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Soil Conditioners 
Article id: 22000 
Reshma Shinde1*, Pradip Kumar Sarkar1 and Nandkishore Thombare2  
1 ICAR Complex for Eastern Region, FSRCHPR, Ranchi, Jharkhand (India)  
2 Indian Institutes of Natural Resin and Gum, Ranchi, Jharkhand (India) 

Now days we can see an overabundance of fertilizers and more focus on the chemical inputs but we often 
ignore the soil conditioners and soil amendments. Any process which increases the ability of a soil to 
enhance crop yields, or which improves the performance of a soil for any function, can be described as soil 
conditioning, and any product used in soil conditioning is a soil conditioner. Soil needs conditioning for a 
number of reasons, one of the vital needs is to control soil degradation, another is to improve soil air-
water relations, soil drainage and soil aggregation, to reduce soil crusting and compaction, to overcome 
water repellency and so on. Soil conditioners as defined include many kinds of organic materials, gypsum, 
lime, natural deposits, various water-soluble polymers and cross-linked polymers that hold water in soil, 
living plants, microbes, many industrial waste products and others. Soil conditioners are useful as they 
make soil more functional as an ecosystem and more efficient as support for crops. 

INTRODUCTION 
Conventional agriculture based on large application of fertilizers and pesticides has made a significant 
contribution to meet global food demands, at the expenses of soil degradation, reduction in soil fertility, 
crop yield and ecosystem health. The substantial reduction in the production capacity of soils could be 
attributed to its physical constraints like surface crusting and hardening, subsurface hard pan and 
compactness, high or slow permeability and extremes of consistence, soil water-related constraints, wind 
and water erosion, etc. This envisages that for increasing crop production, soil must be maintained in such a 
physical condition so as to allow adequate crop growth. No doubt, if soils are managed properly for good 
physical health, the yield potential of different crops can be increased significantly. As a means to increased 
production, we can consider the use of organic and inorganic soil conditioners and additives to improve 
agricultural land and increase productivity. 
 Any process which increases the ability of a soil to enhance crop yields, or which improves the 
performance of a soil for any function, can be described as soil conditioning, and any product used in soil 
conditioning is a soil conditioner. Soil Conditioners are defined as any material(s) that contain limited 
amounts of nutrients, but are managed primarily for their beneficial impact on the biological, physical or 
chemical nature of the soil. They can also be used as a plant growth medium. Soil conditioning includes the 
formation and the stabilization of soil aggregates propitious for the germination of seeds and for the 
emergence of seedlings. A good soil stabilizer for such functions will strengthen aggregates against 
breakdown from the impact of raindrops, and will preserve a high water infiltration capacity (Gabriels et al., 
1981). Soil conditioners as defined, include many kinds of organic materials, gypsum, lime, natural deposits, 
various water-soluble polymers and cross-linked polymers that hold water in soil, living plants, microbes, 
many industrial waste products and others. 
 Now days we can see an overabundance of fertilizers and more focus on the chemical inputs but we 
often ignore the soil conditioners and soil amendments.  Soil needs conditioning for a number of reasons. 
One vital need is to control soil degradation; another is to improve soil air - water relations, soil drainage 
and soil aggregation; to reduce soil crusting and compaction, to overcome water repellency and etc. When 
considering the role and function of soil conditioners in crop production, it is important to realize that many 
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soil properties may be affected, either favorably or adversely, by the addition of such materials to the soil. 
Some of the soil properties that can be influenced by the addition of materials to the soil include: (1) water 
holding capacity, (2) aeration, (3) temperature, (4) nutrient holding capacity and availability, (5) cation 
exchange capacity (CEC) (6) structure and aggregate stability, (7) micro-organism population and behavior, 
(8) organic matter chemistry, and (9) animals, including insect and pest.  

Importance and function of soil conditioner 

 Soil conditioners improve the physical, chemical and biological properties of the soil. 

 In problematic soils such as acidic or alkaline soils it helps in maintaining the soil pH. 

 In dry and sandy soils, soil conditioners improve the water retention capacity, infiltration, percolation 
and permeability of water.  

 Soil conditioners create a healthy environment in soil which helps to attracts useful microorganisms and 
earthworms in soil. 

 Soil conditioners improve the physical properties resulting in better soil aeration, water retention, root 
development and soil ecosystems. 

 Soil conditioners can be used to improve poor soils, or to rebuild soils which have been damaged by 
improper soil management 

 They also add nutrients, enriching the soil and allowing plants to grow healthier, stronger and yield 
more. 

 Soil becomes compressed over time and it has less air space. The use of soil conditioner helps in reducing 
the soil compaction and hard pan problem.  

 It increases the soil fertility and helps to maintain soils in good condition. 
 
Types of Soil Conditioners: 
The soil conditioners can be classified on the basis of two criteria: (1) origin of the materials, and (2) 
composition of the materials. With regard to origin of materials may be synthetic or natural occurring. In 
terms of composition, soil conditioners materials are either organic or inorganic. 
Organic Soil Conditioners: Organic conditioners consist of material derived from living things (e.g. plants 
and animals). They are applied to increase infiltration and soil water retention, promote aggregation, 
provide substrate for soil biological activity, improve aeration, reduce soil strength, and resist compaction, 
crusting, and surface sealing. There are a number of organic products that can be used as soil 
conditioners, but perhaps the most popular one is composts. Organic conditioners also include crop 
residues, manures, peat, biochar, bone meal, blood meal, coffee grounds,  compost tea, coir, sewage 
sludges, FYM, sawdust lignite, humate and vermiculite.  
Composts: Compost is produced due to decomposition of organic wastes by microorganisms in the 
presence of oxygen. Multiple benefits are derived from the use of compost as soil conditioner, for example 
an increase in organic C content and microbial activity, a source of plant nutrients like N, P K and Mg, and a 
root reinforcement (Donn et al., 2014). An important feature of compost is the capability to influence soil 
micro flora by suppressing many soil borne pathogens such as Pythium, Phytophthora and Fusarium spp. 
Thus in general, the use of compost maintains and enhances stability and fertility of the agricultural soil 
(Zhou et al., 2016). 
Farmyard manure (FYM): FYM refers to the bulky organic manure resulting from the naturally decomposed 
mixture of dung and urine of farm animals along with the litter (bedding material). It is rich sources of 
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nutrients and improves the soil physical, chemical and biological properties through the addition of organic 
matter (Gore et al., 2011a and b). It can be used in all types of problematic soils and crops.  
 
Green Manures: Green manures are the crops that are mainly grown to add nutrients and organic matter 
to the soil; they are used in rotation with other crops, ploughed and incorporated in soil in order to serve 
the same purposes as manures. Green manures help to provide the stable soil structure for plant growth 
and development. It promotes aeration, drainage and aggregation in soil and thereby increases the 
microbial activity and soil fertility (Shinde et al., 2017). 
Sewage Sludge:  Sewage sludge or biosolids are organic solids subjected to several treatments to stabilize 
organic matter in order to reduce unpleasant smell and to not attract pests and spreading disease (Goss et 
al., 2013). As containing nutrients and organic matter, biosolids can be applied to agricultural soils but 
under regulatory controls that set limits for heavy metals, weeds, human and plant pathogens. 
Crop residues: Crop residues are the plant materials left in an agricultural field or orchard after the harvests 
of crops. These residues include stalks and stubble (stems), leaves and seed pods. Crop residues are an 
important source of organic matter that can be returned to soil for nutrient recycling and to improve soil 
physical, chemical and biological properties. Thus crop residues incorporation in soil enhances nutrient 
cycling, soil and water conservation, and subsequent crop yield (Grace et al., 2013; Sharma et al., 2014 and 
Shinde et al., 2019).  
Peat Moss: It is an accumulation of partially decayed vegetation or organic matter. It is found in areas of 
peat lands, bogs, moors. Peat is formed when plant material does not fully decay in acidic and anaerobic 
conditions. It helps to improves soil structure by increasing the water holding capacity. 
Humates: It is a mined ancient organic soil or products derived from oxidized lignite, an earthy, coal-like 
substance associated with lignite outcrops. Unlike peat, humates are thoroughly decayed or mineralized, so 
nutrients are available to plants. It Contains up to 35% humic acids that dissolve other nutrients for plant 
utilization. 
Biochar: Biochar is generally a solid, fine, granular and black charcoal material produced by slow pyrolysis 
of biomass often sourced from agricultural or forestry industries. Greater surface area, negative surface 
charge and high charge density of biochar enables greater ability to adsorb cations and to retain and 
exchange nutrients with soil environment, including microorganisms and plant roots. Biochar stabilizes 
biomass and native SOM, which enhances soil aeration, improves microbial activity and immobilize N which 
together reduces the emission of major greenhouse gases viz., CH4, CO2 and N2O.  
Inorganic soil conditioners: Inorganic soil conditioners are either mined or byproducts of manufacturing or 
some are both or man-made. They may be natural occurring or synthetically produced. The inorganic 
conditioners include the mineral conditioners such as Gypsum, Lime, pyrites, crushed rocks, flyash, sulfur, 
zeolites, phosphogypsum, etc. While synthetic conditioners include water soluble polymers used to stabilize 
clay, hydrogel polymers and synthetic binding agents which include anionic and catalytic polymers, non-
viable polymers and so on. 
 Soil conditioning with Inorganic soil conditioners implies improvement of the soil physical properties; 
thus permitting more effective utilization of soil and water resources. Inorganic soluble conditioners 
undergo physico-chemical reactions with soil constituents, especially the clay fraction. Thus, the application 
of different soil conditioners (VAMA, Krilium, PVA and Hygromull (a urea formaldehyde soil conditioner)) 
result in improved aggregation, porosity and hydraulic conductivity, decreased bulk density, improved 
porosity, improved infiltration, permeability and increased soil profile water (Doyle et al., 1960 and Nimah 
et al., 1983). 

https://en.wikipedia.org/wiki/Orchard
https://en.wikipedia.org/wiki/Plant_stem
https://en.wikipedia.org/wiki/Leaf
https://en.wikipedia.org/wiki/Seed
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Mineral conditioners:  This conditioner is used to retrieve problematic soil. Examples include Gypsum, 
Lime, sulfur, Crushed Rocks, dolomite, etc. 
Gypsum: Gypsum is a moderately soluble source of the essential plant nutrients, calcium and sulfur, and 
can improve overall plant growth. Gypsum has ability to displace exchangeable sodium from the cation 
exchange sites of soils which are high in sodium. It can be used to reclaim sodic soil (Deshpande et al., 
2011), saline areas or slick spots, soften, and crumble alkali hard pans. It supply calcium on low exchange 
capacity soils, and improve infiltration for some puddled soils. It also improves the physical chemical and 
biological properties of soils (Gore et al., 2011b), thus reducing erosion losses of soils and nutrient 
concentrations (especially phosphorus) in surface water runoff. 
Lime:  Lime is nothing but Calcium containing inorganic minerals, composed primarily of oxides, 
and hydroxide of calcium, which generally contains 75–95 percent CaCO3. It is used to restore soil pH 
balance in highly acidic soils. It acts as a source of calcium and works to raise soil pH. Lime is especially 
applied in overly acidic soil (with pH lower than 6.0) where low soil pH interferes with soils ability to absorb 
nutrients, including those from fertilizers.  
Fly ash: Fly ash is byproduct of thermal power plants. It is used in both soil amendment and plant nutrient 
sources. Fly ash is helpful in improving crop productivity and soil fertility. It not only helps in improving crop 
growth and yield in low fertility soils but also mobilizes macro and micronutrients in soil. It is used to 
produce novel soil condition known as “Biosil”. 
Other mineral conditioners: Limestone, Dolomite, Crushed rock, Elemental sulfur and other products high 
in calcium and/or magnesium helps to improve the physical condition of problematic soils, when applied at 
several tons per acre. 
Synthetic binding agents: These are the polymers applied at much lower rates which have been promoted 
as soil conditioners. The compounds are very high molecular weight, long-chain, polymeric, organic 
compounds, which bind particles together and form stable aggregates. Organic polymers used for 
improving aggregate stability, maintaining fertility and reducing seal formation which are mainly 
polysaccharides (PSD) and polyacrylamides (PAM). The addition of small amounts of these polymers (10–20 
kg ha−1), either sprayed directly on to the soil surface or added to the applied water, was noted to be 
effective in stabilizing and cementing aggregates together at the soil surface, and hence maintaining soil 
fertility in soils with ESP (>20). It consists of anionic and catalytic polymers, and non-viable polymers. 
Cationic polymers: Cationic polymers such as polyvinyl choride, (PVC) polyphenol hydrochloride (PPH) are 
absorbed by clay through cation exchange and here the calcium act as a bridge between clay and polymers. 
Cationic polymers have high flocculating power. 
Anionic polymers: Anionic polymers consist of hydrolyzed polyacrylontrile (HPAN) and Vinyl acetate- maleic 
acid (VAMA) copolymers. It is used in preventing crusting of highly sodic soils. The anion polymers 
peripheral complexes form linking clay lattice together in an edges to edges arrangement by series of 
hydrogen bond. They do not have flocculating power but stabilizes the flocculated clays. They are adsorbed 
on surface of dispersed particles and bind the particles by forming bridge between the particles. 
Non Ionic soil conditioners like Polyvinyl alcohol (PVA) which form interemicellar complex with expanding 
lattice type clay by suppressing swelling and the stability of soil aggregates i.e., caused by lining the pores 
with the polymers. 
Polyacrylamide: polymeric soil conditioners are known since the 1950s, these polymers were developed to 
improve the physical properties of soil in view to reduce surface sealing, increase seedling emergence; 
reduce runoff and erosion, fertilizer and pesticides losses. It is a synthetic binding agent which can be used 
in investigating physical quality of coarse textured soil which is often poor due to high % of macrospores. 
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Other Soil Conditioners: This category of soil conditioners includes industrial waste, enzyme, 
microorganisms and activators. 
Conclusion: In order to meet the ever increasing requirement of food grain and other farm products from 
the limited geographical area, we need to have wide use of soil conditioners in addition to conservation 
methods in farming. Soil conditioners are useful as they make soil more functional as an ecosystem and 
more efficient as support for crops. Before using the inorganic and organic soil conditioners, one should 
know the needs and requirements of their land.  
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FALL ARMYWORM (Spodoptera frugiperda): Rapidly spreading new invasive pest in India 
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1. INTRODUCTION  
The Fall Armyworm (Spodoptera frugiperda), is native to tropical and subtropical regions of the Americas. 
The Fall Armyworm can feed on more than 80 plant species, including maize, rice, sorghum, millet, 
sugarcane, vegetable crops and cotton. FAW can cause significant yield losses if not well managed. It can 
have several generations per year and the moth can fly up to 100 km per night. 
2. DISTRIBUTION AND SPREAD 
 FAW was first detected in Central and Western Africa in early 2016 (Goergen et al. 2016) and further 
reported and confirmed in the whole of mainland Southern Africa. By January 2018 FAW had been detected 
and reported in almost all Sub Saharan African countries, except Djibouti, Eritrea, and Lesotho. The pest 
having been detected in Sudan raises the alert for Egypt and Libya. 
FAW is expected to spread further in Africa. The modality of introduction, as well as FAW’s capacity of 
biological and ecological adaptation across Africa is still speculative. FAW is a damaging Trans-boundary 
pest that will continue to spread due to its biological characteristics and high volumes of trade between 
African countries.  
In India, it was first noticed in mid-May 2018 in Shivamogga, Karnataka. So far FAW is reported from 
Karnataka, Telangana, Andhra Pradesh, Maharashtra, Gujarat and Tamil Nadu. Massive surveys on war 
footing are undergoing (Shylesha et al. 2018 and Sharanabasappa et al. 2018) 
3. LIFECYCLE OF FALL ARMYWORM 
The Fall Armyworm lifecycle includes egg, 6 growth stages of caterpillar development (instars), pupa and 
adult moth. Under warm conditions, a female moth can lay 6 to 10 egg masses of 100 to 300 eggs each, 
giving a maximum of 1 500 to 2 000 eggs in her lifetime of 2-3 weeks. As for other pests, most eggs will not 
develop into adults due to mortality in different parts of the lifecycle. 
A. EGG 
Eggs are spherical (0.75 mm diameter); they are green at the time of oviposition and become light brown 
prior to eclosion. Egg maturity takes 2-3 days (20-30°C). Eggs are usually laid in masses of approximately 
150-200 eggs which are laid in two to four layers deep on the surface of the leaf. The egg mass is usually 
covered with a protective, felt-like layer of grey-pink scales (setae) from the female abdomen. Up to 1000 
eggs may be laid by each female. 
B. LARVA 
Larvae are a light green to dark brown with longitudinal stripes. In the sixth instar, larvae are 3-4 cm long. 
Larvae have eight prolegs and a pair of prolegs on the last abdominal segment. On hatching they are green 
with black lines and spots, and as they grow they either remain green or become buff-brown and have black 
dorsal and spiracular lines. If crowded (by a high population density and food shortage) the final instar can 
be almost black in its armyworm phase. Large larvae are characterized by an inverted Y-shape in yellow on 
the head, black dorsal pinnacle with long primary setae (two each side of each segment within the pale 
dorsal zone) and four black spots arranged in a square on the last abdominal segment. There are usually six 
larval instars, occasionally five.  
C. PUPA 
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Pupae are shorter than mature larvae (1.3-1.5 cm in males and 1.6-1.7 cm in females in), and are shiny 
brown. 
D. ADULT MALE 
Male body length is 1.6 cm and wingspan 3.7 cm. The forewing is mottled (Light brown, grey and straw) 
with a discal cell containing straw colour on three quarters of the area and dark brown on one quarter of 
the area. 
E. ADULT FEMALE 
Female body length is 1.7 cm and wingspan 3.8 cm. The forewing is mottled (dark brown, grey). Hind wings 
are straw colour with a dark brown margin. 
4. BIO-CONTROL AGENTS OF THE FALL ARMYWORM 
 The Fall Armyworm has many naturally-occurring ‘natural enemies’ or ‘farmers’ friends’. These biological 
control agents can be used for the management of the Fall Armyworm. List of bio-agents mentioned in 
table-1.  
5. CONCLUSION  
 From mid-2018 onwards, Fall Armyworms infesting large swathes of corn crops across India. With  the 
persistent and reticence attack of   FAW on maize  production,  notable  research  institutes  cum  
researchers  have  proffer  possible  prospect  to  curtail  this  menace. There is a need to effectively utilize 
and quantify the benefits of host plant resistance in multi-tactic Integrated Pest Management (IPM) 
programs and Keys to overcoming the barriers.  Systematic  analysis  of  compatibility  and  possible  
synergies  between  host  plant resistance  with  other  IPM  approaches  (e.g.,  biological and chemical 
control) with  regard  to FAW in India. 
 
Table-1: List of bio-agents 

A. PARASITOIDS 

Family Species 

Braconidae 

Chelonus curvimaculatus Cameron 

Chelonus maudae Huddleston 

Coccygidium luteum (Brullé) 

Cotesia icipe Fernández-Triana & Fiaboe 

Cotesia sp. 

Ichneumonidae 
Charops ater Szépligeti 

Charops sp. 

Platygastridae Telenomus sp. 

B. PREDATORS 

Name of Insect  group Species 

Earwigs Doru luteipes (Scudder) and Euborellia annulipes (Lucas). 

Ladybird beetles  Coleomegilla maculata DeGeer, Ollav-nigrum (Mulsant, 1866), 
Cycloneda sanguinea (L.); 

Ground beetles  Calosoma granulatum Perty, and Calosoma granulatum 

Assassin and flower bugs Zelus, Podisus, Nabis, Geocoris , Orius and Anthocoris 

C. BIOPESTICIDES  

1. Beauveria bassiana 
Barley, Brassica and  maize, Sweet corn, Sorghum, Tomato and 
Wheat 
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2. Bacillus thuringiensis 
subspecies 

Maize, Sweet corn  and Sorghum, 

3. kurstaki strain SA-11 Wheat 

4. Baculovirus Maize, Sweet corn and  Sorghum, 
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FALL ARMYWORM LIFECYCL 

CHARACTERISTICS MARKS ON CATERPILLAR 
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Young larvae- length 6-9 mm top view 

 

 

TOP VIEW SIDE VIEW 

Mature  larvae- length 30-36 mm  

  

TOP VIEW SIDE VIEW 
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Introduction 
The world’s population will increase by one-third between now and 2050. If current income and 
consumption growth trends to continue, FAO estimates that agricultural production will have to increase by 
60 percent by 2050 to satisfy the expected demand for food and feed. Agriculture must, therefore, 
transform itself to feed a growing global population and provide the basis for economic growth and poverty 
reduction. Climate change will make this task more difficult due to its adverse impacts on agriculture. 
Agriculture is “climate smart” when it contributes to increasing food security, adaptation and mitigation in 
a sustainable way (FAO). This new concept now dominates current discussion in agricultural development 
because of its capacity to unite the agendas of the agriculture, development and climate change 
communities under one brand. Climate smart village concept helped farmers to perform agriculture in 
profitable manner, key interventions in CSV’s includes weather, water, carbon, nutrient, energy and 
knowledge smart technologies. Climate smart agriculture has various levels such as farm, landscape, market 
and policy levels. In recent years orientation of social processes and norms towards mitigation efforts has 
been alternative to traditional mitigation action. Agricultural extension plays a significant role in CSA, 
providing technologies, capacity building, facilitating, co-ordination, institutional support, training, 
technology demonstration, ICT, feedback to government etc. A network project of ICAR, NICRA started in 
2011 that aims at enhancing the resilience of Indian agriculture to climate change and climate variability 
through strategic research and technology demonstration. CSA brings together practices, policies and 
institutions that are not necessarily new but are used in the context of climatic changes which is prime 
requirement in arena of climate change. 
Climate Smart Villages (CSVs) 
Climate smart village is a model of local actions for climate risk management in farming communities that 
promote adaptation, build resilience to climate stress and enhance food security. 
 
