lack of high energy, high protein, negligible starch and carbohydrates, it is a very 
special food for diabetic patients. Due to the high sodium-potassium ratio, the least fat (Cholesterol-free and rich in 
beneficial fatty acids), it is the perfect medicine for obesity, mental stress, high blood pressure and heart patients. The 
alkaline nature of mushrooms and the food fiber present in it protects humans from stomach ailments and strengthens 
disease-free ability. A brief description of the medicinal properties of various mushrooms is being given in the article 
presented here. 

Antibacterial, Antifungal and Anti-Protozoan 
Mushroom contains various types of antibacterial (antibiotic) substances such as polyacetylene, phenol, yogurt, purine 
and pyrimidine, Quinone and terpenoid etc. Antibacterial properties have been found in different types of mushrooms 
such as flammulina, velutipes, tricholoma species, pleurotus species (dhingri mushroom), button mashroom etc 
(Tambekar et al. 2006). Antifungal properties have been found in lentinula edodes (shiitake mushroom), coprinus 
comatus, tricholoma species etc. Tricholoma ustaloids mushroom has been found to be effective in the prevention of 
Aspergillosis disease. Similarly, Tricholoma saponaceous mushroom prevents the growth of candidiasis disease. 

Hypocholestromic Properties 
The effect of lowering the amount of cholesterol present in the blood is called hypo cholesterolemia. This is a major 
feature of all major grown and eaten mushroom species. Lowering of cholesterol in the blood relieves excessive blood 
pressure and heart diseases. Consumption of shiitake mushroom (lentinula edodes) reduces its amount in the blood by 
increasing the metabolic activity of the body and its excretion (Fukushima et al. 2001). 

Other mushrooms like Button mushroom, kathkaran mushroom (Auricularia species), Dhingri mushroom, Straw 
mushroom, Flumulina velutipus mushroom etc. also have the above-mentioned properties (Cheung, 1996 &Jeong et al. 
2010). 

Antiviral Properties 
It is an extremely important medicinal property found in mushrooms, which includes the prevention of disease-causing 
viruses like influenza hepatitis HIV (AIDS Factor Virus) etc., which remain a challenge for the whole world today. This 
effect of mushroom is due to the antiviral substances present in it, polysaccharides and interferon (which block the 
replication of virus). Polysaccharides, known as lentinine, present in Lantinula edodus, have been found effective in 
killing influenza viruses. The polysaccharide, called KS-2, present in this mushroom, inhibits the replication of viruses 
present in the body by stimulating the production of interferon. This and some other mushrooms such as shiitake (Grifola 
frondosa) and rishi mushrooms (Ganoderma lucidum) have been found to be very effective in killing AIDS virus (Tochikura 
et al.1987& El-mekkawy et al.1998). And the mixture of their juice and AZT (Medication given to patients of AIDS) has 
proved to be highly beneficial compared to the AZT alone, rishi mushrooms have been found to have the ability to kill 
various hepatitis viruses (Disease of jaundice). 
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Anticancer 
The anti-cancer properties are the most important and successful medicinal properties of mushrooms. The complex 
polysaccharides present in mushrooms are most effective in preventing cancer. Beta-1, 6 D gluten presents in shiitake, 
rishi and shiitake mushrooms, are used in the treatment of intestine, gall bladder, alimentary canal, liver, lungs and 
uterus cancers (Baba et al. 2015). Polysaccharide-K (trade name “Krestin”), an anti-cancer drug available in Japanese 
markets in the twentieth century since the late eighties is prepared from Coriolus versicolor mushroom. This drug is used 
to treatment of cancers related to stomach, placenta, colon, breast and lungs. The cardiotoxic proteins present in the 
straw mushroom (Volvariella volvacea) and Enokitake mushroom (Flumulina velutipus) provides protection against 
cancer by preventing the autophagy process of the tumor cell. Retene prevent cancer cell protein synthesis process and 
provide protection against cancer. Retene are abundant in Button mushroom, Dhingri mushroom and lentinulla edodus. 
Anticancer properties have also been found in the Kathkaran mushroom (Auriculeria species) and Tremella fuciformis. 

Mushroom Boosting Properties 
Some mushroom fungus is grown in liquid medium and is used to make soup, tea and other types of power drink. 
Continuous consumption of these beverages increases health, increases lifespan and enhances tolerance in the body for 
various ailments. Silver ear mushrooms (Tremella fuciformis) are used extensively in Japan and China to make tonics. 

Mushroom Psychotherapy Use 
Mushroom is also used in the treatment of types of mental disorders. Poisonous mushrooms fall into this category, which 
are not eaten directly, but medicines are made from them like Amanita species, Calocybe species etc. Homeopathic 
medicines called Agaricus and Agaric are made from Amanita muscaria which are used for treatment of choroid and 
epilepsy. Psilocin and Psilocybin are produced from mushrooms called Psilocybe mexicana and are used to cure mental 
ailments. 

Other Medical Properties of Mushroom 
Mental stress is reduced by the use of various types of mushrooms such as shiitake, dhingri, rishi etc. The treatment of 
diseases of the digestive system, hemorrhoids, anemia, throat abscess and atherosclerosis is done by continuous 
consumption of the kathkaran mushroom (Auricularia species). Cholara is treated with Amanita phalloides (a poisonous 
mushroom).The lowering of cholesterol in the blood, as well as the production of prostaglandin-A hormones, is a key 
property of shiitake mushrooms (Lentinula edodus) that increase arousal in men. Scleroderma species are used to heal a 
burn wound. Thus, it has now been proved that mushrooms have a very important place in our daily life as an excellent 
medicinal product. China, Japan, Australia, United States and many other developed countries, the manufacture and 
trade of mushroom medicines is flourishing. In the last few years of the last century, mushroom medicines, tablets, 
capsule, in liquid form, tonic and dry powder etc. have become available in international markets, even in a developing 
country like India, where there is a excessive biodiversity of mushroom is found, it is the responsibility of mushroom 
scientist and drug makers to manufacture medicines and its medicinal value to the common man. So that the life of the 
common people can be made healthy and beautiful. 
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Summary 
Customized fertilizer is emerging concept of plant nutrition. The production of customized fertilizer is based on sound 
scientific plant nutrition principle and research. For developing customized fertilizer, it is important to focus on specifics 
of crops and soil condition. Customized fertilizer provides best nutritional package for premium quality plant growth. 

Introduction 
In India, fertilizers have contributed 60 percent of recent increases in food production. Balanced fertilization. India is in 
the era of multiple nutrient deficiencies with N, P, K, S and Zn being the most widespread. The main causes for low and 
declining crop response to fertilizers are : continuous use of fertilizer N alone or with inadequate P and K application 
leading to mining of native soil P and K; continued practice of intensive cropping systems with high yielding varieties 
even under recommended NPK use, use of high analysis fertilizers devoid of secondary and micronutrients leading to 
imbalanced fertilization. To improve the fertilizer, use efficiency through balanced fertilization, customized fertilizers 
based on crop response are to be developed. 

What is Customized Fertilizer? 
Customized fertilizer is a multi-nutrient carrier precisely tailored to meet specific basal nutritional need of crop. The 
customized fertilizer is designed to contain nutrients (both macro and micro) forms, contents and their proportion and 
this needs a good knowledge of area, soil and crop. 

The technology used in manufacture of such fertilizer make them high quality so that all granule fertilizer is highly 
uniform in physical form and chemical composition. 

The main objective of customized fertilizer is to achieve maximum fertilizer use efficiency of applied nutrient in a cost-
effective manner. 

Advantages of Customized Fertilizer 
1. Need based nutrition to plant: Customized fertilizer is designed to provide plants with balanced nutrition, according 
to their needs, throughout the growth cycle. An accurate supply of plant nutrients ensures optimal development and 
maximum high-quality yields. Precise plant nutrition maximizes the efficiency of both water and fertilizers, saving 
precious natural resources. It also prevents contamination of soil and groundwater.   

2. Enhance  nutrient use efficiency: Customized fertilizer releases available nutrients at a rate that matches plant 
uptake. Thus, plants consume most nutrients as soon as they become available, with minimal losses 

3. Saves labor and time: A single application of customized fertilizer covers a crop’s nutritional requirements and it is 
multi- nutrient carrier so it provides nutrients in one go it will save labour and time. It provides both primary and 
secondary nutrient. 
4. Minimizes the environmental impact of fertilization: Due to its high efficiency as it provides nutrient based on crop 
need and soil requirement soi it reduces environmental pollution through fertilizer which is very common today. It 
improves soil health by developing site and crop specific fertilizer. 

5. Cost-effective solution for plant nutrition: As it is a multi-nutrient carrier it provides sufficient nutrient in one 
application as per requirement. Customized fertilizer provides best nutritional package for premium quality plant 
growth. 
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Manufacturing Methodologies 
Fertilizers industry is a form of secondary chemical production. There are basically three options (FAI-NR, 2011) from 
the simplest to the more complex i.e., (Rakshit et al. 2012). 
1. Bulk Blending. 
2. Compound Granulation/Steam Granulation. 
3. Complex/Chemical Granulation, 

Bulk Blending 
It is the simplest and cheapest option which involves pure mixing of solid fertilizers in a ratio required to get the desired 
nutrient ratio. It only requires warehouse, weighing and mixing equipment. It has the advantage of smaller capacities of 
decentralized production uniquely suited to give the customer exactly the NPK ratio he requires. The option is mostly 
widely practiced in USA and is now getting popular in Europe too. The physical standard should be such that the shape 
and size of all fertilizers, raw materials, which are to be used in bulk blends, are similar. For example, if granular urea 
is allowed in bulk blends then its size and shape need to be equal to DAP. But the problem lies in its storage and 
application due to the segregation of different sizes and forms of raw material resulting in settlement of heavier particle 
at the bottom of the sack. Secondly, because of the stringent specification on raw material size and shape, the cost of 
raw material become very high and the overall cost of fertilizer increases. In India, such fertilizers are not available and 
due to cost factor, importing such fertilizers in bulk with the above physical specification will be unviable. Thus, bulk 
blends route seems to be a remote option for making customized fertilizers in India. 

Compound Granulation or Stem Granulation 
In this process of manufacturing, all the raw materials are in its solid form. Granulation is formed purely by agglomeration 
process and formed by the use of water, steam and heat in the dryer. These types of fertilizers are, popularly called 
‘compound granulation’ or ‘steam granulation’ or ‘physical granulation’. Incidentally it is wrong to call them ‘mixtures’, 
a term many people still use. One could call bulk blends as mixture, but not compound NPK granulation. This option of 
fertilizer production somewhere in between the option of chemical route and bulk blending.  

While it does not have the tremendous flexibility offered by the bulk blends, it offers far great flexibility in producing 
various types of fertilizer grades than that by chemical granulation. Its investment costs are much higher than that 
required for bulk blend but are much cheaper than chemical granulation plants. The main reason is that no cost is 
involved in creating infrastructure for storage and handling of chemicals involved. Change of grade is easy and takes a 
change over time of about 3 to 4 hours. As control over quality is assured, this option is the ideal option for manufacturing 
customized fertilizers of different grades and more so in our country where large sector players are coming in this field. 
In fact, almost all Asian countries are following the route to steam/physical granulation for NPK production. The 
compound granulation route is the most effective way for India for the promotion of customized fertilizer availability. 

Chemical Granulation 
Chemical granulation is also called ‘slurry granulation’ or ‘complex granulation’. NPK’s are produced primarily by a 
chemical reaction between ammonia and acid to form an ammonium sulphate or ammonium nitrate salt and then 
granulated with the addition of discrete K2O either in solid form or even in some plants in a liquid form. The process of 
granule formation is by accretion plus agglomeration method. The limitations of this technology are: 
1. It needs a large capacity plant and cost of creating infrastructure for storage and handling of acid and ammonia is 
huge. 
2. Ideally it has to be located near the sea shore to conveniently unload liquids like phosphoric acid and even in some 
cases ammonia. 

Since it is a large capacity plant, it loses its flexibility to produce a variety of grades. At best two grades can be 
manufactured by this type of plants. The process option is not convenient when many customized NPK grades are to be 
produced. 

Customized Fertilizer Formulations 
1. Netter yield starts with a better mix. The system returns a formula using the most economical mix of available 
ingredients and an application rate minimized to cost per acreage. Example of these formulations includes 
8:16:24:6:0.5:0.15 (denoting individual levels of N, P, K, S, Zn. 

2. Manufactured by Tata Chemical Limited, is targeted at potato grown in Agra, Aligarh, Farrukhabad districts of Uttar 
Pradesh (U.P). 
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Validation of Formulation Grade 
Multi-location trials were conducted on the farmers’ fields and KVK farms using prevalent recommended varieties of the 
test crop. In all these tests, RBD design was used with 4 replications. 

Development of Protocol 
The research on customized fertilizers aims at developing and perfecting the scientific protocol to arrive at a crop and 
region-specific grade. Conventional approach adopted by soil scientist/ agronomist might not be appropriate in handling 
multi-nutrient deficiency and inter-nutrients interaction. Crop and soil-process modeller also has limitation of integrating 
these phenomena in the mechanistic growth models. Most of the dynamic models in the globe deal with one nutrient at 
a time. The basic framework of logistic evolution of customized fertilizer grades, as a currently under development have 
three primary components: 
1. Defining fertility management zones 
2. Using empirical models like QUEFTS/STCR 

Some of the general approaches to promote concept of customized fertilizers are listed below: 
1. Sensitization of the concept of customized fertilizer 
2. Large scale trials through ICAR and agricultural farms 
3. Farmers and dealers training 
4. Development of soil health and INM services 
5. Development of fertilizer metering and placement devices 
6. Demonstration at farmer’s fields. 

Why Customized Fertilizer? 
1. Ease of application 
2. Economy-Reduced labor cost 
3. Avoidance of toxicity 
4. Better reach to roots 
5. Uniformity of granule size 
6. Crush resistance 
7. Good availability to crop 
8. Good spreading characteristics. 

Customized Fertilizers: Key Challenges 
1. Consistent quality 
2. Stability of Granules 
3. Adoptability by Farmars 
4. Govt. controls and subsidies 
5. Regulatory issues 
6. Appropiate Technology 

Conclusion 
Customized fertilizers present a unique opportunity to prepare us for the future. Customized fertilizer is to promote site 
specific nutrient management with a view to achieve the maximum fertilizer use efficiency of applied nutrient in a cost-
effective manner.  Based on the scientific trials as well as field experience the technique of drip fertigation and foliar 
feeding is augmenting nutrient use efficiency undoubtedly. 
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Introduction 
Rice is the staple food crop for two thirds of the world population with varied consumer preference. Paddy cultivation 
suffers from several biotic and abiotic stresses that seriously affect its production among which Sheath blight, caused by 
Rhizoctonia solani Kuhn [teleomorph: Thanatephorus cucumeris (Frank) Donk] (was major devastating diseases in many 
countries affecting global rice production (Marchetti and Bollich, 1991). Yield losses due to this disease are estimated to 
range from 1.2 to 69 per cent (Naidu, 1992) depending on the cultivar, environmental conditions, crop stage. 

Symptoms 
The fungus affects the crop from tillering to heading stage. Initial symptoms are noticed on leaf sheaths near water 
level. On the leaf sheath oval or elliptical or irregular greenish grey spots are formed. As the spots enlarge, the centre 
becomes greyish white with an irregular blackish brown or purple brown border. Lesions on the upper parts of plants 
extend rapidly coalescing with each other to cover entire tillers from the water line to the flag leaf. The presence of 
several large lesions on a leaf sheath usually causes death of the whole leaf, and in severe cases all the leaves of a plant 
may be blighted. 

The infection extends to the inner sheaths resulting in death of the entire plant. Older plants are highly susceptible. 
Plants heavily infected in the early heading and grain filling growth stages produce poorly filled grain, especially in the 
lower part of the panicle. 

Pathogen 
The fungus produces septate hyaline mycelia branching at an acute to right angle with slight constriction at the point 
(cp) of branching and septum (s) is formed near the branching point of  mycelium. It produces large number of globoses 
sclerotia, which are initially white, later turn to brown or purplish brown.  

Favourable Conditions 
1. High relative humidity (96-97 per cent) 
2. high temperature (30-32˚C) 
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3. Closer planting 
4. Heavy doses of nitrogenous fertilizers 
5. High seed rate 
6. Frequent rainfall favours disease development.   

Chemical Weapons of R. solani 
1. RS Toxin: Host-specific phytotoxin produced by R. solani, designated RS toxin.  It is responsible for producing the 
sheath blight symptoms and virulence of R. solani isolates is correlated with the amount of toxin produced by each 
isolate. The RS toxin appears to be a carbohydrate containing N acetyl galactosamine, N-acetyl glucosamine, glucose 
and mannose. 

2. Enzymes: 
a. The breakdown of complex macromolecules of cell walls such as cellulose, hemicellulose and pectin into 
simple sugars via cell wall degrading enzymes (pectinase, laccase and xylanase) secreted by R. solani facilitates 
host cell penetration (King et al. 2011). 
b. In the later stages of the disease, the pathogen activates sugar membrane transporters to enable the transport 
of simple sugar molecules to the fungal cells. 

Disease Cycle 
The pathogen can survive as sclerotia or mycelium in dry soil for about 20 months but for 5-8 months in moist soil and it 
spread through irrigation water. The fungus has a wide host range it infects more than 188 crop species in 32 families. 

Management 
1. Preventive method: 

a. Seed treatment with Pseudomonas fluorescens @ of 10g/kg of seed followed by seedling dip @ of 2.5 kg /ha 
dissolved in 100 litres and dipping for 30 minutes. 
b. Soil application of P. fluorescens @ of 2.5 kg/ha and it should be mixed with 50 kg of FYM/Sand. Then applied  
after 30 days of transplanting. 
c. Foliar spray of P. fluorescens at 0.2% concentration, commencing from 45 days after transplanting at 10 days 
interval for 3 times depending upon the intensity of disease. 

2. Cultural methods: 
a. Apply FYM 12.5 t/ha or green manure 6.25 t/ha to promote antagonistic microflora 
b. Avoid excess doses of fertilizers. 
c. Adopt optimum spacing. 
d. Eliminate weed hosts. 
e. Apply organic amendments viz., neem cake @ 150Kg/ha  
f. Avoid flow of irrigation water from infected fields to healthy fields. 
g. Deep ploughing in summer and burning of stubbles. 

3. Chemical methods: 
a. Control of sheath blight has been mainly through the use of foliar fungicides. 
b. Carbendazim (1 g/lit), Propiconazole (1ml/lit) may be applied. 
c. Spraying of infected plants with fungicides, such as Benomyl and Iprodione and antibiotics, such as Validamycin 
and Polyoxin is effective against the disease.  
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Introduction 
Locusts are the species of short horned grasshoppers that periodically form large population and in dense migratory 

pest that travelled from Pakistan, reached many states to district of our country in May-June. Food and Agricultural 

Organization (FAO) alarm that more offensives than the insects were from new areas. Locust swarms destroy crops and 

cause major agricultural damage, which can lead to famine and starvation. It occurs in many parts of the world, but 

today locusts are mostly destructive in cultivated land.  

According to the FAO report, locusts have ability to change their behaviour and habits and they can migrate over large 
distances up to 150 km in favour of windward side. An adult desert locust schistocerca grigaria can consume fresh food 
equal to their body weight per day. Locusts swarming across the areas pose a “severe risk to India’s agriculture, 
significant drop in agricultural output, due to the lack of equipment like large sprayer aircraft and they do not adopt 
newly improved methods, large-scale invasions could still prove challenge. Pest specialists are drawing on standard 
strategies, better monitoring needed to predict the insect’s movement and growth, and alternatives to synthetic 
chemical pesticides are required to manage it. Large swarms can cover several districts, said JN Thakur, a former chief 
of locust monitoring at the agriculture ministry. 

The Life of Locusts 
Locusts are similar to grasshoppers; they both have big hind legs that help them to jump. They sometimes share the 
solitary lifestyle of a grasshopper too. Locusts begin to produce rapidly and become even more crowded together. This 
sudden crowding release serotonin in their central nervous systems that makes locusts more sociable and promotes rapid 
movements and hunger that is more varied. In these circumstances, they shift completely from their solitary lifestyle to 
a group lifestyle i.e. gregarious phase. Locusts move through several phases before maturing into flying adults. At any 
point in that process, they can turn gregarious if conditions are right. Transformations in their behaviour and physical 
traits can eventually reversed, or they can persist and passed on to offspring. 