 
 
 
 
 
 
 
 
 
 
 
Climate Smart Village 
Key Focus of Climate Smart Village Model 
 To enhance the climate literacy of farmers and local stakeholders. 
 Develop a climate smart agriculture system by linking existing government village development schemes 
and investment. 
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 Promotion of combination of climate smart practices and technologies. 
Key Components of Climate Smart Village 
 Climate information service 
 Local Knowledge and Institution 
 Climate smart technology 
 Village development plans 
Key Interventions in a Climate-Smart Village 

Weather 
Smart 

Water smart Carbon smart Nitrogen smart Energy smart Knowledge Smart 

Seasonal 
weather 
forecasts 

Aquifer 
recharge 

Agro forestry Site specific 
nutrient 
management 

Biofuels Farmer-farmer 
learning 

ICT based 
agro-
advisories 

Rainwater 
harvesting 

Conservation 
tillage 

Precision fertilizers Fuel efficient 
engines 

Farmer networks 
on adaptation 
technologies 

Index based 
insurance 

Community 
management of 
water 

Land use 
systems 

Catch 
cropping/legumes 

Residue 
management 

Seed and fodder 
bank 
 

Climate 
analogues 

Laser levelling Livestock 
management 

 Minimum 
tillage 

Market 
information 

 On –farm water 
management 

  Solar solutions 
for agriculture 

Off-farm risk 
management-
kitchen garden 

Another model given by International centre for integrated mountain development (ICIMOD): 
It includes Nutrient smart, Water smart, ICT smart, Future smart, Crop smart and Energy smart 

Climate smart villages in India, 
First started in Bihar, Haryana and then in Madhya Pradesh, Maharashtra, Karnataka, Andhra Pradesh, 
Punjab etc. 
Extension Strategies for developing climate smart village 
1. Technologies and management information 
 Providing information 
 Promoting new technologies 
 Linking farmers to Researcher 
 Upscaling and Out scaling ITK’s 
 Enhancing skills 
2. Capacity development: Climate Field Schools (CFSs) have been established in West Java, Indonesia to 
deal with climate change in agriculture. Multimedia campaign planned by True Nature Kenya and the World 
Agroforestry Centre that will show films and offer educational follow-up by extension agents to publicize 
grassroots solutions to the problems of climate change. Education must thus move beyond technical 
training to enhance farmers’ abilities for planning, problem solving, critical thinking, prioritizing, 
negotiating, building consensus and leadership skills, working with multiple stakeholders and finally being 
proactive. Climate change adaptation funding should focus on extension systems and programs that 
incorporate a good understanding of what practices and skills are needed to best promote activities that 
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help in the climate change effort and on increasing the capacity of extension agents and farmers where 
needed 
3. Facilitating, brokering and implementing policies and programs: Acting as an honest broker bringing 
together different actors within the rural sector. Traditionally this has meant linking farmers to transport 
agents, markets and inputs suppliers among others. Extension has the chance to make a significant 
contribution to overcoming this gap through enhanced farmer decision making. Links farmers and other 
people in rural communities directly with voluntary and regulated carbon markets, private and public 
institutions that disseminate mitigation technologies and funding programs for adaptation investments. 
4. Co-ordination: Agriculture development system presents a complex coordination phenomenon inter-
institutional and interdisciplinary. Coordination is required within the disciplines/specializations, between 
institutions and departments and in functional areas like research, extension and training. The old concept 
of people’s participation and new thrust on participatory research and development bring farmers also in 
the framework of interactions at all levels 
5. Infrastructures/ Institutions: Rural institutions especially village cooperatives must function to meet the 
local needs of inputs-small and marginal farmers cannot afford to spend a lot of time in searching for the 
inputs. ‘Village Resources Development Societies’ being promoted in watershed areas under the 
Operational Research Projects of the ICAR involving local institutions and people in planning and 
implementation needs promotion and strengthening for sustainable rainfed agriculture. In order to provide 
practical solutions to hazards and sudden uncertainties in agricultural production there is need to establish 
emergency management units within every extension agency that will be trained to take charge of victims 
of disasters emanating from climate change risks such as flooding, erosion, acid rains, drought, 
submergence and poisoning from agricultural chemical. The primary role of extension is in the 
dissemination of innovations to targeted clientele ranging from farmers, pastoralists, fisher-folks, hunters, 
foresters, wine-tappers and other rural residents who depend on agriculture in one way or the other 
6. Materials: Village library may be promoted where extension publications in local language could be 
available for at least those who can read and write. The concept of mini-farmers fair in villages can be 
promoted. Mobile exhibition van and soil testing kits can prove useful and effective for promoting different 
agriculture systems approach. Extension staff should not suffer for want of simple common requirements 
like papers, pencils, pens, typing facility and other stationeries for effective bottom-up communication and 
reporting 
7. Training: Poor resource farmers have to be trained more for they are less enlightened mostly illiterate 
and neglected from the mainstream of development. Most of the trainings have to be in situ, off-campus/ 
village based for such farmers cannot afford to come for residential courses; they have to be one or two-
day courses. The training strategy should be to reach farmers, farm women and young farmers including 
boys and girls with special priority to school dropouts. We must build training infrastructures/institutions 
nearer to the farming situations as best as possible. KVKs being promoted in India for each district a good 
example in this respect 
8. Use of Technology demonstration: Extension agents can use various extension teaching approaches 
including method demonstration, result demonstration, print media (for example, posters, leaflets etc) and 
computer/ telecommunication media (for example internet, television, cinema, radio, computer, etc) to 
further inform and educate farmers on various issues of climate change. Farmers learn by doing and 
practices learnt during a demonstration session could lead to adoption of the technology 
9. Information and communication technology: The role of ICT to enhance food security and support 
farming cannot be ignored. Its role in agriculture which includes use of computers, Internet, geographical 
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information systems, mobile phones, radio and television was endorsed at the World Summit on the 
Information Society 2005. ICT especially mobile telephones can speed the way farmers in rural areas get, 
exchange and manipulate information. They rework the way farmers interact with markets and cities. The 
use of Kisan Mobile Advisory services (KMAS) by Krishi Vigyan Kendra’s in which the farmers get message 
for the relevant crop pest attack or use of various technologies during growth stage of the crop is the 
example in this respect 

Village level interventions towards climate resilient agriculture 
1. Building resilience in soil 
2. Adapted cultivars and cropping systems 
3. Rainwater harvesting and recycling 
4. Water saving technologies 
5. Farm machinery (custom hiring) centres 
6. Livestock and fishery interventions 
7. Weather based agro advisories 
8. Institutional interventions 
9. Village Climate Risk Management Committee (VCRMC) 

CONCLUSION: Climate smart village brings together practices, policies and institutions that are not 
necessarily new but are used in the context of climatic changes which is prime requirement in arena of 
climate change. Farmers possessed low level of knowledge regarding climate change, and they adopted 
traditional methods to mitigate the impact of climate change.  Small land holdings, poor extension services 
and non-availability of stress tolerant varieties were the major problems faced by the farmers in adoption 
to climate change. Development of climate smart village must undergo a significant transformation in order 
to meet the related challenges of food security and climate change. More research that incorporate 
behavioral economics into climate change mitigation is needed 
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INTRODUCTION: 
  Brewing of beer has been done for thousands of years. Brewing is essentially a combination of 
engineering with botany, biochemistry, chemistry, and microbiology. Archaeological evidence indicates that 
beer has been produced since before 4000 BC, but the microbiological nature of the process has been 
understood only for the past 150 years. The application of microbiology to optimize the process in terms of 
efficiency and quality is of even more recent date. There are two principal aspects to brewing microbiology: 
(a) the quality of the culture yeast itself, and (b) the control of various possible microbial contaminants. 
Almost all the Saccharomyces strains will produce ethanol as end product but in practice the yeast strains 
employed in beer production are classified into the groups of ale and lager yeasts Converting grains, like 
barley, through fermentation can produce a favorable beverage  
   The basic steps involved in brewing beer include malting, mashing, wort processing, fermentation, 
conditioning, and finishing. Malting and mashing steps are done to yield fermentative sugars from the 
grain. After the mashing step, the remaining liquid called wort contains the fermentative sugars. Wort is 
then heated to kill unwanted microorganisms, inactivate enzymes that is no longer needed, and contributes 
to the color and flavor characteristics of the finished product. Next, yeast, usually Saccharomyces species, is 
added to the wort and under controlled conditions fermentation takes place.  
  After the fermentation, various conditioning (clarification, flavor development, etc.) and finishing 
(chill-proofing, pasteurization, and packaging) steps can be done. By altering the grain type, processing and 
fermentation times and temperatures, yeast strain, and conditioning and finishing steps, differences in the 
final alcohol content and sensory characteristics of the product can be attained.  
  During fermentation, yeast excretes a range of molecules, in addition to ethanol and CO2, that can 
affect flavor of the beer. The ale strains used for the production of traditional hefeweizen products in 
Germany. They have a gene coding for ferulic acid decarboxylase, which converts ferulate derived from 
cereal cell walls to 4-vinylguaiacol, imparting a spicy, clove-like character. (Cui et al., 2010) 
  While beer fermentation itself is a monocultural microbial phenomenon, the complete process of 
beer production involves a succession of microbial constituents that dramatically influence the final 
product. The knowledge and management of these constituents at all stages will lead to dramatic increases 
in beer quality. A diverse set of microbes has been detected on barley, but only a few plant-pathogenic 
fungi have notable relevance to beer quality. Fusarium spp. And several other fungal pathogens of barley 
and other cereals are capable of producing mycotoxins that survive the brewing process and can be 
detected in finished beer (Wolf, 2007). 
  A number of mycotoxins have been detected in barley, including deoxynivalenol (DON; also known 
as “vomitoxin”), nivalenol, T-2 toxin, HT-2 toxin, and diacetoxyscirpenol . DON has been implicated as the 
most abundantly and commonly produced mycotoxin in Fusarium- infected grain (Kostelanska et al., 2009) 
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CONCLUSION: 
Malting ecosystem is indeed a dynamic process and exhibits continuous change, the understanding of the 
complex microbial communities and their role in malting helps in production of high quality beer. An 
enormously diverse group of microbes can contribute to the production and quality of beer.  
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INTRODUCTION 
  The world-wide farming system faces tremendous challenges. The United Nations Food and Agriculture 
Organization (UN FAO) expects that food production must be raised by 70% throughout the following 40 years 
to meet increasing demand due to rising economic welfare and population growth. The main challenge of 
global agriculture is providing a food to the growing population, which is predicted to increase from seven 
billion people today to approximately nine billion around the year 2050. Where as India's population, currently 
estimated at 1.34 billion, is projected to rise to 1.51 billion by 2030 and further to 1.66 billion by 2050. India is 
categorised by small-scale farmers. Furthermore 80% of the total land in the country is divided into pieces of 
less than 5 acres. The majority of the crops are dependent on rain, with around 45% of the land irrigated. It 
determines that around 55% of the total population in India depends on farming which is dependent on rain. 
Due to the acute labour shortage and high labour cost, changes in the climatic conditions, crop losses due to 
pests, poor availability of the funds and agricultural inputs, wastage of inputs, terrible support price structure 
these are all the problems which are limit the access for good quality of food for the people. Even though 
agriculture is the major sector of our economy, but still it is far short of western countries when it comes to 
adapting latest technologies for better farm output. In order to keep with the challenges, there is need to find 
ways to improve our current farming practices and processes with improved   technologies. Agricultural drones 
provide relief for the modern day farmer, which are helping to increasing productivity level and declining 
expenses by reducing the need for human labour and other input resources. 

Agricultural Drones 
Agricultural drones are drones applied to farming in order to help increase crop production and monitor crop 
growth. Through the use of advanced sensors and digital imaging capabilities, farmers are able to use these 
drones to help them gather a richer picture of their fields. Information gathered from such equipment may 
prove useful in improving crop yields and farm efficiency. 
Agricultural drones allow relief for the modern day farmer. Drone technology can cut down labour requirements 
and reduce resource requirements. Farmers are also able to use drones to retrieve aerial-view images of their 
fields. Visualizing its potential, first Japan Govt. deployed drones for pin pointing cause for dwindling of rice 
farmer in1986. About 35% of 
Japan's rice fields’ pest control is being accomplished with UAV. Now, Ministry of Agriculture, Forestry and 
Fisheries are focusing vigorously on use of drone in area of agriculture. 

Why one should select drone for Farming? 
1. The distinct feature of drones like low cost of operation, low elevation operation with hovering ability, light 
weight, ground station full control, efficient communication and operational ease may be harnessed for 
agricultural production, management and planning.  
2. The autonomous and stabilized flight of drones with navigation sensors and even low cost multi spectral or 
hyper spectral camera is able to geo decode aerial photographs of higher resolution of 1-2cm, a relatively better 
image resolution than that of any satellite based images because they covers larger areas like globe and 
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attaining up-to date information is expensive and having low resolution power (63cm) and it is affected by cloud 
cover.  
3. Whereas drones are giving very high pixels resolution, independent of cloud cover factors during critical 
periods of growth and instant information communication to the user. UAV can be operated at lower height and 
knitting with modern cost effective sensors can gather more precise information with lesser complexity. In this 
way, this platform may be resourceful for generating reliable agricultural statistic of site and time specific.  
4. The data can generate firm base for precision agricultural technologies e.g. variable rate application of 
fertilizer, pesticide, irrigation and other agricultural inputs. In turn, it may be proven effective tool for enhancing 
input use efficiency, profitability as well as protecting ecosystem.  
5. Apart from generating information of crop and land the UAV platform has potential for application of 
pesticides and fertilizers more judicious and safe manner. Tall crop canopy of sugarcane, pigeon pea, 
horticultural crop etc. has proven problematic for efficient spraying operation with conventional farm machines. 
In wet land condition, ground moving machines also induces adverse impact such as hardpan development. 6.  
6. Impact assessment data through drone of natural clematises e.g. drought, flood, hailstorm etc. may be useful 
for crop insurance or policy planner as it can provide data more precise and reliable.  
7. The innovative UAV platform for farming may lure to rural youth which diminishing, as it having the 
comfortable working environment. Along with that the spectral reflectance and thermal remittance properties 
of soils and crops to their agronomic and biophysical characteristics may be exploited for non-destructive 
monitoring of plant growth and development and for the detection of many environmental stresses which limit 
plant productivity through remote sensing methods. Apart from this  

Applications of drones in agriculture 
1. Soil and field analysis: Drones can be used for soil and field analysis. They can be used to produce accurate 3-
D maps that can be used for early soil analysis on soil property, moisture content, and soil erosion. This is very 
important in planning seed planting patterns. Even after planting, drone-driven soil analysis provides data for 
irrigation and nitrogen-level management in the soil. 
2. Planting: Though not quite prevalent just yet, some manufactures have come up with systems able to 
shoot pods with seeds and plant nutrients into the already prepared soil. These drone-planting systems will 
decrease planting costs by 85 percent.  
3.  Crop spraying: Distance-measuring equipment’s like ultrasonic echoing and lasers drones can adjust altitude 
with a change in topography and geography. Their ability to scan and modulate its distance from the ground 
enables them to spray the correct amount of the desired liquid evenly in real time. This results in increased 
efficiency with a reduction in amount of chemicals penetrating into groundwater. In fact experts estimates that 
spraying using drones will be proven 5 times faster than the traditional methods.  
4.  Crop monitoring: One of the largest obstacles in farming is inefficient crop monitoring of vast fields. 
Monitoring challenges are made worse by the rise of unpredictable weather patterns which leads to increased 
risk and maintenance cost. Previously, satellite imagery offered the most advanced form of monitoring. But 
there were drawbacks. Today drones equipped with surveillance technology, creating time series animations 
that can show the precise development of a crop and reveal production inefficiencies, enabling better crop 
management. 
5. Irrigation: Drones with hyper spectral, multispectral, or thermal sensors can identify which parts of a field are 
dry so water resources can be allocated much more economically i.e. more water for the dry areas and less for 
the wetter ones. Additionally, once the crop is growing, drones allow the calculation of the vegetation index, 
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which describes the relative density and health of the crop, and show the heat signature, the amount of energy 
or heat the crop emits. 
6. Health assessment: It’s essential to assess crop health and spot bacterial or fungal infections on trees. By 
scanning a crop using both visible and near-infrared light, drone-carried devices can identify which plants reflect 
different amounts of green light and NIR light. This information can produce multispectral images that track 
changes in plants and indicate their health. A speedy response can save an entire orchard. In addition, as soon 
as a sickness is discovered, farmers can apply and monitor remedies more precisely.  
7. Mid-field weed identification: Using NDVI sensor data and post flight image data we can create weed maps 
that will help the farmers in easily differentiate the high weed intensity areas from healthy crop areas which are 
growing alongside them.  
8. Cattle herd monitoring: Drones with thermal sensors are the solid option for monitoring herds from 
overhead, they see whether animals are missing, injured or birthing. Thus drones give livestock farmers a new 
way to keep an eye on their livestock at all the times resulting greater profits. 
9. Crop insurance: Aerial imagery can be used to quickly classify surveyed areas into cultivated and non-
cultivated land, and to assess how much damage has been caused by natural disasters. Crop insurers and 
insurance policy holders also benefit from readily-available and easily repeatable drone imagery. In India, 
insurers are planning to use UAVs to conduct assessment of crop losses after natural disasters, allowing them to 
more accurately and quickly calculate pay-outs. They can use the same data to construct statistical models for 
risk management, based on historical yield, pest, and weather data. Drone data might also be useful for the 
early detection and prediction of pest infestations, data that insurance companies could share with farmers. 
Finally, drone data can be used to detect insurance fraud, preventing fraudsters from insuring the same piece of 
land multiple times, or claiming damage where there is none. 

Some of the areas where drones application plays a major role are 
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CONCLUSION 
        Over the past decade there has been a growing number of examples of applications of drones in farming. 
However, there are still some crucial limitations related to drones including high initial costs, sensor capability, 
strict aviation regulations and lack of interest from the farmers may impede adoption of drones. Hence it is 
clear that the application of drones in farming is still in its early stage and maybe there is a considerable 
amount of room for further development concerned to both the technology and the various applications. 
Providentially, it is expected that with the development o f  drone technology, improved image processing 
techniques, lower costs and may allow drones to hover like tractors in future farms. 
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Fertilizer Control Order (FCO) 
Article id: 22005 
M.Kirithiga 
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INTRODUCTION 
To ensure that the farmers are supplied with standard quality fertilizers, the Central Government has 
promulgated an order called Fertilizer Control Order (FCO) in 1957 under section 3 of essential commodity 
act 1955.  A basic knowledge on the law would help the farmers to know their rights and privileges in 
respect of fertilizer and to approach proper authorities in case of redressal of any grievanses with regard to 
the supply of substandard fertilizer and over pricing.  The main provision of these are    
(i) Price control 
The Central Government may fix maximum price exclusive of sale tax and other local taxes at which any 
fertilizer may be sold. The Central Government can fix different prices for different area and also for 
different class of consumers.  No manufacturer (or) dealer shall sell the fertilizer to the consumer at a price 
exceeding the price fixed by Government. 
(ii) Manufacturer has to comply with some requirement 
Every manufacturer should have certificate of registration. 
None one shall manufacture any fertilizer mixture (or) special mixtures which is not of prescribed standards 
within such limits of permissible variation as laid down in schedule I of fertilizer control order. 

No person shall manufacture: 
(a) Any fertilizer mixture (or) mixed fertilizer other than the one permitted under the certificate of 
registration 
(b) Any fertilizer which is not packed and marketed as laid down in schedules 
(c) Any fertilizer which is an imitation (or) substitute for another fertilizer which is being sold 
(d) Any fertilizer which is adultrated 
(e) Any fertilizer which label (or) container bears a fictious name of a individual 
(f) Any fertilizer the label (or) container of which makes a false claim regarding the company  
(g) Any other material in the name of a fertilizer 
(h) Any fertilizer which is not exhibiting the minimum guarantee percentage of plant nutrient by weight 
in kg. 
(iii) Packing requirement 
Every bag container in which fertilizer is bagged should bear the particulars as may be specified from time 
to time. The bag should be packed and sealed with lead in such a way the contents there may not be 
tampered with (or) without breaking the seal. Lead seal is not necessary when bags are machine stitched in 
such a way that the contents thereof cannot be tampered with without visible break in the stitch.   
Every manufacturer can supply fertilizer in bulk to other manufacturer of mixed and complex fertilizer. 
 
Labelling  
Every manufacturer of straight (or) mixed fertilizer should legibly mark (or) the container following details. 
In case of mixed fertilizer 
1.  Register number if any, brand and name of mixed fertilizer 
2. Registered name of the company and trade mark if any 
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3. Organic and inorganic, total P2O5 and water soluble P2O5 and K2O and then as denoted by the letter N, P, 
P(S) and K 
4. The crop (or) crops to which the mixture is suitable and in the case of general mixture for all crops the 
expression as “All crops” 
5. The nutrient content by weight in Kg 
6. In case of straight fertilizer,  

i.  Name of manufacturer 
ii. Trade mark 

iii. Name of the fertilizer 
iv. Percentage of NPK by weight 
v. Content by weight in kg 

vi. As per the packaged commodities regulation order 1975, the manufacturer should furnish the following 
details for the 
a) Name of the packer if he is not a manufacturer 
b) The words when packaged after net weight 
c) The content by weight 

Display of fertilizer cost price 
 Every person who is engaged in the retail sale of fertilizer should prominently display in his place of 
business the following 
1. The quantity of different stocks of fertilizers held by on daily basis 
2. A price list of various fertilizers being in force at present 

Dealers – Requirement 
 Every dealer should get a certificate of registration from the registering authority. 
a) The certificate is valid upto 31st March 
b) It should be renewed with effect from 1st  April  
c) Application for such certificate should be accompanied by an authorization from the Government 
manufacturer (or) commodities board indicating the source from which fertilizer should be made available.  
d) If a person conducts business in more than one place, separate certificates of  registration should be 
obtained for each place 
e) The retailer should maintain proper accounts and record and should submit periodical written to local 
authorities. 
f) A retail dealer should store sufficient quantity of all major fertilizers either alone (or) in complexed form. 
g) No dealer should sell any fertilizer which is not prescribed standard as laid down in schedule one. If a 
non standard fertilizer is to be stored, the container of that fertilizer  must have superscription ”Non 
standard” and sign X  both in red colour. 
h) For selling non standard fertilizer, permission should be obtained from registering authority in proper 
proforma. 
i) The price of such non standard fertilizer will be fixed by the registering authority after analyzing nutrient 
content. 
  By 5th of every month retail dealer should submit registering authority with a copy to BDO (or) any 
other officer notified by the Government.  The details regarding opening stock, receipt, sale and closing 
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stock of fertilizer in the preceding month.  He should also submit other particulars as may be required by 
registering authority. 

Inspection of fertilizers 
 The State Government is authorized to nominate officials for the inspection of fertilizers and to ensure 
the following of fertilizer control order by fertilizer dealer. The inspecting officer can draw fertilizer 
samples, analyse in State Level Laboratory.  

Penalties 
 Infrigment of complaints with fertilizer control order can attract penalties as provided in the essential 
commodities act, 1955. Penalties include fine, imprisonment, or both in addition to cancellation of 
registration.  
 In 1972, Central Government under section12A of essential commodities act declared the fertilizer 
control Order as a special order for the summary trial.  As per this order the State Governments can punish 
any person deviating the fertilizer control order. 
 Persons convicted can be given imprisonment for a period of not exceeding one year.  A person 
convicted in a summary trial cannot appeal in case imprisonment is for a period of less than one month and 
a fine of Rs.2000/-. 

Fertilizer (movement control order) 1974   
 In order to ensure equitable distribution of fertilizer among different states inside the country the 
Central Government promulgated the fertilizer movement order.  As per this no person can export any 
fertilizer from any state or Union Territory of India. The list of companies which are exempted from this 
order is appended to Schedule I. 
 This order also exempts, Indian Potash Limited and State Warehousing Corporation.  Zinc sulphate, rock 
phosphate and bone meal are exempted from this act. 

Authority of implementation of FCO 
 The fertilizer controller, Central Government who is in rank of Joint Secretary in the Ministry of 
Agriculture is the authority to implement fertilizer control. Central Government and State Government are 
empowered to nominate controlling officer in respective states. The Director of Agriculture (or) his 
nominee is a controlling officer in every State. 
CONCLUSION : 
 This act besides ensuring quality has the provision for registering the dealership in fertilizer and also 
statutory control of fertilizer prices by the government. Every person involved in the fertilizer business 
namely manufacturers, dealers and salesman should have proper understanding of varied provision 
contained in this order so that infringement of the regulations are avoided. 
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INTRODUCTION  
  Agriculture has always been called the backbone of Indian economy, supporting the livelihoods of 
the majority of the population. Although India has a significant presence internationally in terms of 
production of key cereals, pulses, vegetables, fruits, and animal products, at the same time, productivity is 
fairly low. Despite a conducive policy environment and strong demand pull for the sector, key challenges 
plaguing the sector involve smaller holding size, dismal primary and secondary processing infrastructure, a 
convoluted supply chain with multiple levels and intermediaries, and limited last mile delivery of services, 
to name a few. With the increasing population and demand for better quality and higher quantity of  3F’s 
(food, fibre and feed), the performance pressure on farms is increasing remarkably. In such a situation, 
Agri-technology start-ups are such a meaningful solution across the agricultural value chain and can be in 
the form of a product, a service or an application. We have observed upright growth of agri start-ups in the 
country mainly in five areas: infrastructure development, supply chain, farm data analytics finance and 
related solutions, and information platforms. 
  Agri start-ups have received decent support from the government through supportive policies such 
as Start up India, Atal Innovation Mission, NewGen Innovation and Entrepreneurship Development Centre, 
the Venture Capital Finance Assistance (VCA) Scheme promoted by the Small Farmers’ Agri-Business 
Consortium and ASPIRE scheme and many more schemes. Such schemes along with well-recognised 
accelerators, incubators and mentors identified for the agri-tech start-up have been working in tandem to 
provide the best technical support and reduce the gestation period of agri start-ups (Vision 2030). 

Indian agriculture: Existing status and Emerging trends 
Agriculture plays a vital role in India’s economy. Over 58% of the rural households depend on agriculture as 
their principal means of livelihood. Gross value added (GVA) by agriculture, forestry and fishing is estimated 
at 17.67 trillion (Ministry of Agriculture & Farmers’ Welfare, 2018-19). Looking at the current status and a 
few projections, it is evident that India stands at the threshold of emerging domestic agri output and input 
demand, backed by higher disposable incomes across the socioeconomic classes (SECs) and significant 
technological upgrade in farm practices. 
India is the largest producer of spices, pulses, milk, tea, cashew and jute; and the second largest producer 
of wheat, rice, fruits and vegetables, sugarcane, cotton and oilseed. India is currently the world’s fourth 
largest producer of agrochemicals. India has the 10th largest arable land resources in the world. With 20 
agri-climatic regions, all 15 major climates in the world exist in India. The country also possesses 46 of the 
60 soil types in the world. Strategic geographic location and proximity to food-importing nations favour 
India in terms of exporting processed foods. India is also one of the largest manufacturers of farm 
equipment such as tractors, harvesters and tillers. India accounts for nearly one-third of the overall tractor 
production globally (2nd advance estimates, Central Statistics Office, 2018-19).  

Key areas of concern in Indian Agriculture 
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 Scattered and lower landholdings 
Indian farms are fragmented and small. Nationally, more than 70% are less than 1 ha, while the national 
average land holding is less than 2 ha, resulting in significantly low farm yields. In Europe and the US, 
average sizes are 30 times and 150 times those in India. Due to the growth of population and break-down 
of the joint family system, continuous subdivision of agricultural land into smaller and smaller plots has 
occurred. Moreover, most holdings are small and uneconomic. So, the advantages of large-scale farming 
cannot be derived, and cost per unit with ‘uneconomic’ holdings is high and output per hectare is low. As a 
result, farmers cannot generate sufficient marketable surplus. Thus, they are not only poor but, in many 
cases, are in debt (FAO, 2018-19). 

 Dismal processing percentage and supply chain infrastructure 
On the supply side, India presents abundant sources of raw material to meet the demands of the global 
food processing industry. The production advantages are huge; however, the level of processing for 
perishables continues to be very miniscule at around 10% and even lower for fruits and vegetables (~2%). 
On the other hand, the level of wastage of agri produce is very high and is estimated at over 15 billion 
annually due to the rickety supply chain network (APEDA, 2018-19).Warehousing and supply chain capacity 
in India has not kept pace with the production and procurement increase. The government buys grains 
from farmers but does not have adequate space to store them. The preponderance of middlemen and 
agents in Indian agriculture renders the farmers and farming situations, still worse. Farmer needs on the 
demand-side are controlled by middlemen and agents who own the fragmented supply chains. They even 
control the produce pricing. Such a convoluted supply chain with poor infrastructure needs digital and 
disruptive solutions for amelioration. 

 Lower productivity limiting per unit yields for growers 
Nationally, India registers significant levels of production, but the agricultural yield is lower than that of 
other large producing countries and from the world averages. The contribution percentage of key food 
grains in acreage terms is about 15%, but the production contribution is only 8.7%, which indicates 
productivity woes. The productivity issue in agriculture is a culmination of multiple issues in agriculture and 
may be observed as an applied issue rather than a basic one. Some of the issues are lack of assured 
irrigation facilities, institutional credit, tenancy issues, and available technologies in agriculture are a few. 
The exhibit below explains the existing situation of Indian productivity vis the global scenario. 

 Limited last mile delivery of products and services in agriculture 
In India, farmers may not be aware of all the schemes that are implemented by the Central Government 
and state governments for their welfare. The existing platform at the panchayat, Common Service Centre 
(CSC), Krishi Vigyan Kendras (KVK) that is, the Farm Science Centre, Department of Agriculture level seems 
limited in making available requisite products and services to the real beneficiary. This knowledge, digital 
and physical divide not only leads to market distortions but also product distortions and slippages, leading 
to multiple losses to agriculture.  
In such a situation, Agri-technology start-ups can be such a meaningful solution across the agricultural value 
chain and can be in the form of a product, a service or an application. 

Agri start-ups in India: Technological solution 
Agricultural start-ups in India are still at a nascent stage. The combined revenue of all agritech start-ups in 
India is estimated to be less than 100 million USD, which is a drop in the ocean in a global market (World 
Economic Outlook Database, 2018). Thus, the opportunity to scale and disrupt is huge. Globally, agricultural 
technology start-ups are prevalent in agricultural biotechnology, online farm-to-consumer, farm 
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management software, sensing and IoT, robotics, mechanisation equipment, novel farming systems, food 
safety, and traceability, etc. India continues to be among the top six countries globally, with the highest 
number of deals in agricultural technology after US, Canada, UK, Israel and France in terms of global 
investments (Agritech in India, 2018). 

Broad categorisation of agri start-ups in India 
Based on solutions provided to support the agri value chain, agri start-ups can be categorised into four 
segments: 

 Big data based agri start-ups 
Development of farm-specific, data-driven diagnostics to determine soil and crop health has come up as a 
big opportunity area. Start-ups are leveraging drones or tractor-based solutions to get data (both on 
weather and agricultural) on field to determine risk. Growing Smartphone penetration will enable precise 
decision making in farming activity, helping farmers to drive increased productivity and revenue while 
reducing unit costs.  

 Start-ups developed around the market  
Innovations must be included to help farmers with timely and accurate estimation of sowing and harvesting 
in sync with consumer demand patterns. Such linkages operate at the two critical ends of the supply chain: 
input and output models. These models aim to link producers to remunerative sourcing agencies for 
procurement and to profitable buyers for output sales. 

 Start-ups developed around Farming as a Service (FAAS) 
Specific farm practices are being identified for provision of technological breakthrough services. Activities 
such as equipment renting and crop care practices are areas likely to see market traction. FAAS seeks to 
provide affordable technology solutions for efficient farming. It converts fixed costs into variable costs for 
farmers, thus making the techniques more affordable for a majority of small farmers. Its services are 
available on a subscription or pay-per-use basis in different categories, which are crucial across the 
agriculture value chain. 

 IoT enabled technology based agri start-ups 
Smart farming, including high-precision crop control, data collection, and automated farming techniques, 
will remove inefficiencies and boost productivity. Information on crop yields, rainfall patterns, pest 
infestation and soil nutrition can be used to improve farming techniques over time. Predominantly software 
based solutions is the key feature for such solutions.  
There are many examples of agritech start-ups in India under each of the above categories. The overall 
ecosystem supporting such hatchling novel initiatives is promising and positive in the country. 

Challenges faced by the agri start-up’s in India 
Selling products and technologies to farmers is widely recognised as a big challenge, and it is one area 
where many start-ups have not figured out a successful model. Aligning with farmers’ needs and 
committing to improve productivity is not an easy task, as getting farmers to acquire the skills required to 
adopt these technologies involves a lot of effort. 

 Low landholding size 
Small and scattered landholdings of farmers reduce the scope of technology scale up, leading to poor cost 
effectiveness. 

 Long gestation period 
Technology adoption and penetration is a very slow process which certainly diminishes investors’ interest. 
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 Technology affordability 
High-priced technology solutions are unaffordable for a large user group, i.e. small and marginal farmers. 

 Skill adaptability 
Making farmers adaptive to the required skills for working on advanced technologies requires significant 
effort. 

 Regulatory and policy issues 
Regulations are favourable, but are complex in nature. Facilitating adoption of proven technologies through 
subsidy is yet to gain momentum. 

Conclusion and Future Perspectives 
Indian agriculture has moved far beyond the production of basic food grains. The past strategies have been 
successful in the sense that India transformed from import dependence to self-sufficiency. However, the 
key question that arises is whether our existing strategies adequately prioritise the key elements that have 
the potential to bring prosperity to farmers by providing cost-reducing solutions and achieving desired 
growth in future. A substantial part of our agricultural growth evolves through application of new 
technologies. This will certainly change the way agriculture is done in our country and ensure future growth 
without compromising the man-machine linkage. However, such innovation-led growth of agriculture in our 
country should ensure all stakeholders in the agricultural chain contribute and benefit, starting with the 
farmer. This signifies that sustainable and innovation-led growth of Indian agriculture would require a 
strong alliance with promising agri start-ups. This will certainly escort in game changers into the 
agribusiness arena and will inject new wave of transformation in the agriculture value chain. The time has 
come to articulate agricultural strategies with innovations. Therefore, leveraging the efforts of agri start-
ups is imperative in Indian agri-system. 
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1. INTRODUCTION 
Most of the developing countries are facing a problem, how to increase agricultural production without 
degrading the environment? Food is a basic human need and producing enough to feed the growing 
population of developing nations is one of the biggest challenges. Hence, there should be a greater 
intervention in form of environment friendly technology in food production. One of such intervention is 
adequate management of agro-waste, particularly as it concerns agricultural and food processing wastes. 
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. Finding ingenious resolution for proficient management of waste is difficult as breakdown of 
waste requires special processes that entangle time, energy, and expense. It is necessary to perceive the 
problem at the intrinsic starting of waste generation. It is important to view ‘waste’ as a valuable ‘resource’ 
that can be converted into a variety of useful products. This process of conversion of waste to a product 
that can be put to primary use can be viewed as a process of generating wealth. Hence the phrase ‘Waste 
to Wealth’. Waste-to-wealth has been used as the concept to address the environmental problem by 
changing the traditional view of waste as an end product to be disposed off. Raising of environmental 
awareness and turn it into potential value has seen as a big dispute for the world. Given the magnitude of 
waste generated, innovative waste conversion processes can create micro-entrepreneurship fortuity on an 
enormous scale. In India, the potential of waste to wealth enterprise is very high. Increasing opportunities 
for this enterprise can have assorted advantages. 
 It can bring back useless and discarded waste products into economic use and lead to: 
a) Reduction of pressure persuaded by waste on the environment; 
b) Creation of opportunities for livelihood generation in a relatively new area thereby enhance fiscal 
activity; and 
c) Impact quality of life. 
  The composition of waste depends on the system and type of agricultural activities viz. liquid, slurry 
or solid, which can be soluble/insoluble, combustible/incombustible, toxic/nontoxic. It 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, pruning) and 
hazardous and toxic agricultural waste (pesticides, insecticides and herbicides, etc.). Estimation of 
agricultural waste is difficult but contributed a significant proportion of the total waste. Expanding 
agricultural production has naturally resulted in increased quantities of livestock waste, agricultural crop 
residues and agro-industrial by-products. There is likely to be a significant increase in agricultural wastes 
globally if developing countries continue to intensify farming systems. It is estimated that about 998 million 
tonnes (MT) of agricultural waste is produced yearly worldwide and among this India is producing about 
350 MT of agricultural waste. Organic wastes can amount up to 80 percent of the total solid wastes 
generated in any farm of which manure production can amount up to 5.27 kg/day/1000 kg live weight, on a 
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wet weight basis. Agricultural waste can be converted into different forms which are beneficial to reduce 
pollution and to provide wealth. Some methods of conversion are given below:  
1.1. Convert Agricultural Waste to Animal Feed: Most of the agricultural waste have monetary importance 
for the farmers. Waste generated from post-harvest operations viz. threshing, dehusking and the milling 
process can be used directly on the farm for the feeding of various animals and for the development of 
various value-added products. Rice and wheat bran can be served directly to some animals such as goat, 
cattle, even pigs. While corn bran, groundnut cake, sesame cake can be integrated with other elements and 
served to poultry birds as feeds. Dead birds can be served to catfish as a good source of food.  
Most of the agricultural waster have monetary importance to the farmers. Waste generated from post-
harvest operations viz. threshing, dehusking and the milling process can be used directly on the farm for the 
feeding of various animals and for the development of various value-added products. Rice and wheat bran 
can be served directly to some animals such as goat, cattle, grass cutter even pigs. While corn bran, 
groundnut cake, sesame cake can be integrated with other elements and served to poultry birds as feeds. 
Dead birds can be served to catfish as a good source of food.  
1.2. Convert Agricultural Waste to Fuel: Biomass, major by-product produced from agricultural offers the 
discovery of bio-fuel and biogas. Globally, 140 billion MT of biomass is generated every year from 
agriculture. The generation of biogas from food and animal waste helps to reduce or cut down the cost of 
acquiring cooking gas. Biogas is also used as fuel for power plants. Interesting thing about this technology is 
that is economical and bio-friendly. Agro-waste is also applicable for the production of other products: such 
as briquette, soap etc.  
Biomass residues can be categorized into three main groups: 
a) Primary biomass residues  available at the farm; 
b) Secondary biomass residues  released in the agro-food industry; and  
c) Tertiary biomass  remaining after use of products. 
1.3. Convert Agricultural Waste to Organic Manure: It can be converted into organic manure, which is a 
better option than the inorganic manure for optimum crop production. Organic manure boosts the crop 
production and as well as lower the cost involvement and offers various health’s benefits, which is a serious 
problem caused by using the various inorganic manures for the cultivation of crops.  The use of organic 
manure is good but the application of raw animal waste on farm land could lead land pollution. Secondly, 
some animal wastes are acidic in nature and can lead to the death of crops. So the best advice is to let 
waste decompose first. Decomposition helps to breakdown the acidic content of the waste and makes it 
less harmful to the soil and the plants which it is meant to nourish. 
1.4. Convert Agricultural Waste to Cash: Most agricultural waste can be sold out to people for other 
purposes. There are vegetable farms who will gladly buy the poultry waste so as to use it as manure on 
their farms. Agricultural waste such as rice bran, corn husk can be used for as feed or as fuel in factories.  

2. Agricultural Waste Management  
Management of agricultural waste can be possible by applying the following functions: 

 Production, collection, storage, treatment, transfer and utilization 
Production encompasses the function of the amount and nature of agricultural waste generated by an 
agricultural enterprise. Collection refers the initial capture and gathering of the waste from the point of 
origin or deposition to a collection point. Storage refers the temporary containment of the waste that gives 
the manager control over the scheduling and timing of the system functions. Treatment is conducted to 
reduce the pollution potential of the waste, including physical, biological, and chemical treatment. Transfer 
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function involves the movement and transportation of the waste from the collection point to the storage 
facility, to the treatment facility, and to the utilization site. Utilization includes recycling reclaimable agro 
waste and reviving nonreusable waste products into the environment. 
3. Generation of Agricultural Waste from Food Processing Industries 
Food waste is a food loss occurring during the retail and final consumption stages due to the behaviour of 
retailers and consumers-that is, the throwing away of food. Loss and wastage occurs at all stages of the 
food supply chain or value chain. In low-income countries, most loss occurs during production, while in 
developed countries much food-about 100 kilograms per person per year is wasted at the consumption 
stage. Food industry produces large volume of wastes, both solids and liquid, resulting from the production, 
preparation and consumption of food. These wastes are severe pollution problems and represent a loss of 
valuable biomass and nutrients. Beside their pollution and hazard aspects, in many cases, food processing 
wastes might have potential for conversion into useful products of higher value as by-product, or even as 
raw material for other industries, or for use as food or feed after biological treatment. Table-1 enlisted the 
waste streams in food processing sectors. 
Table-1: Waste streams in food processing sectors 

Industry  Waste Streams 

Dairy Products Spills, production residuals, off-specification and outdated products, 
cleaning or transport residuals, production and other equipments, 
truck wash water, tank wash/rinse water, sanitizing chemicals 

Fruits and 
vegetables 
products 

Overflow, spillage from conveyors, packaging, rejects, peels, 
outdated materials, conveying water, plume water, wash water, 
blanching water 

Meat Blood and blood rinse, hides, hair, paunch manure, inedible fats, 
rendering water, eviscerated parts 

Poultry Blood and blood rinse, scalding water, feathers, eviscerated parts, 
flume water, wash water 

The composition of wastes emerging from food processing factories is extremely varied and depends on 
both the nature of the product and the production technique employed. Wastes of food processing 
industry have the following characteristics:  
1. Large amounts of organic materials such as proteins, carbohydrates and lipids 
2. Amounts of suspended solids depending on the source 
3. High biochemical oxygen demand (BOD) or chemical oxygen demand (COD) 

For example, wastes from meat processing plants contain a high fat and protein content, whilst waste from 
the canning industry contains high concentrations of sugar and starches. Also, the waste may not only differ 
from site to site but also vary from one time of the year to another. Furthermore, the volume and 
concentration of the waste material will not be constant. This may cause some problems in managing a 
consistent working process due to fluctuations in the nature, composition and quantity of raw materials. 
Sugars, oils and other compounds of bio-waste can be converted into platform chemicals directly. These 
building block chemicals have a high transformation potential for conversion into new families of useful 
molecules such as lubricant, flavours, nutraceuticals, solvents, polymers and pharmaceuticals.  
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Recycling, reprocessing and eventual utilization of food processing residues offer potential of returning 
these by-products to beneficial uses rather than their discharge to the environment which cause 
detrimental environmental effects. Successful food waste reprocessing involves:  
a) Analysing recovered by-products suitable for beneficial use, 
b) Promoting marketability to ensure profitable operating,  
c) Employing reprocessing technology, and 
d) Creating an overall enterprise that is acceptable and economically feasible. 
In addition to food waste, food industry also uses a large amount of water. A proportion of water used may 
leave as part of the products, for example in beer, but much of it is discharged as effluent in a dirtier state 
than it entered. A large volume is discharged to surface waters, where the substances it contains may cause 
pollution. With the exception of some toxic cleaning products, wastewater from food-processing facilities is 
organic and can be treated by conventional biological technologies. State, Federal, and, in some cases, local 
laws regulated the application of sludge to a certain degree. It is recommended that sludge and wastewater 
should not be stored on the farm, but should be applied immediately to the land. The diverse types of 
waste generated by various branches of the food industry can be quantified based on each branches' 
respective level of production.  
4. Generation of Agricultural Waste from Poultry Houses and Slaughterhouses: 
According to 2017 report, egg production in India is 75 billion and the broiler production is 4.2 million 
tonnes per annum. Layer market growth is 6-7% per annum and broiler market is 8-10% per annum. 
Commercial poultry farms plays important role in about 75% of egg production, remaining comes from 
household/backyard poultry. Waste generated from poultry operations includes manure, dead poultry, 
litter, wash-flush water, and wasted feed. Litter of poultry encompasses high nutrient value, which is used 
as fertiliser by many farmers. Poultry waste can also be used for the production of methane gas, thermally 
converted as a fuel source, or reused as bedding.  
Waste generated from slaughter houses such as beef operations produces manure, bedding, and 
contaminated runoff. It can be used as bedding for livestock, as an energy source, or it can be marketed as 
compost, but the best form of utilization is land application. Utilization of swine waste can be done as an 
energy source through anaerobic digestion or thermo-chemical conversion processes.  
5. Generation of Energy from Agro-Waste  
The production of energy from agricultural waste has been utilized to varying degrees in different parts of 
the world. Besides generating revenue from the energy produced, waste-to-energy schemes offer an 
alternative and environmentally acceptable means of waste disposal. Additionally, the schemes also 
provide a valuable by-product: a good quality agricultural fertilizer that is nearly odourless. With the 
concern over future energy shortages and increasing costs of conventional fuels and electricity derived 
from them, there is increasing interest in using anaerobic digestion as a source of renewable energy while 
providing acceptable waste management. Although agro-waste always associated with disposal costs. 
Therefore, there is an urge to convert it “waste-to-energy” for heat and power generation, and even in 
some cases for transport fuel production, can have good economic and market potential. Generation of 
such energy poses applicability in rural areas and many countries. The produced energy could be a valuable 
domestic energy source contributing to energy security; being non-intermittent it can complement other 
renewable energy sources.  
There are some primary biomass processing technologies based on direct combustion (for 
power), anaerobic digestion (for methane-rich biogas), fermentation (of sugars for alcohols), oil exaction 
(for biodiesel), pyrolysis (for biochar, gas and oils) and gasification (for carbon monoxide and hydrogen-rich 
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syngas). An array of secondary treatments (stabilization, dewatering, upgrading, refining) followed the 
primary technologies, depending on specific final products. Energy generation from baled agro-waste is an 
adequate and cost-effective process. It is important to select the appropriate processing technology aligned 
with nature and structural composition of the biomass with the desired output. For example: direct 
combustion or gasification of biomass is appropriate when heat and power are required. Anaerobic 
digestion, fermentation and oil extraction are suitable when specific biomass wastes are available that have 
easily extractable oils and sugars or high water contents. On the other hand, only thermal processing of 
biomass by pyrolysis can provide the platform for all of the above forms of product. Biofuel production 
from agricultural wastes has taken new magnitude that even farmer groups, urban local bodies and 
municipal corporations in developing countries are contemplating to set up biofuel plants in decentralised 
manner. 
Example: A ton of dairy waste can be transformed into roughly 5.5 percent dry matter, 68 percent biogas, 
with 19.3 normal cubic meters/ton of methane and 28.4/normal cubic meters/ton of biogas produced. This 
translates into 74 kWh/ton of electrical energy or 75,000 kcal/ton of thermal energy. 
6. Value Addition 
The concept of “waste valorisation”, or adding value to the waste stream, refers a process of increasing the 
economic value and consumer appeal of an agricultural commodity. It is basically an alternative production 
and marketing strategy. Conventional food-waste processing traditionally involves incinerating for energy 
recovery, conversion to animal feed or composting. Adding value to products can be accomplished in a 
number of different ways, but generally falls into two main types: 
1. Creating Value (Innovation, Industrial Innovation) and  
2. Capturing Value (Coordination).  
Creating value occurs with actual or perceived value to a customer for a superior product or service, 
innovative new products, enhance a product’s characteristics, enhance services, create brand names, and 
develop unique customer experiences. 
Capturing value happens by changing the distribution of value in the food/fibre production chain. It is 
meant to ‘capture’ more of the consumer dollar through: direct marketing, vertical integration, producer 
alliances, and cooperative efforts. 
7. Generation of Wealth from Agricultural Waste 
The concept of waste is a falsity, as all output from farming is an item of value. “Waste to wealth” is an 
artificial construct-the waste is only in the eye of the beholder that imagines waste-when actually the all 
farming output has inherent value. There is a need to end the perception of waste from farms and instead 
to view every unit of output as an opportunity to generate value. Government is focussing on doubling 
farmer’s income. Income can be increased by adopting various activities beyond the primary agriculture. A 
term which is now a days is under major concerns ‘Secondary Agriculture (SA)’ includes “all practices and 
process which add value to primary agricultural commodities by using efficient technologies, market 
information and consumer preference. It promotes the activity related to beyond the uses of land and 
labour (known as vertical elasticity) from Kharif and Rabi season. SA can add two to three fold value to 
primary agriculture which will increase the income of rural as well as urban people. Small scale activities 
such as beekeeping, vermin-compost units, organic colour or dye making, mushroom spawning, silk worm 
breeding, nurseries, among others, would also be good examples of secondary agriculture where rural 
manpower, skills and locally available inputs are utilized. Secondary agriculture, driving the growth of 
primary agriculture is envisaged as under:  
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a) Planned withdrawal of working force from primary sector by establishing appropriate linkages with 
secondary agricultural sector. 
b) Encash the changing demand towards value added products by promoting diversification of primary 
agriculture so that farmers improve their production base. 
c) Building strong demand through value addition and promotion for underutilised crops such as minor 
millets, medicinal and aromatic plants and crop by-products so that farmers realise higher returns.  
d) Encouraging rural industrialisation so that the demand for primary produce is increased as they are used 
as raw material by the industry and the required quality inputs are made available to improve primary 
agriculture.  
e) Improvement of supply chain management to reduce the transaction cost and to expand market for 
primary agricultural commodities.  
f) Development of human resource to undertake research and extension relating to secondary agriculture.  
8. Agricultural Waste and the Environment 
  The impact of agricultural waste on the environment depends not only on the amounts generated 
but also on the disposal methods used. Some of the disposal practices pollute the environment. For 
example, agricultural waste burning is a common practice in the undeveloped countries, but it is a source of 
atmospheric pollution. Agricultural waste burning releases pollutants such as carbon monoxide, nitrous 
oxide, nitrogen dioxide and particles (smoke carbon). These pollutants are accompanied by the formation 
of ozone and nitric acid, hence contributing to acid deposition thereby posing risk to human and ecological 
health.  For example: Burning of Paddy and wheat straw in fields in Punjab, Haryana, and Western Uttar 
Pradesh is a major issue in India, which causes serious air pollution. It can be resolved by utilising it as an 
animal feed by applying pyrolysis treatment, making cardboard, paper and other products. It can be uses as 
a mulching material for various crops cultivation and also can be used as organic manure by tillage it in the 
field. India is producing about 111.01 million tonnes of rice in 2017-18 and according to research; every one 
million tonne of paddy produce double straw in quantity. India is not unique in this problem but some parts 
of South East Asia and Africa are also facing the same problem.  
  Environmental pollution from animal waste (faeces, urine, and respiration and fermentation gases) 
is a global concern and is much more acute and serious in countries with high concentrations of animals on 
a limited land base for manure disposal. Animal wastes are excreted in solid, liquid, and gaseous forms. 
After excretion, animal waste is subjected to microbial conversion (mainly anaerobic), which converts 
organic substrates into microbial biomass and soluble and gaseous products. Some of these products have 
an impact on the environment, as well as water quality, soil deterioration, and air pollution. Additionally, 
the application of excessive animal wastes on land as fertilizer and soil conditioner is subject to surface run-
off and leaching that may contaminate ground or surface waters. For that reason, nitrate leaching is 
considered a major nitrogen (N) pollution concern on livestock farms. When phosphorus (P) enters the 
surface waters from land application of excessive animal manure it can stimulate the growth of algae and 
other aquatic plants. Their subsequent decomposition results in an increased oxygen demand that 
interferes with the welfare of fish. Manure decomposition can be a major source of methane (CH4), 
ammonia (NH3) and nitrogen oxides, which contribute to accumulation of greenhouse gases. Volatilization 
of ammonia causes acid deposition, which contributes to acid precipitation. Emissions of nitrous oxide 
(N2O) during the nitrification-denitrification cycle contribute to ozone depletion. 
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9. Agricultural Waste and Food Security  
Agricultural wastes can be used to enhance food security mainly through their use as bio-fertilizer and soil 
amendment, use as animal feed, and energy production. They contain large amounts of organic matter, and 
many of them can be directly added to the soil without any risk. Turning these agricultural wastes into 
organic fertilizers (through composting) is one of the waste treatment technologies that make it possible to 
use organic waste as a fertilizer even in populated areas. Technology plays a key role in soil fertility 
improvement, and hence crop productivity. The use of organic fertilizers is particularly important, where 
low availability of nutrients is a serious constraint for food production.  
Both crop residues and animal waste can be used as animal feed. However, the nutrient content of animal 
waste depends on the animal species, type of feed, and bedding material used. The use of broiler litter in 
cattle feeding is a widely applied practice. It is worth noting that animals, especially ruminants are useful in 
converting crop residues into food, hence contributing substantially to reducing potential pollutants. The 
rumen contains the microbial enzyme cellulose, which is the only enzyme to digest the most abundant 
plant product, cellulose. With ruminants, nutrients in by-products are utilized and do not become a waste-
disposal problem. Most of the major agro-based industries are located in the states of Andhra Pradesh, 
Gujarat, Karnataka, Madhya Pradesh, Maharashtra, Tamil Nadu and Uttar Pradesh. There is a need to 
establish more small scale industries in rural and remote areas for the utilisation of agro-waste. 