The Desert Locust 
The desert locust (Schistocerca gregaria) may be a species of locust, belonging to acrididae group. It is one of the 
destructive locust pests because of the ability of swarms to fly rapidly across great distances. It has two to five 
generations per year. Their bodies become shorter, and they give off a pheromone that causes them to be attracted to 
each other, enhancing hopper band and subsequently swarm formation. They are polyphagous and prey on leaves, shoots, 
flowers, fruit, seeds, stems and bark of all crops, and non-crop plants, are eaten including bulrush millet, sugarcane, 
cotton, fruit trees, date palms, maize, sorghum, barley, rice, pasture grasses, banana plants, vegetables and weeds. 
The significant crop loss caused by swarming desert locusts exacerbates problems of food shortage, and may be a threat 
to food security.  

Management Strategies 
1. There are many reasons why difficult to control or prevent a plague of locusts, including the remoteness and breadth 
of the areas across which there spread and limited resources in some of the affected countries. However, experts can 
look at past weather patterns and historical records to identify the areas where swarms might occur and spray those 
areas with chemicals. 

2. At present, the primary method of controlling desert locust infestations is with insecticides applied in small 
concentrated doses by vehicle-mounted and aerial sprayers at ultra-low volume (ULV) rates of application. The insect 
acquires the insecticide directly or via secondary pickup (i.e. walking over or eating the residue on a plant). 

3. Controls are monitored by government agencies in locust-affected countries or by specialized organizations such as 
the Desert Locust Control Organization for East Africa (DLCO-EA). 
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4. The International Agricultural Institute developed several programs aimed toward exchanging data about the desert 
locust and international conferences were held within the many countries to regulate locust pests which affected 
heavily in the several countries. 

5. According to the FAO's Desert Locust Information Service (DLIS) monitors the weather, ecological conditions, 
estimated rainfall, seasonal temperature to assess the current situation and forecast the timing, scale and location of 
breeding and migration up to 6 weeks beforehand. The situation assessments and forecasts are published in monthly 
locust bulletins.  

6. Species of Metarhizium are prevalent throughout the world, infecting many groups of insects, but show a low risk to 
humans, other mammals and birds. The species Metarhizium acridum has specialized on short-horned grasshoppers, to 
which group locusts belong, and has therefore been chosen because the active ingredient of the merchandise.  

7. Green Muscle and NOVACRID are based on a naturally occurring entomopathogenic fungus take up two weeks to kill 
up to 90% of the locusts. So, it is recommended for use mainly against hoppers, the wingless early stages of locusts. It 
also used to kill locusts and other Acricidae pests, such as the Senegalese grasshopper.  

8. Due to the destructive habits of locusts, they have been a representation of famine in many Middle Eastern cultures, 
and is seen in the movies The Mummy (1999) and The Bible (1966). 

Summary 
Massive invasive migration of locust changes biotic and abiotic processes in which need to control locust populations, 
which in turn affects food security in distant regions due to the migratory capacity of locusts. Finally, we present new 
perspectives for sustainable management practices. 

Photo Gallery 

Bombay locust similar to grasshoppers feeding on vegetable and sugarcane crops. 

Identification of desert locust  
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Introduction 
Fruits and vegetables are supposed to provide high nutrition and form a key food commodity in our consumption. These 

are highly perishable in nature as they contain 80–90% water by weight. If they are left without cuticle, the water 

quickly begins to evaporate, resulting in poor fruit quality and shelf life. In India, losses were estimated to be about 

30% due to lack of storage facilities, transportation, pre-harvest and post-harvest infrastructure. Major losses in quality 

and quantity of fresh fruits and vegetables occur during harvest and consumption. Ripening in fruits and vegetable is a 

natural physiological process that makes them sweeter, more palatable, edible, nutritious, softer and attractive. After 

the fruit harvest, there is a change of the gaseous balance between the consumption of oxygen and the production of 

carbon dioxide. In this condition, the gas transfer rates increase, resulting a metabolic loss and taking the fruit to a 

gradual maturation and eventual senescence. The symptoms of contamination of the fruit flesh can occur from the skin, 

increasing the fruit spoilage leading browning, off-flavour development, and texture breakdown, decreasing the fruit 

quality and the risk to consumer due to pathogenic microorganism presence. The postharvest life of food products is 

critically dependent upon three factors: 

1. Reduction in desiccation. 

2. Reduction in the onset and rate of microbial. 

3. Growth reduction in the physiological process of maturation and senescence. 

Edible coting is being used to improve the quality characteristics and to extent shelf life of fruit and vegetables. Edible 

coatings and films may be defined as protective layers created around food surface by applying solutions made from 

edible polymers such as proteins, polysaccharides, lipids or their combinations. It can provide an alternative to modified 

atmosphere storage by reducing quality changes and quantity losses through modification and control of the internal 

atmosphere of the individual fruit or vegetable. The functional characteristics required for the coating depend on the 

product matrix (low to high moisture content) and the deterioration processes the product is subject to films made of 

such biodegradable material can also be employed as packaging materials to generate a suitable modified atmosphere 

around a packaged product and might replace non-biodegradable plastics used in MAP storage today.  

Classification of Edible Films and Coatings 
Locusts are similar to grasshoppers; they both have big hind legs that help them to jump. They sometimes share the 
solitary lifestyle of a grasshopper too. Locusts begin to produce rapidly and become even more crowded together. This 
sudden crowding release serotonin in their central nervous systems that makes locusts more sociable and promotes rapid 
movements and hunger that is more varied. In these circumstances, they shift completely from their solitary lifestyle to 
a group lifestyle i.e. gregarious phase. Locusts move through several phases before maturing into flying adults. At any 
point in that process, they can turn gregarious if conditions are right. Transformations in their behaviour and physical 
traits can eventually reversed, or they can persist and passed on to offspring. 

The Desert Locust 
1. Polysaccharide based edible films and coatings: Polysaccharides like starch, pectin, cellulose, exudate gums, 
seaweed extracts etc. are used for making edible films and coatings. Polysaccharide based films and coatings are 
characterized by poor moisture barrier properties but are moderately less permeable to O2 and selectively permeable to 
O2 and CO2. This makes them suitable for preservation of fruits where they can reduce the respiration rate by modifying 
the environment inside the product. 

2. Protein based edible films and coatings: The modification of proteins results in films and coatings with enhanced 
functional and technological properties. Animal proteins like gelatin and plant-based proteins like soy protein, gluten 
etc. can be utilized for development of edible films and coatings. For example, sesame seed protein was effectively 
utilized for development of edible films.  

3. Lipid based edible films and coatings: Wax coatings were used in ancient China for preservation of citrus fruits. Some 
of the lipids, waxes and resins used for development of edible films and coatings are mentioned below:  
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a. Lipids: Sunflower oil, palm oil, coconut oil, cocoa butter etc.  
b. Waxes: Bees wax, Carnauba wax, Jojoba oil, Candelilla wax etc.  
c. Resins: Gum arabic, Mesquite gum, Tragacanth gum etc.  

4. Composite edible films and coatings: Composite edible films and coatings are developed by the use of more than 
one ingredient mentioned above. The logic behind using more than one ingredient is to take advantage from synergistic 
reactions between them. Tragacanth-locust gum bean blend films were reported to have better physical and barrier 
properties than their individual counterparts. 

Application and Preparation of Edible Films 
Edible coatings can be produced from materials with film forming ability. During manufacturing, film materials must 
be dispersed and dissolved in a solvent like alcohol, water, mixture of alcohol and water, or a mixture of other solvents. 
Plasticizers, antimicrobial agents, minerals, vitamins, colours, or flavours can be added in this process. Adjusting the 
pH and/or heating the solutions may be done for the specific polymer to facilitate dispersion. Film solution is then 
casted and dried at a desired temperature and relative humidity to obtain freestanding films. The film solutions could 
be applied to food by several methods such as dipping, spraying, brushing, and panning followed by drying. Edible 
coatings may be composed of polysaccharides, proteins, lipids, and composites. Their presence and abundance 
determine the barrier properties of material with regard to water vapor, oxygen, carbon dioxide, and lipid transfer in 
food systems. Edible films can provide either clear or milky opaque coatings, but consumers generally prefer invisible, 
clear coatings. The simplest way to apply a film or coating is directly from solution. Depending on concentration of 
coating solution, the product will absorb an appropriate amount of coating material essential to form the desired layer, 
which when dried, forms a protective layer at the food surface. Better uniformity can be promoted by adding surfactants 
to solution to reduce surface tension. Proteins, lipids and polysaccharides are the main constituent of edible films and 
coatings. 

Properties of Edible Coatings 
Ideal edible film should have the following characteristics. 
1. It should be safe to consume and recognized as safe for human consumption (GRAS) and FDA approved. 
2. Should provide control over maintaining internal equilibrium of gases involved in aerobic and anaerobic respiration of 
foods. 
3. Should have film forming materials which are readily dispersed and dissolved in a solvent like alcohol, water or their 
mixture and acetone during manufacturing. 
4. Must be provide structural stability and prevent mechanical damage during transportation, handling, and display of 
food materials. 
5. Should have good adhesion to surface of food to be protected providing uniform and homogenous coverage. 
6. It should be non-toxic, non-allergic, fully digestible, biodegradable, stable in both production and storage and easily 
manufactured and economically viable. 
7. Should be provide semi-permeability to maintain internal equilibrium of gases involved in aerobic and anaerobic 
respiration, thus retarding senescence 
8. It should never interfere with the quality of fresh fruit or vegetable and not impart undesirable order. 
9. It should improve appearance, maintain structural integrity, improve mechanical handling properties, carry desirable 
additives (antioxidants, vitamins, etc.) and retain volatile flavour compounds. 
10. Should provide biochemical and microbial surface stability while protecting against contamination, microbe 
proliferation, pest infestation, and other types of spoilage. 
11. Should maintain or enhance aesthetics and sensory attributes (appearance, taste etc.) fresh fruit or vegetable. 

Advantage of Edible Coting 
1. It improves the retention of acid, colour, sugar and flavour of fruits and vegetable. 
2. It maintains the quality of fruits and vegetable during the storage. 
3. It reduces weight loss, reduce moisture loss, firmness loss and retard loss of chlorophyll so that its freshness can be 
maintained. 
4. It can be consumed along with fruit and vegetable and they also contain some health beneficial nutrient. 
5. It enhances the external appearance of fruits and vegetable by giving additional shine to the surface. 
6. It can delay senescence by reducing the rate of respiration and ethylene production. 
7. Encapsulates, antioxidants, pigments, ions that stop browning reactions and nutritional substances such as vitamins. 
8. It carries some additives which can reduce discoloration and microbial growth and enhance the self-life of fruits and 
vegetable. 
9. It reduces oxidative reactions in fresh and processed fruits and vegetables. 
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Disadvantage of Edible Coating 
1. Thick coating can prohibit exchange of respiratory gases (CO2 and O2) that lead to off-flavour development. 
2. It has good gas barrier properties which leads anaerobic respiration, due to this normal ripening process is disturbed 
in fruit and vegetable. 
3. Due to the hygroscopic nature of some edible coting which lead to increase microbial growth. 
4. Sometime incorporation of compounds such as antimicrobials, antioxidants and nutraceuticals into edible coting could 
impart undesirable sensorial modifications in foods.  
5. Incorporation of certain anti browning agents (N-acetylcysteine and glutathione) into edible coatings can result an 
unpleasant odour. 

Table-Specific Coating Application to Different Fruits 
S. No Crops Coating material Composition Effect of coating 

1. Apple Semperfresh™ Sucrose esters with high proportion 
of short-chain unsaturated fatty 
acid esters, sodium salts of CMC, 
and mixed mono and diglycerides 

Increased shelf life 

2. Mango Prolong Mixture of sucrose fatty acid 
esters, sodium CMC, and mono and 
diglycerides 

Retard ripening, reduce weight 
loss, and chlorophyll loss 

3. Pear -do- -do- Retention of firmness, green skin 
color, and titrable acidity 

4. Mango Tal Prolong -do- Delayed ripening with extended 
shelf life 

5. Litchi Chitosan Chitosan and Tween 80 Reduced weight loss and 
browning, improve storability 

7. Mandarins Citra shine Sucrose ester and wax Increased shine and extend shelf 
life 

8. Fruits FreshSealTM Polyvinyl alcohol, starch and 
surfactan 

Extended shelf life 

9. Apple, pear, 
pomegranate 

Nutri-save N, O carboxyl methyl chitosan Increased shelf life 

Conclusion 
Edible films and coatings are fast emerging as alternatives to the synthetic packaging materials. However, further 
research focused on a commercial scale needs to be done so that more realistic information can be used to commercialize 
edible coated fresh fruits and vegetables. When active ingredients (antimicrobials, antioxidants, and nutrients) are 
added to edible coatings, mechanical, senso and even functional properties can be dramatically affected. Ripening in 
perishable climacteric fruits can be effectively delayed and prevented from deterioration by applying edible coatings. 
Their biodegradability and edibility make them obvious choice for packaging of food commodities. As there is increased 
market demand for minimally processed fruits and vegetables, in the future, edible coatings that have antimicrobial 
properties in combination with will certainly become commercially important as part of hurdle technology. 
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Summary 
As an alternative to synthetic pesticide use of biopesticide can be done. The neem plant is very beneficial as its leaf 

and fruit can be used in making biopesticide as it contains compounds that have fungicidal, insecticidal and nematicidal 

properties. Azadirachtin a chemical compound present in neem plant is responsible for several action such as it act as 

anti-feedancy, stop growth and reproduction, anti-oviposition, fungicidal etc. Azadirachtin is affective against many 

biological processes. Apart from azadirachtin, many other components of neem also have insecticidal properties. Among 

them are saponins that are found to have antimicrobial activity that inhibits moulds and protecting plant from attack 

of insects. Likewise, Nim80 and Neemas are also neem products that produce the insecticidal activity. Magrosan-O act 

as an insect growth regulator. 

Introduction 
Synthetic pesticides are of increasing concern as they accumulate in the environment, so much of attention has been 
diverted towards the natural compounds that could replace the synthetic ones (Raizada et.al.,2001). Biopesticides are 
good alternative to the synthetic ones as they cause a little environmental pollution, low toxicity level to humans and 
several other advantages. 

Neem is one of the most reliable botanical sources of biopesticides, derived from neem plant which is native to India 
that grows in arid tropical regions. Neem plant has been known for three decades for its potential against insect pests. 
Leaves and seed extract of neem plant have been observed for their deleterious effects on insects. The tree supplies at 
least two compounds, azadirachtin andsalanin, that have insecticidal activity and other unknown compounds with 
fungicidal activity. It has been evaluated as the most promising insecticide of botanical origin, used against more than 
400 species of insects (Isman MB.,1997). Neem products have low toxicity to birds, fish and mammals and are less likely 
to induce resistance due to their multiple mode of action on insects. In addition to this, insect growth regulatory activity 
of neem weakens the cuticle defence system of the larvae causing easy penetration of pathogenic organisms into insect 
system. 

Figure.1: Effect of neem plant as biopesticide. 

Azadirachtin, a biologically active compound has been promoted as a new insecticide that is considered more eco- 
friendly than synthetic insecticides. Azadirachtin mainly influences the feeding habits of insects, growth and 
reproduction and thus lowers their population density but still very little is known about the biochemical mode of action. 
Azadiractin not only has a unique mode of action against insects, it also has adverse effects on fungi, viruses, nematodes 
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and protozoans. In addition, larval growth is markedly reduced by azadirachtin. Usually anti-feedant effect is observed 
after treatment of azarirachtin. As a biopesticide Azadirachtin is known to have very little effect on non-targeted 
organisms for example pollinators. It is completely non-toxic to vertebrates.  Azadirachtin may not be effective against 
all pest insects and its effectiveness is dependent on used concentration. Persistence level of azadirachtin on food is 

unknown so there is need of further research in this area. 

Figure.2: Effect of Azadirachtin. 

Chemical Structure and Function of Azadirachtin 
Azadirachtin has a molecular formula C35H44O16 and chemically it is a tetranorterpenoid. Azadirachtin have many 
reactive functional groups which are closely associated with each other which makes it a highly oxidized limonoid (Ley 
et.al., 1993). The major component of neem seeds is azadirachtin A. Azadirachtin B is also present but it is present in 
very minute concentration. Azadirachtin has also been synthesized chemically. 

Figure.3: Chemical structure of Azadirachtin. 

The possible mode of action of azadirachtin is anti-feedancy which affects the acdysteroid and juvenile hormones and it 
directly affects tissues which are believed to be controlled by developmental hormones. Fungi, viruses and protozoa 
have also been reported sensitive to azadirachtin, apart from its action against insects. 

Mode of Action 
Different molecular techniques have been used to determine the effect of azadirachtin at cellular and molecular level. 
It has been shown that azadirachtin acts on the mitotic cells and blocks the microtubule polymerization. It has been 
revealed that the anti-proliferating effect of azadirachtin is due to blocking of cell cycle and induction of apoptosis. In 
addition to this nuclear DNA is directly damaged by azadirachtin and also binds to a large protein complex including 
heat shock protein 60. It has been suggested that azadirachtin is highly reactive and have many cellular molecules as 
target in cytoplasm as well as in nucleus. Certain activities of genes and proteins are also altered by azadirachtin. 

Some Neem Derived Compounds 
1. Saponins: Saponins are the surface-active glycosides that naturally occur in certain plants, animals and 
microorganisms. Mainly they are produced by plants but lower amount in marine animals and some bacteria. Saponins 
are named because of their soap like characteristics. Usually saponins consist of a sugar moiety containing glucose, 

Effects of 
Azadirachtin

Anti-feedancy
Growth and 
reproduction

Anti-oviposition Fungicidal



 

 

 VOLUME 2 - ISSUE 6 - JUNE 2020 
894 

glactose, glucuronic acid, xylose, rhamnose or methyl pentose. Many saponins are found to have antimicrobial activity 
that inhibits moulds and protecting plant from attack of insects. They can be taken as a defense system of plant. 

2. Nim 80 and Azatin: Nim 80 and Azatin s have been shown to produce the insecticidal activity or growth effects. At 
low concentration of azatin the growth rate was reduced while increasing the concentration lead to high mortality rate. 
Larvae of shoot borer become unable to feed when they were exposed to azatin. It has been shown that azatin acts as 
direct toxicant instead of inhibiting its growth. On the other hand, Nim 80 has showed effectiveness against larval 
development. 

3. Parker oilTM and enemas: Two other neem products Parker oilTM and neemas have been tested for their effectiveness 
against brown plant hopper. Their mortality rate, rate of food consumption and net survival rate has been investigated 
after application of these two neem products. It has been clearly observed that neem-based products are more effective 
against brown plant hopper. In addition, these neem products have very low toxicity level against human beings. 

4. Magrosan-O: Magrosan-O control gypsy moths, leaf miners, sweet potato whiteflies, western flower thrips, loopers, 
caterpillars and mealybugs. This product is labelled for use on ornamentals, foliage plants, trees, shrubs and other non- 
food crops. It works as an insect growth regulator. The treated insect usually can’t molt to its next life stage and dies. 
It also may deter egg laying. 