10. Government Initiatives for Promoting Agricultural Waste to Wealth 
Government is promoting various schemes/ campaigns to reduce the waste generation and to convert it 
into wealth.  Ministry of Drinking Water & Sanitation has launched Gobar-Dhan (galvanising organic bio 
agro resources) aims to positively impact village cleanliness and generate wealth and energy from cattle 
and organic waste and to create new jobs linked to waste collection, transportation, biogas sales, etc. 
Himachal Pradesh Government launched a Zero Budget Natural Farming (ZBNF) project to promote organic 
farming. 
Farmers use earthworms, cow dung, urine, plants, human excreta and such biological fertilizers for crop 
protection by eliminating chemical fertilisers and pesticides.   

11. Preventive Measures for Reduction of Agricultural Waste  
11.1. Segregation of Waste: It is necessary to understand the science and art of waste management and 
product development. It will trace the life cycle of various forms of waste, starting from its generation to 
diverse forms of disposal; classification as biodegradable or non-bio-degradable and hazardous or non-
hazardous; process for management; mechanisms for conversion to usable products, if any; impact on 
health, environment and socio-economic issues. Segregation is the pivot for recycling and for realising 
“Waste to Wealth”. 
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11.2. Adoption of 5 R Principle: Generation of waste and its utilization causes a loss of material and energy. 
To reduce this waste and to save energy, awareness programs should be arranged by national and 
international institutes to spread knowledge of good agricultural practice (GAP). The goals of such programs 
should be to grow high quality farm produces through optimization of farm input, understanding of 
environmental impact in agriculture, farming operation. Adoption of 5 R (refuse, reduce, reuse, recycle and 
recover) is required to reduce the generation of waste. 5 R is a strategy to form zero or low waste. The 5Rs 
Principle offers a sustainable, environment friendly alternative to deal with the enormous challenge posed 
by waste with its obvious impact on human health, environment and natural ecosystems. It looks at waste 
as a resource at every stage of its life cycle. This defines waste hierarchy as a set of priorities for the 
proficient use of assets and underpins the objectives of waste management and wealth generation. 
a) Refuse: It encourages the community to avoid unnecessary consumption, use of items with least 
packaging, utilisation of least resources to produce, repeatable use,  to buy the products that are recycled, 
recyclable, repairable, refillable, re-usable or biodegradable. 
b) Reduce: It costs much less to make processes more efficient and prevent wastes from occurring than to 
later consume more energy and materials to capture the wastes and then to reuse, recycle, or dispose of 
them. 
c) Reuse: It involves using resources in their existing forms without further reprocessing thereby minimizing 
additional labour, material, water, and energy required for recycling. 
d) Recycle: It involves transforming resources into a form that can be used as an input to a new process 
(e.g., recovering aluminium or plastic from drink containers, reprocessing a by-product from a chemical 
process, or processing wastewater for secondary use). 
e) Recover: Resource recovery occurs after reduce, reuse and recycle has been attempted. It entails 
conversion of waste materials for the recovery of resources (such as electricity, heat, compost and fuel) or 
as metals, glass etc. through thermal and/ or biological means. 
11.3. Practising Resource Efficient Technique: Practicing resource efficiency techniques involves using 
smaller amounts of physical resources and generating less waste to produce the same product or service. In 
a resource efficient economy and society, traditionally ‘valueless’ wastes can be considered resources for a 
new tier of the economy. They can be recovered (or prevented from being lost) through greater efficiency 
and management at every stage of production and consumption. Even many hazardous or toxic materials 
may be recycled or re-refined for reuse. Concept of ‘take-make-waste’ makes a closed loop or circular 
economy whereby materials, components and goods have more than one useful life and are reused, 
repaired, reconditioned, remanufactured and ultimately cycled at different levels in the economy. There is 
greater resource efficiency, achieved by reducing consumption and waste of materials, and by reusing and 
recycling by-products. The production of unnecessary waste should be kept to a minimum. For example, a 
large part of the waste associated with many livestock operations includes contaminated runoff from open 
holding areas. The runoff can be reduced by restricting the size of open holding areas, roofing part of the 
holding area, and installing gutters and diversions to direct uncontaminated water away from the waste. A 
proverb to remember is, “Keep the clean water clean”. 
11.4 Development of Small Scale Industries: This step will reduce the production of waste and reduce 
pollution, transportation cost while transporting from field to cities. It can be harnessed by developing and 
promoting enterprises at or near farms, which are based on the output from agriculture and manage the 
post-harvest on-farm value addition as goods or market linking services. 
11.5 Development of Protocols for Waste Management: Development of protocols related to collection, 
storage, treatment, transfer and utilization of agro-waste is necessary. Proper waste utilization will assist in 
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developing our agricultural sector and provide viable wealth resource for many. Development of rules and 
regulations related to burning of open field straw of wheat and paddy and also for its utilisation as by-
products. 

CONCLUSION: Agro-waste is a valuable resource to generate wealth. Creation of wealth from agro-waste is 
a beneficial tool to reduce environmental pollution, to promote food security, to increase fiscal growth, to 
improve crop cultivation etc. It is an urge of time to create awareness about to adopt 5 R principle. There is 
also an urge to set up centres of excellence in waste management. To reduce the carbon foot-print, it is 
advisable to generate less waste from initial stage of agro-product development. Along with concerning on 
primary agriculture cultivation, it is necessary to focus on secondary cultivation to generate more wealth 
from agro-waste. To formulate more wealth from agro-waste, establishments of small scale industries 
should be developed in rural and remote areas. Government should initiate more schemes and provides 
subsidy for farmers to encourage for adopting the process of agro-waste to wealth. 
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Mini tractor for all agriculture purposes –An Economic farming 
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1Maddali Anusha 
1Ph.D. scholar, Dept of Farm Machinery & Power Engineering 
CTAE, MPUAT, Udaipur-313001 
 
 Agriculture is the main occupation in our country and more than 70 percent of the population 
dependent directly or indirectly on agriculture. In India, more than 75 percent of the farmers own 
marginal and small land less than 2 hectares. Due to poor investing capacities of farmers, they are 
directly depending on the available animal power (animal + human power) for doing agricultural works. 
But farmers are inclining towards use of machineries due to shortage of labor i.e. human power at peak 
time of sowing, harvesting and threshing. This demands the farmers to buy good quality machines which 
serves for almost all the agricultural purposes with better sales and service facilities, but at a low cost. 
This demand can be fulfilled by a mini tractor which can be useful for all agricultural purposes with usage 
of different implements used for different field operations. This mini tractor serves better for economic 
farming. 

INTRODUCTION 
 Mini tractor is having same feature like big tractor, but only customized in wheel track, weight, height, 
turning radius etc. as per farmer suitability. Small tractor is capable of performing all agriculture operations 
along with usage of different implements. Mini tractor comes with the hp range of below 20 HP. The cost of 
mini tractor is also less when compared to big tractor. It also minimizes the fuel consumption and reduces 
the operating and maintenance costs which add benefit to the farmer and farmer can buy the mini tractor 
easily with low cost. 

Main features of mini tractors 
1. It is compact in size  
2. It has short turning radius which benefits the field operations easily during corner sharp turns. 
3. Lesser in weight. 
4. Low operating and maintenance costs 
5. Multipurpose usage for all agricultural and commercial operations. 
6. Lower fuel efficiency depends mainly on field and operating conditions. 

Benefits of mini tractors over big tractor and animal power 
The following table-1 shows the benefits of small tractor over big tractor and animal power. 

Table-1 Benefits of mini tractors 

S.No Agricultural Operations Big tractor Small tractor Animal power 

1. Deep ploughing YES YES NO 

2. Cultivation YES YES YES 

3. Inter cultivation NO YES YES 

4. Effective transportation YES YES NO 

5. Harvesting YES YES NO 

6. Threshing YES YES NO 
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7. Grapes spraying NO YES NO 

  Table-1 clearly indicates that for inter-cultivation operations and grape spraying requires a mini 
tractor and big tractor cannot serve the purpose of these operations. Mini tractor is necessary due to 
unavailability of labors during peak time. This could be beneficial for farmers for cost cutting purposes as 
the cost of labor will be high during peak seasons. As these mini tractors is fuel efficient with low 
maintenance and operating cost, can efficiently serve the purpose of farmers and reduce the cost of 
cultivation. The marginal and small land farmers can have more viability and can easily afford the cost of 
small tractor. This can even reduce the risk of labor crisis during peak seasons. Hence timeliness of farm 
operations can be achieved with effective yield and increases the productivity of the crop. Mini tractors are 
more useful for farmers for economical farming. 
 Traditional farming by using animal power can be substituted by these mini tractors as they are capable 
of doing all agricultural operations in time. Mini tractors are more useful when farmers use crop rotation 
because; this method requires timely completion of agricultural operations in sequence. 

Some of the uses of mini tractors 
Agricultural uses of mini tractor 
1. Land Preparation 
2. Seed and Fertilizer application 
3. Pesticide spraying 
4. Inter cultivation 
5. Irrigation practices 
6. Threshing  
7. Haulage 
Commercial uses of mini tractor 
1. Water Supply 
2. Road Swiping 
3. Power generation 
4. Lawn moving 
5. Loading and unloading purposes 
6. Transportation purposes 
7. Daggering 
8. Mud pumping 

CONCLUSION 
 Tractors play an important role in the field of agriculture. It is important to have timeliness of operations 
for better production and productivity. By buying these mini tractors at low cost serves the purpose of the 
marginal and small farmers. Economical farming using mini tractors is the way for the farmers who cannot 
afford in buying big tractors. These tractors are not only useful for agricultural purposes but also for 
commercial purposes which can benefit for the farmers for better returns. 
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Soil-plant-water system under submergence 
Article id: 
Jyotirmaya Sahoo1, Md. Basit Raza1, Ajin S Anil1, Kingshuk Modak1 
1Division of Soil Science and Agricultural Chemistry, ICAR-Indian Agricultural Research Institute 

INTRODUCTION 
Submergence or waterlogging stress is caused by soil flooding depending on the depth of the water table, 
which creates composite and complex stresses in plants. These stresses cause economic damage associated 
with long-term social consequences on agricultural land. Adverse conditions like depletion of oxygen, 
intensification of reduction, aerobic layer at the soil-water interface, anaerobic layer below the soil surface 
are created. Thickness of layers is dependent upon supply and demand of oxygen, amount of soil organic 
material, readily decomposable organic residues having thickness of 1 mm or so. 

Electro-chemical changes 
1. pH 
Depletion of oxygen, accumulation of CO2, initiation of reduction process, increase in acidic soils, decrease 
in calcareous soils 
2. Redox Potential 
• Aerobic soils : - +500 to +700 millivolts 
• Flooded soil  :    -300 to  -400 millivolts 
• Nitrates are reduced first followed by ferric  and sulphate 
3. Redox situation in rice culture 
• First = Highly oxidized state- NH4-N to NO3-N, organic residue- CO2, NO3, SO4 etc. 
• Second = Reduced state- NH4, Fe2+,  
• Third =  Highly reduced state -  Fe2+, sulphide ions 

Nutrient transformations 
1. Nitrogen transformation 
• Nitrogen supply mainly from three sources: nitrogen added as fertilizer, ammonium nitgron present in 
the soil, nitrogen mineralization from organic matter and crop residues. 
• Losses of nitrogen: denitrification, ammonia volatilization, ammonium fixation, leaching and run-off 
losses 
 
 
 
 
 
 
 

 
 
 

Fig. Characteristics of oxidized and reduced zones  in flooded rice soil 
2. Phosphorus Transformation 
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• Release of P from mineralization of organic residues, reduction of ferric phosphate to more soluble 
ferrous phosphate and increase solubility of Al- phosphate, release of occluded phosphate by reduction of 
hydrated ferric oxide coating, displacement of P from ferric and aluminium phosphates by organic anions, 
increase in solubility of calcium phosphates, anion (phosphate) exchange between clay and organic anions 
3. Iron and Manganese Transformation 
• Uses oxidized soils compounds like MnO2, reduction of Mn concurrently takes place with nitrate 
 The intensity of reduction depends upon: 
• Time of flooding, content of organic matter, content of active iron, Mn and nitrate etc. 
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Detection of Insect In stored Food Grains 
Article id: 22011 
Km. Sheetal Banga1, Sunil Kumar2, Nachiket Kotwaliwale3,  
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CCS Haryana Agricultural University, Hisar, India-125004 

INTRODUCTION  
Insects caused qualitative as well as quantitative losses in stored food grains. Infestation caused by insects 
starts from field level and sometimes in some cereals it starts from plant level. In India, according to a study 
conducted by ICAR-CIPHET, Ludhiana on storage losses assessment, 0.75-1.21% losses in cereals, while the 
losses in the case of pulses and oilseeds were found in the range of 1.18-1.67% and 0.22-1.61%, 
respectively (Jha et al., 2015). The economic value of harvest and post-harvest losses of agricultural 
produces are estimated to be INR 926510 million (based on production data of 2012-13 and wholesale 
prices of 2014, India) (Jha et al., 2015). The reasons behind these losses are improper infrastructure of 
storage, inadequate transportation facilities etc. It is very important to reduce these post-harvest losses by 
adopting proper storage infrastructure and suitable detection methods. 
Several detection methods are available, which detects the insects at different stages of insect 
development by using different mechanisms. Classification of developed insect detection techniques are 
given below: 
1. Conventional methods of insect detection 
i. Detection of insect presence 

a. Visual inspection 
b. Probe sampling and trap method 
c. Visual lures and Pheromones   

ii. Detection of insect density  
a. Berlese funnel method   
b. Uric acid method  
c. Hidden infestation detector 

2. Modern methods of insect detection 
i. Conductance based method 

a. Electrically conductive roller mill 
ii. Olfactory based methods 

a. Solid phase micro-extraction (SPME) 
b. Electronic nose (E-nose)  

iii. Electromagnetic-spectrum based methods 
a. Imaging methods  

 Machine vision within visible domain  

 X-ray imaging  

 Thermal imaging  
b. Non-imaging methods  
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 Electronic grain probe insect counter (EGPIC)  

 NIR spectroscopy  

 Acoustic detection 
Among the above mentioned methods, some of the methods are widely accepted. Some of these 
techniques are time-consuming, expensive, have potential health hazard, and less efficient. Among these 
techniques, manual sampling traps and probes are the most common methods used on farms, while 
manual inspection, sieving, and Berlese funnel method are used in grain storage and handling facilities 
(Banga et al., 2018). However, these methods are slow and are not able to detect the hidden infestation at 
early stages of primary pest species (Curculionidae, Bostrichidae, Gelechiidae, and Bruchidae), whose 
population are ten times more than the free-living insects (Fleurat-lessard, 2006). The approach of modern 
methods in stored food grains may offer an easy, rapid solution to detect both internal and external 
infestation even of low density, through less destruction of materials, so that decisive action can be taken 
as early as possible. Some of the technologies use sensors, cameras, microscope, radiation sources, 
volatiles, sound etc. as measures for insect detection (Banga et al., 2019). These methods need 
comparatively less labour than the conventional methods; however, the labor should be skilled enough to 
control the sophisticated equipment as per the protocols.  
  Detection of internal insects in stored food grains can be accomplished by X-ray imaging, thermal 
imaging, and acoustic method (Fig. 1) (Banga et al., 2019) etc. These methods detect the infestation 
without deteriorating the samples.  

 
Figure 1: Acoustic detection of insects in stored food legumes (Banga et al., 2019) 

Detection of insects in stored food grains at an early stage is necessary to reduce the post-harvest losses as 
well as to take the maximum profit by providing the insect free grains. Ministry of Agriculture, Fisheries and 
Food Inspector, Britain, developed some notations for the use of sack, storage, and sampling inspection 
(Banga et al., 2018) (Table 1).  

Character Specification Number of insects 

C - Clear or none No insects Require protection from cross-infestation and 
regular inspection. 

F - Few or light Irregular occurrence of few 
numbers of insects. Absence of 

< 20 insects per 90 kg sieved sample for a few 
notations (requires disinfestation in near 
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insects in sacks future). 20-300 insects per 90 kg sieve sample 
for light notation. 

MN - Moderate 
numbers 

Regular occurrence and formation 
of small population of insects 

50-300 insects per 90 kg sieved sample. 

LN - Large numbers Large number of insects creeping 
on the stack surface 

300-1500 insects per 80 kg sieved sample. 

VLN - Very large 
numbers 

Intense occurrence of insects, 
audible and dead skins seen 
around the stalk 

>1500 insects per 90 kg sieved sample. 

CONCLUSION: Monitoring of stored food grains by adopting suitable technique is imperative to reduce the 
post-harvest losses. Selection of proper monitoring detection techniques also depends on the storage 
structure. Still in India, food grains are stored in gunny bags, which is the major cause of   insect 
proliferation. Along with suitable detection technique it is equi important that food grains should be stored 
in scientifically designed storage structure.  

REFERENCES 
[1]. Banga, K. S., Kotwaliwale, N., Mohapatra, D., & Giri, S.K. (2018). Techniques for insect detection in stored 

food grains: An overview. Food Control. 94, 167-176. 
[2]. Banga, K. S., Kotwaliwale, N., Mohapatra, D., Giri, S. K., & Babu, V. B. (2019). Bioacoustic detection of 

Callosobruchus chinensis and Callosobruchus maculatus in bulk stored chickpea (Cicer arietinum) and green 
gram (Vigna radiata). Food Control, 104, 278-287. 

[3]. Fleurat-Lessard, F. (2006).Advanced methods for the monitoring of fungal spoilage and insect pest infestation 
risks during cereal storage. Industries des Céréales, 148. 

[4]. Jha, S.N., Vishwakarma, Ahmad, T., Rai, A.k. & Dixit, A.K. (2015). Report on assessment of Quantitative 
harvest and post-harvest losses of major crops and commodities in India. ICAR- All India Coordinated 
Research Project on Post-Harvest Technology, ICAR-CIPHET, Ludhiana. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

43 
 

Effect of manures and fertilizers on available micronutrients under different cropping systems 
Article id: 22012 
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1Division of Soil Science and Agricultural Chemistry, ICAR-Indian Agricultural Research Institute 

INTRODUCTION 
Increased use of chemical fertilizers in an unbalanced manner has created problem of multiple nutrient 
deficiencies, particularly micronutrients. The deficiency of micronutrients have become one of the major 
constraints in sustaining crop production in the present day agriculture. Deficiency of micronutrients could 
occur due to Cultivation of high yielding crop varieties, increase in cropping intensity, increased use of high 
analysis fertilizers, decreased use of organic manures, reduced recycling of crop residues, poor quality 
irrigation water. Micronutrients are very essential for plant growth, but are required in much smaller 
amount than primary nutrients. Organic manures have been found to be beneficial for improving physical, 
chemical and biological properties of soil and as well as increase soils ability to furnish nutrients to plants 
during their growth stages. Thus, their importance is increasing day by day and has been seen to be a viable 
method for decreasing the deficiencies of micronutrients. Organic amendments, such as farmyard manure 
(FYM) and green manures are known to improve soil productivity. 

Micronutrient Availability 
 Addition of organic manures with inorganic fertilizers is the best combination to improve the Zn, Fe and 
Mn status of soil 
 Rice-wheat cropping system is major consumer of micronutrients compared with maize-wheat, cotton-
wheat, sorghum and pulses based cropping system 
 Maize-wheat cropping system can mobilize more Zn, Fe and Mn in the soil then rice-wheat system 
 Inclusion of green manures, leguminous and pulse crops helped to mobilize more Zn, Fe and Mn in soils.  
 Among different manures, FYM and Vermicompost releases more Zn, Fe and Mn in the soil 
 Application of organic manures resulted in redistribution of micronutrients from non-available forms 
(CARB and CFeO) to readily available (WSEX) and potentially available (OM, MnO, AFeO) forms 
 Integrated nutrient management significantly increases availability of micronutrient cations 
 Micronutrient fractions go on changing and are sensitive to continuous cropping and fertilization 
 The concentration of plant available fractions of micronutrient cations in soil were in the order: GM > 
FYM > WS treatment 
 Higher content of WS+EX, CA, MnOX and OM bound fractions of micronutrient cations was observed 
under INM 
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Microencapsulation of functional ingredients for food applications 
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INTRODUCTION 
The increasing interest in functional foods nowadays, food not only serves to satisfy the primal urge of hunger, 
but also is a means to promote consumer’s health. In this context, the food industry has focused on avoiding the 
potential harmfulness of synthetic food additives and on developing novel food products containing health-
promoting ingredients. Therefore, bioactive natural products are considered as viable and safer substitutes to 
satisfy the world market demand for new products (Milner, 1959).  Microencapsulation may be defined as the 
packaging technology of solids, liquid or gaseous material with thin polymeric coatings, forming small particles 
called microcapsules. The polymer acts as a protective film, isolating the core and avoiding the effect of its 
inadequate exposure. This membrane dissolves itself through a specific stimulus, releasing the core in the ideal 
place or at the ideal time (Suave, 2006). Microencapsulation has numerous applications in areas such as the 
pharmaceutical, agricultural, medical and food industries, being widely used in the encapsulation of essential 
oils, colorings, flavorings, sweeteners and microorganisms (Azeredo, 2005).  

The problems related to the use of free bioactives 
Bioactive ingredients are generally prone to degradation, both during storage and food processing, as many of 
them are physically, chemically or enzymatically unstable leading to their degradation with the consequent loss 
of bioactivity. In many cases the mechanism involved in the degradation of these bioactive molecules is very 
complex and still unknown (Espin et al., 2007). The processing steps of a food matrix involve the action of 
endogenous enzymes, water activity, and oxygen pressure and also thermal/mechanical energy and all of these 
factors can influence the degradation or transformation of the bioactive molecules leading to the loss of their 
intended characteristics. Phenolic compounds and vitamins (e.g. vitamins C and E) are more sensitive to 
blanching and long-term freezing treatments than mineral. Despite the processing steps, the perishability of 
food is also a limitation in their intake in the free form. This is because the shelf life determines whether a 
particular food maintains its characteristics and bioactive properties.   
 
The advantages of using microencapsulated bioactives 

 It can provide a tool to protect natural extracts and compounds from the action of biotic, abiotic, and 
biological factors.  

 The success of a delivery system based on microencapsulation can be measured by the bioactives behavior 
during food processing and storage. 

 It also increases the solubility, dispersibility and flow of the bioactives. 

 Essential oils have also some organoleptic related problems, most of them presenting an unpleasant taste 
and odor, with very poor water solubility and high volatility. 

Microencapsulation techniques 

 Spray-based process 

 Coacervation 

 Emulsion based process.  

 Extrusion based process.  

 Supercritical fluid based process. 
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 Ultrasound based process.  

Encapsulation materials 
When designing an experiment protocol for the development of encapsulated products, the shell material 
choice is one of the most important steps, firstly because it has to be non-toxic to the organism, its preparation 
should consider environmental issues and use clean solvents (water soluble materials are therefore preferable) 
and, finally, because it plays a crucial role in the bioactive release behavior. Conditions such as pH, temperature, 
salts and ion concentration also have to be taken into account and defined in accordance with the ultimate 
objective of the developed microcapsules. The coating material and its physical structure strongly influence the 
product development; nevertheless there are some constraints since law does not allow the application of some 
materials in food.  

Incorporation of microencapsulated bioactives in food matrices 
1) Bioactive extracts 

The main reason to consider a bioactive extract is related to synergistic effects occurring among their 
components that often result in increased bioactive characteristics. Crude extracts represent a significant part of 
the microencapsulation studies, followed by polyphenols, essential oils, vitamins, proteins and fat extracts.  

2) Bioactive compounds 
The importance of studying individual bioactive compounds lies in their powerful bioactivities, with different 
applications, such as in pharmaceutical and food industries. In this context their isolation from the original 
matrix is an interesting of study and provides an added value to the developed products.  
Incorporation in food matrices 
The sector of cereals, bread and pasta, is also significant in applicability studies. Tea, soup and meat are also 
food matrices that have been tested for incorporation of bioactive microcapsules. Martins et al obtained a 
higher antioxidant activity in yogurt with microencapsulated extracts, compared with the use of extracts in the 
free form and with the control.  

Overall Conclusions and Future Perspectives 
An overview regarding the application of microcapsules in the stabilization of functional compounds for food 
applications has been growing interest in the development of microcapsules loaded with probiotic bacteria, 
phenolic compounds, and carotenoids from natural sources. The main objectives of this strategy are to improve 
the stability of bioactive compounds against adverse environmental conditions, their incorporation into food 
matrices conferring functional properties to food products, and to enable their controlled release at a specific 
target after food ingestion. The most widely used encapsulating processes are spray-drying followed by complex 
coacervation. Additionally, further studies are needed to access the effective bioavailability of released 
functional compounds after ingestion, which is correlated.  

REFERENCES 
[1]. Azeredo, H.M.C.  2005.  Encapsulation technology applications, Food Nutri, vol. 16, pp.89-97, 2005 . 
[2]. Cilek, B. A., Luca, V., Hasirci, S and Sumnu, G. 2012. Eur. Food Res. Technol, vol. 235, pp: 587–596. 
[3]. Espín, J.C., Carcía, M. T and TomásBarberán, F.A. 2007.  Phytochemistry, vol. 68, pp: 2986–3008. 
[4]. Kuang,  S. S.,  Oliveira, J.C  and  Crean, M. A. 2010. Crit. Rev. Food Sci. Nutri, vol. 50, pp: 951–968. 
[5]. Malic, A L., Barros, A., Carvalho, C. M.,  Santos-Buelga.,  Fernandes, F and I. C. F.  R, Ferreira. 2014. Food 

Funct, vol. 5, pp: 1091–1100. 
[6]. Mílner, J.A. 2010.  Am. J. Clin. Nutr, vol.7, pp: 1654–1659. 
[7]. Suave, J. 2006.  Microencapsulation application for different applications, Asian Journal of Food Sci, vol. 7, pp: 

12-20.  



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

46 
 

Optimization of cost of cultivation 
Article id: 22014 
1Maddali Anusha 
Ph.D. scholar, Dept of Farm Machinery & Power Engineering 
College of Technology & Engineering, Udaipur, Rajasthan-313001 
 
INTRODUCTION 
Traditional way of farming being one of the easiest process of cultivation for farmers where usage of animal 
power and regular practice has been given more importance rather to go for an optimized cost where a 
farmer input becomes comparatively less than as they practice now. Today also the thinking of some 
farmers is being in the same way where they look for more seed more yield. The experiment of using 
standard methods of cultivation where they can be profitable with more production is like a myth for them. 
Optimization of cost of cultivation is vital for farmers where time and money both can be saved. In current 
situation timely completion of all the farm activities, better management and supervision increases both 
production and productivity with increased cropping intensity. To achieve this, mechanization must be 
given more importance, where, tractor becomes prime mover and basic unit of power which drives all 
modern farm machinery which consequently reduces the drudgery associated with traditional farming. 
Besides, tractor makes the farm activities as a pleasant job giving the younger generation also to adopt 
farming as a profession. 
Methodology: 
The main reason for the farmer for increased cost of cultivation is improper selection of tractors without 
considering the needs of their own farm and latest features of tractor which may result in purchase of 
higher or lower horsepower tractor and mismatched machinery. Higher horsepower tractors result in high 
fuel consumption as well as higher cost of maintenance and purchasing lower horsepower tractors cannot 
fulfill the farmer’s power requirements according to the field conditions and results in longer working 
periods.  
 Apart from these facts several methods can be suggested to decrease cost of cultivation which can be 
seen below point wise. These methods will not just decrease cost of cultivation but will also benefit farmers 
to earn more profit and encourage the youth generation to opt as agriculture as their profession with pride. 
Methods: 
1. Lowering the cost of seed 
2. Replacement of traditional methods with mechanization 
3. In time replacement of farm machine 
4. Appropriate application of seed and fertilizer for better efficiency 
5. Prior soil tests for better crop growth and yield 
6. Reduced cost of production 
7. Change in cropping pattern 
8. Utilizing Custom hiring services of farm machinery 
9. Utilizing the own farm machine for custom work 
10. Choosing single machinery over multiple machineries 

1. Lowering the cost of seed 
 To have significant savings on seed, early ordering is the most appropriate method. Bulk ordering often 
reduces the cost of seed through discounts. This can be done by purchasing the seed together with 
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neighboring farmers and ordering the seed from known dealers. This is the effective method for lowering 
the cost of seed. Instead of paying for seed and package, it’s better to pay for seed itself. Discussing with 
dealer in effective manner ensures the lower seed cost. Some companies offer discounts by giving 
herbicides along with seeds. Always make sure whether the purchased product suits the weed spectrum or 
not. Besides seed cost plays a vital role once we are discussing about reducing the cost of cultivation and 
making more profit from the cultivation we prefer. 

2. Replacement of traditional methods with mechanization 
 Mechanization is a powerful tool when compares with traditional methods in achieving higher results as 
it enhances human capacity and allows timeliness of operation along with efficiency and consistency in field 
operations. Increasing labor productivity cannot increase the crop productivity. The use of labor can be 
reduced to some extent for reduced cost of cultivation as the cost of labor also high in demands. Instead 
the available expenses can be used for mechanized method which reduces the labor cost as well as cost of 
cultivation which adds benefit to the farmer. 

3. In time replacement of farm machine 
It is important to decide whether to replace or keep existing farm equipment in appropriate time, farmer 
must consider the relevance between the farm equipment’s whether a new machine will improve from his 
bottom line or not. If the worn-out old machine is unreliable and obsolete due to technological 
developments, then delay in purchase of new machine may reduce the yield. Instead of worrying about 
repairs and maintenance costs of old machine, the new machine will probably be cheaper than the old one. 
Following such practice get definitely add some more benefit as far as cost of cultivation is being calculated 
giving again next option for profit addition in our practice. 

4. Appropriate application of seed and fertilizer for better efficiency 
 Sowing of seeds and fertilizer application using traditional practices not only increases the seed and 
fertilizer rate but also increases the cost of cultivation. Delayed sowing operation also results in poor crop 
stand and yield. By using the mechanized sowing of crops with seed cum fertilizer drills increases yield due 
to sowing of required quantity of seed at proper depth and uniform application of fertilizer by applying 
appropriate amount by using metered mechanism without affecting crop growth during the critical early 
stages. It saves sowing time, seed rate and fertilizer rate which affect the cost of cultivation. It consequently 
increases the gross income and better returns to the farmer.  

5. Prior soil tests for better crop growth and yield 
 Instead of using traditional practices like broadcasting method which increases the fertilizer usage and 
consequently increases the cost of cultivation. By using mechanical method like seed cum fertilizer drill may 
reduce the usage of fertilizer as well as the labor cost along with some miscellaneous costs. This can even 
reduce the drudgery by using mechanical methods. Timely sowing and fertilizer application could happen 
without reducing the yield. Using soil test method prior to the fertilizer application helps to cut some 
fertilizer expenses. This prior test method improves the yield by using the appropriate fertilizer that fits to 
the respective field conditions. It also helps to improve the amount of fertilizer needed more or less at the 
particular places. Instead of applying more fertilizer to all over the field and increase expenses, it is better 
to have soil test prior to the application for better crop growth and good yield. This can be added as benefit 
to the farmer and cut the unwanted expenses. 
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6. Reduced cost of production 
 There are good chances to reduce the cost of production if farm operations are mechanized as it saves 
time, labor and drudgery reduction, timeliness of farm operations which leads to higher yields. The main 
objective of mechanization over traditional practices is to enhance the productivity and production with the 
reduced cost of productions. The cost of production can be reduced more easily in case of large-scale 
production which means unit cost is less. Non-availability of labors in traditional methods is a major risk and 
thus wastage increases. 

7. Change in cropping pattern 
Instead of having a single crop in a year, you might be able to reduce input cost by adding bajra and wheat 
or wheat and Maize to your rotation rather than growing a year of maize after maize. But there is increase 
in disease if same crop is used continuously. For example, continuous maize crop all over the year or for 
years together brings disease challenges. For following crop rotation practices timeliness of farm operations 
are very important. Proper time should be maintained between each crop to ensure high productivity 
otherwise leads to losses. 

8. Utilizing Custom hiring services of farm machinery 
 Custom hiring is the most popular method of acquiring farm machinery services for a longer period or 
shorter period of time by the farmer. The farmer should be able to own or hire his machinery based on his 
land holding size and cropping pattern. Some farmers may not be having enough area for crop production. 
In that case instead of owning a farm machine, utilizing the custom hiring services may reduce the cost of 
production. If some of the machineries like combine harvester, thresher cannot be purchased then farmers 
can hire from the custom hiring services or from neighboring farmers. Lower rent cost is a direct saving or 
can be said cost cutting during cultivation. 

9. Utilizing the own farm machine for custom work 
 The farmer who lack sufficient land holding can also do some custom work with his own machine, but, 
the custom hiring work must not interfere with doing his work on his own farm. This benefits farmer and 
can be the aid of financial support and consequently reducing his cost of cultivation 

10. Choosing single machinery over multiple machineries 
 On practicing both primary and secondary tillage operations separately, results in increased cost of 
cultivation. This can be reduced by using single machinery instead of using combination of implements. 
Buying or hiring the implements unnecessarily also increases cost of operation. Hence Rotavator could be a 
best option to cover both primary and secondary tillage operations together which uses tractor power take 
off to transmit power to Rotavator. Rotavator could be useful for opening up of any land easily and 
pulverizes the soil which creates good seed bed. As discussed, the mismatched machinery with tractor may 
increase the cost of cultivation. There are many sizes available in the market for Rotavator with different 
combination of blades. Hence proper selection of Rotavator based on farmers soil condition and available 
tractor horsepower optimizes the cost of cultivation. 
 Availability of adequate farm power is also very important for timely completion of farm operations for 
reducing the cost of cultivation and losses during cultivation. In the limited time available, it is not possible 
to harvest and thresh the standing crop and prepare seed bed and do timely sowing operations of 
subsequent crop, until or unless adequate farm power is available. The farm power sources available are 
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human power, animal power, electric power, agricultural tractors, power tillers, self-propelled machines 
etc., but for optimization of cost of cultivation and increasing production and productivity, proper selection 
of farm power sources and their availability on farm are also very important. 

CONCLUSION 
 Agriculture is the main occupation and source of income for more than 70 percent of population in India. 
Besides using traditional methods over mechanized system is a common practice in our country which 
increases cost of cultivation but not yield. Increasing both production and yield by minimizing the cost of 
cultivation is very important Instead of using the same traditional methods, shifting to the mechanized way 
of farming in a right time can add benefit to the farmer and yield to the farm by cutting some of the 
expenses. Choosing the right option whether buying an implement or lending the implement also plays a 
crucial role. Indian farmers should have more aggressive ideas for minimizing the cost of cultivation. 
Practicing such methods, one can reduce cost of cultivation or say optimize cost of cultivation. These above 
mentioned methods are some of the ways to reduce cost y taking minor things in to consideration which 
can help farmer. 
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Lac - Nature’s gift to Mankind 
Article id: 22015 
M.Kirithiga 

 B.Sc., (Agriculture), Kumaraguru Institute of Agriculture, Sakthinagar, Erode, Tamilnadu. 

INTRODUCTION: 
• Lac is a resinous substance secreted by a tiny insect called Laccifer lacca (popular name “lac insect”). 
• In India, utilization of lac for many purposes has been very ancient. A “lac palace” is described in 
Mahabharata, which was intended to be used for burning the Pandavas alive. 
• The English word lac substitutes Lakh in Hindi which itself is derivative of Sanskrit word Laksh meaning a 
lakh or hundred thousand. 
• It is the hardened resin secreted by tiny lac insects which belong a bug family.  
• Around 300,000 insects lose their life to produce 1 kg of lac resin.  
• It yields resin, lac dye and lac wax. 

Lac is used in many ways 

 Commonest use is in polishing wooden furniture. The granules are dissolved in spirit and then are 
applied in very thin layers on the wooden surfaces 

 In sealing parcels, packets and envelopes 

 As insulating material in electrical work 

 In making phonograph records (now replaced by synthetic material) 

 In shoe polishes 

 In toys and jewellery   

 With increasing universal environment awareness, the importance of lac has assumed special relevance 
in the present age, being  
 An eco-friendly 
 Biodegradable 
 Self-sustaining natural material  

 Advancement of lac and its culture can help in eco-system development as well as practically high 
economic returns because lac insects are cultured on host trees which are growing in wasteland areas. 

 It is a source of income of tribal and poor residing forest and sub-forest areas. 

Lac insect 
In India it is chiefly grown on trees like“ Kusum”, “ Palas”, and “Ber”. 

 The minute young lac insect (also called crawler) treasures a suitable branch. 

 The insect inserts its beak into the plant tissue to obtain food. 

 It grows and secretes a resinous material around itself. 

 The resinous material hardens on exposure to air. 

 Most of the crawlers settle side by side and the resinous secretion builds up around them and 
completely encases the twig. 

 Most crawlers develop in 3 months into female which occupy small cavities in the resinous mass. The 
females can never come out of these masses. 

 Eggs develop inside the female body and assume a sac like appearance. 
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 The female dies, the eggs hatch, the crawlers escape and move to a nearby uninfected part of the twig, 
and the process is repeated. 

Extraction of Lac 
The encrusted twigs are known as stick lac. Such twigs are harvested. 

 The stick lac is ground largely in crude mortars, and the resulting granular lac is called seed lac. 

 The dust or the fine particles which are separated from the granular lac is used in making toys, bangles 
etc. 

 The wood portion is used as fuel. 

 The seed lac is melted,washed,spread out in a thin layer and dried. This is the shellac of commerce. 
Lac Research Institute in Ranchi (Now in Jharkhand) conducts research on the various aspects of the lac 
insect, its life history, protection against enemies, etc. Synthetic lacquers have been produced by the 
modern industry, which is replacing true shellac for many purposes. 

Ari Lac and Phunki Lac 
• The lac crops which are harvested by cutting down the lac bearing twigs a little before the larval 
emergence, that lac is called as Ari lac ( immature lac )  
• The lac crops which are harvested by cutting down the lac bearing twigs a little after the emergence is 
over, that lac is called Phunki lac ( empty lac ). 

Forms of Lac: 
• Stick lac: The lac encrustations is separated from the twig of host plants and is known is stick lac or crude 
lac or raw lac. 
• Seed lac: The stick lac, after grinding and washing, is called seed lac or chowri. 
• Shellac: The manufactured product which is prepared from stick lac after washing and melting, it 
becomes yellow coloured flakes is called shellac. 
• Button lac : After melting process, lac is dropped on a zinc sheet and allowed to spread out into round 
discs of about 3” diameter and 1/4” thickness is called button lac 
• Garnet lac: It is prepared form inferior seed lac by the solvent extraction process. It is dark in colour and 
free from wax. 
• Bleached lac: Bleached lac is a refined product which is obtained by chemical treatment. It is prepared 
by dissolving shellac or seed lac in Sodium carbonate solution, lightening the solution with Sodium 
hypochlorite and precipitating the resin with sulphuric acid. 

HOST PLANTS 
• Lac insects prosper on twigs of certain plants, suck the plant sap,grow aand they are secreting lac resin 
from their bodies.  
• These plants are called host plants. Although lac insect is natural pest on host plant, these insects enjoy 
the advantaged position not being treated as pest. 
• This is because:  
 They yield a useful product. 
 The host plants are economically not so important. 
 The insects cause only short-term and recoverable damage to the host plants. 
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• About 113 varieties of host plants are revealed as lac host plant. Out of which the followings are very 
common in India: 
1. Butea monosperma (Vern. Palas) 
2. Zizyphus spp (vern. Ber) 
3. Schleichera oleosa (Vern. Kusum) 
4. Acacia catechu (Vern. Khair) 
5. Acacia arabica (Vern. Babul) 
6. Acacia auriculiformis (Vern. Akashmani) 

Lac production in India 
• Major producers of lac are India and Thailand. 
• The main lac producing states in India are Chhattisgarh, Jharkhand, Madhya Pradesh, West Bengal, Uttar 
Pradesh, Orissa, Maharashtra and Gujarat. 
•  The cultivation of lac is at present mainly confined to the conventional lac hosts trees of Palas, Ber and 
Kusum.  
• At present total annual average production of stick lac in India is approximately 20-22 thousand tons 
which is used as raw material for lac industries.  
• Chhattisgarh ranks 1st among the states followed by Jharkhand, Madhya Pradesh Maharashtra and West 
Bengal and contribute around 95 % of the national lac production.  
• Nearly 20 to 25 % is consumed within the country and nearly 75-80% of the finished product is exported. 
 
CONCLUSION: 
Lac is obtained from numerous insects and must also know the biological and commercial aspects of lac 
industry. It is also worth to mention that a laksh griha would need a lot of lac which could only come from a 
flourishing lac industry in that period.Lac is very useful in our life in many ways and certain purposes. 

REFERENCES:  
[1]. Derry and Juliane.(2012).Investigating Shellac: Documenting the Process, Defining the Product. Project-Based 

Masters Thesis, University of Oslo. p. 28. 
[2]. Flinn et al., (2011). Shellac & Food Glaze. Gentle World. 
[3]. Kerr J.(1782). Lac insect: Taxonomy. Philosophical Transaction of Royal Society of London.vol. 71, pp.374-382. 

 
 
 
 
 
 
 
 
 
 
 
 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

53 
 

Organic farming of vegetable crops 
Article id: 22016 
Sriom 
Research Scholar, Department of Vegetable Sci., NDU&T Kumarganj Ayodhya (U.P.)  

INTRODUCTION  
  Organic farming, especially increasing and now organic agriculture is practiced in almost all countries of 
the world. The market for organic products is growing, not only in Europe and North America but also in many 
other countries including India. The demand for organic food is steadily increasing both in developed and 
developing countries, with annual average growth rate of 20-25%.  The impact of organic agriculture on natural 
resources favours interactions within the agro-ecosystem which are vital for both agricultural production and 
nature conservation. Continued use of organic manure on a farm improves its organic matter content, which 
supports the soil micro, meso and macro fauna and makes the soil a living body. Organic matter improves soil 
structure and increases water-holding capacity, which is important under dry farming conditions. Continuous 
addition of organic manure assures a regular supply of micronutrients. Organic farms have greater diversity due 
to mandatory crop rotations and preference for crop varieties with high tolerance to complex abiotic and biotic 
factors such as climate extremes, pests and diseases. Diversity is an economic strategy to control pests and 
diseases. Through intercropping and other practices, organic farms establish systems of functional biodiversity 
that stabilize the agro-ecosystem. Organic farming systems contribute to reduced consumption of fossil fuel 
energy, reduced carbon dioxide and nitrous dioxide emissions, reduced soil erosion and increased carbon stocks. 
Energy consumption in organic systems has been found to be reduced by 10 to 70 percent in European countries 
and 28 to 32 percent in the USA as compared to high-input systems, except for crops such as potatoes and 
apples where energy use is equal or even higher. Greenhouse warming potential in organic systems is 29 to 37 
percent lower because of omission of synthetic fertilizers and pesticides as well as less use of high energy feed. 
Carbon sequestration efficiency of organic systems in temperate climates is almost double (575- 700 kg carbon 
per ha per year) as compared to conventional soils. 
  It has been demonstrated that organically produced foods have lower levels of pesticides and medicinal 
and hormonal residues and in many cases lower nitrate contents. Nitrates are significant contaminants of foods, 
generally associated with intensive use of nitrogen fertilizers.  Studies that compared nitrate contents of organic 
and conventional products found significantly higher nitrates in conventional products. Thus, organic farming 
offers an opportunity to achieve the twin objectives of nutritional security and environmental sustainability. 

Principles of organic farming  
The International Federation of Organic Agriculture Movements (IFOAM) states that “Organic agriculture is a 
production system that sustains the health of soils, ecosystems and people. It relies on ecological processes, 
biodiversity and cycles adapted to local conditions, rather than the use of inputs with adverse effects. Organic 
agriculture combines tradition, innovation and science to benefit the shared environment and promote fair 
relationships and a good quality of life for all involved.” According to USDA National Organic Standards Board 
(NOSB) organic agriculture is an ecological production management system that promotes and enhances 
biodiversity, biological cycles and soil biological activity. It is based on minimal use of off-farm inputs and on 
management practices that restore, maintain and enhance ecological harmony. Organic agriculture relies on a 
number of farming practices that take full advantage of ecological cycles. According to IFOAM, organic 
agriculture is guided by following four principles: 
Principle of health: Organic agriculture should sustain and enhance the health of soil, plant, animal, human and 
planet as one and indivisible. This principle points out that the health of individuals and communities cannot be 
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separated from the health of ecosystems - healthy soils produce healthy crops that foster the health of animals 
and people.  
Principle of ecology: Organic agriculture should be based on living ecological systems and cycles, work with 
them, emulate them and help sustain them. This principle roots organic agriculture within living ecological 
systems. It states that production is to be based on ecological processes, and recycling. Nourishment and well-
being are achieved through the ecology of the specific production environment.  
Principle of fairness: Organic agriculture should build on relationships that ensure fairness with regard to the 
common environment and life opportunities. Fairness is characterized by equity, respect, justice and 
stewardship of the shared world, both among people and in their relations to other living beings.   
Principle of care: Organic agriculture should be managed in a precautionary and responsible manner to protect 
the health and well-being of current and future generations and the environment.    
 
Types of organic farming  
The organic agriculture is called in different names by different people, however, the basic concept and 
philosophy remains the same. A number of terminologies are available in literature as mentioned below: 
Organic farming: It is a holistic production management system that avoids the use of synthetic fertilizers and 
pesticides, minimizes pollution of air, soil and water, and optimizes the health and productivity of independent 
communities of life, plants, animals and people (Codex Alimentarius).  
Natural farming:  It was developed in Japan during 1930 by Mokichi Okada who later formed the "Mokichi 
Okada Association (MOA)".  Natural farming is at par with organic farming in many ways but gives special 
emphasis on soil health through composts and use of microbial preparations.   
Ecological agriculture: It is labour intensive system which is based on techniques of crop cultivation. It involves 
all attention to promote renewable source of energy (draught animal power), electric energy from garbage 
disposal and biogas from organic wastes.  It also involves water use efficiency through conjunctive use of rain, 
tank, underground well and river water.  Practices which improve crop productivity (genetic and agronomic) i.e. 
hybrid vigour, gene pyramiding, multiple cropping, Integrated Plant Nutrient Management (IPNM) and 
Integrated Pest Management (IPM) are the essential components of ecological farming. 
Homeopathy farming: It is a kind of farming with homeopathic aids i.e. Homeo nutrients and Homeopathic 
plant protection measures. 

Seed production:  
Biodynamic agriculture emphasises on the open pollination of seeds and the development of locally adapted 
varieties. The seed stock is not controlled by large, multinational seed companies.     

Nutrient management 
 The basic idea of nutrient supplementation in organic farming is to replenish the requirement of nutrients 
through the use of permitted inputs. There are a number of organic sources of nutrients and among them green 
manures, compost, vermicomost, organic cakes, biofertilizers and biodynamic preparations are important. 
Green manures:  
A large number of fast growing nitrogen fixing crops like dhaincha (Sesbania sp.), sunhemp and cowpea may be 
used as green manure which can fix atmospheric nitrogen to the extent of 60-100 kg/ha. Generally, dhaincha 
(Sesbania esculenta, S. rostrata) and sunhemp (Crotolaria juncia) are ploughed in the soil after about 6 to 8 
weeks of sowing when adequate vegetative growth is attained. Besides adding nutrients into the soil, green 
manures also improve the physical and microbial properties of the soil. 
Bio-fertilizers:  
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Bio-fertilizers are bacterial cultures of appropriate species that have the capability of fixing atmospheric 
nitrogen such as Rhizobium species in leguminous crops and Azotobacter and Azospirillum in non-leguminous 
crops. The phosphate solubilizing bacteria (PSB) and phosphate mobilizing fungi (VAM) have been found very 
effective in making unavailable soil phosphorus available to plants. The legume – Rhizobium association can fix 
nitrogen in the range of 40-120 kg/ha under optimum conditions.     
Compost:  
It is the traditional source of nutrients for crops. Though the concentration of nutrients is quite low in compost, 
its special merit lies in its capacity to supply almost all the essential micronutrients in addition to NPK, which are 
becoming deficient in the intensively cultivated areas. The supply of micronutrients particularly satisfies the 
hidden hunger in plants and safeguards against toxicity/injury. Besides the supply of nutrients, compost 
improves the physical, chemical and biological health of the soil.   
Vermicompost:  
Vermiculture technology is an aspect involving the use of earthworms as versatile natural bioreactors for 
effective recycling of non-toxic organic wastes to the soil. They effectively harness the beneficial soil micro flora, 
destroy soil pathogens, and convert organic wastes into valuable products such as bio-fertilizers, bio-pesticides, 
vitamins, enzymes, antibiotics, and growth hormones.   

Plant protection   
Since use of chemical plant protection measures is not permitted in organic farming, appropriate integrated pest 
management strategies have to be followed for effective control of pests and diseases. 
Cultural practices:  Some of the traditional methods of pest control are as follows:  

 Deep summer ploughing helps in the exposure and destruction of soil inhabiting organisms. It also helps 
in weed control.  

 Crop rotations help in putting a break to the availability of plant hosts for disease causing organisms.  
 Intercropping of tall crops like sorghum and pearl millet provides perching place for predatory birds in 

the field.  
 Intercropping of different crops help in biodiversity conservation which in turn help in harbouring the 

predators and parasites.  
 Mixed cropping helps in harbouring cross pollinators such as bees in the field. 