Conclusion 
In the past few decades’ neem-based pesticides are gaining more attention because of their non-toxic and 
environmentally friendly nature. Azadirachtin and many other neem products have shown very impressive results as 
biopesticide against many pests of agricultural importance. There are several issues associated with the commercial use 
of neem-based pesticides that are still to be investigated. Also, biochemical mode of action of azdirachtin is still not 
clear. So, much of research is still to be done in this field. 
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Introduction 
Changing weather conditions has major constraints for water availability in a region and hence affects the production 

of food grains. Based on data available, more than 815 million people across the world are hungry in which 64 percent 

belong to the Asian country. Therefore, it is necessary to increase food production to feed a major population by almost 

50 percent by 2050. The adaptation of farming agriculture operations according to changing weather conditions becomes 

essential. The agriculture sector has to look towards new-generation technologies for solutions to overcome emerging 

challenges. For such conditions, a new invention made i.e. Information and Communication Technology (ICT)- driven 

tools and technologies. This is an indigenous approach plays an important role in enhancing decision making through 

reliable, accurate, and timely information. Food and Agriculture Organizations (FAO) and International 

Telecommunication Union, have been working together resolving the same challenges faced in agriculture through the 

use of sustainable ICTs. The latest technology Unmanned Aerial Vehicles (UAV), commonly known as drones, for 

agriculture. It is an aircraft without a human pilot board on it. It is the component of the Unmanned Aircraft System 

(UAS). The other components of UAS include a ground-based controller and a system of communications between the 

two. An aeronautical engineer named Abraham Karem is known for the father of drone.The first drone was built by him 

for the Israeli Air Force during the Yom Kippur war. The flight of UAVs may operate either remote control by a human 

operator or autonomously by onboard computers. The application of drones helpful in the fields of military, 

humanitarian relief, disaster management to agriculture. The drones nowadays become very effective in surveillance 

during the lockdown period by the police forces. This article mainly focuses on an agricultural drone which helps in 

optimization of agricultural operations, increase crop production, and monitoring crop growth. The agricultural drone 

collects information on farming operations which may further help in improving farm efficiency and crop yields. Many 

constraints like soil variation, irrigation problems, and pest and fungal infestations obtained by farmers during 

agricultural operations. With the use of drones, multispectral images obtained which shows the differences between 

healthy and unhealthy plants which can be easily visible by farmer’s naked eyes. The drone, therefore, can assist in 

access to crop growth and production.A PwC report (PwC, 2016) estimates the agriculture drone market value to be 

worth USD 32.4 billion. Gerard Sylvester (Food and Agriculture Organization) Said “In the current environment, use of 

sustainable information and communication technology in agriculture is not an option.It is a necessity.” Goldman Sachs 

predicts that the agriculture sector will be the second largest user of drones in the world in the next five years. 

UAV Classification 
Based on size, the UAVs classified as- very small, small, medium and large. While four major types classified based on 
aerial platform used. 

Multi Rotor Drone 
Multi Rotor Drone uses multiple propellers to navigate and fly.Based on the number of propellers used they can be further 
classified in four most popular categories. They are: Tricopter, Quadcopter, Hexacopter, and Octocopter which consists 
of three, four, six and eight propeller drones respectively. 

Fixed Wing Drones 
In fixed wing drones, wings have been used in place of propellers just like an airplane. They cannot fly at one place. 
They fly on the set course till their energy source is functional. 

Single Rotor Drones 
It consists of only one rotor and a small tail to control it direction. They resemble more like a helicopter and are very 
energy efficient. 

Fixed Wing Hybrid VTOL 
VTOL means that Vertical take Off & Landing. It uses wings for gliding and propeller(s) to lift off. 
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Difference Between Fixed-Wing UAV and Multi Rotor UAV 
Fixed-Wing UAV Multi Rotor UAV 

Longer durability and hence can cover larger areas Shorter flight duration and limited payload capacity 

Fast speed of flying Slower flight speed 

They need a runway  for landing and takeoff May not need a runway or a catapult launcher to put 
them on air. 

Higher costs & skill training required in flying Easy to manufacture and relatively cheap 

Harder to manoeuvre Easy to manoeuvre 

They can’t stand still on the air hence they can’t be 
used for aerial photography 

Stand still on the air hence they can be used for aerial 
photography 

They never utilize energy to stay afloat on air and 
fighting gravity. 

Spend a huge portion of their energy just to fight gravity 
and stabilize themselves in the air. 

Ability to fly at high speed make them ideal for long 
distance aerial survey, high-resolution aerial photos, 
mapping and land surveying. 

Ability to fly around a particular area, and their ability 
to operate in confined areas make them ideal for 
surveillance and for detecting crop pests, diseases and 
weeds. 

Use of UAV in Agriculture 
The use of drones in agriculture is extending sharply in crop production, disaster risk reduction, early warning systems, 
fisheries, forestry, as well as in wildlife conservation, for example. 

Increase in Crop Productivity 
Before agriculturist can actually sow the seeds, there is tremendous scope for increasing productivity from the same 
piece of land. They utilize available lands more effectively through drone technology to increase production. Drones can 
do soil health scans which help farmers to plant crop accordingly, supervise crop health, support in planning irrigation 
schedules according to crop and soil conditions, apply fertilizers precisely, predict yield data and give valuable data for 
weather analysis. Hence crop productivity increases from same piece of land. 

Disaster Risk Reduction 
Drones are programmed get information of water stress, NDVI, or lack of specific nutrients in crops which can help 
farmers to mitigate any disaster. Drone also produces helpful advice related to upland agricultural hazards such as 
erosion and landslides that could be used to notify agricultural communities and help them understand the risks and 
reduce the effects of any disaster. 

Forestry 
Drone technology promotes forest management and operational planning, in addition to the monitoring of illegal 
activities and violation. It also helps in collecting various facts such as tree canopy analysis, carbon sequestration, 
conservation features, monitoring biodiversity, tracking native species, and ecological landscape features. 

Fisheries 
Using drones to detect illegal fishing and assist in incrimination of lawbreakers. 

Wildlife Conservation 
Drones are used to conduct inspection, recognize unauthorized habitation and to deter poachers. Drones fitted with 
thermal cameras can recognize poachers from their heat signatures even if they are hiding in dense vegetation. 

Advantage of UAV 
1. It can be used in cloudy & drizzly weather conditions and in high risk situations at low altitude, and it can also fly 
below the clouds 
2. It cannot be loaded with the physiological limitations and economic expenses. 
3. Real-time capability, the ability for fast data acquisition. 
4. Imagery is available ‘on-demand’ and they are geo-referenced. 
5. Enabling direct links with GIS packages, 
6. Low maintenance and safety 
7. Precise operation. 
8. Save time. 
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Disadvantage of UAV 
1. Skilled and expert person is usually required to use the images captured. This means that an average farmer either 
need training or hire experts to assist with the image processing, which may be costly. 
2. The high investment cost to purchase the Unmanned Aerial Vehicle is another limiting factor. 
3. Producers with larger cultivated areas and higher profit rates are able to use more sophisticated, high-cost systems, 
though this is not the case for the majority of the fields in India. 
4. Privacy becomes vulnerable if wrongly used and can be easily hacked. 
5. Short flight time. 

Conclusion 
Agriculture production is very important for food security in the world. UAV improved the field management and increase 
the productivity to nourish the increasing population in the world. It is substitute to lack of skilled human resources and 
also to other heavy machines and tools. UAV services describe a new frontier in technology development. Youth is 
attracted by technology, its development and use. UAV for agriculture could be a magnet for educated youth in 
developing countries. It helps to develop service enterprises based or at least operating in rural areas, thus creating jobs 
opportunities and improving agricultural production and farmers’ returns on investment. In the circumstances of 
pollution, environmental degradation, and water scarcity, food security is a challenge and drone /UAV are an effective 
solution for this problem, which should be given a high priority as it is the solution to feed the growing population. 
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Abstract 
One of emerging wastes of the modern society are the unused or obsolete electronic gadgets, which are termed as e-

wastes. These wastes are source of heavy metals which are toxic for human health and environment. Soil being the 

universal dump yard of waste is a victim of contamination of e-waste. Such contaminated soils transfer the heavy metals 

into crops which are then transferred to humans. The adverse effect of such waste can be reduced by  remediation 

techniques to remove the heavy metals from the soil and stabilization of the metal in soil and to reduce the metal 

uptake by crops. 

Introduction 
Electronic gadgets are the new ‘salt of life’ in this 21st century. It’s hard to imagine a life without any sort of electronic 
items. Let it be poor or rich  no one is out of reach of electronic gadgets, though there is a great variation between the 
amount used by them respectively. On one end where these electronic goods have made our life convenient and hassle 
free whereas on other end they have emerged as a new peril for environment. With rise in use of these goods there is 
also increase in production of electronic waste or e-waste. 

What is E-Waste? 
e-waste  is a term used for electronic products that have become non-working, unwanted, obsolete and further cannot  
have   a useful life.  E-waste consist of wide range of electronic goods ranging from  major home appliances (coolers, air 
conditioners (ACs), freezers, mobile phones, sound systems) to personal computers (PCs) that have been disposed of by 
the users. The words e-waste and waste electrical and electronic equipment (WEEE) are used for the damaged appliances 
which use electricity, (Zhang and Xu 2016). This e-waste is quite different from the industrial and municipal wastes 
because of their  different physical and chemical nature (Garlapati 2016). Further an e-waste material simultaneously 
contains both hazardous substances as well as valuable waste (Cucchiella et al. 2015). The harmful materials include 
elements like beryllium, cadmium, mercury and lead whereas the valuable materials present are gold, silver, copper 
etc. 

Figure 1: e-wastes discarded by people 

Status in India 
India is not spared from the curse of e-waste; the increasing quantity of accumulating e-waste have emerged as a 
complicated task for management. India is generating e-waste more than 8,00,000 tonnes annually (MoEF, Guidelines, 
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2008). Maharashtra among the states and Mumbai among the metropolitan cities are leading in the e-waste generation 
in the country. The 70% e-waste produced in the country is being produced by ten states only and 60% by 65 cities 
(Rajya Sabha Report, 2010). Moreover, India has also become a dumping ground for many developed countries. The 
Basel Action Network (BAN) stated in a report that 50-80% of e-waste collected from USA is exported to India, China, 
Pakistan , Taiwan and a number of African countries.  It has also been estimated that in India, business and households 
make approximately 1.38 million personal computers obsolete every year, accelerating the rate of e-waste generation, 
which is around 10% annually going to affect environmental health indicators. 

Figure 2 : e-waste categories and its contribution at global level (ADEME 2010) 

How is Soil and Agriculture Affected by E-Waste? 
Soil being typically made out of a range of topographical and natural materials as result of weathering and degradation 
process , acts as a pool of environmental contamination. Potential contamination of soils happens at old e-waste landfill 
sites, where chemicals may have been dumped on the ground.  Such landfills have been expanding equally in developing 
and developed countries. The toxins present in the e-waste can possibly move over to soil particles and leach down and 
contaminate the areas near landfills (Kasassi et al. 2008). Electrical gadgets are thought to be toxicity characteristic 
(TC) unsafe waste for soil, if the gadgets contain particular components greater than TC-recommended concentration, 
which are As (5 mg/l), Ba (100 mg/l), Cd (1 mg/l), Cr (5 mg/l), Hg (0.2 mg/l), Se (1 mg/l), and Pb (5 mg/l)(Akram et al. 
2019). Crops in or close to contaminated sites can uptake and accumulate these metals, and then exert potential risk to 
humans and animals. Moreover, it was also seen that rice germination and growth were inhibited when were planted in 
soils nearby e-waste processing site due to that the Pb and Cd increased (Zhang and Min, 2009).  

E-waste processing sites are usually located in fields adjacent to land used for agricultural purposes. Heavy metals 
released from salvaging useful materials and from the uncontrolled open burning of electronic waste could penetrate 
the soils where vegetables and crops are grown by contaminating irrigation water and through direct deposition by air. 
Plants can take up these metals from soil by their roots, transport them upwards to their shoots, and finally accumulate 
them inside their tissues, although there are large variations among different plant species in terms of metal 
accumulation ability. Alexander et al. (2006) reported that legumes (Leguminosae) were low accumulators, root 
vegetables (Umbelliferae and Liliaceae) were moderate accumulators, and leafy vegetables (Compositae and 
Chenopodiaceae) were high accumulators of metals in a soil spiked with Cd, Cu, Pb, and Zn. In case of vegetables, of all 
the vegetables that were tested, the concentrations of heavy metals in the edible part of leafy vegetables were 
significantly higher than in the edible portion of roots/tuberous vegetables . Leafy vegetables usually grow quickly and 
have high transpiration rates. This favors the uptake of metals by roots, and the resulting translocation of metals from 
roots to aboveground tissues. In addition, their broad leaves make these plants more susceptible to physical 
contamination by dust from soil and the splashing of rainwater. 

How Does Contamination of Soil by E-Waste Affect Human Health? 
As the toxins present in the e-wastes leach out into the soil , they move into groundwater and are absorbed by crops 
during their growth. The consumption of such contaminated ground water and crop what have accumulated heavy metals 
adversely affect human health. These heavy metals include As, Cd, Hg and Pb. Inorganic arsenic, a human carcinogen, 
is the most toxic form of arsenic. Cadmium is toxic to the kidney and has a long biological half-life in human. Lead has 
shown to be associated with damnification of central nervous system, leading to decrements of intelligence quotients in 
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children. Mercury, particularly in its organic form, mainly exhibit neurotoxicity and teratogenicity. 

What are the Possible Ways to Reduce the Impact of E-Waste on Crops? 
Two different strategies are employed to minimize the risk of soil polluted by heavy metals to human health. First 
strategy is the use of remediation techniques to remove the heavy metals from the soil. The second is to stabilize the 
metal in soil and to reduce the metal uptake by crops Because the remediation of metal-contaminated soil requires a 
long time, and farmland is limited in all countries and is especially limited in many developing countries, researchers 
have been studying how to produce “pollution free” crops and associated food products in contaminated soils with lower 
level. One approach is the use of pollution free species or cultivars whose edible parts accumulate specific pollutants at 
a lower level for safe consumption . Selection or breeding of pollution free species or cultivars is based on the fact that 
the accumulation of pollutants in edible plant parts differs between and within plant species. For example, lettuce, 
beetroot, radish, and carrot are identified as high Cd accumulators and cauliflower, red cabbage, and savoy cabbage as 
moderate Cd accumulators. Wide variations in the concentration of Cd or Pb among cultivars have also been documented 
in many crops, including rice, wheat, peanut, asparagus bean, leaf lettuce, potato, maize, and sunflower. 
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Abstract 
Rice cultivation is a water-intensive enterprise. Water scarcity is the major problem in many rice-growing areas in the 

worlds, the introduction of aerobic rice system saves more water as compare to other rice-growing methods. Aerobic 

rice is a system of rice production in which rice is grown in non-puddled, well-drained, and non-saturated soil conditions. 

Aerobic rice technology developed from the International Rice Research Institute (IRRI) which addresses the water crisis 

in tropical agriculture. This new technique uses to save water 30-70% and reduce the water scarcity under rice 

cultivation. 

Introduction 
Rice (Oryza sativa L.) is a cereal crop. It is a staple food, grown across the world, more than 60% of the World’s 
population, and provides more calories per hectare than any other crop (Faisul-ur-Rasool et al., 2013). Rice cultivation 
is a water-intensive enterprise. Bouman and Tuong, (2001) reported that the lowland rice field requires a higher amount 
of water and their sustainability is threatened by increasing water shortages. Irrigated lowland rice gives more than 75% 
production, which covers 79 million ha area. Asia’s irrigated rice may experience “physical water scarcity” over 17 
million ha, and 22 million ha involve in “economic water scarcity” by 2025 (Tuong and Bouman 2003). Irrigated rice has 
very low water-use efficiency as it consumes 3000–5000 litters of water to produce 1 kg of rice. It is predicted that many 
Asian countries will have a water scarcity by 2025, aerobic rice system provides hope to farmers who do not have enough 
water to grow flooded rice or lowland rice. Aerobic rice technology developed from the International Rice Research 
Institute (IRRI) which addresses the water crisis in tropical agriculture. Aerobic rice is a system of rice production in 
which rice is grown in non-puddled, well-drained, and non-saturated soil conditions. 

Aerobic Rice System (ARS) 
Aerobic rice system is a new rice production system, in this approach rice is cultivated under non-puddled, non-flooded, 
and under unsaturated soil conditions (Prasad, 2011). Aerobic rice has been developed by crossing drought-prone, low 
yielding upland rice varieties, and high-yielding low land rice varieties. In this system water requirement is low as 
compare to other methods of rice cultivation (Ghosh, 2008). Under the aerobic rice system, rice is direct-seeded on a 
dry bed and irrigation provided at an interval maintaining the soil moisture at 0-40 KPa. First it was started in China and 
Brazil after that followed by the IRRI, Philippines and later in India. 

Effect of Aerobic Rice on Water Saving and Water Productivity 
Under lowland rice water requirement is varies from 1,650 to 3000mm. Aerobic rice production system reduces 
percolation losses and continuous seepage, greatly decreases evaporation as no standing water is present at any time 
during the cropping season, and effectively uses the rainfall and thus helps in enhancing water productivity and 
profitability. A comparison of the water requirement of lowland flooded rice and aerobic rice system clearly shows that 
aerobic rice systems can save about 30-70% percent of water (Table 1.1) (Ghosh, 2008). Aerobic rice system compared 
with the conventionally irrigated lowland rice in water-saving results mainly from, no water losses during land 
preparation, less percolation and seepage, and less evaporation (Bouman B.A.M. et al.). 

Table 1.1: Water Needs for Different System of Rice Cultivation 
Cultivation method Water saving over conventional (%) 

Conventional (continuous flooding 5-10 cm) - 

Alternate wetting and drying 15-30 

SRI (system of rice intensification) 20-25 

Aerobic rice 30-70 

Source: Ghosh, 2008 

At the time of land preparations water losses through, seepage, percolation, and evaporation, aerobic rice showed that 
51% lower total water use and 32–88% higher water productivity, which is expressed as gram of grain kg-1 of water, than 
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lowland or flooded rice (Bouman et al., 2005). Requirement of water under aerobic rice was about 60% which is less than 
that lowland flooded rice as well as total water productivity was 1.6 to 1.9 times higher (Vijayakumar et al., 2006). 

Conclusion 
It’s concluded that lowland or flooded rice cultivation practices require more water, which creates water crises. We 
should adopt aerobic rice cultivation to store or save more water compared to other cultivation practices of rice. 
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Introduction 
In India Rapeseed-Mustard is the most important and predominant source of edible oil and raw material for industrial 

products. In world, third most important source of edible oil after soybean and oil palm. Total global area under 

rapeseed and mustard is about 26.09 m ha with total output of 571,880 tons of mustard at an average yield of 1-1.5 

tons/ha. India is the fourth producer of mustard contributing to around 11 % of world’s total production and it produces 

around 65 lakh tonnes of mustard, 26 lakh tonnes of mustard oil and 35 lakh tones oil cake. Rajasthan alone contributes 

43% of the total mustard production in India. The chemical analysis of mustard seed reveals that it contains protein 

22%, fat 40%, nutrient 4%, carbohydrates 24%, fiber 2%, moisture 8% components  

Albugo candida causes white blisters on number of crucifers’ plants such as Turnip, Cauliflower, Cabbage, Chinese 

cabbage, Radish, Mustard, Rape, Brussel sprouts and non-crucifers’ plants such as spinach (Albugo occidentalis) and 

sweet potato (A. ipomoeae). 

Production Losses 
1. Combined infection of leaves and inflorescence may cause up to 60 per cent yield loss in mustard. 
2. Due to floral infection causes 23 to 54.50 per cent yield loss. 
3. Mixed infection of white rust and downy mildew produces 37- 47 % less pods with 17- 32 % reduction in yield. 

Symptoms 
2 types of infection: Systemic and Local infection. White to creamy yellow pustules develop on the lower leaf surface. 
The pustules, later coalesce to form patches on the lower leaf surface (Fig. 1). Tan-yellow spots develop on the upper 
leaf surface of corresponding lower pustules (Fig. 2). 

(Fig. 1)      (Fig. 2) 

(Fig. 3)     (Fig. 4) 
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Infected flowers develop a "staghead" in which the flowers are sterile, malformed and green, and various flower parts 
may be thick and club-shaped and greatly enlarged ( Fig. 3). Pustules may also form on the pods (Fig. 4). 

Etiology 
1. Kingdome: Chromista 
2. Phylum: Oomycota 
3. Class: Oomycetes 
4. Order: Peronosporales 
5. Family : Albuginaceae 
6. Genus: Albugo 
Species : candida 

It has a single genus Albugo, which causes white blister or white rust of crucifers. 