Water management:  
It is very important not only for enhancing the productivity and quality of the produce but is equally important 
for management of pests and disease also. The irrigation delivery method, number of applications and total 
irrigation amount affect the incidence of pests and diseases. Drip irrigation has been reported quite effective in 
reducing the incidence and spread of pests and diseases. 
Conversion period  
It is the interim period required for establishment of an organic management system and building of soil 
fertility. Generally, depending upon the past use of the land and the ecological situations, two to three years’ 
period is required for conversion from conventional to organic farming. If traditional agricultural methods fulfill 
the principles of standards, no conversion period is required. Similarly, for claiming virgin land for organic 
farming, no conversion period is required. 

REFERENCES 
[1]. Paull, John & Hennig, Benjamin (2016) Atlas of Organics: Four Maps of the World of Organic 

Agriculture Journal of Organics. 3(1): 25-32 
[2]. Paull, John (2019) Organic Agriculture in Australia: Attaining the Global Majority (51%), Journal of 

Environment Protection and Sustainable Development, 5(2):70-74. 
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Remote sensing and it's use in agriculture 
Article id: 22017 
Raghvendra Singh 
Research Scholar, Department of Agronomy, NDUA&T, Kumarganj, Ayodhya (U.P.) 

The word “Remote sensing” was coined by Fischer in 1960 AD. Remote sensing is defined as “Collection and 
interpretation of information about a target without being in physical contact with it”. According to Liles 
and Kiefer, remote sensing is “The science and art of obtaining information about an object, area or 
phenomenon through the analysis of data acquired by a device that is not in contact with the object, area 
or phenomenon under investigation”. 
           Remote sensing is an art and science of obtaining information about an object or feature without 
physically coming in contact with that object or feature. Humans apply remote sensing in their day-to-day 
business, through vision, hearing and sense of smell. The data collected can be of many forms: variations in 
acoustic wave distributions (e.g., sonar), variations in force distributions (e.g., gravity meter), variations in 
electromagnetic energy distributions (e.g., eye) etc. These remotely collected data through various sensors 
may be analysed to obtain information about the objects or features under investigation. In this course we 
will deal with remote sensing through electromagnetic energy sensors only.  
Thus, remote sensing is the process of inferring surface parameters from measurements of the 
electromagnetic radiation (EMR) from the Earth‘s surface. This EMR can either be reflected or emitted from 
the Earth‘s surface. In other words, remote sensing is detecting and measuring electromagnetic (EM) 
energy emanating or reflected from distant objects made of various materials, so that we can identify and 
categorize these objects by class or type, substance and spatial distribution [American Society of 
Photogrammetry, 1975]. 56 
Remote sensing is the process of acquiring information about an object or phenomenon without making 
actual physical contact with it, as opposed to onsite observation or onsite sensing. This often requires the 
use of aerial sensor technologies such as those used in reconnaissance airplanes and satellites in order to 
detect and analyze objects on the Earth, usually on the surface. 
Basic concepts of remote sensing 
There are two basic interactions between electromagnetic energy and earth surface feature. These 
interactions are considered as basic concepts of remote sensing. 
1. The propositions of energy reflected, absorbed and transmitted will vary for different earth features, 
depending on their material type and condition. These differences permit to distinguish different features 
on an image. 
2. Even within a given feature type, the proportion of reflected, absorbed and transmitted energy will vary 
at different wavelengths. 
Approaches for information 
Mainly, there are two approaches to obtain information. 
1. Visual interpretation. 
2. Digital image processing. 
3. Satellites and sensors. 
Principles of Remote Sensing 
Different objects reflect or emit different amounts of energy in different bands of the electromagnetic 
spectrum. The amount of energy reflected or emitted depends on the properties of both the material and 
the incident energy (angle of incidence, intensity and wavelength). Detection and discrimination of objects 
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or surface features is done through the uniqueness of the reflected or emitted electromagnetic radiation 
from the object.  
A device to detect this reflected or emitted electro-magnetic radiation from an object is called a ―sensor‖ 
(e.g., cameras and scanners). A vehicle used to carry the sensor is called a "platform". 

Advantages and Disadvantages of Remote Sensing: 
Advantages of remote sensing are:  
a) Provides data of large areas  
b) Provides data of very remote and inaccessible regions  
Able to obtain imagery of any area over a continuous period of time through which the any anthropogenic 
or natural changes in the landscape can be analyzed  
c) Relatively inexpensive when compared to employing a team of surveyors  
d) Easy and rapid collection of data  
e) Rapid production of maps for interpretation  
Disadvantages of remote sensing are:  
a) The interpretation of imagery requires a certain skill level  
b) Needs cross verification with ground (field) survey data  
c) Data from multiple sources may create confusion  
d) Objects can be misclassified or confused  
e) Distortions may occur in an image due to the relative motion of sensor and source 57. 

Use of Remote Sensing in Agriculture  
1.    Crop production forecasting:  
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 that will be produced in a given farmland over a given period of time. 
2.    Assessment of crop damage and crop progress: 
In the event of crop damage or crop progress, remote sensing technology can be used to penetrate the farmland 
and determine exactly how much of a given crop has been damaged and the progress of the remaining crop in 
the farm. 
3.    Horticulture, Cropping Systems Analysis:  
Remote sensing technology has also been instrumental in the analysis of various crop planting systems. This 
technology has mainly been in use in the horticulture industry where flower growth patterns can be analyzed 
and a prediction made out of the analysis. 
4.    Crop Identification:  
Remote sensing has also played an important role in crop identification especially in cases where the crop under 
observation is mysterious or shows some mysterious characteristics. The data from the crop is collected and 
taken to the labs where various aspects of the crop including the crop culture are studied. 
5.    Crop acreage estimation:  
Remote sensing has also played a very important role in the estimation of the farmland on which a crop has 
been planted. This is usually a cumbersome procedure if it is carried out manually because of the vast sizes of 
the lands being estimated. 
6.    Crop condition assessment and stress detection:  
Remote sensing technology plays an important role in the assessment of the health condition of each crop and 
the extent to which the crop has withstood stress. This data is then used to determine the quality of the crop. 
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7.    Identification of planting and harvesting dates:  
Because of the predictive nature of the remote sensing technology, farmers can now use remote sensing to 
observe a variety of factors including the weather patterns and the soil types to predict the planting and 
harvesting seasons of each crop. 
8.    Crop yield modelling and estimation:  
Remote sensing also allows farmers and experts to predict the expected crop yield from a given farmland by 
estimating the quality of the crop and the extent of the farmland. This is then used to determine the overall 
expected yield of the crop. 
9.    Identification of pests and disease infestation:  
Remote sensing technology also plays a significant role in the identification of pests in farmland and gives data 
on the right pests control mechanism to be used to get rid of the pests and diseases on the farm. 
10.    Soil moisture estimation: 
Soil moisture can be difficult to measure without the help of remote sensing technology. Remote sensing gives 
the soil moisture data and helps in determining the quantity of moisture in the soil and hence the type of crop 
that can be grown in the soil. 
11.    Irrigation monitoring and management:  
Remote sensing gives information on the moisture quantity of soils. This information is used to determine 
whether a particular soil is moisture deficient or not and helps in planning the irrigation needs of the soil. 
12.    Soil mapping:  
Soil mapping is one of the most common yet most important uses of remote sensing. Through soil mapping, 
farmers are able to tell what soils are ideal for which crops and what soil require irrigation and which ones do 
not. This information helps in precision agriculture. 
13.    Monitoring of droughts:  
Remote sensing technology is used to monitor the weather patterns including the drought patterns over a given 
area. The information can be used to predict the rainfall patterns of an area and also tell the time difference 
between the current rainfall and the next rainfall which helps to keep track of the drought. 
14.  Land cover and land degradation mapping:  
Remote sensing has been used by experts to map out the land cover of a given area. Experts can now tell what 
areas of the land have been degraded and which areas are still intact. This also helps them in implementing 
measures to curb land degradation. 
15. Identification of problematic soils:  
Remote sensing has also played a very important role in the identification of problematic soils that have a 
problem in sustaining optimum crop yield throughout a planting season. 
16.  Crop nutrient deficiency detection:  
Remote sensing technology has also helped farmers and other agricultural experts to determine the extent of 
crop nutrients deficiency and come up with remedies that would increase the nutrients level in crops hence 
increasing the overall crop yield. 
17.  Reflectance modeling:  
Remote sensing technology is just about the only technology that can provide data on crop reflectance. Crop 
reflectance will depend on the amount of moisture in the soil and the nutrients in the crop which may also have 
a significant impact on the overall crop yield. 
18. Determination of water content of field crops: 
Apart from determining the soil moisture content, remote sensing also plays an important role in the estimation 
of the water content in the field crops. 
19.    Crop yield forecasting:  
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Remote sensing technology can give accurate estimates of the expected crop yield in a planting season using 
various crop information such as the crop quality, the moisture level in the soil and in the crop and the crop 
cover of the land. When all of this data is combined it gives almost accurate estimates of the crop yield. 
20. Flood mapping and monitoring: 
Using remote sensing technology, farmers and agricultural experts can be able to map out the areas that are 
likely to be hit by floods and the areas that lack proper drainage. This data can then be used to avert any flood 
disaster in future. 
21.    Collection of past and current weather data:  
Remote sensing technology is ideal for collection and storing of past and current weather data which can be 
used for future decision making and prediction. 
22.    Crop intensification:  
Remote sensing can be used for crop intensification that includes collection of important crop data such as the 
cropping pattern, crop rotation needs and crop diversity over a given soil. 
23.    Water resources mapping:  
Remote sensing is instrumental in the mapping of water resources that can be used for agriculture over a given 
farmland. Through remote sensing, farmers can tell what water resources are available for use over a given land 
and whether the resources are adequate. 
24.    Precision farming:  
Remote sensing has played a very vital role in precision agriculture. Precision agriculture has resulted in the 
cultivation of healthy crops that guarantees farmers optimum harvests over a given period of time. 
25.    Climate change monitoring:  
Remote sensing technology is important in monitoring of climate change and keeping track of the climatic 
conditions which play an important role in the determination of what crops can be grown where. 
26.    Compliance monitoring:  
For the agricultural experts and other farmers, remote sensing is important in keeping track of the farming 
practices by all farmers and ensuring compliance by all farmers. This helps in ensuring that all farmers follow the 
correct procedures when planting and when harvesting crops. 
27.    Soil management practices:  
Remote sensing technology is important in the determination of soil management practices based on the data 
collected from the farms. 
28.    Air moisture estimation:  
Remote sensing technology is used in the estimation of air moisture which determines the humidity of the area. 
The level of humidity determines the type of crops to be grown within the area. 
29.    Crop health analysis:  
Remote sensing technology plays an important role in the analysis of crop health which determines the overall 
crop yield. 
30.    Land mapping:  
Remote sensing helps in mapping land for use for various purposes such as crop growing and landscaping. The 
mapping technology used helps in precision agriculture where specific land soils are used for specific purposes. 
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BEETROOT: Health Benefits & Processing 
Article id: 22018 
DEEP P. PATEL1 

1Ph.D Scholar, Department of Processing and Food Engineering, CTAE, MPUAT, Udaipur - 313 001 

INTRODUCTION  
Beetroot (Beta vulgaris L.) is the taproot (bulb) portion of the beet plant. It is grown in temperate countries and 
biennial plant. The beetroot and its juice are freely consumed for its great taste, nutritional benefit and flavour 
content. At present its productivity is 20-25 t/ha fruit per year in India (Anonymous, 2013).  
 Beet root commonly known as ‘chukander’ are notable for their sweetness, they have the high sugar content. 
Fresh beetroot also supplies nutritional bonus, their green tops are an excellent source of beta-carotene, 
calcium, and iron. It is one of the hardy and cool season vegetable crops grown throughout the world. Beetroot 
grows plentiful throughout the country, from the hills of south India to the chilly areas of north. In India 
beetroot is grown in Uttar Pradesh, Haryana, Maharashtra, West Bengal and Himachal Pradesh on large scale. 
The varieties of beetroot that are cultivated in India are Detroit dark red, Crimson globe, Early wonder, Ooty-1, 
Crosby Egyptian (Anonymous, 2018). 

Health benefits associated with beetroot  

 Beetroot and beet juice have been known for their antioxidant, anticancer and anti-diabetic effects as well as 
being a source of dietary nutrients that reduce blood pressure and may improve athletic performance.  

 Betalains responsible for intense red colour in beetroots are used as natural colorants by the food industry, 
and also receiving attention due to possible health benefits in humans, especially their antioxidant and anti-
inflammatory activities.  

 People who drink beet juice increased their oxygen uptake by up to 16 percent. This is actually more than a 
normal person can improve by, even when training extensively. Beet juice has shown to improve athletic 
performance in runners, swimmers, and cyclists, making it an interesting sports drink that most people would 
never consider. 

 A daily glass of beetroot juice can lower blood pressure in people with hypertension – even those whose high 
blood pressure was not controlled by drug treatment (USDA, 2011). 

 Beets have a strong antioxidant effect due to their betalains content, as betalains contain a partly glucosized 
phenolic group and a cyclic amine group. The peel of beets contains the highest total phenolic content, followed 
by the crown, and finally the flesh. 

Food value of fresh beetroot 
Constituents 

Composition 
(per100g) 

Food value of fresh 
beetroot Constituents 

Composition (per100g) 

Moisture  87.5 g  Calcium  16 mg  

Carbohydrates  9.56 g  Iron  0.80 mg  

Energy  43 Kcal  Zink  0.35 mg  

Fibre  2.8 g  Vitamin C  4.9 mg  

Protein  1.61 g  Vitamin B2  0.040 mg  

Fat  0.17 g  Vitamin B6  0.067 mg  

Potassium  325 mg  Vitamin A  36 IU  

Sodium  78 mg  Vitamin E  0.300 mg  

Phosphate  40 mg  Niacin  0.334 mg  

Magnesium  23 mg    
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 Beets improve brain neuro-plasticity due to the nitrates present in them.  
 Beets contain a significant amount of carbohydrates that provide energy for prolonged sports activities. 

Carbohydrates are the natural building blocks of energy metabolism, and beets provide them without any of the 
negative side effects of many other carbohydrate-heavy foods. 

 Packed with nutrients and fiber, beets are an excellent addition to a weight-loss diet. Magnesium and 
potassium in beets help to detoxify the body and flush out excess water, preventing bloating. These nutrients 
help to optimize metabolism and losing excess weight. 

 Beets are good for pregnant women since they are a source of B-vitamin foliate, which helps in the 
development of an infant’s spinal column. 

 Beetroot is a source of vitamin C that can help prevent asthma symptoms. 
 The minerals in beets such as boron, copper, and magnesium help bones develop normally and boost bone 

metabolism. 

Beetroot Processing  
The beetroot is having tremendous health benefits. However, process of consuming fresh beetroot to meet daily 
recommended requirement is tedious. Since beetroot being a perishable vegetable suffers high post-harvest 
losses. Hence proper preservation method needs to be developed in order to increase the shelf-life of the 
product developed.  
Beetroot is grown for food uses pickles, salad and juice. Dried beetroots can be consumed directly in the form of 
chips as a substitute of traditional snacks, which are rich intrans fatty acids or after easy preparation as a 
component of instant food. 
The beetroot apart from consumption in its fresh form, is also a valuable vegetable used in the food industry to 
produce dried and frozen food, non-concentrated and concentrated juices as well as natural colorants 
(betalains) used as additives in food manufacturing. Beetroot pigment is used commercially as a food dye (Singh 
et al., 2013).  
To improve the red color of tomato pastes, sauces, jams, jellies, ice creams, sweets and breakfast cereals, fresh 
beetroot or beet powder or extracted pigments are used. They have anti-microbial and anti-viral effects and also 
can inhibit the cell proliferation of human tumour cells. 
The ultimate aim in processing of beetroot is to increase the shelf life. Many processed value added products 
are prepared from beetroot are given in Fig. 

 
 Candy preparation  
  A whole fruit or its pieces impregnated with cane sugar or glucose syrup and subsequently drained free 
of syrup and dried, is known as candied fruit. The process for making candied fruit is practically similar to that 
for preserves. The only difference is that the fruit is impregnated with syrup having a higher per cent of sugar or 
glucose. A certain amount (25-30 per cent) of invert sugar or glucose, viz., confectioner’s glucose (corn syrup, 
crystal syrup or commercial glucose), dextrose or invert sugar is replaced for cane sugar. The total sugar content 

Beetroot 

Pickle Jam 

Salad Chips 

Candy 

Juice Powder 
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of the impregnated fruit is kept at about 75 per cent to prevent fermentation. The syrup left over from the 
candying process can be used for candying of another batch of same kind of fruit after suitable dilution for 
sweetening product.  
  In candy-making, controlling the rate and extent of sugar crystallization provides a vast array of different 
textures. These range from the soft textures of fondants and fudges, where crystallization is minimized, to hard 
candies where crystallization results in a desired grainy or crystalline structure. The sugars make an important 
contribution to perceive the texture of foods commonly referred to as ‘mouthfeel’. Considering the importance 
of acceptability of osmotically dehydrated product in the process of candy making, it is necessary to fix the level 
of sugar gain and moisture content in the final product, so that it is acceptable by the consumers. 

 
 Beet juice:  
You can easily make beet juice by putting them in a blender.  

 
 Salads and soups: 
Beets can be sliced and added to a salad, or they can also be simply eaten raw. Remove its thin skin, slice, and 
season the beet with salt, pepper, and lemon juice, and a healthy snack is ready. Another way to eat them is by 
using them to make soups, like the traditional Borscht. 

 
 Pickled beets:  
You can easily make pickled beets at home by using vinegar, and they are also available in grocery stores. Pickled 
beets are low in fat and are a rich source of dietary fiber, carbohydrates, and minerals. 
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 Roasted or steamed beets:  
You can roast beets whole or sliced. You can also add them to your roasted root vegetable mix. The other way to 
cook beets is to steam them. Quarter the unpeeled beets and steam them for 15 minutes. 
 Beet greens:  
The greens are used to make a side dish or in salads. These leaves are packed with important nutrients such as 
potassium, copper, magnesium, and vitamin A, K, and C. They also help lower your risk of chronic diseases such 
as type-2 diabetes and stroke. 
 Desserts:  
Beets are used commonly in vegan chocolate cakes as they pair well with chocolate and help give these plant-
based dishes a deeper flavor. 
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Banana bunch management in West Bengal condition 
Article id: 22019 
Anik Majumder 
Programme Assistant (Lab Tech.) & Farm Manager (Act.), Hooghly  Krishi Vigyan Kendra 
Bidhan Chandra Krishi Viswavidyalaya 
 
Among Agricultural Commodity banana ranking in four position in the world. Major banana producing countries 
India ranks first with production of 1,60,00,000 MT in the world, respectively Uganda in second position with 
1,05,06, 000 MT and Ecuador in third position with  80,36,843 MT production. 

 
REQUIREMENT FOR BANANA GROWTH  

 Fruit growth is climate dependent. Optimum fruit growth at 28-32°Cm and inimum fruit growth at or 
below 11 °C. Fruit growth hampered above 35 °C. Fruits develop spots due to rubbing with dust and leaves 
and scorched at high light intensity. Fruits full of scars due to scarring beetle. Fruits become undersized at 
low temperature. 

The growth cycle of Musa consists of two phases-   
Vegetative phase- The vegetative phase (or 'shooting') begins with the production of leaves by the planted 
sucker, and ends when the inflorescence appears at the top of the plant. 
Reproductive phase- The reproductive phase begins with the transition of the vegetative meristem into a 
floral shoot. The division of phases is arbitrary, and it takes several weeks before the inflorescence emerges 
at the top of the plant. The fruit filling period, that is, the time between flowering and harvest, completes 
the reproductive phase and the growth cycle. 

Corm 
The corm is the real stem of the Musa plant. It grows underground and is sometimes inaccurately called a 
bulb or rhizome. 
 
There are four types of suckers 

I. Peepers are small suckers, appearing just above the ground.   
II. Sword suckers are large suckers with lanceolate leaves.  

III. Maiden suckers are large suckers with foliage leaves and large corms.  
IV. Water suckers are suckers with small broad leaves and small corms.  

 
Selection of planting material 

 Sword suckers from a relatively clean and well cared  plant crop or first ratoon.  
 Pairing.  
 Hot water treatment at 53-550C for 20 minutes. 
 Minimum weight of suckers - 700 to 900g. 
 TC plantlets of 30-40 cm height. 

 
Nutritional management 

 Fertilizers along represents between 15 and 17% of total production costs. 
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 The critical nutrient content in foliar tissues (3rd leaf) of  banana should be around 2.8%   nitrogen, 0.8% 
phosphorus and 3.8% potassium for high yield and fruit quality. 

 Whole amount of phosphorus are to be applied before planting while nitrogenous and potassic fertilizers 
are to be applied in 3 (three) splits i.e. 3. 5 and or 7 months after planting or before the emergence of 
bunch.  

 In TC plants application of nutrients starts 3 (three) weeks after plantation. One-tenth of N and K should 
applied upto 2 months at 20 days interval starting from 3rd week after planting and the remaining doses in 
splits (3-4 splits) depending on soil type before bunch emergence.  
 
Field maintenance 

 Mulching.  
 Intercropping.  

 
Sucker management 
1-2 suckers per plant to be retained between bunch emergence and harvest. 
Bunch management 
Impact of bunch management 

 Modify microclimate. 
 Raise temperature by 5 °C inside bag which favours fruit growth. 
 Protects fingers from fruit scarring beetle in humid region. 
 Increase customer appeal. 
 Fruits become free of blemish/spots. 

 

Bunch cover: Transparent or blue perforated polythenes of 25-40 m thickness are used to cover the 
developing bunches. 

 Increases finger length by 10%.  
 Production of first grade fingers by 10-15%.  
 Reducing mechanical damage with fewer undersized fingers in the distal hands. 

 Inside temperature increased by 1 – 2 C. 
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Bunch trimming 
 To bring uniformity in finger size.  
 To increase fruit size.  
 To increase market appeal. 
 
Male bud removal 

 To avoid nutritional waste.  
 To avoid pest/disease infestation. 
 To make better use of assimilate for fruit filling. 

 
Corm Weevil (Cosmopolites sordidus) 
Cultural  

 Use of clean planting material  preferably TC plantlets.  
 Pairing and hot water treatments (520C for 20 minutes).  
 Pseudostem trapping using pheromone. 
 Crop sanitation i.e. destruction of crop residues. 

Biological  
 Use of insect (natural enemies) Plaesius javanus.  
 Microbial control with fungus Beauveria bassiana and bacteria Bacillus thurin gensis.  
 Use of entomopathogenic nematodes like Steinernema and Heterohabitis.  

Chemical  
Application of curbofuran/phorate in pit and treatment of suckers with 0.1%  monocrotophos for 30 minutes.  
 
 
 
 
 
 
  
 
 
 
 
 
 
 

Trimming of distal hands 
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Banana leaf and fruit scarring beetle (Besilepta subcostatum)  
 Use of perforated transparent/blue bunch cover immediately  

after opening of bracts. 
 Application of 0.05% monocrotophos @ 50 ml/plant at peeping 

 stage in the heart of plants.  
 
Aphid (Pentalonia nigronervosa) 

 Maintenance of field sanitation.  
 Reducing aphid population with monocrotophos (0.05%) or 

 carbaryl (0.01%). 
 Avoiding intercropping with colocasia.  
 Roguing the affected plants.  

 
Sigatoka leaf spot disease 

 Application of systematic fungicides both propiconazole  
and fluzilazole in conjunction with suitable forecasting system.  

 Adoption of tolerants FHIA and IITA released hybrids.  
 
Fusarium wilt or Panama disease  

 Use of the TC plantlets. 
 Practice of crop rotation and flood fallowing.  
 Application of carbedazim @ 0.2% (3 ml/corm). 
 Popularizing  tolerant hybrids like Goldfinger (FHIA-1) and improved  cultivar like GCTCV-215-1. 

Moko (Pseudomonas solanacearum ) 
 Use of disease free planting materials.  
 Avoid contamination from garden tools used in the infected plots. 
 Detect and destroy diseased plants together with adjacent plants.  
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Ecotechnology and their application for aquatic pollution control 
Article id: 22020 
Harmanpreet Singh and Archit Shukla 
ICAR- Central Institute of Fisheries Education 

Ecotechnology is defined as an applied science that seeks to fulfill human needs while causing minimal 
disruption, by harnessing and manipulating natural forces to leverage their beneficial effect. It is a class of 
technology that includes a living ecosystem as part of the method for solving a problem. Ecological 
engineering can facilitate restoration and preservation of the environment health for the survival, 
development and economy of society through the integration of engineering and ecological principles with 
modernizing trends of market and development 
Why ecotechnology? 
 No chemicals, machinery and electricity required. 
 No hazardous waste generated. 
 99% odor free and mosquito control treatment. 
 Helps to reduce climate change. 
 Enormously space saving. 
 Low investment, minimal maintenance and minimal operating cost. 
 Fast return on investment. 
 