Epidemiology 
1. Single irrigation at pod formation stage. 
2. Reduced sunlight hours (2- 6 hours per day) coupled with high rainfall during flowering period (Stag head and DM). 
3. Late sowing (after 19th Oct). 
4. Sporangial germination starts at 4.6°C, ceases @21°C and maximum @12- 14 ºC. 
5. Oospore production can occur @ 10-27°C, maximum @23°C. 

Integrated Disease Management 
1. Cultural practices:  

a. Use of healthy seeds for planting. 
b. Destruction of weeds in and around the field. 
c. Crop rotation with non-host. 
d. There was no stag head formation if crops are sown during September. 

2. Biological control: Spray of antagonists such as Bacillus subtilis and Pseudomonas fluorescence. 
 
3. Chemical management:  

a. Seed treatment with metalaxyl and 3 sprays of chlorothalonil (0.1%) or mancozeb @ 20, 40 and 60 days after 
sowing ( Saharan et al., 1984). 
b. Single spray of Propiconazole 25EC (0.05%) resulting in to lowest disease (17%) with  maximum yield (1361.033 
kg/ha).  
c. Single spray of mancozeb (0.2%) followed by Single spray of Propiconazole 25EC (0.05%) which decreases the 
disease up to 20% and increase the yield upto 1266.60 kg/ha (Abhishek et al., 2017). 

Host Plant Resistance 
1. PBR 135, PBR 143, PBR 157, PBR 161, PBR 148, PBR 176, PBR 178 and PBR 180 were identified as moderately resistant 
to white rust of mustard (Gupta et al., 2001). 
2. EC-129126, PR 8805 and RC 781 cultivars were found resistant to both Alternaria blight and white rust( Gupta et al., 
2001). 
3. RN 490, RN 505, PBC 9221, PBN 9501 and PBN 9502 were identified resistant against white rust, powdery mildew, 
Alternaria blight and stem rot (Pathak and Godika, 2002). 
4. Bioysr, DRMRIJ-12-14, DRMRIJ 12-39, DRMRIJ-12-48, DRMRJA 35, DRMRIJ 12-44, DRMRIJ 12-26, DRMRIJ 12-28 and 
DRMRIJ 12-40 were observed to be moderately resistant to white rust (Abhishek et al., 2017). 
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Introduction 
Agriculture represents the leading form of land use globally covering 38% of the world's land surface (Dale and Polasky, 
2007). Population explosion and land scarcity is, however, driving trade-offs between the conservation of natural 
habitats, provision of food, and mitigating climate change (Phalan et al., 2011). Nevertheless, there are opportunities 
for agriculture to mitigate these emissions and contribute to greenhouse gas (GHG) abatement. The conversion of natural 
land cover to agricultural system has resulted in huge losses (50%–60%) of original soil organic carbon (SOC) stocks in the 
top soils.  

Most of the lost SOC is released to the atmosphere and global food production has been estimated to contribute about 
one third of all global GHG emissions from anthropogenic sources. Agriculture alone contributes between 35% of 
anthropogenic CO2 emissions and 20% of annual increase in radiative forcing from greenhouse gases during the last 150 
years, making it one of the key agents of human related climate change. Among the top climate-change offenders, 
agriculture finally attempts to address the issue with the help of carbon farming.  

Carbon farming is a set of agricultural practices to upsurge carbon stored in the soil and vegetation and to diminish 
GHG gas emissions from livestock, soil or vegetation. Farmers can benefit from carbon farming in several ways: 
increased agricultural productivity; increased profitability; meeting national objectives put. In laymen’s language, it is 
to get rid of excess carbon from the atmosphere, where the element causes global warming, and sequester it in the 
soil, where carbon supports plant growth. 

What Led to the Concept of Carbon Farming? 
In 2015, 25 countries pledged to pursue it during the COP21 talks on climate change in Paris. Currently, the biggest 
international effort to promote carbon farming is a French-led initiative called “four per 1,000 carbon sequestrations in 
soils for food security and the climate”. This initiative was launched to demonstrate that agriculture, and in particular 
agricultural soils can play a crucial role in ameliorating climate change and improving the global food security.  

The program is aimed at increasing the global soil organic carbon (SOC) stock by 0.4% per year through a variety of 
agricultural and forestry practices. In order to achieve the 4 per 1000 target, the annual soil sequestration rate should 
be 0.6 tons of carbon per hectare per year. Although this rate of soil sequestration cannot be reached everywhere 
because of the high spatial heterogeneity of SOC stocks, there are several major studies which suggest that rates in the 
range of 0.2–0.5 t C ha-1 y-1 are feasible at many places in the world. 

Why Carbon Farming is Important to Agriculture? 
Agriculture is responsible for 37% of world’s GHG emissions and is the dominant source of methane (CH4) and nitrous 
oxide (N2O), accounting for 16% and 6%, respectively, of world’s emissions. Greenhouse gases are not equal in their 
greenhouse effect: CH4 has 25 times and N2O has nearly 300 times the greenhouse effect of carbon dioxide. 

Agriculture Emits GHGs from 
1. Decaying or burning biomass 
2. Adding nitrogen fertiliser and animal manure to the soil 
3. Livestock emissions and waste 
4. Nitrogen leaching and run-off from fertilisers and manure 
5. Anaerobic decomposing of organic matter during flood irrigation. 
6. Returning crop residues to the soil. 

Agricultural Emissions Can be Reduced by 
1. Use of fertiliser management to decrease nitrous oxide emission. 
2. Reducing livestock emissions, which can also increase livestock productivity and resilience. 
3. Manure management technologies: methane can be captured to generate heat and electricity which can be viable for 
larger intensive livestock enterprises or cooperative facilities.   
4. Strategic fire management, which should be an integral part of rangeland activities. 
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Carbon Dioxide Can be Sequestered in 
1. Soil organic carbon: most agricultural soils have relatively low capacity to sequester more carbon, and this is strongly 
dependent on soil type, climate and land use. 
2. Reforestation, afforestation and revegetation could potentially sequester the most carbon per hectare. 
3. Rangelands restoration could increase carbon sequestration over very large areas.  

Co-benefits of carbon farming 

 
 
Environmental: 

(i) Improve air quality by off-setting anthropogenic emissions of CO2 by fossil fuel 
combustion and deforestation; 
 (ii) improved water quality by reducing risks of accelerated erosion and nutrient run-off;  
(iii) improved soil quality by improving water and nutrient retention capacity;  
(iv) increase microbial activity and soil biodiversity;  
(v) increase the adoption of sustainable pest and weed management;  
(vi) enhance use efficiency of nutrient inputs in soils of managed ecosystems;  
(vii) restore quality of degraded soils and their ecosystem functions and services 

 
Social and Cultural: 

 (i) Increase social capital;  
(ii) empower indigenous communities;  
(iii) enhance knowledge sharing and education;  
(iv) promote better livelihoods and community cohesion;  
(v) lead to better protection of sacred sites. 

 
Economic: 

 (i) Increase farm productivity;  
(ii) provide diversified revenue streams for farmers and landholders;  
(iii) provide opportunities for new skills and career development;  
(iv) attract investment regionally and in rural communities; and 
 (v) create jobs on the land. 

 
Public Health: 

(i) Increase and sustain agronomic productivity, and advance food and nutritional security; 
 (ii) reduce exposure to pesticides occupationally and as residues on foods;  
 (iii) reduce the exposure to hazardous algal pollutants by non-use of chemical fertilizers; 
(iv) reduce the stress of farm work and improve the physical and mental health of farmers 
and communities. 

Fig. 1: Potential environmental and socio-economic co-benefits of carbon farming in addition to climate regulation 
(Source: Carbon Market Institute, 2017). 

Management practices  Functions and explanation 

Conventional tillage 
practices  

Replaced by conservation tillage, no till, and/or mulch farming. Conservation and no-
till management aid in storing SOC, keeping the physical stability of the soil intact.  
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Crop residue management  Returning crop residue to the soil adds carbon and helps to maintain soil organic 
matter. 

Cover crops  Soil carbon pools can increase by the addition of both root and above ground biomass. 

Continuous monoculture 
and 
intensive cropping 

Replace by diversity of crop rotations, intercrop plantings and integrated farming 
practices, such as permaculture; silviculture or agroforestry. 

Manure and compost  Use compost tea, animal manures, and thermal compost. Adding organic amendments 
can increase soil carbon, and also result in increased soil aggregate stability.  

Livestock management  Replace with animal integration, and holistically managed grazing, and grass-fed 
livestock. 

Intensive use of chemical 
fertilizers  

 
Replace by integrated nutrient management and precision farming 

Biochar addition to soil  Use Biochar + compost mixtures for improving soil fertility and plant growth.  

Crop selection  Perennial crops eliminate the need for yearly planting and increase soil organic carbon 
by root and litter decomposition postharvest.  

Surface flood irrigation  Replace by drip, furrow, or sub-irrigation. 

Use of pesticides  Replace by integrated pest management techniques. 

Marginal and degraded 
soils 

Restore to their natural states instead of being used as cropland. 

Border planting  Design for bee habitat and other beneficial insects that can affect pollination. 

Limitations of Carbon Farming for Climate Change Mitigation 
1. SOC increases are reversible and the climate change benefit depends on the new management practice being 
maintained for a long time.  

2. The capacity for SOC accumulation is finite, and the SOC concentration in a given soil can only be increased to a 
specific amount.  

3. The largest amounts of SOC sequestration are obtained by taking agricultural land out of production and returning it 
to native grassland or forest which conflicts with the required use of the land to meet the food security goals.  

4. The mean residence time of the sequestered carbon is highly variable (a few seconds to millennia) and may depend 
on land use and soil/crop/water/ livestock management. 

5. Compost and similar amendments require energy to produce and it is still unclear if such material can cause nitrogen 
pollution when put on the land, or how much that greenhouse gas composting itself generates.  

6. Reliably monitoring of relatively small changes in SOC in agricultural soils following a management change is 
challenging due to a combination of soil variability and slow rates of change.  

Carbon farming can, in principle, start immediately and it is not dependent on development of new technologies. As 
noted previously, even small increases in SOC can have positive effects on a range of soil physical properties and 
ecosystem services and hence be able to potentially contribute to climate change adaptation. 

Conclusion 
Changing agricultural practices can create a pedospheric sink that can be used to moderate the increasing trend in 
atmospheric concentrations of CO2 while technological and lifestyle methods to reduce emissions are being developed. 
The appropriate options include better crop and grazing land management, organic soil restoration that are exhausted 
for crop production, and restoration of degraded land. Other options include improved water and rice management, set-
asides, land use change, agroforestry, and improved livestock and manure management. Practices such as NT farming 
must be maintained so that carbon that has been sequestered is not rereleased into the atmosphere. Also, carbon farming 
practices must be tailored for soils and weather in different locations.  

While numerous constraints to achieving the potential of carbon farming exist, carbon farming can start immediately as 
it is not dependent on development of new technologies. Carbon farming is an opportunity to restore balance within the 
carbon cycle in a way that will ameliorate climate change, build resilience to drought and increase our agricultural 
productivity naturally. Ultimately the goals of carbon farming is to make carbon sequestration in soils a key component 
of future efforts to change the trajectory of future climate change, steer mitigation funds to the billions of people 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/carbon-sequestration
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around the world who will be doing the work, and help ignite a massive movement to transform global agriculture. 
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Abstract 
Sustainable agricultural practices that can lead to less requirement of water, higher productivity, optimum use of capital-
labor, less input cost. This system saves 25-50 % of water. The saving of water today is the best response to good 
management. These included the less time requirement and less environmental pollution are control in this system.  

Introduction 
Rice is the world’s most widely consumed staple crop. The system for rice intensification (S.R.I) was developed by French 
Priest Father Henri de Laulani in Madagascar in the 1980‟s to discover sustainable agricultural practices that lead to 
optimum use of capital and labor, higher productivity, less input cost and less requirement of water. Lack of water for 
agricultural production is fetching a major problem in many countries, particularly the world's leading rice-producing 
countries, China and India, where competing and growing loads for freshwater are upcoming from other sectors. In many 
areas, rainfall patterns are becoming more and more unreliable, with excesses of drought and flooding occurring at 
unexpected times. It has long been assumed that rice is an aquatic plant. Zotoglo, are reported in (2011) the System of 
Rice Intensification (SRI) is a way of harmonizing the elements of soil, water, light, and plant to allow the plant to 
achieve its fullest potential, which is often hidden when inappropriate techniques are used. SRI in Tamil Nadu and, 
Andhra Pradesh two of India's main rice-growing states, where water availability is fetching more problematic and where 
SRI use is spreading.  

Principles of SRI 
The consent six principles controlling system of rice intensification (SRI), these are: 
1. The rice seedlings get transplanted at a much younger age; 
2. Only single seedling, instead of a handful of seedlings get planted in each hole; 
3. Increased use of organic fertilizer to enhance soil fertility; 
4. Intermittent water application to increase wet and dry soil conditions, instead of continuous flood irrigation; 
5. Plants are spaced wider apart instead of close, dense planting, with seed rates of 50-100 kg/ha, plants were set out 
carefully and gently in a square pattern, 25x25cm is very good; the seed rate is reduced by 80-90%, netting farmers as 
much as 90 - 95 kg of rice/ ha. 
6. Rotary weeding to control weeds and promote soil aeration. 

Improving Water Use Efficiency 
Efficient studies showed at DRR by using digital water meters during wet and dry seasons 2006 and 2007, exposed that 
water saving in SRI could be up to 25- 38%. SRI method only 91.89 m3 of water received which is 38% less of that for ST 
(149.3 m3). As compared to the conventional method the total water productivity (after accounting rainfall) of the SRI 
was 29%higher. The continuous flooding of paddy fields makes hypoxic soil conditions that stunt and senesce plants’ roots 
and decrease their functional capacity. Growing rice in unflooded soil composed with SRI practices leads to root systems 
that are greater in size with brighter coloration and more efficient in their functioning. Jagannath et al. (2013) Irrigation 
water requirements ha–1 was thus reduced by 35% under SRI, while total water utilized /ha was 22% less. At the level of 
individual plants, phenotypes resulting from SRI methods are physiologically more water-efficient, synthesizing more 
carbohydrates in their leaves per unit of water taken up by their roots. The SRI-grown rice plants have been found to fix 
3.6 µmoll’s of CO2 per mmol of water transpired, which was more than double the 1.6 µmols of CO2 that conventionally 
grown plants of the same variety converted into photosynthates per mmol of water transpired (Thakur et al., 2010a). 

Water Productivity as Influenced by Conventional Vs SRI Method 
 Method Irrigation (m3) (%) Increase 

Water Requirement             ST 149.33  38.0 

           SRI 91.89  
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Water Productivity 
      (Kg/m3) 

            ST 1.18  

           SRI Org- ino- 2.23 46.0 

Rainfall (m3)  2.03  

Total Water 
Productivity(Kg/m3) 

            ST 0.48  

           SRI method 0.68 29.0 

SOURCE- DRR 

Conclusion 
The rice is a highest water requirement crop and it’s consuming a large amount of water. To solve this problem through 
use of a new technique is system of rice intensification (SRI) has come minimum use of water in the growing of rice crop. 
In this paper concluded to the all liable important process of water saving.  
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Definition 
Plant quarantine can be defined “as a legal restriction enforced by duly constituted authorities to prevent the 
inadvertent introduction, establishment and spread of pest and pathogens (including fungi, bacteria, viruses, nematodes, 
insects and weeds) harmful to the agriculture of a country/ state/region” (Kahn et al., 1989).  

Aim 
Plant quarantine system work with the aim of avoiding the introduction of destructive  plant products, planting material, 
soil and living organisms, etc from other countries. Thus, it acts as safe guard against harmful pests/pathogens exotic to 
a country or a region. Plant Quarantine laws are promulgated by the national and the state governments to prevent the 
entry and spread of destructive pests and pathogens. It also facilitates safe global trade in agriculture by assisting the 
producers and exporters, by providing a technically competent and reliable phyto-sanitary certificate system to meet 
the requirements of trading partners.  

History of Plant Quarantine in India 
Early 20thcentury leads to the awareness to quarantine actions in India, when the Indian Government in 1906, ordered 
fumigation of imported cotton bales obligatory to prevent the introduction of the dreaded Mexican cotton boll weevil 
(Antonymous grandis). Destructive Insects and Pests Act, (DIP Act) was developed on February 3, 1914. Directorate of 
Plant Protection, Quarantine and Storage, under the ministry of Food and Agriculture were established in 1946 and Plant 
quarantine activity started in 1946 with the instigation of plant introduction scheme in the Botany Division at Indian 
Agricultural Research Institute (IARI) New Delhi. 

Directorate started in October 1949 its quarantine activities at Bombay seaport. First plant Quarantine and Fumigation 
station in India was formally start up on December 25, 1951. National Bureau of Plant Genetic Resource (NBPGR) was 
built in August, 1976. Division of Plant Quarantine was constructed in 1978, with Plant Pathology, Entomology, and 
Nematology sections. In October, 1988, the Plants, Fruits and seeds (Regulation of Import into India) order, 1989 
popularly known as PFS order came into force. The government of India in 2003 has notification of a new plant Quarantine 
Order (PQ Order) to synchronized India’s regulatory frame work with the International Plant Protection Convention (IPPC) 
and internationally accepted standard and the tenets of the SPS agreement of the World Trade Organization (WTO). 

Plant Quarantine Regulations in India 
Plant quarantine activities in India are carried out under the Destructive Insects and Pests Act (DIP Act) of 1914 amended 
from time to time, prohibiting the import of plants and plant material, insects, fungi and weeds to India from foreign 
countries (Dent, 1991).   

The main features of the existing plant quarantine regulations in India are as follows: 
1. No consignment of seeds/planting materials shall be imported into India without a valid 'Import Permit', which is to 
be issued by a competent authority, to be notified by the Central Government from time to time in the Official Gazette. 

2. All consignments of plants and seeds for sowing/propagation/planting purposes shall be imported into India through 
land customs station, seaport, airport at Amritsar, Kolkata, Mumbai, Delhi and Chennai, where these shall be inspected 
and, if necessary, fumigated, disinfested/disinfected by authorized plant quarantine officials, before quarantine 
clearance.  

3. No consignment of seeds/planting materials shall be imported into India unless accompanied by a 'Phytosanitary 
Certificate’ issued by the official Plant Quarantine Service of the source country.  

4. Hay, straw or any other materials of plant origin shall not be used as packing material. 
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5. Seeds/planting materials requiring isolation growing under detention, shall be grown in post entry quarantine facility 
approved and certified by the Designated Inspection Authority (DIA) to conform to the conditions laid down by the Plant 
Protection Adviser to the Govt. of India. 

6. Import of soil, earth, sand, compost, and plant debris accompanying seeds/planting materials shall not be permitted. 
However, soil can be imported for research purposes under a special permit issued by the Plant Protection Adviser to 
the Govt. of India. 

National Plant Quarantine Station 
The Directorate of Plant Protection, Quarantine and Storage (DPPQS) of Ministry of Agriculture is the zenith body for 
execution of plant quarantine regulation and the PQ order forms the basis of the functioning of the Directorate. It has a 
national network of 57 plant quarantine stations at different seaports (34), airports (13) and land frontiers (12). 

In all, 3 categories of materials are being imported: 
1. Bulk consignments of grains/ pulses for consumption,  
2. Bulk consignments of seeds/ planting materials for sowing/ planting. 
3. Samples of germplasm in small quantities for research purposes.  

The PQ Stations under the DPPQS undertake quarantine processing and clearance of consignments of the first two 
categories. However, ICAR-National Bureau of Plant Genetic Resources (ICAR-NBPGR) undertakes the quarantine 
processing of all plant germplasm and transgenic planting material under exchange. It has developed well- equipped 
laboratories and green house complex (Mathur and Lal, 1997). A containment facility of CL-4 level has been recently 
established for processing transgenics (Gupta et al., 2007). 

Inspections Process at PQ Station 
Visual inspection, X-ray test, washing test, Incubation test, Sedimentation test, Grow out test, Serological methods:  
1. ELISA (Enzyme-Linked Immunosorbant Assay) 
2. DIBA (Dot Immuno-binding Assay) 
3. ISEM (Immuno-sorbant Electron Microscopy) 
4. Latex agglutination test 
5. Nucleic acid hybridization 
6. Polymerase chain reaction (PCR). 

Domestic Quarantine Regulations 
Central government function the domestic quarantine regulations through powers vested under section 4A, B & D and 
section 5 authorizes the state governments to enact similar regulations and section 5A provides for the penalties. The 
central government-issued first domestic quarantine notification against Fluted scale (Icerya purchasi) and San Jose 
scale (Quadraspidiotus perniciosus) in the year 1944 and 1953, respectively. Government of India issued notification to 
prevent the spread of Banana bunchy top virus disease from Assam, Kerala, Orissa and Tamil Nadu, Potato wart 
(Synchytrium endobioticum) from West Bengal and Apple scab (Venturia inequalis) from Himachal Pradesh in year of 
1951, 1959 and 1977, respectively. 

Plant Quarantine at National Level 
Now and then, the introduction of alien pests/pathogens results devastated impact on crops and even caused famine 
conditions in different parts of the world.  

One of the historical examples is Ireland famine 1845, the late blight pathogen (Phytophthora infestans) introduced in 
Ireland from Central America and resulted almost total failure of the potato crop. Similarly, introduction of powdery 
mildew (Uncinula necator), Phylloxera and the downy mildew (Plasmopara viticola) in quick succession about the middle 
of 19th century from America virtually exterminated the grape vine industry of France. The chestnut blight (Endothia 
parasitica) was established in the U.S.A on the nursery stocks imported from the Orient about 1906. Within 25 years; the 
American chestnut was almost annhilated as a forest tree causing an estimated loss of 1000 million US dollars.   

In India also, several pests and diseases got established from time to time, some of which, like late blight of potato, 
bacterial blight and streak diseases of paddy, banana bunchy top have since become widespread. Some others like downy 
mildew of onion, golden nematode and wart disease of potato are still restricted in certain parts of the country. The 
above examples only emphasize the threats involved in inadvertent establishment of serious pests/diseases along with 
the planting material imported without ampel safeguards. Plant quarantine can provide such safeguards. 
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Pest Risk Analysis (PRA) in Plant Quarantine / Quarantine Regulations 
Analysis of pest risk while introducing seeds planting materials is essential to determine the potential of a pest to cause 
damage. When vegetative propagules are introduced, rooted plants, and other underground plant parts like rhizomes, 
runners, suckers, etc. carry higher risks than bud wood, scions and unrooted cuttings. In any case, bulk introductions are 
always risky as thorough examination and treatment in such cases is very challenging and planting area is far too large 
to preclude the establishment and spread of the introduced pest/disease.  

Based on these factors, plant quarantine regulates the introductions as follows: 
1. Complete embargo/prohibition: When the pest risk is very high, the safeguards available in the country are not 
adequate and, therefore, import is prohibited. 

2. Post-entry quarantine: The risk is very high but adequate safeguards in the form of post-entry isolation growing 
facilities are available. 

3. Restricted: Pest risk is not high and import permit is required stipulating conditions for entry, 
inspection and treatment. 

4. Unrestricted: Import permit is not required, and material may enter without restriction. While formulating quarantine 
regulations, local conditions like crop spectrum and environmental conditions are also to be considered. Since quarantine 
regulations are designed to break the life cycle of the pest/pathogen involved, the presence of alternator collateral 
hosts in the country of import and their introduction should also be taken into account. 

Pest Investigation in Plant Quarantine 
Since the plant quarantine introduced as official approach to confine the entry of any alien pests and made such as 
barrier free border etc. Leaf curl virus of cotton has introduced in Rajasthan and Punjab adjoining Pakistan during early 
nineties. Pest surveillance should be an integral element of plant quarantine services to make them valuable and 
effective. Pest surveillance is essential to detect occurrence of exotic pest/disease in the early stages of their 
introduction so as to adopt and implement domestic quarantine regulation to ward off their further spread or to curb 
the movement of seed and seed material to other areas. 

Constraints 
1. Lack of organized services of plant quarantine at state level. 
2. Lack of inert state border plant quarantine check posts at railway and road links. 
3. Lack of rigorous seed/stack certificates or nursery infection. 
4. Lack of concerned and coercive action at the state government level. 

Conclusion 
Plant quarantine regulations promulgated by governments of different countries are designed to regulate the 
introduction and movement of plants, planting materials, plant products, etc. with a view to prevent the introduction 
of associated pests, pathogens and weeds exotic to a country or a region and which are harmful to its agriculture. Current 
implementation of quarantine is greatly emphasized for managing of pests, which in turn helps in conserving the 
productivity of crops. 
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Following are the different foliar diseases which appear on Sorghum crop: 

Sl. No. Diseases Causal organisms 

1 Anthracnose Colletotrichum graminicola 

2 Leaf Blight Exserohilum turcicum and Drechslera turcica  

3 Zonate leaf spot Gloeocercospora sorghi 

4 Downy Mildew Peronosclerospora sorghi 

5 Gray Leaf Spot Cercospora sorghi 

6 Target Leaf Spot Bipolaris sorghicola 

7 Sooty Stripe Ramulispora sorghi 

8 Rough Leaf Spot Ascochyta sorghina 

9 Rust Puccinia purpurea 

10 Bacterial Leaf Stripe Pseudomonas andropogonis 

Anthracnose 
Causal organism: Colletotrichum graminicola 

Symptoms: 
1. This fungus causes both anthracnose as well as stalk rot/red rot. 
2. The disease appears as small red coloured spots on both surfaces of the leaf. Red or brown margin with white centre. 
3. Numerous acervuli appear on white surface of lesion as small black dots. Many lesions coalesce and in the midrib 
region, elongate elliptical, red or purple regions with black acervuli are formed.  Development of circular cankers occurs 
if stalk and inflorescences are  infected, discoloration can be seen in Infected stem when split open  

Management:  
1. Infected plant debris and collateral hosts should be removed 
2. Crop rotation with non-host crops 
3. Grow resistant varieties like , CSV 17, SPV 162, Texas Milo and Tift sudan etc. 
4. Seed treatment with Captan or Thiram @ 3g/kg. 
5. Spray the crop with Mancozeb @0.25% or carbendazim@0.1%. 

Leaf Blight 
Causal organism: Exserohilum turcicum  and  Drechslera turcica  

Symptoms: 
1. Initially disease appears as small narrow elongated spindle shaped spots, later they extend along the length of the 
leaf. long elliptical necrotic lesions, straw coloured in the centre with dark margins appear on older plants. As fungus 
sporulates the straw-coloured centre turns darker.  
2. The lesions may be several centimeters long and wide. Many such lesions may coalesce on the leaves leading to 
destruction of large areas of leaf tissue, giving the crop a distinctly burnt appearance leading to premature drying of 
leaves. 

Management: 
1. Use disease free seeds and crop rotation with resistant variety like Tift-Sudan  
2. Collect and destroy infected plant debris 
3. Follow seed tratment with Captan or Thiram at 4 g/kg. 
4. Spray the crop with Mancozeb@0.25% at the age of 40 days and repeat the spraying twice at 15 days interval. 

Zonate Leaf Spot 
Causal organism: Gloeocercospora sorghi 
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Symptoms: 
1. Circular, reddish purple bands alternating with straw coloured areas forming a concentric or zonate pattern with 
irregular borders appear on leaves.  
2. The spots are semicircular if they originate along the margins of leaves. Lesions range from 1-2 cm in diameter in 
early stages to 3-7 cm in advanced stages.  
3. Leaf sheaths are also encircled by dark red to blackish purple or brown lesions. These lesions may coalesce and cover 
the entire leaf lamin on severely infected leaves. Black sclerotia may form in mature lesions. If disease is severe then 
premature destruction of foliage and poorly filling of seeds may occur.  

Management: 
1. Crop rotation and sanitation practices can reduce losses from this disease. 
2. Sow resistant varieties like SPV 1659, IS 14332, SPV 1685.   

Downy Mildew 
Causal organism: Peronosclerospora sorghi 

Symptoms: 
1. Abundant downy whitish growth is produced on the lower surface of the leaves.  
2. Usually three to four leaves develop the chlorotic downy growth. Subsequent leaves show progressively more of a 
complete bleaching of the leaf tissue in streaks or stripes.  
3. As the infected bleached leaves mature, they become necrotic and the interveinal tissues disintegrate andc leaving 
the vascular bundles loosely connected to give the typical shredded leaf symptom. 
4. The tissue later turns brown. The affected parts are stunted and sterile. In the standing crop healthy plants are 
infected due to secondary infection by sporangia. 

Management: 
1. Destroy the affected plants by burning before oospore formation. 
2. Follow crop rotation with other crops like pulses and oilseeds. 
3. Grow tolerant varieties like CSV 5, CSH 2, SPV 101, 165 and 190. 
4. Seed treatment with Metalaxyl (Apron 35 SD) @4g/kg seed. 
5. Spray Metalaxyl (Ridomyl MZ) @ 0.2% or Mancozeb @0.25%. 

Gray Leaf Spot 
Causal organism: Cercospora sorghi. 

Symptoms: 
1. The symptom starts as small, red spots on leaves later enlarge to form narrow, rectangular lesions. 
2. longitudinal stripes may be formed if lesions coalesce. The lesions are typically dark red to purplish or straw coloured. 
3. In severe cases leaf sheaths and upper stems may also become infected.  

Management: 
1. Crop rotation, remove the infected plant part.  
2. Sow resistant or tolerant cultivars. 

Target Leaf Spot 
Causal organism: Bipolaris sorghicola 

Symptoms: The symptoms start appearing as reddish or greyish dots which later turn into definite elliptical or oval spots. 
Occasionally lesions may possess red or purple margins with brown or straw-coloured centre. Lesions may coalesce to 
form very long interveinal lesions.  

Management: Use of resistant/tolerant cultivars. 

Sooty Stripe 
Causal organism: Ramulispora sorghi  

Symptoms: 
1. It occurs in warm and humid areas in growing season. 
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2. Presence of elongated elliptical or spindle shaped lesions on the leaves with straw coloured centres of dead tissue 
and purplish to tan margins. 
3. Lesions may coalesce to produce large areas of necrotic leaf tissue as the disease progress.  
4. In warm and humid conditions, abundant conidia give a greyish appearance to the centre of mature lesions. Later on 
these lesions become blackish or sooty. The pathogen produces sclerotia. 

Management: 
1. Crop rotation  
2. Destruction of infected leaf debris. 

Rough Leaf Spot 
Causal organism: Ascochyta sorghina 

Symptoms: 
1. Initially appears on leaves as slight chlorosis on which groups of rounds, hard, black pycnidia develop.  
2. Characteristically rough feeling can be experienced when rubbed since these pycnidia protrude above the leaf surface  
3. Subsequently the tissues within the infected area become necrotic and light coloured to reddish circular to oval lesions 
with darker margins develop.  

Management: 
1. Crop rotation and clean cultivation. 
2. Sow  resistant cultivars for sowing. 

Rust 
Causal organism: Puccinia purpurea 

Symptoms: 
1. Affects the crop at all stages of growth. The disease intensity of  infection is generally severe after flag leaf stage of 
the crop growth.  
2. The primary symptoms are small reddish-brown flecks on the lower surface of the leaf. 
3. Pustules (uredosori) appear on both surfaces of leaf as purplish spots which rupture to release reddish powdery masses 
of uredospores.  
4. The pustules are elliptical and lie between and parallel with the leaf veins. Pustules are surrounded by a reddish or 
yellow halo.  
5. Teliopores develop later sometimes in the old uredosori or in teliosori, which are darker and longer than the uredosori. 
The pustules may also occur on the leaf sheaths and on the stalks of inflorescence. 

Management: 
1. Grow resistant varieties like SPV 13, 81, 126, CSH 5, , PSH 1, CSV 17, etc. 
2. Removal of alternate host Oxalis corniculata. 
3. Spray the crop with Mancozeb @0.25% 
4. Dusting of sulphur@25 kg/ha. 

Bacterial Leaf Stripe 
Causal organism: Pseudomonas andropogonis 

Symptoms: 
1. Presence of linear interveinal lesions on leaf and leaf sheath that are purple, red, tan or yellow depending on the host 
reaction.  
2. Lesions may exceed 20 cm in length under favourable conditions. Bacterial exudates appear on infected portions of 
the leaf.  
3. Lesions may also appear on the kernel, peduncle, and rachis branches.  

Management: 
1. Crop rotation and destruction of plan debris  
2. Use resistant cultivars. 
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Introduction 
Sorghum (Sorghum bicolor [L.] Moench), a C4 cereal grass is popularly known as ‘Jowar’ is also known as ‘King of Millet’ 
or ‘Great Millet’ due to its large grain size. The crop probably originated in Africa some 3000–5000 years ago and 
introduced to India from East Africa during 1500BC. According to USDA data; world sorghum production was 63 million 
tons in the 2016/17 season. In India, sorghum is grown during the rainy kharif (June–October) and post-rainy rabi 
(September–January) seasons with over 90% of production purely rain-fed. Kharif sorghum, a yellow grain, is grown on 
over 53% of the production area and it accounts for 63% of production. The major states in the country where sorghum 
is cultivated are Maharashtra, Karnataka, Gujarat, Madhya Pradesh, Andhra Pradesh, Rajasthan and Uttar Pradesh. 
Maharashtra produces the maximum sorghum in India. Sorghum cultivation is challenged by several diseases caused by 
plant pathogens including fungi, bacteria and viruses. Only a few of over fifty diseases reported and described on sorghum 
are economically important globally while several others are important in particular agro ecosystems. In most semi-arid 
tropical regions, economically important diseases are grain mold, anthracnose, leaf blight, downy mildew, zonate leaf 
spot, charcoal rot, ergot (sugary disease), smuts, stalk rot and maize stripe and maize mosaic virus diseases. During 
recent past Pokkah boeng disease incited by Fusarium subglutinans (formerly F. moniliforme var. subglutinans) is causing 
economical loss to the crop. Its earliest report in India was by Ramakrishnan (1941) from Tamil Nadu. Later, Garud 
et. al., (1990) reported the disease on sorghum from Maharashtra. In general, the disease was minor and sporadic in 
nature. However, since 2009 it is occurring in mild to moderate form almost every year in major sorghum growing regions 
in India giving an indication of its changing significance (Das et. al., 2011a). 

Pokkah Boeng 
Pokkah boeng, is a Javanese term denoting a malformed or distorted top, was originally described on sugarcane in Java. 
Pokkah boeng of sugarcane caused by F. subglutinans and the pathogen was first described by Sheldon (1904) and the 
perfect stage of pathogen is Gibberella fujikuroi (Sawada). The disease is caused by the soilborne fungus F. moniliforme 
var. subglutinans Woll. & Reink., which is found in all sorghum areas where high humidity is prevalent during the growing 
season. Although the disease may be conspicuous on some sorghum varieties, losses from the disease itself on sorghum 
are usually small. 

Symptomology 
The characteristics symptoms of Pokkah boeng disease are discolored chlorotic leaves or deformed and folded near the 
top of the plant. In some instance the leaves become so wrinkled making them unable to unfold, resulting in a ladderlike 
appearance of the plant. In acute cases, infection reaches the stalks, causing death of the tops. In mild cases, symptoms 
on individual leave resemble those of mosaic (sugarcane mosaic virus or maize dwarf mosaic virus) or yellow leaf blotch 
(bacterium). Pokkah boeng can be differentiated from these two diseases by the characteristic wrinkled teat bases and 
numerous small, transverse cuts in the leaf margin and sometimes the disease causes stalks to bend or twist in the nodes 
or internodes (Zummo, 1980). Development of disease symptom can be observed in four phases namely chlorotic phases 
I and II, top rot and knife cut phase. Abnormality associated with pokkah boeng is known as "knifecut," which comprises 
of narrow, uniform, transverse cuts in the rind that give appearance like a cut with sharp knife. Sometimes pokkah boeng 
leaf symptoms are not visible because ''knifecut" lesions are covered by the leaf sheaths during the early stages of the 
disease in sorghum. During physical stress, like windstorms, affected stalks may break off along the lesions and the entire 
top of the plant is lost. Moreover, emerging inflorescence may be attacked within the surrounding leaf sheath, resulting 
in rotting or barrenness. The flowers dry up and no grain is produced when a portion of inflorescences was attacked. 

Epidemiology 
F. subglutinans infection occurs during prolonged wet weather when the fungus grows upward on the outside of sorghum 
stalks, where it temporarily gets established in moist areas behind leaf sheaths or in whorls. Metabolites produced by 
the fungus incite distortions and cause rotting of basal portions of leaves while still in the whorls. The rotted portions of 
the plant and the fungus may dry up, and the plant resumes normal growth when wet weather receded. During wet 
weather the fungus sporulate on rotting material still attached to the plant. Coinciding with increased Fusarium problems 
are several cultural practices suspected of contributing to the disease increase: maximum tillage, high nitrogen 
fertilization, high plant populations, and continuous cropping. Doupnik et. al., (1975) found that no-till plots had 72% 
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less stalk rot than conventionally tilled plots. F. subglutinans invades sorghum seedlings through insect or mechanical 
injuries or through roots or stems weakened by other factors so that blight or damping-off of susceptible cultivars occurs. 
It was found that in inoculated plants the length of primary roots was reduced 53%, epicotyl length was reduced 32%, 
and number of lateral roots was reduced 25% in comparison with uninoculated plants (Gourley et. al., 1977). During rabi 
season of 2010 up to 35% incidence was recorded on some sorghum genotypes in Andhra Pradesh and there was strong 
negative influence of the disease on panicle weight and grain yield especially under post-flowering moisture stress 
conditions (Das et. al., 2011b). Studies on interrelationship among plant traits revealed that grain yield, plant height 
and earhead length were affected by the disease (Das et. al., 2015). 

Status of Pokkah Boeng Disease in India 
Pokkah boeng is more or less regular in Maharashtara and northern Karnataka. Many recent incidences of the popular 
cultivars showing severe pokkah boeng are reported from different parts of India and it is becoming almost a regular 
phenomenon (AICRP-S 2014). Recently an efficient artificial inoculation method has been developed using stem injection 
method for assessment of pokkah boeng resistance in sorghum (Das et. al., 2015). Das et. al., (2019) found that cultivars 
widely varied in pokkah boeng resistance where CSV 19SS was the most resistant among the test cultivars CSV 18R, DSV4, 
E 36-1 and CSV 8R as moderately resistant and SLR 30, RS 585 and M35-1 as susceptible cultivars. This is the first 
information on the status of pokkah boeng resistance in popular rabi sorghum cultivars, which will help selection of 
varieties for cultivation. 

Conclusion 
On the basis of above mention information, it can be concluded that Pokkah boeng has become a regular disease during 
recent past and causing economic loss to the crop. However, only little has been known pertaining to the disease and 
amount of damage done by it. Research can be focus to completely understand the mode of infection, source of and 
carryover of inoculum, effect of environment, soil fertility, and cultural practices on disease severity, and the role of 
insects and nematodes on disease spread. The use of resistant varieties offers promise for the control of the disease; 
therefore, further work is needed in order to identify more varieties of sorghum resistance to Pokkah boeng. 
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Introduction 
Soil information system is a revolutionary 3D soil mapping technology that uses advanced sensors along with intelligent 
targeting and geo-processing algorithms to produce high resolution accurate soil and topographic information. Soil 
Information System™ (SIS) solution is an industry leading soil map solution that uses advanced sensors and intelligent 
targeting and geo-processing algorithms to produce high resolution, accurate soil and topographic information. By 
providing a greater understanding of the physical and chemical characterization of the soil, including how inputs move 
through the soil, SIS enables farmers’ trusted advisors to implement more effective solutions to resolve the unique 
challenges of each area of their fields. This soil map can be used to make critical farm management decisions with 
irrigation, drainage, fertility, and higher level of soil data is now available with Trimble’s Soil Information System™ (SIS) 
solution. 

Uses of Soil Information System 
1. Making critical soil and farm management decisions with irrigation, drainage, fertility and amendment applications. 
2. It saves times & operating cost by using soil variability to target precise sampling locations, sometimes reducing the 
number of samples taken by 60% over traditional sampling methods. 
3. Improving input application by showing where they need to be applied to maximize plant growth. 
4. Making better soil management decisions with irrigation, drainage, and fertility data. 
5. Maximizing plant growth using soil information from variable rate application maps. 