Applications of Eco technology for aquatic pollution control 
Engineering application of ecological principles and succession of biological communities is very useful to 
consume organic and inorganic pollutants from the water and bio-convert them into non-toxicform. These 
eco-transformations, eco-conversions and degradation or bio-utilization of pollutants-nutrients are the part 
of ecological cycles 
Soil scrape filter 
It is the simulation of natural filtration process of water through the good vegetated soils and fragmented 
rock materials below which purified water percolates down in the form of groundwater. Soil Scape filter 
contains layers of bio-active soil - ECOFERT - developed from non-toxic and non-hazardous wastes. The 
process harnesses ecological principles of interactions and interrelationships of biota with their 
environment and eco-transformations of substrates into assimilate form by treating, transforming and 
detoxifying the pollutants using solar energy. 
Hydrasch succession pond 
It applies ecological successions of aquatic plants depending on characteristics of incoming effluents. 
Various green plants are successfully employed to treat organic and inorganic pollution using phytofiltration 
and phytoremediation processes. It is an open water system, confined by rooting plants, surface covered by 
floating plants with various trophic levels flourishing depending on the limiting factor of incoming nutrients. 
This was found to be very effective for the treatment of metallic waste with domestic wastewaters. Mixed 
wastewater contained heavy metals like hexavalent chromium, nickel and copper etc. The natural 
phenomenon of adsorption of positively charged metals on negatively charged organic is one of the key 
processes in this treatment system.The metal reduction is noted upto 99% in the system 
Stream ecosystem 
It uses natural slopes of polluted drains, beds, banks of streams or pond to augment the aerobic activity in 
water by creating turbulence and providing shallow depths to allow sunlight to penetrate the water 
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column. This is a simulation of stream flow in the wilderness.  The dissolved oxygen in the water increases 
multifold upto 90 – 120 times Nature has her own living machinery of detritivorous microbes and other 
living species to consume wastes. These principles have been harnessed in the Stream Ecosystem 
technology. 
Phytofiltration and biox process 
It involves the use of plant fibres, roots to remove suspended solids from wastewater effectively in a well-
designed tank. The floating plants are used in this technique to facilitate the removal of solids by 
biosorption methods. Biological oxygenation process is defined as the transfer and dissolution of oxygen 
with the help of certain green plants and algae. It has been observed that in the unpolluted mountain 
streams the oxygen content in the water rises up to 19 ppm 
Green bridge technology 
Green Bridge Eco technology applies filtration power of biologically originated cellulosic / fibrous material in 
combination with sand and gravels and root systems of green plants. The cellulosic / fibrous materials like 
coconut coir or dried water hyacinth or aquatic grasses are compacted and woven to form a bridge / porous 
wall like structure strengthened by stones and sand. It is an innovative approach to minimize the cost of 
pollution treatment. All the floatable and suspended solids are trapped in this biological bridge and the 
turbidity of flowing water is reduced substantially the green plants growing on the bridges help in 
absorption of soluble substances including heavy metals. It increases DO level in water which in turn 
facilitates the growth of aerobic organisms, which degrades the organic pollutants 
Green lake technology 
It can be integrated with Green Bridges. Green Lake system uses floating, submerged or emergent aquatic 
plant species. These can also be termed as macrophyte ponds.Macrophytes are capable to absorb large 
amounts of inorganic nutrients such as N and P, and heavy metals such as Cd, Cu, Hg and Zn etc and to 
engineer the growth of microbes to facilitate the degradation of organic matter and toxicants. 
CONCLUSION 
Wastes in the water bodies undergo anaerobic degradation and generate methane gas. This is common 
scenario in the rivers flowing through the densely populated areas. It can be said that the pollution of water 
bodies is one of the causative factors to release the greenhouse gases which are responsible for climate 
change. Therefore, tackling the issue of water pollution with proper preventive measures and appropriate 
pollution control technologies will improve the conditions. 
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Linseed: A Valuable Crop Plant 
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INTRODUCTION: Linseed or flax (Linum usitatissimum L., 2n= 30, X = 15) belongs to the order Malpighiales, 
the family Linaceae, and the tribe Lineae. It is the second most important rabi oilseed crop and stands next 
to rapeseed-mustard in area of cultivation and seed production in India. The genus Linum is composed of 
approximately 230 species but cultivated linseed / flax is the only species of economic importance in the 
genus and is one of the oldest plants cultivated for fibre and oil. Although linseed plants have several 
utilities, it is cultivated commercially for its seed, which is processed into oil and after extraction of oil, a 
high protein stock feed is left (Sankari, 2000; Kurt and Bozkurt, 2006). Linseed oil has been used for 
centuries as a drying oil whose oil content varies from 33-45% (Gill, 1987). About 20% of the total linseed oil 
produced in India is used by farmers and rest about 80% goes to industries for the manufacture of paints, 
varnish, oilcloth, linoleum and printing ink etc. Fibres obtained from the stem are known for their length 
and strength and are two to three times as strong as those of cotton (Taylor, 2012). The fibre is lustrous and 
blends very well with wool, silk and cotton etc. Linseed has an important position in Indian economy due to 
its wide industrial utility. But the national average productivity of linseed seed is quite low as compared to 
other countries. In India, linseed is grown mostly under rainfed (63%), utera (25%), irrigated (17%) and in 
input starved conditions in major linseed producing states i.e. Madhya Pradesh, Chhattisgarh, Maharashtra, 
Jharkhand, Uttar Pradesh and Odisha. Due to the availability of other cheaper petroleum products with 
equally good or some times better drying properties, the widespread use of linseed oil is restricted during 
recent times in the paints and varnish industries. However, linseed oil continues to be the base stock in 
medicinal, chemical, pharmaceutical and cosmetic industries as they have renewable, biodegradable 
properties and are non-allergic in nature along with enriched phytochemical contents. In order to make 
linseed crop more remunerative and to generate employment, product diversification for medicinal and 
other industrial purposes of linseed needs to be improved by concerted research efforts. One of the major 
lines of researches is crop improvement programme through recombination breeding using elite 
germplasm for development of double purpose (oil and fibre) crops having high yield and stress resistance 
(both biotic and abiotic) qualities. 
History and origin 
The origin of flax (Linum usitatissimum L.), which is one of the oldest of cultivated plants is uncertain. 
However, it is generally accepted that linseed has originated from ―Fertile Crescent‖- an area east to 
Mediterranean Sea towards India (Zeven and Zhukovsky, 1975) and was probably first domesticated there.  
Morphology 
 Linseed (Linum usitatissimum L.) is an erect annual herbaceous plant 30-120 cm, in height with slender 
glabrous, grayish green stem. The linseed types are grown for extraction of oil from the seeds. The flax 
types are grown for fibre extraction from the stems. Flowers are showy, variously shaped), regular, 
hermaphrodite, pentamerous, hypogynous and borne in loose terminal raceme or open cyme with blue, 
white or pink colour. The androecium has ten stamens present in two whorls. But the outer whorl consists 
of five stamens being reduced to staminodes. The inner five fertile stamens are widened to form a fused 
ring which surrounds the base of the gynoecium. The petals are narrow at their bases and insert into this 
ring. Nectar secreting glands are present at the widened bases of the stamens. In most of the flowers of 
Linum usitatissimum L., the anthers encircle and reach over top of the stigma, but in some varieties, the 
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stigma extends beyond the anthers slightly. The anthers are two celled, introrse and dehisce longitudinally. 
The superior gynoecium consists of five united carpels. The ovary is ovoid and ten celled due to the 
presence of false septum in each carpel and producing up to two ovules in each carpel. Linseed is 
predominantly self pollinating. Cross pollination can occur at a very low level (less than 2%) by insects. Wind 
pollination is not seen because the pollens are relatively heavy and sticky.  
Economic Importance: 
 It is a valuable crop and every part of the plant has specific economic importance.  
Uses of flax fibre: The fibre is extensively used in the manufacture of canvas, twine, carpets, blankets and 
mats. Rough and coarser grade fibres are used in the manufacture of strong ropes, shipping cord, twines 
and cordage, which are very indispensable for aeronautical and defense purposes. Flax fibre are used for 
manufacturing suiting, shirting, bedsheets, cloth laces, damasks, curtains etc.  
Pulp sweeteners:  After extraction of fibre from stalk, the woody core of the stem and short fibres are used 
as raw pulp for making high grade paper. To increase the quality of the paper more than 20% strong virgin 
wood fibre must be added to the pulp. This extra strong fibre which is to be added to the pulp is called as 
pulp sweeteners‖.  
Geotextiles (Insulation): Coarse and fine flax fibres are blended and processed to produce insulation batts 
(fibre wadded into sheets) having similar insulation properties to fibre glass batts in order to insulate walls 
and ceilings.  
Commercial industrial grade oil:  These oils have high industrial values as these types of oils are used in the 
manufacture of paints, varnish, waterproof materials, patent leather (Japanned leather) and special finishes 
for cotton and silk fabrics etc.  
Commercial edible grade oil:  The linseed oil is not edible because it contains high linolenic acid, a poly- 
unsaturated fatty acid, which makes the oil highly susceptible to oxidation as a result of which its drying 
property increases and gives a pungent flavour and rancidity.  
Human consumption:  Due to the presence of higher concentration of health promoting omega-3 fatty 
acids (alpha-linolenic acid), which lowers cholesterol level and imparts cardio vascular benefits, many 
linseed based recipes have been standardized. The crushed seeds/flour is used for value addition and for 
making various nutritious food preparations.  
Nutritional value: this is the best herbal source of omega –3 and omega –6 fatty acids.  
Cultural methods 
Climatic requirements: Linseed is a cool season crop. The temperature during the vegetative development 
of the crop should be moderate or cool. Temperature above 32oC accompanied with drought during the 
flowering stage reduces the seed yield, oil content in seed and also the quality of the oil. Moderate 
temperatures (21o-26oC) are ideal. At the flowering, frost is very harmful to the crop. The crop is well suited 
to tracts of low rainfall and is generally raised where the average annual rainfall ranges from 45 to 75 cm. 
Soils and its preparation: Linseed can be profitably raised in places where the other crops may fail. Hence, 
it is often grown on marginal and sub-marginal rainfed soils as pure crop, mixed crop, intercrop and paira or 
utera crop 
Seed and sowing: A seed rate of 25- 30 kg/ha is usually followed and sown by broadcast or by drilling in 
rows at row spacing of 25 to 30 cm. The seed requirement is more in bold-seeded varieties and in utera 
cropping system. Treat the seeds with Trichoderma @ 4 g/kg seed before sowing. This ensures a good stand 
by protecting seedlings against seedborne diseases. An inter-row spacing of 20-30 cm and intra-row spacing 
of 7-10 cm are ideal. The time of sowing varies from early October to mid-November in different states. 
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Rainfed crop requires early sowing. Early sowing also helps the crop to escape from powdery mildew, rust 
and pod fly menaces.  
Depth of seeding: Depending upon the soil moisture, the seed should be placed 2-3 cm below the soil. 
However, shallow sowing is always advantageous, if there is adequate moisture in the soil. 
Varieties: The linseed varieties recommended for M.P. are Jawahar-1, Jawahar-17, Jawahar-18, Jawahar-
552, Jawahar-7, Jawahar linseed-9, Jawahar-23, T-397, Sheetal, Pusa-2, Padmini (LMH-62), Kiran (RLC-6), 
Parvati (LMH-16-5) 
Nutrient management: Linseed crop is generally grown without manuring. However, under rainfed 
situations best crop is raised with use of organic source i.e., application of 2.5 tonnes of vermicompost /ha 
at the final field preparation. But in irrigated situations, total amount of vermicompost is divided in two 
equal parts i.e., @ 1.25 tonne as basal and the remaining 1.25 tonne is applied with the first irrigation 35 
days after sowing. 
Water management: Linseed is a crop of rainfed areas (> 90%). However, it responds well to irrigation. 
Branching, flowering and capsule formation stages are critical for irrigation. Two irrigations are sufficient to 
obtain good yields. First irrigation should be applied 30 to 40 days after sowing and the second just before 
flowering. However, 3 irrigations (35, 55 and 75 days after sowing) have proved effective. 
Weed control: This crop is usually dwarf statured, and therefore suffers severe competition by weeds. 
Initial 3-6 weeks after sowing is critical period of crop-weed competition. The uncontrolled weeds can 
reduce yields by 25 to 40%. The losses are more in rainfed and utera cropping systems primarily due to 
competition for moisture followed by nutrients. The important weeds of linseed include Anagallis arvensis, 
Vicia hirsuta, Fumaria parviflora, Melilotus spp., Chenopodium album, Phalaris minor etc. The crop is 
parasitized by Cuscuta sp. leading to heavy losses of yield. In line sown linseed crop, power weeder 
(covering 22 cm width of land between rows) when used twice (3 and 6 weeks of sowing) has been found 
most eco-friendly, efficient and economical.  
Cropping systems: Linseed is a component of various sequential and intercropping systems. Higher 
monetary returns can be realized, if linseed is grown as a pure crop instead of a mixed or intercrop. It is 
usually grown in rotation with rice, hybrid maize, sorghum, pearl millet, soybean, groundnut, cowpea etc.  
Harvesting and threshing: The crop takes about 130 to 150 days to mature. At maturity, the leaves become 
dry, capsule turns brown and the seed becomes shiny. After harvesting, bundle the plants and leave them 
on threshing floor for 4 to 5 days for drying. Threshing is done by beating the plant with sticks or trampling 
by bullocks. 
Yields: The crop yield varies from place to place depending on the climate, soil, technology and variety. A 
well managed crop may yield 1.5 to 2.0 tonne of seeds/ha.In linseed oil to seeds crushed is 33% while cake 
to seeds crushed is 67%. 
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INTRODUCTION: Nanopore is a small hole its internal diameter is 1-4 nanometer.  Porous on 
transmembrane cellular proteins act as Nanopore, and they have also been made by etching a somewhat 
bigger hole in a piece of silicon, and then gradually filling it in using ion-beam sculpting methods which 
results in a much smaller diameter hole the Nanopore. DNA could be passed through the nanopore for 
various reasons. For example, electrophoresis might attract the DNA towards the nanopore, and it might 
eventually pass through it. Enzymes attached to the nanopore might guide DNA towards the nanopore. The 
scale of the nanopore means that the DNA may be forced through the hole as a long string, one base at a 
time, rather like thread through the eye of a needle. As it does so, each nucleotide on the DNA molecule 
may obstruct the nanopore to a different, characteristic degree. The amount of current which can pass 
through the nanopore at any given moment therefore varies depending on whether the nanopore is 
blocked by an A, a C, a G or a T. The change in the current through the nanopore as the DNA molecule 
passes through the nanopore represents a direct reading of the DNA sequence. 

Principle of Nanopore Sequencing 
When a Nanopore is deep in a conducting fluid and a voltage is applied across it, an electric current due to 
conduction of ions through the Nanopore can be observed. The amount of current is very sensitive to the 
size and shape of the Nanopore. If single bases, strands of DNA or other molecules pass through the 
Nanopore, this creates a characteristic change in the magnitude of the current through the Nanopore.  

Instrumentation of Nanopre Sequencing 
The development of solid state nanopores and the studies of DNA translocation through these nanopores 
suggest how a nanopore could be the core of an instrument capable of inexpensive de novo sequencing. 
The investigation and development of basic science and technology required to build a nanopore based 
instrument that should be able to sequence a mammalian genome for <$1,000 and that meets the 
following requirements  
a) High-speed sequential identification of the DNA nucleotides directly on the basis of their distinct physical 
or electrical properties. 
b) Very long, indefinite length reads. Analysis assembly is a bottle-neck in de novo    sequencing and limits 
re-sequencing when copy number polymorphism or variable indels are to be identified in heterozygous 
genomes. 
c) The requisite sequence coverage (7.7-fold coverage, 6.5-fold coverage in Q20 bases) using genomic DNA 
from <106 cells with no amplification and minimal preparative steps. Otherwise, amplification or other 
Propose to investigate and develop the science and technology required to build a nanopore based 
instrument that meets the above requirements. Among the unique capabilities of this instrument, four well 
demonstrated 

Features as Follows: 
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      1) A nanoscale device that translocate polymer molecules in sequential monomer order through a very 
small volume of space, a small pore in an electrically biased membrane. 
     2) A single molecule detector that is also a very high throughput device. A nanopore can probe 
thousands of different molecules or thousands of identical molecules in a few minutes. 
     3) A detector that directly converts characteristic feature of the translocating polymer into an electrical 
signal. Transduction and recognition occur in real time, on a molecule-by-molecule basis. A device that can 
probe very long lengths of DNA. While practical considerations may limit the length of DNA preparatory 
steps become limiting. Propose to investigate and develop the science and technology required to build a 
nanopore based instrument that meets the above requirements. Among the unique capabilities of this 
instrument, four well demonstrated.  

Future Prospectus 
One challenge for the strand sequencing method is in refining the method to improve its resolution to be 
able to detect single bases.  In the early papers methods, a nucleotide needed to be repeated in a sequence 
about 100 times successively in order to produce a measurable characteristic change.  This low resolution is 
because the DNA strand moves rapidly at the rate of 1 to 5μs per base through the nanopore. This makes 
recording difficult and produce background noise, failing in obtaining single nucleotide resolution.  The 
problem is being tackled by either improving the recording technology or by controlling the speed of DNA 
strand by various proteins engineering strategies.  More recently effects of single bases due to secondary 
structure or released mononucleotides have been shown.  Professor Hagan Bayley, founder of Oxford 
Nanopore, recently proposed that creating two recognition sites within an alpha hemolysin pore may 
confer advantages in base recognition.  One challenge for the exonuclease approach, where a processive 
enzyme feeds individual bases, in the correct order, into the nanopore, is to integrate the exonuclease and 
the nanopore detection systems.  In particular the problem is that when an exonuclease hydrolyzes the 
phosphodieseter bonds between nucleotides in DNA, the subsequently released nucleotide is not 
necessarily guaranteed to directly move in to, a nearby alpha-hemolysin nanopore. 

CONCLUSION 
DNA strand nucleotide order is determined by using Nano pore sequencing method can this method is 
under development since 1995. Many porous membranes proteins and used as Nano pores, Each 
nucleotide base is pass through this small hole of almost 1 nanometer and the peak is recorded in the form 
of chromatograph. This method is considered more accurate than gel electrophoresis because the chances 
of sample damage are low and more authentications of sequences were previously reported. Now a day’s 
manual methods are replaced by automated methods for less time consumption and more accurate result.  
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INTRODUCTION 
Nitrogen management is one in which the time and amount of nitrogen application is prescribed prior to 
planting, accounting for soil nitrogen supply, crop nitrogen demand, fertilizer nitrogen efficiency and 
fertilizer and crop prices. Nitrogen is important to all life. It is changing its chemical form continually and 
moving from plants through animals, soil, water and the atmosphere. This movement and transformation 
of nitrogen in the environment is known as “Nitrogen Cycle’’. Selection of nitrogen fertilizers,  rate of 
application, method of application, split application, use of slow-release N fertilizers (SRF), nitrification 
inhibitors (NIs), urease inhibitors, balanced fertilization, integrated nitrogen management are the nitrogen 
management practices.  

Methods of managing N for improving use efficiency of nitrogen 
Choice of fertilizer 
Globally the percentage shares of N by different sources 
are urea 51%, ammonium nitrate 7%, anhydrous ammonia 
4% (mostly USA), nitrogen solutions 5%, ammonium 
phosphate 6% and others 27%. In India urea contributes 
81% of fertilizer N used in the country, while ammonium  
sulphate, calcium nitrate and ammonium chloride 
contribute only 1%; the rest 18% is contributed by DAP and 
other NP/NPK materials (FAI, 2006). 
Rate of application 
According to the law of diminishing returns, in general, 
agronomic efficiency (AEn: Kg increase in grain yield over control per kg N) and recovery efficiency N (REn: 
% N recovered in above ground plant parts) of applied N decline as the rate of application is increased.  
Method of application 
Nitrogen is mostly broadcast applied in India and other Asian countries and only in recent years its 
placement has received attention. In Punjab and other states of India, where mechanized agriculture is 
practiced by using seed-cum-fertilizer drills. Humphreys et al. (1992) reported that recovery efficiency of N 
was 37% for broadcast, 46% for banding and 49% for deep point placement in direct-seeded rice in 
Australia.  
 
Split application 
Split application is a well proven and well accepted method 
of increasing nitrogen use efficiency (NUE) in most irrigated 
crops (Prasad, 2007).  
Use of slow-release N fertilizers 
The slow-release N-fertilizers release N slowly and it can be 
taken up by crop plants before it is lost. Most SRF materials 
give higher yields compared to conventional fertilizers, but 
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their high costs have limited their use in crop production on a large scale. i.e. Environmentally Smart 
Nitrogen (ESN)- Coated Urea. Slow-release N fertilizers (SRF) are of two kinds, namely, coated fertilizers 
[sulphur coated urea (SCU), polymer coated urea (PCU), gypsum/rock phosphate coated urea, lac coated 
urea etc.] and inherently slow release materials [ureaform, urea Z, isobutylidene diurea (IBDU) etc. 

Bio-inhibitors 
Nitrification inhibitors (NI's)  
Nitrification inhibitors are a group of a chemical that are toxic to Nitrosomonas sp. and Nitrosococcus sp. 
involved in the conversion of NH4+ to N02 and which leads to  reduction in losses due to leaching and 
denitrification. The most widely used NTs are N-Serve (2-chloro-6-trichloromethyl pyridine), AM (2 amino-
4-chloro-6-methyl pyrimidine), DCD (dicyandiamide) and ST (sulphathiazole).  
Urease inhibitors 
The first transformation that urea undergoes when applied to a moist soil 
is its hydrolysis by the enzyme urease to ammonium carbonate and 
ammonium thus formed is subject to ammonia volatilization loss. N-(n-
butyl) triophosphoric triamide (NBPT) and Agrotain ® are two most 
commonly use urease inhibitors. 
Balanced fertilization 
Balanced fertilization generally refers to the application of three major 
plant nutrients in adequate and balanced amounts as in relation to crop 
needs. The ideal ratio of N:P:K is 4:2:1. 
Integrated nitrogen management  
Integrated nitrogen management refers to combined use of fertilizer N and organic N, which includes N 
fixed by legumes and other organisms (Azotobacter, Azospirilium, blue green algae, Azolla etc.) and N 
supplied by organic manures such as farmyard manure, compost, Vermicompost, legume crop residues, 
animal refuse etc.  
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INTRODUCTION 
Consumer demand for cleaner, greener, safer seafood is on the rise. Many popular fish, like tuna, cod and 
certain snapper are depleted in the wild from many years of poor management, overfishing and other 
ecological problems like pollution and damage to key habitat areas. There is a need to supplement wild-
caught fish to meet consumer demand for seafood. One method to produce more fish is known broadly as 
aquaculture. It is the rearing of aquatic animals in captivity. Aquaculture is increasing worldwide. 
Widespread open-water fish farming methods, such as coastal ponds and open-ocean aquaculture (OOA), 
can seriously damage marine ecosystems and are far from providing the safe and sustainable seafood many 
consumers want. In particular, OOA, the mass production of fish in huge floating net pens or cages in open 
ocean waters raises concerns about consumer safety, pollution of the marine environment and conflicts 
with other ocean. Fortunately, Recirculatory Aquaculture System, RAS can likely provide a cleaner, greener, 
safer alternative to open-water farms that does not compete with other ocean uses. These systems are 
usually land-based and reuse virtually all of the water initially put into the system.  
 
Recirculatory aquaculture system 
Recirculating aquaculture systems (RAS) are closed loop facilities that retain and treat the water within the 
system. The water in RAS flows from a fish tank through a treatment process and is then returned to the 
tank, hence the term recirculating aquaculture systems. RAS can be designed to be very environmentally 
sustainable, using 90-99 percent less water than other aquaculture systems. RAS can reduce the discharge 
of waste, the need for antibiotics or chemicals used to combat disease, and fish and parasite escapes. RAS 
have been under development for the over 30 years, refining techniques and methods to increase 
production, profitability and environmental sustainability. Traditional aquaculture production requires large 
quantities of water approximately one million gallons of water is needed to fill a one-acre pond. In contrast, 
Recirculating Aquaculture Systems (RAS), through water treatment and reuse utilize less than 10% of the 
water required by ponds to produce comparable yields. 
 