Benefits of Soil Information System 
1. Make better farm management decisions with irrigation, drainage, fertility and amendment applications 
2. Understand soil variability to target precise sampling locations, sometimes reducing the number of samples required 
– thus saving time and money 
3. Reduce nutrient runoff by understanding how they move through the soil 
4. Maps the particular area and provide information about the soil texture, soil composition, drainage type, fertility etc, 
of the soil. 
5. Helps in making better farm management decisions. 
6. Saves time and money. 

Soil Information System at Global Level 
1. ISIS (International Soil Information System). 
2. SOTER (Soil and Terrain Digital Database). 

Soter 
1. Various countries have developed their SIS. The most widely used system is the SOTER 1:1m SOIL AND TERRAIN DIGITAL 
DATABASE. The SOTER methodology allows mapping and characterization of areas of land with distinctive and often 
repetitive form of landform, lithology, surface form, parent material and soils. 
2. It is a 3D mapping technique. 
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3. The SOTER is applied at scales ranging from 1:250,000 to 1:5M. 

Soil Information System at National Level 

NSIS (National Soil Survey System) 
The focus of the National COOPERATIVE SOIL SURVEY is shifting from producing static printed soil survey reports to 
providing a dynamic resource of soil information for wide needs . The NSIS consists of multiple interrelated soil 
applications and databases. 

Applications of Soil Information System 

Application 1-Pre-Purchase Land Evaluation 
SIS makes it possible to obtain a complete picture of the land you are considering before purchase or development. With 
a SIS analysis you will be able to predict a field’s potential for growing capacity and identify challenges that will come 
up in the course of layout and planting. SIS helps growers avoid the pitfalls associated with sub-optimal soil properties 
that can permanently limit crop quality and yield. SIS helps in mapping a particular land area and then it studies the 
quality of the soil in that particular area. It studies the mineral content , drainage type, fertility of the soil. This helps 
the farmer to apply the fertilizers according to the nutrient content of the soil. By SIS one can estimate the yield of a 
particular area. 
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Application-2-Field Preparation and Field Design 
The single greatest opportunity a grower has to influence the long-term output of any field, vineyard, or orchard comes 
with the design and planting of a new field. Utilizing the SIS ensures that growers are able to design and prepare fields 
that are optimized for the long-term. SIS makes it possible to know precisely where to add deep-root amendments, 
select and plant crop varieties based on known moisture holding characteristics, and minimize in-field variability. SIS 
also helps in planning the layout of the crop. Its studies soil form of the particular area. It also helps in laying the 
sprinkler system and other irrigation systems.  

Application-3 Optimize the Use of Water, Fertilizer, and Amendments 
Growers can immediately improve their bottom line by employing more efficient watering, fertilizer, and amendment 
application strategies. The difficulty comes with knowing where and to what degree you can reduce inputs without 
compromising crop quality. SIS makes it possible to target applications – making sure expensive inputs are used 
efficiently. Growers using SIS data no longer need to manage to the lowest common denominator, instead they can take 
advantage of naturally occurring availability while concentrating on helping low-productivity areas achieve higher yield 
and quality. SIS helps in applying the fertilizer according to crop and soil standards. This helps in economic use of 
fertilizers thus  saving money and time. It also helps in planning the irrigation system of a particular area. 

Application-4 Improve Crop Quality 
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SIS gives growers the tools they need to optimize growing conditions and improve overall crop quality. Plant materials 
within a field may be uniform, but the soils in which those crops grow are not. With SIS, growers can assess the variability 
within a field and treat different zones according to their unique needs, thereby raising quality to the highest grade 
achievable throughout the field. Growers are  able  to  design  and  prepare  fields  that  are  optimized  for  the  long  
term. Thereby increasing  the  productivity  of  the soil. 

Application-5 Increase Output from Sub-par Field Areas 
Despite best efforts, sub-par field areas can vex even the most committed grower. SIS can eliminate the guesswork and 
experimentation that goes into "fixing" these areas by revealing the exact factors that are limiting yield. Understand 
what keeps these areas from meeting production standards and design a strategy to bring all field areas to maximum 
growing capacity. 

Function 
1. Creation of Mapping Unit 
2. Characterization & Classification of Mapping Unit 
3. Correlation  of  mapping units. 
4. Soil Certification. 
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Fig 1: Image source: Silkworm Genome Research Programme, National Institute of Agrobiological Sciences, Japan 
(http://sgp.dna.affrc.go.jp/). 

Introduction 
In India sericulture is practiced typically in the tropical areas involving six million people. It improves the socio- economic 
status of the small and marginal farmers as it is labor intensive. Nevertheless, several constraints like disease and pests, 
unsanitary rearing conditions, low quality leaf fed, practicing primitive reeling / weaving machines etc. have kept 
sericulture enterprise in India economically unappealing. Silkworm breeding is a intricate and challenging task, as most 
of the quantitative traits are polygenic that are closely associated. Henceforth, to develop an improved silkworm race 
with all these characters is enormously problematic and time consuming. The production of bivoltine cocoons and silk in 
India is vital to upgrade the quality and productivity of Indian silk to International standard. Henceforth, it is essential 
to endeavor and exploit the current developments in molecular biology along with conventional approaches. 

Advances in Seri Biotechnology 
The current progress in Biotechnology viz. recombinant DNA technology, genetic engineering via exploitation of desirable 
traits, stem cell research etc., has reformed research in plant and animal sciences Nevertheless, the impression of 
Biotechnology in Sericulture is yet to find a place. As several industrially advanced countries where Biotechnology is 
reaping its fruits do not practice sericulture, this led to non-attempting of biotechnological methods in sericulture. The 
largest producers of natural silk in the world i.e., Japan, China and India, have made few but genuine efforts to bring 
biotechnology in sericulture. 

In current years, silkworm has become a key organism for understanding the biology to alter and restructure the genes 
to yield high quality silk. Some of the noteworthy findings include  
1. Sex linked markers, characterization of DNA markers, construction of early linkage maps,  
2. Establishment of stable germ line transformation,  
3. Production of pharmaceutically important proteins, immune response proteins, and annotation of thousands of 
expressed sequence tags (ests),  
4. Construction of Bacterial Artificial Chromosome libraries (bacs),  
5. Identification and characterization of Z chromosome linked genes,  
6. Demonstration of lack of dosage compensation,  
7. Accomplishment of whole genome sequencing,  
8. Identification of W chromosome specific bacs, Lepidoptera specific genes,  
9. Horizontal gene transfer, and  
10. Characterization of essential baculoviral genes.  

Nowadays, genetic change in silkworm is conceivable due to accessibility to more than 400 visible mutations, 3000 
diverse silkworm strains, high density molecular linkage and physical maps, whole genome sequence of 428 Mb, 16,000 
expressed sequence tags (ESTs) and well-established transgenic system (Ponnuvel and Rao, 2013). 
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Achievements 
1. About 400 kinds of microsatellite DNA markers has been developed in silkworm at CDFD, Hyderabad.  

2. Fibroin - a major protein from eri, muga and tasar has been purified and characterized at IIT, Kharagpur and NII, New 
Delhi, under molecular biological studies on silk protein (Fibroin and Sericin genes of non-mulberry silkworm)  

3. IIT, Kharagpur has identified a novel type of double stranded segmented RNA cytoplasmic polyhedrosis virus infecting 
tasar silkworm that will initiate development of control practices against cytoplasmic viral disease infecting tasar 
silkworm.  

3. A prototype of Web-enabled DNA database on mulberry has been developed encompassing DNA fingerprinting studies 
carried out on over 150 genotypes as well as 48 selected elite genotypes at CCMB Hyderabad.  

4. The transient expression of marker gene (gus) in several explants from various commercially vital genotypes of 
mulberry has been established at Delhi University. This accomplishment has created potentials for the production of 
transgenic mulberry clones with desired traits in times to come. 

5.  Under post-harvest technology, a new method of degumming of silk with fungal protease enzyme is developed as a 
useful substitute to the prevailing methods of degumming at IIT, New Delhi. This will result in enhancement in the quality 
of fabric. 

6. Attempts have been made in India to develop molecular markers for high cocoon, shell weight and even for virus 
resistance and the characters are established by means of divergent parents such as Sarupat and CSR2.  

7. SSR markers were used to study polymorphism between parents and for making integrated linkage map. 

8. CSR&TI, Mysore identified eight molecular RFLP markers linked to cocoon shell character that has impelled earnest 
application of the identified markers for the application of directional breeding in silkworm for creating enhanced races 
with high silk yield.  

9. CSGRC, Hosur maintains 1053 mulberry and 438 silkworm genetic resources obtained from various parts of India and 
abroad with key objective to create genetic identity and racial specificity of different concurrences with an effort to 
recognize the duplicates and to identify putative markers for crucial economic traits.  

10. India is a part of the "International Consortium on Lepidopteron Genomics" along with seven other countries in which 
silkworm genomics is a major component. 

Future Approaches 
The high yielding races with high cocoon and shell weight, tolerance to high temperature, humidity, disease tolerance, 
increased filament length, thin denier etc are of instantaneous requirements of the silk industry. The conventional 
breeding method didn’t support the anticipated change. The only alternative is to resort to biotechnological approach. 
The traditional breeding methods made over a long period and does not thrive due to biological limitations of the 
silkworm. Traditional land races have gotten genetic plasticity to fine-tune to adverse climatic conditions, but their silk 
yield is poor, although bivoltine silkworms yield good quality silk, but susceptible to diseases. As soon as the genes 
accountable for these characters are recognized in the native races, they can be isolated and moved to the high yielders. 
The quality silk production is likely to be obtained with high quality mulberry leaf, an essential requirement for giving 
robustness to the silkworm. Biotechnology play a vital role as the methods of plant tissue culture and clonal propagation 
of high-quality mulberry plants and host plant improvement. Sericulture industry produce various vital biomaterials with 
medical values apart from producing silk. Japan and Korea have made momentous pace in this direction. In India, 
biotechnological techniques can be utilized for producing such by-products of medical use. The right tactic might be 
figured out in view of silk industry‘s requirement. It is crucial to make genetic improvement of the breeds by 
characterization of the breeds for precise characters. This is trailed by documentation of traits through markers and 
finally resorting to Marker Assisted Selection in the breeding of desired trait. In case of disease resistance, tolerant 
silkworm breeds generate anti-viral and anti-bacterial proteins in the haemolymph and gut juice and other tissues as 
anti-defense tactic which can be cloned for their subsequent utilization. Efforts have to be made to decrease 
aggressiveness of the virus trailed by its cautious control are further means to attain feat in disease resistance. The 
improvement of indigenous races known for hardiness, diseases resistance etc., may be given top priority. These races 
along with wild races are known to have useful genes, which serve as gene pools for utilization of desirable traits 
(Marepally, 2018). 
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Conclusion 
Genomic maps created in standard silkworm strains using of RFLPs, RAPDS, ISSRs, STSs and micro satellites has facilitated 
in stock identification, marker assisted selection, identification of quantitative trait loci (QTL) characters. Furthermore, 
attempts must be increased to recognize traits for silk production particularly silk fibroin, sericin, disease resistance 
etc. Potentials of production of silkworm and mulberry by-products specifically their medical usage through 
biotechnological approaches must be studied. Attempts to describe useful traits of mulberry and silkworm using 
molecular tools must still endure with the existing markers. Molecular approaches jointly signify a possible goldmine of 
vital data that can be employed to programs of genetic improvement. Molecular marker and DNA sequence analysis of 
extant and new silkworm germplasm collections must be prioritized for permit a complete characterization and 
perception of the genetic relationships within breeds. Molecular markers may also be utilized to confirm the parentage 
in a breeding population, for genetic 'finger-printing,' and protection of intellectual property rights. India is yet to gain 
the advantages of Seribiotechnology to reveal outcomes in the form of technology as the same is still in toddler stage in 
spite of making genuine but compartmentalized efforts. In view of this status, we have to combine our attention on 
developing technologies aimed at development of silkworm and host plants. With respect to improvement of silkworm 
we need to stress on the major diseases, their epidemiology for early recognition of pathogens, pathogenicity and pattern 
of host resistance as well as documentation of markers for post cocoon traits for instance denier, filament length, 
uniformity, tensile strength etc. The improvement of silkworm should be based on short listing of accessible silkworm 
germplasm races for numerous improved economic characters through detection of respective DNA markers. Similarly, 
in case of improvement of host plants the emphasis must be on tolerance to biotic and abiotic stresses as well as 
developing transgenic mulberry by introgression of genes for stress tolerance and disease resistance. It is hoped that 
recent advancements in silkworm genome research provides sufficient chances to silkworm geneticists and breeders to 
perform such an important task. 
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Introduction 
The potato (Solanum tuberosum L.) is the most important non-cereal world food crop and is next only to rice, wheat 
and corn as a major crop in terms of total food production. Among the plant food sources potato contains a better 
balance of essential amino acid, particularly lysine. Another important point about potato is that it has the capacity to 
produce more energy and protein per unit land than any other single food crop. Potato is grown in temperate, subtropical 
and tropical regions. The potato tuber is composed mainly of water (75-80%). The solids of the tuber are composed of 
carbohydrates (6-20%) which supply the energy, fat being negligible (0.1-0.2%) as well as free amino acids. The mineral 
content of potato is high (0.8-2%), but is low in sodium and high in potassium. The potato contains low fibre (0.6%), and 
some important vitamins such as C, B and B2 which make it nutritious (Watt and Merill, 1963). Potato is useful in many 
ways, 30-72% being used for food. It is primarily consumed as a source of carbohydrates in place of rice or wheat, as a 
vegetable, or in the form of French fries, wafers, chips, mashed and boiled potato, and in soups. It contains a satisfactory 
mixture of essential amino acids for infant feeding. It is also fed to pigs, and thus returns in terms of fats are enormous. 
Alcohol prepared from potato supplies a considerable portion of dietary energy. Potato is also being employed to produce 
fuel alcohol (Bajaj, 1987). 

Fungal Diseases 
Major fungal diseases, which affect potato crop are late blight, early blight, black scurf, dry rots, wart, powdery scab 

and charcoal rots. Brief description and control measures for each of these diseases is discussed. 

1. Late Blight: Late blight is caused by Phytophthora  infestans, is placed at first among the destructive  disease of 

potato crop that causes the rot (dry or  wet) in tubers. It was first observed in Europe and it has the  tremendous ability 

to adapt itself to a wide range  of environmental condition where potato  cultivation occurs. It is one of the main reasons  

that it has achieved a significant importance  among the potato diseases. It is it is famous for causing the worst ever 

Irish Potato Famine. British  introduced the potato in subcontinent (1870) and it  traces were observed first in Nilgiris 

Hill (Butler,1961) and several outbreaks were reported from  Assam, Bengal and Bihar. The first infection often  occurs 

(despite its name late) soon after the plants  emerge when favourable moisture and temperature  prevail. The favourable 

temperature enhanced the  growth of fungus. The growth of fungus is so fast  that it can kill the entire plant within two 

weeks. It  affects tubers, stems and leaves and water-soaked  spots were observed on potato plants.  Contaminated 

potato (one-fourth to one-half inch  below the skin) provides the space for  overwintering the pathogen and favourable  

environmental condition enhanced the production of sporangiophores bearing many lemon-shaped  sporangia. High 

humidity (90%) is a key factor for  the germination of sporangia and high temperature  promote the mycelial 

development. During wet  and cooler weather, 8-12 biflagellate motile  zoospores are released which can penetrate  

directly into tissue and also infect the potato tubers  near the soil surface (Tantine et al., 1986). Foliage  infection 

caused the premature death of plant  which reduced the yield and infected tubers starts  rotting in field and stores 

(Robertson, 1991). The proper management of late blight depends upon  the reduction of both foliar and tubers infection  

and cultural practices have significant value to  reduce the primary inoculum (Bhattacharya et al., 2002). The infected 

material should dispose of properly which will reduce the chance of introduction of blight in seed tubers. Allow the 

certified seed tubers to sprout and introduced them directly into field (Parry, 1990). Copper salts, Dithiocarbamates and 

1,2-bisdithiocarbamates,  cyanoacetamide-oxime and metalaxyl are effective  chemicals for the control of late blight 

(Schwinn and Margot, 1991).  

2. Early blight: The pathogen (Alternaria solani) produces dark brown spots, which are surrounded by brown  ring and 

looks like bull eye. Symptoms are more similar with late blight. This fungus remains  viable more than 1 year in soil, 

infected dry leaves  and infected potato debris (leaves and tubers)  serve as a source for primary infection. Wind, water 

and insects are the key factor for the  dispersal of conidia and they penetrate direct or  through stomata. Frequent rains 

or abundant moisture followed by dry and warm weather enhanced the disease development and these conditions are 

not favourable for the potato crop.  In India early blight causes 40% yield losses. Crop rotation is not effective in many 

regions and timely spray of fungicide is recommended for the better control. The fungicides (Brestan) should be applied 

after twenty-one days of interval.   
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3. Wart disease: The wart disease of potato is caused by Synchytrium endobioticum. The disease was first  reported in 

Hungry (1985) and has become a  serious threat of potato production in temperate  climates (Europe, North and South 

America,  South Africa and Subcontinent).  In response of ward disease, potato plant exhibiting rough, warty outgrowths 

(spherical, spongy and soft) or protuberences on tubers, stolons on stem, leaves flower and not reported on roots. Resting 

spores overwinter on infected seed tubers or soil and motile zoospores are spread through potato tubers and soil 

moisture. Sporangia produced more zoospores which fuse in pairs and  release in the soil and remain viable for thirty  

years. Prevention of entry of disease material is the key factor for the management of disease and  it is not possible to 

manage this disease when  infection was recorded. Periodic surveys, soil treatment, long crop rotations and removal of 

infected plant debris are important in reducing the build-up of inoculum (Hodgron et al., 1974). Soil fungicide can 

eliminate the disease but it is costly and host resistance is the key factor for the proper management of wart disease 

(Jones, 1988). 

4. Powdery scab: Spongospora subterrannea is the causal organism of powdery scab (Hines, 1976) and this  important 

pathogen was also observed in Asia,  Australia, Africa, North and South America and  Europe. During primary symptoms, 

spots are  present under skin surface. Deformed and wart like growth in infected tubers and roots serves as a  place for 

overwintering as spore balls. Motile primary zoospores invade epidermal cells, root  hairs, lenticels or eyes and penetrate 

through  wounds. During destructive phase of powdery scab, plasmodia produce secondary zoospores and  spread the 

disease deeper into tissue. Spore balls remain viable for six year in contaminated soil (Parry, 1990). Highly resistance 

source is the most effective tools for the problem and S. tuberosum  (CP-1742, 8-7) and S. microdontum (BRB/A-24)  

exhibiting no infection in artificial conditions and natural environment (Bhattacharya et al., 2002). 
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Introduction 
Plant pathogen interactions, the name itself instills immense interest in mind of a reader as to what this title beholds. 
Plant pathogen interactions tells us about how pathogen recognizes its suitable host, plant senses presence of an enemy 
and what cellular events follow eventually. The significance of host-pathogen interaction is to provide information that 
can help scientists and researchers to understand the disease pathogenesis, biology of one or many pathogens, as well 
as the biology of the host. It is through these interactions that basic research discoveries are made. One of such platforms 
is Activity-based protein profiling (ABPP). 

ABPP is a technique for selectively detecting reactive amino acids in complex proteomes with the aid of chemical probes. 
Using probes that target catalytically active enzymes, ABPP can rapidly define the functional proteome of a biological 
system and also it addresses the problems by using chemical probes to facilitate the selective detection and enrichment 
of enzymes that are not only expressed, but active during an infection (Cravatt et al., 2008). Activity-based probes 
(ABPs) form selective, irreversible covalent linkages to defined classes of reactive amino acids, thereby appending a 
fluorescent dye or affinity tag onto labeled enzymes. In this manner, ABPs can reveal changes in the functional proteome 
of host and microbial cells through fluorescence imaging or mass spectrometry (Sadler and Wright, 2015). Activity-based 
approaches offer several key advantages for studies of enzymes functional at the host-pathogen interface. While 
genetically encoded reporters are routinely used to monitor the localization and expression of low-abundance proteins 
(Kanca et al., 2017), gene-fusion strategies are only possible in genetically tractable organisms. In contrast, ABPs can be 
used to elucidate these biochemical properties in microbial pathogens that are not amenable to routine genetic 
manipulation. 

The Concept of ABPP 
ABPP takes advantage of small molecule probes that label the active site of enzymes in an activity-dependent manner. 

Labeling is covalent and irreversible, and facilitates the display of labeled proteins upon separation on protein gels, but 

also the purification and identification of the labeled proteins by mass spectrometry (MS). These approaches require 

that the probe carries a reporter tag, being either an affinity tag (e.g. biotin or desthiobiotin), a fluorescent tag (e.g. 

bodipy, rhodamine or cyanine dyes Cy2/3/5), a radioactive tag (e.g. 125I) or a chemical tag (e.g. azide or alkyne minitag) 

that can be coupled to an affinity or fluorescent tag using ‘click chemistry’. The reporter tag is linked to a reactive 

group that can have different chemistries (chemotypes). The reactive group is often combined with a binding group that 

provides specificity to the probe. These binding and reactive groups (warheads) target and react with the active site of 

specific enzymes, respectively. Because enzymes have different mechanisms and substrates, these probes do not label 

all enzymes, but are specific to certain enzyme classes that share the same mechanism and similar substrates. ABPP 

therefore displays only a subset of the active enzymes, depending on the choice of probe. The term ‘activity-based’ can 

be confusing as the labeling is most often based on tagged inhibitors that irreversibly inactivate the enzyme. The ABPP 

readout is not based on substrate conversion, but on the availability and reactivity of the active site of enzymes. 

Importantly, enzyme activities are nearly always regulated by the exposure of the active site to its environment (Kobe 

and Kemp 1999). Inhibitors often block the active site, and even allosteric regulation affects the exposure of the active 

site. Therefore, labeling of the active site reflects which enzymes are in an active state, irrespective of the presence of 

substrates (Bachovchin et al., 2009). 

Table.1. Discoveries Made Using ABPP on Plant-Pathogen Interactions 
Protein Class (Probe) Plant-Pathogen Interaction Biological Process Identified Reference 

Papain-like 
Cys 
proteases, 
PLCPs 
(DCG-04) 

Tomato - Cladosporium 
Fulvum 

AVR2 effector inhibits secreted 
host protease RCR3 
Increased PLCP activity in the host 
apoplast during defence 
AVR2 effector inhibits secreted 
host protease PIP1 

Rooney et al.,2005 
Shabab et al.,2008 
Van Esse et al., 2008  
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Tomato – Phytophthora 
infestans 

EPIC2B effector inhibits secreted 
host protease PIP1 
EPIC effectors inhibit secreted 
host protease RCR3 
EPIC effectors inhibit secreted 
host protease C14 

Tian et al., 2007 
Song  et al., 2009 
Kaschani  et al., 
2010 

Serine 
hydrolases, 
(TriFP) 

Arabidopsis – Botrytis cinerea Activities of hydrolytic enzymes of 
host and pathogen during infection 

Kaschani  et al., 
2009 

Proteasome 
& PLCPs 
(MV151) 

Arabidopsis – salicylic acid 
Signaling 

Proteasome activity in Arabidopsis 
cytoplasm increases upon SA 
signaling 

Gu et al., 2010 

Proteasome 
(MVB003) 

Arabidopsis – Pseudomonas 
syringae 

Small molecule effector Syringolin 
A inhibits the plant proteasome 

Koloziejek  et al.,  
2011 

Future Directions 
1. Development of ABPs for plant-specific proteins. 

2. Coupling of activity-based profiling methods to gel-free analytical techniques for direct identification of targets. 

3. There is a need to further expand the set of available probes to analyze a larger complement of enzyme families. 

Conclusion 
ABPP can identify secreted enzymes that are active during infection, but whose potential contributions to microbial 

survival or virulence may be missed by high-throughput, transposon-insertion sequencing techniques. In addition, ABPP 

can accelerate the discovery and development of drugs targeting enzymes that shape host-pathogen interactions. Broad-

spectrum ABPs can provide a template for the design of more specific inhibitors or be used to identify novel inhibitors 

from a compound library via functional screens. Finally, ABPP can reveal enzymes that are only active during infection 

and could potentially serve as diagnostic markers. Thus, activity-based approaches provide fundamental insights into 

enzymes functional at the host-pathogen interface that can be harnessed for translational applications. 
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Agricultural wastes are defined as the residues from the growing and processing of raw agricultural products such as 
fruits, vegetables, meat, poultry, dairy products, and crops. They are the non-product outputs of production and 
processing of agricultural products that may contain material that can benefit man but whose economic values are less 
than the cost of collection, transportation, and processing for beneficial use. Their composition will depend on the 
system and type of agricultural activities and they can be in the form of liquids, slurries, or solids. Agricultural waste 
otherwise called agro-waste is comprised of animal waste (manure, animal carcasses), food processing waste (only 20% 
of maize is canned and 80% is waste), crop waste (corn stalks, sugarcane bagasse, drops and culls from fruits and 
vegetables, prunings) and hazardous and toxic agricultural waste (pesticides, insecticides and herbicides, etc). 

Wastes from Cultivation Activities 
While tropical climate is favorable for growing crops, it also supports the generation and development of insects and 

weeds. This situation creates a high demand for pesticides in order to kill insects and protect against the spread of 

epidemic diseases; this need often lead to the abuse of pesticides by farmers. After using pesticides, most of the bottles 

and packages holding these pesticides are thrown into fields or ponds. According to an estimate made by the Plant 

Protection Department (PPD), about 1.8% of the chemicals remain in their packaging. The rate of absorption of such 

fertilizer compounds (nitrogen, phosphorus, and potassium) varies depending on the land characteristics, plant types, 

and method of fertilization.Among the fertilizer excess, a portion is retained in the soil, a portion enters ponds, lakes 

and/or rivers as a result of either surface runoff or the irrigation system adopted, which results in the pollution of surface 

water; a portion enters the ground water, and a portion evaporates or becomes denitrated, causing air pollution. 

Wastes from Livestock Production 
Waste from livestock activities include solid waste such as manure and organic materials in the slaughterhouse; 

wastewater such as urine, cage wash water, wastewater from the bathing of animals and from maintaining sanitation in 

slaughterhouses; air pollutants such as H2S and CH4; and odors. The proportion of NH3, H2S, and CH4 varies along with 

the stages of the digestion process and also depends on organic materials, the components of foods, microorganisms, 

and the status of the animals’ health. 

Waste from Aquaculture 
The growth in aquaculture has led to an increase in the use of feeds for improved production. The amount of feed used 

in a system is the most important factor used in determining the quantity of waste generated. The wastes that result 

from the use of aquaculture feeds are discussed in this section of the report and it is a summary of the information 

provided by . One of the major wastes generated in aquaculture is metabolic waste which could be dissolved or 

suspended. 

Agricultural Waste Management System (AWMS) 
Recently, agricultural waste management (AWM) for ecological agriculture and sustainable development has become an 

issue of concern for policy makers [5]. The usual approach to agricultural waste management has been discharge to the 

environment with or without treatment. An Agricultural Waste Management System (AWMS), according to is a “planned 

system in which all necessary components are installed and managed to control and use byproducts of agricultural 

production in a manner that sustains or enhances the quality of air, water, soil, plant, and animal resources”. Such a 

system is developed using total systems approach, i.e. it is designed to cater for all the waste associated with agricultural 

production to utilization throughout the year round.  

The Total Solids (TS) concentration of agricultural wastes is the main characteristic that determines the handling of the 

material. For excreted manure for example, the following factors affect the TS concentration and they include the 

climate, type of animal, amount of water consumed by the animal, and the feed type. In most systems the consistency 

of the waste can be anticipated or determined. The TS concentration of the waste can be increased by adding beddings 

or other solid waste to the waste, decreased by adding water, and stabilized by protecting it from additional water.  
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The TS concentration is important in that it affects the total volume of the waste to be handled. Liquid waste 

management systems are often easier to automate and manage than those for solid wastes; however, the initial cost of 

the liquid handling equipment may be greater than that for solid waste systems. 

The ‘3R’Approach to AWM 
The principle of reducing waste, reusing and recycling resources and products (3Rs) aims at achieving efficient 

minimization of waste generation by: 

1. Choosing to use items with care to reduce the amount of waste generated.  

2. Repeated use of items or parts of items which still have usable aspects.  

3. The use of waste itself as resources. 

The 3R Hierarchy in AWM 
Waste minimization efficiency is stated to be better achieved applying 3Rs in a hierarchical order- Reduce, Reuse and 

Recycle. 

Agricultural wastes are residues from the growing and processing of raw agricultural products are nonproduct outputs of 

production and processing and may contain material that can benefit man. These residues are generated from a number 

of agricultural activities and they include cultivation, livestock production and aquaculture. These wastes when managed 

properly through the application of the knowledge of agricultural waste management systems such as the “3Rs” can be 

transformed into beneficial materials for human and agricultural usage. 
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Introduction 
In India the green revolution pesticides and chemacals were introduced and pushed through all the publicity media and 

scientific institutions. It increased the agricultural productivity but as the year passed on the got contaminated due to 

chemical residues. After relising the all impacts of overuse the chemicals, once again farmer started to go back to what 

they knew best- organic farming. Tiny steps were taken chemical fertilizers, pesticides and fungicides, with organic 

manure. But nothing was available to replace growth promoting hormones and immunity boosters and to bring sustained 

higher productivity. So, farmers, and some scientists, started experimenting with medicines mentions in the 

Vrikshayurveda and panchgavya was the results. 

What is Panchgavya? 
Panchagavya, an organic product has the potential to play the role of promoting growth and providing immunity in plant 

system. Panchagavya consists of nine products viz. cow dung, cow urine, milk, curd, jaggery, ghee, banana, Tender 

coconut and water. When suitably mixed and used, these have miraculous effects. 

1. Cow dung - 7 kg 

2. Cow ghee - 1 kg 

Mix the above two ingredients thoroughly both in morning and evening hours and keep it for 3 days: 

1. Cow Urine - 10 liters 

2. Water - 10 liters 

After 3 days mix cow urine and water and keep it for 15 days with regular mixing both in morning and evening hours. 

After 15 days mix the following and panchagavya will be ready after 30 days. 

1. Cow milk - 3 liters 

2. Cow curd - 2 liters 

3. Tender coconut water - 3 liters 

4. Jaggery - 3 kg 

5. Well ripened poovan banana – 12 nos. 

Preparation 
All the above items can be added to a wide mouthed mud pot, concrete tank or plastic can as per the above order. The 

container should be kept open under shade. The content is to be stirred twice a day both in morning and evening. The 

Panchagavya stock solution will be ready after 30 days. (Care should be taken not to mix buffalo products. The products 

of local breeds of cow is said to have potency than exotic breeds). It should be kept in the shade and covered with a 

wire mesh or plastic mosquito net to prevent houseflies from laying eggs and the formation of maggots in the solution. 

If sugarcane juice is not available add 500 g of jaggery dissolved in 3 liter of water. 

Physico Chemical and Biological Properties of Panchagavya 
pH 5.45 

EC dSm2 10.22 

Total N (ppm) 229 

Total P (ppm) 209 

Total K (ppm) 232 

Sodium 90 

Calcium 25 

IAA (ppm) 8.5 

GA (ppm)            3.5 
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Physico-chemical properties of Panchagavya revealed that they possess almost all the major nutrients, micro nutrients 

and growth harmones (IAA & GA) required for crop growth. Predominance of fermentative microorganisms like yeast and 

lactobacillus might be due to the combined effect of low pH, milk products and addition of jaggery/sugarcane juice as 

substrate for their growth.The low pH of the medium was due to the production of organic acids by the fermentative 

microbes as evidenced by the population dynamics and organic detection in GC analysis. Lactobacillus produces various 

beneficial metabolites such as organic acids, hydrogen peroxide and antibiotics, which are effective against other 

pathogenic microorganisms besides its growth. GC-MS analysis resulted in following compounds of fatty acids, alkanes, 

alconol and alcohols. 

Beneficial Effects of Panchagavya on Commercial Crops 
1. Mango: 

a. Induces dense flowering with more female flowers 
b. Irregular or alternate bearing habit is not experienced and continues to fruit regularly 
c. Enhances keeping quality by 12 days in room temperature 
d. Flavour and aroma are extraordinary 

2. Acid lime: 
a. Contiuous flowering is ensured round the year 
b. Fruits are plumpy with strong aroma 
c. Shelf life is extended by 10 days 

3. Guava: 
a. Higher TSS 
b. Shelf life is extended by 5 days 

4. Banana: In addition to adding with irrigation water and spraying, 3% solution (100 ml) was tied up at the naval end of 
the bunch after the male bud is removed. The bunch size becomes uniform. One-month earlier harvest was witnessed. 
The size of the top and bottom hands was uniformly big. 

5. Turmeric: 
a. Enhances the yield by 22% 
b. Extra-long fingers 
c. Ensure low drainage loss 
d. Narrows the ratio of mother and finger rhizomes 
e. Helps survival of dragon fly, spider etc which in turn reduce pest and disease load 
f. Sold for premium price as mother/seed rhizome 
g. Enriches the curcumin content. 

6. Jasmine: 
a. Exceptional aroma and fragrance 
b. No incidence of bud worm 
c. Continuous flowering throughout the yea 

7. Vegetables: 
a. Yield enhancement by 18% and in few cases like Cucumber, the yield is doubled 
b. Wholesome vegetables with shiny and appealing skin 
c. Extended shelf life 
d. Very tasty with strong flavour. 

Recommended Dosage 
Spray system: 3% solution was found to be most effective compared to the higher and lower concentrations investigated. 

Three litres of Panchagavya to every 100 litres of water is ideal for all crops. The power sprayers of 10 litres capacity 

may need 300 ml/tank. When sprayed with power sprayer, sediments are to be filtered and when sprayed with hand 

operated sprayers, the nozzle with higher pore size has to be used. 

Flow system: The solution of Panchagavya can be mixed with irrigation water at 50 litres per hectare either through 

drip irrigation or flow irrigation 
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Seed/seedling treatment: 3% solution of Panchagavya can be used to soak the seeds or dip the seedlings before planting. 

Soaking for 20 minutes is sufficient. Rhizomes of Turmeric, Ginger and sets of Sugarcane can be soaked for 30 minutes 

before planting. 

Seed storage: 3% of Panchagavya solution can be used to dip the seeds before drying and storing them. 

Periodicity 
Pre flowering phase Once in 15 days, two sprays depending upon duration of crops 

Flowering and pod setting stage Once in 10 days, two sprays 

Fruit/Pod maturation stage Once during pod maturation 

Time of Application of Panchagavya for Different Crops is Given as Follows 
Crops Time schedule 

Rice 10,15,30 and 50th days after transpalnting 

Sunflower 30,45 and 60 days after sowing 

Black gram Rainfed: 1st flowering and 15 deays after flowering 
Irrigated: 15, 25 and 40 days after sowing 

Green gram 15, 25, 30, 40 and 50 days after sowing 

Castor 30 and 45 days after sowing 

Groundnut 25 and 30th days after sowing 

Bhendi 30, 45, 60 and 75 days after sowing 

Moringa Before flowering and during pod formation 

Tomato Nursery and 40 days after transplanting: seed treatment with 1 % for 12 hrs 

Onion 0, 45 and 60 days after transplanting 

Rose At the time of pruning and budding 

Jasmine Bud initiation and setting 

Vanilla Dipping setts before planting 

Effect of Panchagavya 
1. Leaf: Plants sprayed with Panchagavya invariably produce bigger leaves and develop denser canopy. The 

photosynthetic system is activated for enhanced biological efficiency, enabling synthesis of maximum metabolites and 

photosynthates. 

2. Stem: The trunk produces side shoots, which are sturdy and capable of carrying maximum fruits to maturity. Branching 

is comparatively high. 

3. Roots: The rooting is profuse and dense. Further they remain fresh for a long time. The roots spread and grow into 

deeper layers were also observed. All such roots help maximum intake of nutrients and water. 

4. Yield: There will be yield depression under normal circumstances, when the land is converted to organic farming from 

inorganic systems of culture. The key feature of Panchagavya is its efficacy to restore the yield level of all crops when 

the land is converted from inorganic cultural system to organic culture from the very first year. The harvest is advanced 

by 15 days in all the crops.It not only enhances the shelf life of vegetables, fruits and grains, but also improves the taste. 

By reducing or replacing costly chemical inputs, Panchagavya ensures higher profit and liberates the organic farmers 

from loan. 

5. Drought Hardiness: A thin oily film is formed on the leaves and stems, thus reducing the evaporation of water. The 

deep and extensive roots developed by the plants allow to withstand long dry periods. Both the above factors contribute 

to reduce the irrigation water requirement by 30% and to ensure drought hardiness. 

6. Panchagavya for animal health: Panchagavya is a living elixir of many microorganisms, bacteria, fungi, proteins, 

carbohydrates, fats, amino acids, vitamins, enzymes, known and unknown growth promoting factors micronutrients trace 

elements antioxidant and immunity enhancing factors.When taken orally by animals and human beings, the living 

microorganisms in the Panchagavya stimulate the immune system and produce lot of antibodies against the ingested 

microorganisms. It acts like vaccine. This response of the body increases the immunity of animals and humans and thus 

helps to prevent illness and cures disease. It slows down the aging process and restores youthfulness. The other factors 

present in Panchagavya improve apetite, digestion and assimilation and elimination of toxins in the body. Constipation 
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is totally cured. Thus, the animals and humans become hale and healthy with shining hair and skin. The weight gains are 

impressive. 
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Introduction 
India is the second largest agro-based economy with year-round crop cultivation.  A large amount of agricultural waste 

is generated every year, including crop residues. According to the Indian Ministry of New and Renewable Energy (MNRE), 

India generates on an average 500 Million tonnes of crop residue per year. Crop residue contains the remains of leaves, 

stems, awns and remaining small grains after harvesting the cereal crops. Combined harvesters used for harvesting the 

crop do not remove complete plants and large amount of standing stubble remains in the field. Due to lack of proper 

disposal practices, approximately 92 metric tonnes of crop waste are burned every year in India (Bhuvaneshwari et al. 

2019). Farmers opt for burning the residue because it is an easy and quick way to manage the large amount of crop 

residue and prepare the field for the next crop well in time.  

Crop residue burning has become a major environmental problem causing health issues as well as contributing to global 

warming. The burning of crop residues generates numerous problems to the environment and human health. Emission of 

greenhouse gases leading to global warming, release of particulate matter and smog into the atmosphere that cause 

respiratory problems, loss of biodiversity of agricultural lands and the deterioration of soil health are the major 

detrimental effects of crop residue burning. Burning of crop residues greatly affects the soil health. There is a slow and 

steady reduction in soil health that eventually results in reduced productivity that cannot be overcome with increased 

additions of mineral fertilizers.  

Following are the harmful effects of crop residue burning on soil health: 

1. Physical properties: Burning of crop residue declines the organic matter content of the soil which in turn deteriorates 

soil physical health. Crop residue retention plays an important role in protecting soil aggregates from raindrop impact 

(Turmel et al. 2014). Due to poor organic matter content, soil aggregates are broken down and soil structure gets 

destroyed.  Retention of crop residue on the soil surface provides physical protection to the soil against wind and water. 

However, when crop residues are burnt, soil get exposed and becomes sensitive to wind and water erosion. Bare soil is 

directly exposed to harmful solar radiations which results in increased soil temperature, creating unfavourable conditions 

for plants and other soil organisms. Furthermore, there is rapid loss of moisture from the soil which can increase the risk 

of crop failure in areas facing water scarcity. 

2. Chemical properties: Burning of stubble can potentially result in changes in chemical properties of soil and disrupts 

nutrient cycles. Due to burning of crop residues, there is continuous loss of organic carbon from soil which can potentially 

deteriorate soil health and productivity in long-terms basis (Chan and Heena 2015). Due to decreased organic matter 

content, soil pH also rises towards alkalinity and reduces level of N and C in the top 0-15 cm soil profile. Poor organic 

matter content results in reduced cation exchange capacity, which is an important indicator of soil fertility.  Crop residue 

is an important and cheap source of organic carbon and nutrient elements, however, when burnt these are lost. It is 

estimated that when one tonne of paddy straw is burnt, it accounts for loss of approximate 5.5 kg nitrogen, 2.3 kg 

phosphorus, 25 kg potash, 1.2 kg sulphur, all secondary nutrients, 50 to 70 percent of various essential micro nutrients, 

as well as organic carbon (Anonymous 2014). On the other hand, if the crop residue is retained or incorporated in the 

soil itself, it gets enriched with organic matter and nutrients particularly with organic carbon and nitrogen. 3. Biological 

properties 

Burning of crop residue may increase the mineralization in short-term which result in increased nutrient available for 

the plants besides killing the pest and diseases associated with the stubbles and straw of preceding crops (Thakur et al. 

2019). However, the heat generated from burning of crop residues raises the soil temperature causing the death of 

beneficial soil organisms. The heat from burning paddy straw penetrates 1 centimetre into the soil, elevating the 

temperature to 33.8 to 42.2 degree Celsius. This kills the bacterial and fungal populations critical for a fertile soil. Wheat 

straw burning can kill about 50 per cent of bacterial population in up to 2.5 cm of soil depth (Hesammi et al. 2014).  

There is also considerable reduction in amount and activity of soil enzymes involved in nutrient cycling. Frequent residue 

burning leads to complete loss of microbial population, which is important for maintaining soil health. As a result, soil 
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health depletes rapidly eventually leading to reduced productivity, that cannot be overcome no matter how much 

mineral fertilizers are added. Burning of crop residue causes damage to many beneficial organisms present in the upper 

layer of the soil. Due to the loss of ‘friendly’ pests, the wrath of ‘enemy’ pests can increase and as a result, crops might 

become more prone to diseases and infestation. 

What Can be Done? 
Considering the adverse effects of crop residues burning on soil health, there is an urgent need to encourage the farmers 
to put it for beneficial uses instead of burning it. Some of the suggestions for sustainable management of crop residues 
are: 
1. Crop residue can be corporation of into the soil through adoption of conservation agriculture practices to prevent soil 
erosion from wind & water and to augment the soil moisture content. 

2. Farmers can also manage crop residues effectively by employing agricultural machines like happy seeder (for sowing 
of crop in standing stubble), rotavator (for land preparation and incorporation of crop stubble in the soil), zero till seed 
drill (for land preparations directly sowing of seeds in the previous crop stubble) etc. 

3. Crop residue can be used for cultivation of mushroom particularly species like Agaricus bisporus (white button 
mushroom) and Volvriella Volvacea (straw mushroom) 

4. Crop residues, instead of burning, can be converted into beneficial products such as biogas, biochar, bio-enriched 
compost or used as bedding material for cattle. 

5. Training should be organised for farmers for creating awareness about effects of crop residue burning, adoption of 
conservation agriculture practices and resource conservation technology through all ongoing State/Centre Sector 
Schemes. 

6. Awareness should be created of about various measures to prevent crop residue burning through mass media, print 
media, etc. just before the harvesting seasons. 

Conclusion 
Burning of crop residue is a very controversial issue. It not only pollutes the environment and creates severe health issues 

in human being, but also deteriorates soil health. Reduced soil organic matter, poor aggregation, reduced water and 

nutrient holding capacity, damage to soil bio-diversity, susceptibility to erosion are some of the many adversities arising 

due to the burning of crop residue. Although, several measures have been taken up by Government to eradicate this 

serious problem of crop residue burning, still it remains a burning issue. This indicates that there is still much needed to 

be done to tackle this issue. The management strategy of crop residue should be principally based on the local situation. 

It is highly important to create awareness among the farming community to understand the importance of organic carbon 

and emerging environmental concerns due to crop residue burning. 
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Introduction 
In India, micro-irrigation is an innovative technology for sustainable agriculture and it has significant impact on water 

and land productivity. Presently Rajasthan possess maximum total area under micro-irrigation and also have maximum 

area in sprinkler irrigation. However, maximum area under drip irrigation is in Andhra Pradesh Commonly used micro-

irrigation methods are- sprinkler and drip irrigation. Irrigation will not be equitable and sustainable if water supplies are 

not credible especially in areas where, water shortage is crucial for development of irrigation with major emphasis to 

minimize water use. The efficient technology of agricultural water management for application of optimal water quantity 

scheduled at right time for achieving higher water application efficiency. The aim is to reduce variations in the moisture 

content of the root zones without subjecting the crop either to oxygen or water stress. 

1. Sprinkler Irrigation: The application of irrigation water which is similar to rainfall, Water is distributed through a 

system of pipes usually by pumping. It is then sprayed into the air and irrigate entire soil surface through spray heads so 

that, it breaks up into small water drops which fall to the ground. Beneficial for row, field and tree crop and 

advantageous for lettuce, this method can be practiced in any farmable slope. This method saves 25% to 50% water, 10% 

to 16% land and able to minimize damage caused by frost. This method cannot be adoptable to the crops which are 

sensitive to fungal disease. 

2. Localized Irrigation (Drip Irrigation):  
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The application of water directly into the root system under conditions of high availability, water losses during or after 

water application prevented by this method and considerable reduction of the water application cost (less labor). This 

system suitable for widely spaced plant (row crops, vegetables, orchard and tree or shrubs). This method is more 

desirable for high value crops with any farmable slope and poor-quality water (saline water), the adoption of careful 

looking after, automation, fertigation (fertilizer application with water) and chemigation (easy control of weeds and soil 

borne diseases). 

a. Surface drip irrigation: Most prevalent type of micro-irrigation widely used to irrigate perennial crops like 

trees vines, and annual row crops. 

b. Sub-surface drip irrigation: The application of water below the soil surface through emitters, All over the 

world crops like-lettuce, celery, asparagus, garlic, citrus, apple, olive and alfalfa, corn, cotton, grass, pepper, 

broccoli, melon, onion, potato, tomato are being widely irrigated by adopting this method. 

 

Micro-irrigation techniques Application efficiency 

Trickle irrigation  85% 

Sub-surface-drip irrigation 90 % 

Micro-spray 85 % 

Sprinkler irrigation 80 % 

Conclusion 
The efficient water application techniques will act as promoter for evergreen revolution with precision application of 

water. All these added up in the increase of the overall economic benefits accrued as a result of optimum utilization of 

water. This technology is highly relevant and recommended according to geography and economic capabilities, though 

all regions can manage water resources in a way that supports environment. 
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A lot of attention is on the impact of global climate change on food security which is one dimensional. the rise in food 

production alone doesn't mean that there are adequate access and utilisation of food and it's received little scholarly 

attention in recent times. Cereals and pseudocereals are the foods that humanity has sustained itself from times 

immemorial. they're good sources of starch and fibres, proteins with good quality of amino acids, lipids, B-complex 

vitamin vitamins and minerals like calcium, potassium, magnesium, iron, zinc and phosphorus. they're usually consumed 

as bread, breakfast cereals or cereal bars in developed countries. 

Chia (Salvia hispanica L.) may be a pseudo-cereal that has been consumed by the planet population thanks to its 

protective, functional and antioxidant properties attributed to the presence of lipids, dietary fibre, protein, phenolic 

compounds, vitamins and minerals. Studies have shown that chia has hypoglycemic, anti-inflammatory, antioxidant, anti-

hypersensitive and cardioprotective actions. Consumption of chia has increased thanks to its beneficial effects associated 

with obesity, disorder, diabetes and a few sorts of cancer. These benefits result primarily of the high concentration of 

essential fatty acids, dietary fibre, antioxidants, flavonoids, anthocyanins, vitamins, carotenoids and minerals present 

during this seed. 

Introduction 
Food security exists when all people, at all times, have sufficient, safe and nutritious food that meets their dietary needs 

and food preferences for an active and healthy life for better physical, social and economic life. A changing climate, 

growing world population, rising food price and environmental stresses have significant yet highly uncertain impact on 

food security. 

Globalization of agriculture and consequently its industrialization seem inexorable with negative side effects being felt 

throughout India resulting in biased technological development of some high demanding plant species and monoculture 

production with reduced genetic diversity in agriculture. As a consequence, Indian food security has become increasingly 

dependent on only a handful of crops. Over the time more than 10000 edible species were used by human but now only 

150 plant species are commercialized on significant global scale, 12 of which provide approximately 80% dietary energy 

from plants and over 60% of the global requirement for proteins and calories are met from rice, wheat, maize and potato. 

The narrowing of the number of crops upon which global food security and economic growth depend has placed the 

future supply of food and rural incomes at risk. The facts have profound environmental consequences and concern for 

loss of crop varieties leading to various organizations and scientists worldwide in retrieving, researching and 

disseminating the knowledge in production and utilization of neglected, disregarded, underexploited and new plant 

species, or so-called alternative crops. 

‘Salvia hispanica’ commonly called as chia seeds is a pseudocereal packed with nutrients like omega-3 fatty acids, dietary 

fibre, polyunsaturated fatty acids, protein, all essential amino acids, calcium and several other minerals. Chia is one of 

the highest sources for omega – 3 fatty acids and has anti-inflammatory effect. Chia seeds produces gel with good water 

binding capacity, oil holding capacity, viscosity and emulsion activity which easily can be extracted for potential use in 

frozen foods as a thickener, emulsifier and stabilizer. 

Chia seeds with omega – 3 fatty acids play a key role in preventing the formation of clots and plaques in the arteries and 

also helps to prevent cardiovascular diseases. As a rich source of dietary fibre, it is useful for proper functioning of the 

intestine and contains highly nutritious proteins, more than traditional cereals. Chia can be considered as a super food 

as it is an excellent source of essential fatty acids, protein, dietary fibre, vitamins and antioxidants along with essential 

minerals like phosphorus, manganese, calcium, potassium and sodium. The protein content in chia was higher than that 

of other traditional crops such as wheat, corn, rice, oat, barley and amaranth along with good amino acid profile. 

Researchers reported the antimicrobial action of chia seeds probably due to its oil composition (30%) of which 17-26% is 

linoleic acid and 50- 57% is linolenic acid. 
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Chia Plant and Seeds 
Chia seeds are small in size, oval-shaped and flat measuring between 2.0 to 2.5 mm in length, 1.2 to 1.5 mm width and 

0.8 to 1.0 mm thickness. This seed available in different shades of colours from dark brown to black, and sometimes 

grey or white. It is an annual herb, bearing flower in summer with a height of about one meter with reverse petiolate 

and serrated leaves (4-8 cm long and 3-5 cm wide) with hermaphrodite flowers. Plant can grow in a wide range of well 

drained clay and sandy soils with reasonable salt and acid tolerance (USDA 2011). 

History of Chia Seeds 
Salvia hispanica commonly called as chia seeds is an annual herbaceous plant, native of southern Mexico and northern 

Guatemala. The genus salvia consists of 900 species. Chia name was coming from the latin word ‘salvere’ meaning 

curative properties of the well- known culinary and medicinal herb Salvia officinalis. 

Nutritional Composition of Chia Seed 
Chia seed is underutilized pseudocereal with high amount of nutrients like protein (15-25%), carbohydrates (26-41%), 

dietary fiber (18-30%), ash (4-5%) and lipids (40%) of which 60% is omega-3 fatty acids that helps to improve high-density 

lipoprotein (HDL) in humans and protects from heart attack and stroke. The quality of edible oils is important for their 

acceptance as food and its formulation.  

The lower content of saturated fatty acids (palmitic and stearic acids), adequate concentration of linoleic acids (18-20%) 

and higher content of α-linolenic fatty acids (55-60%) makes chia oil as a preferred and appealing choice for health foods 

and cosmetics.  

The insoluble dietary fibre of chia seeds ranged between 23 to 50% and this helps in retaining water several times its 

weight during hydration thereby providing bulk and prolonging gastro intestinal transit time. 

Dietary Fiber 
Chia seed is a good source of dietary fiber with 5% soluble fiber which appears as clear mucilage when it  is placed in 

water. Hence chia is useful as a source of dietary fiber and possesses huge potential for application in food industry. 

Chia seeds contained 34 to 40% of dietary fibre and is equivalent to 100% of the daily recommendations for adults. The 

defatted chia seed flour contained 40% dietary fibre of which 5–10 % was soluble fiber and forms part of the mucilage 

helping to slow the digestion, prevent cardiovascular diseases and manage diabetes.  

This seed also accelerated intestinal movement due to high quantity of insoluble fiber that increased volume of faecal 

mass and provided satiety, thus preventing obesity and colon cancer in humans.  The insoluble dietary fibre content in 

chia seeds increased gastro intestinal time and was directly related to gradual increased post-prandial glucose levels and 

decreased insulin resistance over a period of time. 
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Fatty Acid 
Chia oil is highly unsaturated with 83% polyunsaturated fatty acids (PUFA) of which 18% is linoleic acid and 64% of α-

linolenic acid. Chia oil is also qualitatively different from the less commonly used vegetable oils with a high content of 

PUFA such as flax with the content of 53.3% ALA.  

Chia seed have high fat content of about 25-40%, out of which 68% was ω-3 fatty acids and 20% of ω-6 fatty acids and 

rich in all essential amino acids particularly lysine, leucine, isoleucine and valine. These ω-3 fatty acids are helpful in 

the prevention and management of hyperlipidaemia, hyperglycaemia and hypertension.  

It also contains ω-3, α-linolenic acid (ALA) and ω-6 linoleic acid. On an average it contains about 64% ω-3 and 19% ω-6 

fatty acids. Due to their excellent fatty acid concentration of chia seed is known as power house of omega fatty acids. 

Eicosapentaenoic acid and docosahexaenoic acid have cardio-protective effects. The ω-3 fatty acids improve the 

parasympathetic tone, heart rate variability and protect ventricular arrhythmia. 

Antioxidants 
Researchers reported that chia contained antioxidants like chlorogenic acid and caffeic acid in large quantity and 

myricetin, quercetin, kaempferol and flavanols in traces. These compounds are both primary and synergistic antioxidants 

and make chia a very stable source of ω-3 fatty acids. These antioxidant compounds such as quercetin are capable of 

preventing oxidation of fats, proteins and DNA. Caffeic acid and chlorogenic acid play a key role in protect against free 

radicals and inhibit the peroxidation of fats. These compounds present in the seed have much stronger antioxidant 

properties than those of ferulic acid, vitamin C and vitamin E.  

Phenolic compounds present in chia seeds are rosmarinic acid and daidzein along with the presence of myricetin, 

quercetin, kaempferol, caffeic acid, flavanol glycosides and chlorogenic acid. Phenolic compounds were quercetin, 

chlorogenic acid, caffeic acid have anticarcinogenic, antihypertensive and neuron protective effect.  

Chia seed also helps in prevention and management of cardiovascular diseases, cancer, diabetes and depression because 

chia exhibited high antioxidant activity which is associated with the polyphenolic compounds and presence of 

tocopherols.  

Some researchers reported that increased chia seed consumption was observed due to its natural antioxidants that 

influence oxidation of free radicals there by providing better health and preservation of food lipid systems in the body. 

Micronutrients 
Mineral content of 100g chia seed as calcium (536 mg), magnesium (350 mg), potassium (564 mg), phosphorus (751 mg), 

iron (6.3 mg), copper (1.4 mg), and zinc (4.4 mg). Mineral deficiency decreases enzyme activity affecting the human 

body and resulting in functional disorders of individual organs and the immune system thereby leading to frequent 

depressions.  

Chia seeds and found them to be a good source of several vitamins and minerals particularly niacin, zinc, calcium, 

phosphorus and magnesium. Niacin content of chia was higher than other cereals (corn, soybeans and rice), whereas the 

riboflavin and thiamine content was similar to corn and rice. Chia contained six times more calcium, eleven times more 

phosphorus and four times more potassium than 100 ml of milk.  The iron content of chia was also quite high compared 

to most other seeds with six times more iron than spinach, 1.8 times more than lentils and 2.4 times more than liver.  

Chia seed rich in micronutrient concentration mainly are vitamin E and complex B vitamins like riboflavin (0.17mg), 

niacin (8.82mg) ad thiamine (0.62mg) per 100g. In addition, chia has high calcium concentration (631mg), phosphorus 

(860mg), potassium (407mg), magnesium (335mg), iron (7.72 mg) and zinc (4.58 mg) per 100g chia (USDA, 2015). 

Health Benefits of Chia Seed 
Marineli et al. (2105) investigated the antioxidant property of chia seed in obese rats. The dietary chia oil induced the 

expression of HSP70 and HSP25 in skeletal muscle and restored superoxide dismutase and glutathione peroxidase 

expression. In addition, extended treatment with chia seed and short treatment with chia oil restored peroxisome 

proliferator activated receptor-γ coactivator-1α (PGC-1α) expression. The antioxidant compounds present in chia were 

tocopherols, phytosterol, carotenoids and phenolic compounds also had a synergistic effect.  
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Chia maintains the lipid and glucose homeostasis in the body. There was a significant reduction in waist circumference 

in healthy individuals after a month of chia supplementation with no change in body weight maybe due to specific loss 

of fat mass. In a chronic treatment, dietary chia seed reduced the visceral adiposity and insulin resistance among sucrose-

induced diabetic rats.  

Some researchers studied the effect of chia supplementation on blood pressure. Results showed that a slight decrease 

in blood glucose, blood became less prone to coagulation, decreased levels of internal inflammation as measured by C-

reactive protein (CRP). The systolic blood pressure decreased by an average of 6 mmHg, considering that systolic blood 

pressure desired and pre hypertension are 90-119 and 120-139 mmHg respectively.  

Chia seed oil is suggested for management of inflammatory problems like pain, redness and swelling which can cause 

severe problems. Prevention and management of these health-related problems is achieved by inclusion of chia seeds 

and its oil in daily diet as it contains PUFA, prostaglandins and eicosanoids which induce lesser extent of inflammation 

via reduced induction of COX-2. 

Applications of Chia Seeds in Food Industry 
Functional foods have gained tremendous attention day by day worldwide due to the wave of healthy lifestyle changes. 

The most important reason for the interest to shift to a healthier lifestyle is the increasing number of people suffering 

from cardiovascular diseases (CVDs), high blood pressure, obesity, diabetes and other related diseases. These conditions 

are commonly due to inactive lifestyle and poor diet.  

Chia seed gum is used as food and industrial applications due to rich dietary fiber content present in it. It acts as not 

only physiological functionality for their beneficial effect on human health but also technological functionality which 

greatly depends on hydration properties. Chia gum is used in food industries to improve the products physical parameters 

like viscosity, stability, texture, and consistency due to its good functional properties like water-holding and absorption 

capacity, solubility, swelling, viscosity and gelling.  

Chia seed is used as a healthy oil supplement for humans and animals. Human consumption of chia in diet is mainly used 

as incorporation into cooking oil, confections and supplements. In 2000, the US dietary guidelines recommend that chia 

seed can be used as a primary food not exceeding 48 g/day. Chia is commonly consumed in salads as sprouts, beverages 

and salad dressing.  

Use of chia seed in bread products is limited to not more than 5%. Other than bread, the food industry of various countries 

around the world used chia seeds or its oil for different applications such as breakfast cereals, bars, cookie snacks, fruit 

juices, cake and yoghurt.  

Chia mucilage is potentially used in the food industries as it contains excellent stabilizing and thickening abilities. Chia 

seed mucilage has shown greater emulsion stability than commercially available guar gum and gelatine. Hence, it can 

used in bakery products, powdered beverages, yogurt, ice cream, sauces and creams. 

Conclusion 
Food security is a serious problem faced by whole word. To combat nutritional security, improved use of underutilized 

grains like chia seeds can be good option due to extensive nutritional composition. Now a day’s people showing interest 

at industrial level also because of their excellent physical and functions properties. Chia can help in the prevention of 

nutritional related disorders because it contains higher concentration of fatty acids, essential amino acids, good quality 

proteins and adequate amount of dietary fiber. 
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