Components in RAS  
Fish tanks 
The round or octagonal or square design with rounded corners and the arrangement of inlets and outlets of 
water treatment units support the circular water flow. Additional circular water flow and aeration can be 
enhanced by aqua jets. The circular flow promotes the behavior of fish. Circular tanks are good culture 
vessels because they provide virtually complete mixing and a uniform culture environment. When properly 
designed, circular tanks are essentially self-cleaning. This minimizes the labor costs associated with tank 
cleaning. Typically, water is introduced into a circular tank at the side and is directed tangential to the tank 
wall. Once the mass of water in the tank is set into motion, very little energy is required to maintain its 
velocity. The momentum of the water circling the center drain helps sustain the circular flow. The primary 
disadvantage of circular tanks is that they do not use space efficiently. A circular tank of a given diameter 
will have about 21% less bottom culture area than a square tank whose sides are the same length as the 
diameter of the circular tank. 
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Carbon Dioxide (CO2) Control and Removal 
           CO2 is produced through the respiration of fish and microorganisms and will accumulate within 
recirculating systems if not removed at a rate equal to its production. Elevated CO2 concentrations are not 
greatly toxic to fish when dissolved oxygen is at saturated levels. For most aquacultured fish, free carbon 
dioxide concentrations should be maintained at less than 20 mg/L in the tank for good fish growth. CO2 is 
usually removed through some form of gas exchange process either by exposing the water to air in a 
“waterfall” type of environment, or mixing air into the water to remove excess CO2. 
 
Solid removal in recirculation systems  
         One of the key problems in RAS is related to the load of suspended solids and in particular to very fine 
particles. The presence and accumulation of particulate wastes in RAS (faeces, uneaten feed, and bacteria 
flocs) will negatively impact the water quality by affecting the performance efficiency of the water 
treatment units. Some type of filters used for the solid wastes are drum filters, bead filters, screen filters 
and rapid sand filters. 
 
Dissolved solids removal 
             Many of the fine suspended solids and dissolved organic solids that build up within intensive 
recirculation systems cannot be removed with traditional mechanisms. Foam fractionation is used to 
remove and control the build-up of these solids. This process, in which air introduced into the bottom of 
closed column of water creates foam at the surface of the column, removes dissolved organic compounds 
by physically adsorbing on the rising bubbles. Fine particulate solids are trapped within the foam at the top 
of the column, which can be collected and removed. The main factors affected by the operational design of 
the foam fractionator are bubble size and contact time between the air bubbles and dissolved organic 
compounds. Foam fractionation is a suitable process in sea water as well as fresh water and the efficiency is 
increasing with increasing salinities. That is related to the increasing surface tension allowing smaller air 
bubbles in sea water and there with a higher filter area. Foam fractionation is working very efficiently from 
salinity of 12ppm and more. 
 
Biofiltration 
 In closed aquaculture systems the accumulation of nitrogen compounds, as ammonia and nitrite, has a 
deleterious impact on water quality and fish growth. The biological filtration (BODremoval and nitrification) 
is a fundamental water treatment process in every recycling method for the cultivation of aquatic animals. 
It mainly digest dissolved organic material (heterotrophic bacteria) and oxidizes ammonium-ions via nitrite 
to nitrate (two-step nitrification) by bacteria like Nitrosomonas sp., and Nitrobacter sp. A solid medium is 
used as substrate for the attachment of the microflora. Conventional biofilters employ sand or coral gravel 
as filter media. Modern filters make use of various plastic structures as grids, corrugated sheets, balls, 
honeycomb-shaped or wide-open blocks. The main goal is to provide a big active surface area for the micro 
flora settlement. During the last few years moving bed biofilters have received growing attention. These 
allow to have more specific surface area at the same volume, they need low maintenance due to self-
cleaning(no back wash needed). Moving bed reactors are interesting cross between upflow plastic bead 
filters and fluidized bed reactors. These filters use a plastic media kept in a continous state of movement. 
The beads are usually buoyant or slightly heavier than water. The specific surface/volume ratio is about 
800-1000m²/m³. The plastic beads are mixed by hydraulic means driven by air. Even if nitrate is usually 
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mentioned as the least toxic form in comparison to ammonia and nitrite, high concentrations can reduce 
immune response and influence osmoregulation in fish. 
 
Aeration systems 
               The most efficient aeration devices move water into contact with the air. The commonly used air 
stones produce larger air bubbles which rise quickly to the surface and hence the dissolution of oxygen is 
low. So, the usage of air diffusers is preferred in RAS. These diffusers produce small air bubbles within the 
tank that rise through the water column. The smaller the bubbles and the deeper the tank, more oxygen is 
transferred. 
 
Disinfection of culture water 
            Installation of suitable UV sterilizers or ozonisers in the water flow would remove unwanted bacteria, 
algae and pathogens. The capacity and the flow rate of the UV sterilizer/ ozoniser should be   calculated 
based the on quantity of water to be treated and effectiveness of treatment. 
 
Recirculatory system applications 
• Broodstock maturation 
• Larval rearing systems 
• Nursery system 
• Nutrition and health research system 
• Short term holding system 
• Ornamental and display tanks 
• High density grow out of food fish 
  
Disadvantages 
• High and constant demand of power  
• Highly technical installation 
• High capital costs 
• High operational cost 
• Technically skilled people are needed 
 
Challenges of RAS technology  
•  Lack of experienced RAS managers and operators and Poor awareness in terms of the broad range of 
water quality variables that require 24h in-line monitoring – especially in marine RAS.  
• While RAS farms enable operators to avoid any release of particulate solid or dissolved nutrient waste 
into recipient waters its questionable how  investors take this issue seriously   
• Investors in RAS technology, even those with aquaculture experience, generally know little about water 
quality control, sea water chemistry and waste management at the industrial scale. 
• Equally, RAS technology suppliers often know little about aquaculture or have a weak biological 
background. 
•  Conclusion about economic viability of a RAS project is often based on assumptions and variables 
related to expect market price, utilization of the waste stream, product quality, optimal and maximum 
densities achievable, energy costs and costs relating to depreciation and interest on loans. Some of these 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

80 
 

criteria are subject to change and where assumptions are based solely on small pilot or research projects 
then even greater caution is required.  
 
CONCLUSION  
Recirculating aquaculture system is a boon to pisciculture. Recirculating systems provide an alternative 
production method when temperature, salinity, disease, water supply, land availability or exotic species 
environmental regulations prevalent. But at present Recirculating systems have been widely used in 
research laboratories and universities across the country and globally its commercial use has been limited 
to relatively high value products. It is essential to promote it on a commercial scale in India. 
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INTRODUCTION 
Withania somnifera also known commonly as ashwagandha, 
an important medicinal plant in Indian ginseng, poison 
gooseberry, or winter cherry is a plant in the Solanaceae or 
nightshade family. The several other species in the genus 
Withania are morphologically similar. Although commonly 
used as a medicinal herb in Ayurvedic medicine, there is no 
conclusive clinical evidence that it is effective for treating any 
ailment. The ashwagandha is an important medicinal plant of 
Indian origin. The therapeutic use of this plant is reported in 
immune-modulation, hematopoiesis, anti-aging, chronic 
stress, cardiovascular protection, hypothyroidism, anxiety 
and depression. The secondary metabolites from the roots of 
this plant is not only a major source of several alkaloids viz. Tropine, Pseudotropine & Somniferine but 
also important steroids like withaferin A and withanolides are useful for human being as pharmaceutical 
agents in curing various diseases. 
 
Medicinal Properties and Uses  

 Ashwagandha is mentioned as an important drug in ancient Ayurvedic literature. 

 Many types of alkaloids are found in this plant, out of which `Withanine' and `Somniferine' are 
important. 

 The leaves contain five unidentified alkaloids (0.09%), withanolides, glycosides, glucose and many free 
amino acids. 

 The pharmacological activity of the roots is attributed to the alkaloids. The total alkaloid content in 
roots of the Indian types has been reported to vary between 0.13 and 0.31 per cent. 

 The drug is mainly used in Ayurvedic and Unani preparations. Withaferine-A has been receiving good 
deal of attention because of its antibiotic and anti tumor activities. It is used for curing carbuncles in the 
indigenous system of medicine. 

 The paste prepared out of its leaves is used for curing inflammation of tubercular glands and that of 
its roots for curing skin diseases, bronchitis and ulcers. 

 Generally in Rajasthan, roots are used for curing mainly rheumatism and dyspepsia; in Punjab they are 
used to relieve loin pain and in Sind for abortion. In some areas warm leaves are also used for providing 
comfort during eye diseases. However, roots are mostly used for curing general and sexual weakness in 
human beings. 

 It is fruits and seeds are diuretic in nature.  
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 Leaves are reported to possess anthelmintic and febrifuge properties. An infusion of leaves is given in 
fevers. For the treatment of piles, a decoction of the leaves is used both internally and externally. 

 The leaves are also used as hypnotic in alcoholism. Externally, leaves are used as fermentation for 
sore eyes, boils and swellings of hands and feet. 

 As an insecticide, they are useful for killing lice infesting the body. An ointment prepared by boiling 
the leaves, in fact, is useful for bed-sores and wounds. 

 The fresh leaf juice is also applied for anthrax pustules. 
 
1. Reduce Blood Sugar 

 In different studies, ashwagandha has been shown to lower blood sugar levels. 

 One test-tube study found that it increased insulin secretion and improved insulin sensitivity in muscle 
cells. Also, several human studies have confirmed its ability to reduce blood sugar levels in both healthy 
people and those with diabetes. 

 Additionally, in one four-week study in people with schizophrenia, those treated with ashwagandha 
had an average reduction in fasting blood sugar levels of 13.5 mg/dL, compared to 4.5 mg/dl in those 
who received a placebo. 

 This is a important that's more, in a small study in six people with type 2 diabetes, supplementing with 
ashwagandha for 30 days lowered fasting blood sugar levels as effectively as an oral diabetes 
medication. 
 
2. Anti-Cancer Properties 

 Animal and test-tube studies have found that ashwagandha helps induce apoptosis, which is the 
programmed death of cancer cells. 

 It also impedes the growth of new cancer cells in several ways. 

 First, ashwagandha is believed to promote the formation of reactive oxygen species (ROS) inside 
cancer cells, disrupting their function. Second, it may cause cancer cells to become less resistant to 
apoptosis. 

 Animal studies suggest that it may help treat several types of cancer, including breast, lung, colon, 
brain and ovarian cancer. 

 In one study, mice with ovarian tumors treated with ashwagandha alone or in combination with an 
anti-cancer drug had a 70–80% reduction in tumor growth. The treatment also prevented the spread of 
cancer to other organs. 
 
3. Reduce Stress and Anxiety 

 Ashwagandha is perhaps best known for its ability to reduce stress. 

 Blocked the stress pathway in the brains of rats by regulating chemical signaling in the nervous 
system. 

 Many controlled human studies have shown that it can effectively reduce symptoms in people with 
stress and anxiety disorders as well  

 In a 60-day study in 64 people with chronic stress, those in the supplemental group reported a 69% 
average reduction in anxiety and insomnia, compared to 11% in the placebo group. 

mhtml:file://C:/Users/DELL/Desktop/Ashwagandha/12%20Proven%20Health%20Benefits%20of%20Ashwagandha.mhtml!https://www.healthline.com/nutrition/15-ways-to-lower-blood-sugar
mhtml:file://C:/Users/DELL/Desktop/Ashwagandha/12%20Proven%20Health%20Benefits%20of%20Ashwagandha.mhtml!https://www.healthline.com/nutrition/16-ways-relieve-stress-anxiety


AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

83 
 

 In another six-week study, 88% of people who took ashwagandha reported a reduction in anxiety, 
compared to 50% of those who took a placebo. 
 
4. Reduce Symptoms of Depression 

 It has been thoroughly studied; a few studies suggest ashwagandha may help alleviate depression. 

 In one controlled 60-day study in 64 stressed adults, those who took 600 mg of high-concentration 
ashwagandha extract per day reported a 79% reduction in severe depression, while the placebo group 
reported a 10% increase. 

 Only one of the participants in this study had a history of depression. For this reason, the relevance of 
the results is unclear. 
 
5. Boost Testosterone and Increase Fertility in Men 

 Ashwagandha is supplements may have powerful effects on testosterone levels and reproductive 
health. 

 In one study in 75 infertile men, the group treated with ashwagandha showed increased sperm count 
and motility. 

 It also reported that the group who took the herb had increased antioxidant levels in their blood. 

 In another study, men who received ashwagandha for stress experienced higher antioxidant levels 
and better sperm quality. After three months of treatment, 14% of the men's partners had become 
pregnant. 
 
6. Increase Muscle Mass and Strength 

 That the ashwagandha may improve body composition and increase strength.  

 In a study to determine a safe and effective dosage for ashwagandha, healthy men who took 750-
1,250 mg per day of pulverized ashwagandha root per day gained muscle strength after 30 days. 

 In another study, those who took ashwagandha had significantly greater gains in muscle strength and 
size. It also more than doubled the reduction in body fat percentage, compared to the placebo group. 
 
7. Reduce Inflammation 

 Several animal studies have shown that ashwagandha helps decrease inflammation. 

 Studies in humans have found that it increases the activity of natural killer cells, which are immune 
cells that fight infection and help you stay healthy  

 It has also been shown to decrease markers of inflammation, such as C-reactive protein (CRP). This 
marker is linked to an increased risk of heart disease. 

 In one controlled study, the group who took 250 mg of standardized ashwagandha extract daily had a 
36% decrease in CRP, on average, compared to a 6% decrease in the placebo. 
 
8. May Improve Brain Function, Including Memory 

 Test-tube and animal studies suggest that ashwagandha may reduce memory and brain function 
problems caused by injury. 

 Research has shown that it promotes antioxidant activity that protects nerve cells from harmful free 
radicals. 
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 In one study, epileptic rats treated with ashwagandha had nearly a complete reversal of spatial 
memory impairment. This was likely caused by a reduction in oxidative stress. 

 The ashwagandha has traditionally been used to boost memory in Ayurvedic practice; there is only a 
small amount of human. 

 In one controlled study, healthy men who took 500 mg of standardized extract daily reported 
significant improvements in their reaction time and task performance, compared to men who received a 
placebo. 

 Another eight-week study in 50 adults showed that taking 300 mg of ashwagandha root extract twice 
daily significantly improved general memory, task performance and attention. 
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INTRODUCTION 
     A floating garden is built using aquatic weeds as a base on which vegetables can be grown. This 
approach can extend the growing capabilities of rural communities where land would otherwise be 
unavailable. It cheap and sustainable way. 

Importance 
 Economic benefits 
 Food/Nutritional security 
 Agricultural benefits 
 Ecological/Environmental benefits 
 Disaster risk management 

Description of the technique 
     After collecting water hyacinth, bamboo is laid on a dense layer of water hyacinth to enable people to 
stand on it, and then more water hyacinth is piled on top to make it compact. The bed must then be left 
for several days to decompose before it is ready for cultivation. The eventual thickness depends on the 
duration of water logging, for it must be able to float during that time. To accelerate the process, the 
previous year’s decomposed bed or raft can be used. Floating cultivation can help to mitigate this 
situation and reduce the pressure on arable lands by turning the flooded and waterlogged areas into 
productive ones. 
     Further, floating cultivation does not need any additional water, nutrients, or chemical fertilizers, and 
the beds can be recycled as organic fertilizer in the newly prepared floating bed and also in the 
agricultural fields, which is economical as well as environmentally friendly.  
      As floating beds are mostly made of water hyacinth, a very invasive weed that doubles in area every 
week or two, they provide a means of using it in a beneficial way, reducing breeding grounds for 
mosquitoes, lessening the reduction in the carrying capacity of the water body that occurs when the 
weed breaks down the drainage system, and also having a positive impact on open-water fishing. 
Because it allows better control over this plant, some researchers have noted the greater productivity of 
floating bed practices compared with traditional land-based agriculture. This cultivation practice helps to 
supplement people’s income, which contributes towards the alleviation of poverty, and provides greater 
food security by increasing the landholding capacity of poor as well as landless people by allowing them 
to grow vegetables and crops with lower input costs, due to the minimal infrastructure required. 

Site selection 
      One of the most important considerations in aqua gardening is to choose the right spot.  Most 
aquatic plants need plenty of sun, so a site that gets 6-8 hours of direct sun should be chosen. Site 
should be away from tall shrubs and trees for light availability and to prevent the accumulation of leaf 
debris. 
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Soil characteristics 
     Lake or pond bottoms containing large amounts of organic matter are the most suitable. Some 
commercial producers suggest the use of a heavy clay loam or formulated soil for the growth of aquatic 
plants.  If the soil is compacted heavy clay, roots cannot penetrate and harvesting is difficult.  Compared 
plants growing in soil with a pH of 4.6 and water for pH 5.5 to 8.0. An adequate water EC of 2.0mS cm-1 
allow the grow of plants in Aqua garden 1.0. 

Light 
      Plant chlorophyll absorbs light at wavelengths of 400 to 700 nm. The intensity of full, natural sunlight 
is approximately 2,000umoles/m2/s, or 100k lux, of PAR (Photo synthetically Active Radiation). Light is 
attenuated rapidly in freshwater, however, so that submerged aquatic plants receive far less than this 
amount (Hutchinson 1975).  

Selection of plant 
 Selection depends on the size of the pond and the kind of look desired. 
 Considerations such as water depth, amount of sunlight and how each species relates to its 
surroundings need to be taken into account when choosing plant material.  
Ex. Fairy moss, Hornwort, Water hyacinth and Frog bit 

 Preparation of the floating beds 
       Knowledge of making the floating beds is completely local and indigenous. Paddy stub of local 
varieties of amon, ans and boro rices were the main material of floating beds until water hyacinth 
prevails in late 1960s. Since then, the water hyacinth has become the main material for preparation of 
floating beds. From June to July, the practitioners of the system stack the water hyacinths on water in 2-
4 layers at 8-10 days interval. The first layer acts as the base of the floating bed and maintains the 
stability, buoyancy and thickness of the bed. Above layers are used as compost. When the stacked plants 
are partially decomposed, water hyacinth is again put on to the previous stack. Sometimes farmers use 
semi-decomposed aquatic plants such as water lettuce, duckweed and immature water hyacinth on the 
top of beds to speed up the decomposition. After 8-10 days of last stacking, farmers sow/transplant 
seeds/seedlings. General shape of the beds “I” rectangular. There are no fixed rules about the size and 
shape of the floating beds. They vary from location to location. Lengths of the beds are in the range 
between 60m and 10m and that of the breadths are between 1.25m and 4.0m. Although it seems 
effective to cultivate crops on large floating beds, they are usually narrow. That’s because 1) it is easier 
to operate from the boats and 2) it is easier to move to desired place. The practitioners are occasionally 
skillful to use bamboo to shape floating beds. 
        After preparation of the beds, strong wind, storm, cyclone and tidal bore in the coastal areas of the 
country may drive the beds away or cause damage to the beds with crops. These threats are currently 
minimized or contained by fixing/anchoring the beds with bamboo poles. 
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Fig 1: floating bed ready for transplanting seedling 

Cultivation on the floating bed  
      In this system, seeds are rarely broadcasted directly on the floating beds. They are usually soaked and 
then germinate in containers. The practitioners prepare a special structure (locally called Tema) to hold 
the germinating seeds. Tema is prepared with peat soil or aquatic plants available locally. With the 
germinating seeds the Tema is wrapped in coconut coir. Seedlings grow in the Tema, and after few days, 
they are carried for transplantation to each floating beds. Seedlings are then planted in beds together 
with Tema. One of the important features of floating garden practice is that it shortens crop’s life cycle. 
It takes only from 15 to 25 days from transplantation of Tema to harvesting. For that reason, two or 
three crop rotation cycles on floating gardens during one monsoon season are common on average in 
this region. At each cycle, mixed intercropping is the most prevailing system of crop production. Just as 
the size and shape of floating beds, there are no fixed rules about mixed intercropping. Farmers practice 
mixed intercropping based on traditional knowledge which has been transmitted from their ancestors. 
Technologies, specially the crops are adapted to the Dhap system of production and the Dhap system in 
totality is adapted to the constrained ecological situation of wetland condition and in broader sense to 
the future impact of climate change. 

 
Fig 2: Tema preparation and seedlings growing in Tema 

Placing Plants in the Pond 
      Hardy water plant will grow well at water depths of 30-45 cm over the top of the pot. The plant can 
be placed in the pot at an initial depth of 15cm and then lowered to its final placement or as the plant 
grows. If the pond is in full sun, the minimum amount of water over the top of the pot should be from 
15-20cm for the plant to grow well. If the pond is in the shade (less than six hours of sun a day) then 
15cm of water is sufficient in order for the growing tip to receive enough light.  
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Mineral Nutrients 
      Aquatic plants also have requirements for certain nutrients in the overlying water. Most rooted 
aquatic plants need Ca, Mg, K and a carbon source in the water if they are to thrive (Barko and Smart 
1981). 

           

Nutrient  Nutrients Concentration 

 Pond growth  

 Leaf  Petiole  

Nitrogen  2.20  0.80  

Phosphorus  0.20  1.89  

Potassium  1.16  1.89  

Table 1: Mineral nutrients (Bokaro and Smart 1981) 
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INTRODUCTION- Brown manuring is expected to aid in achieving ecologically safe and economically 
viable agriculture technology. This practice was initiated in Australia, 1996. Brown manuring is simply a 
‘no-till’ version of green manuring, using an herbicide to desiccate the crop before flowering instead of 
using cultivation. According to this technique, Sesbania or other green manure crops are grown in 
standing cereal crops and killing them with the help of herbicide for manuring where the plant residues 
are left standing in the field along with main crop without incorporation/in-situ ploughing until its 
residue decomposes itself in the soil aiming to add organic manure beside weed suppression by its shade 
effect.  
 
The post-emergence herbicide spray on green manure leaves resulting in loss of chlorophyll in leaves 
showing brown in colour is referred to as brown manuring (Tanwar et al., 2010). 
 
Brown manuring not only adds organic matter content but also improves the physico-chemical and 
biological properties of the soil. Since not much works have been done in this field, this article focuses to 
address the potential of brown manuring in maximizing yield of cereals and controlling weeds based on a 
reasoned analysis of the literature on this subject published recently along with a highlight on the 
benefits of brown manuring. 
 
Its concept have been indicated as- 
                       
                     Brown Manuring                        No till + Herbicide + Mulch 
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Post-emergence herbicides are used for knock down of manure crops. Often, a second knockdown 
herbicides application is necessary to kill surviving weeds, particularly those sheltered from the first 
spray by manure crop- double knockdown. 
 
Double knockdown is the application of two herbicides with different modes of actions sequentialy, 
which is held to be a highly effective intervention to prevent the development of herbicide resistance. 
 
A variation on brown manuring is mulching, where the crop or pasture is mowed, slashed or cut with a 
knife roller and the residue is left lying on the soil surface. This mulch reduces soil moisture loss through 
evaporation. Mulched residues break down more rapidly than for normal brown manuring because of 
the increased contact with soil and smaller pieces. 
 
Advantages-  
 It helps in management in weeds effectively  
 Fertility level of soil also improves 
 Improvement in soil biological activity and microbial population also increases 
 Helps in erosion management 
 Effective plant pathogen management 
 Crop productivity increases 
 
Timing of herbicide application- 

 If it is for weed control, then timing of the herbicide application is determined by growth stage of 
weed rather than crop 

 For maximum nitrogen fixation, spraying is delayed until plants reach peak biomass 
 
Criteria for brown manuring- 
 Cost and availability of the seed of plant which will be used in manuring 
 Easy cultivation 
 Relative dry matter production at the time of spraying with the first knockdown herbicide 
 Competitiveness behaviour of brown manure crops with target weeds 
 Degree of ground cover provided by stubble to reduce wind erosion and conserve moisture 
 Minimum competition with main crop 
 
CONCLUSIONS 
Brown manuring the best option for applying for growing crops to increase productivity and maintaining 
sustainability which are also cost effective and eco-friendly restoring soil health in present day 
agriculture. Because of it aids nutrients in soil there is less need of synthetic fertilizer. 
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INTRODUCTION 
The normal functions of the cells are based on a strict and regulated expression of various genes. To 
understand the complex mechanisms and networks involved in biological processes and diseases, it is 
not enough to analyze isolated pathways, single gene functions. A living organism has to be studied as a 
complex system and all genes involved in different biological processes need to be analyzed 
simultaneously: a systems biology approach should be applied. In the beginning of the 1990’s years, a 
new, high throughput technology - called microarray technology – was developed to measure the 
expression levels of large numbers of genes simultaneously or to genotype multiple regions of a genome. 
The main innovation of the microarray technology was the immobilization of different molecules 
(oligonucleotides, proteins, small drug like compounds) onto a solid and activated surface. These 
molecules are bound to these surfaces as a matrix in a well-defined order. This high density matrix 
arrangement of biologically active molecules is called microarray. In one spot of a microarray, high 
concentration of a given molecule is immobilized and can have specific interaction with its target. On one 
microarray thousands or millions of specific spots can be immobilized enabling the analysis of a full 
genome, transcriptome or proteome of an organism at a given time point. 
 
Principle 
       A microarray is a pattern of ssDNA probes which are immobilized on a surface (called a chip slide). 
The probe sequences are prepared and placed on a slide in a regular pattern of spots. The  slide is usually 
made of silicon or nylon and is manufactured using technologies developed for silicon computer chips. 
Each microarray slide is arranged as a checker board of 105 or 106 spots or features, each spot 
containing millions of copies of a unique DNA probe.  DNA microarrays use hybridization to detect a 
specific DNA or RNA in a sample.  DNA microarray uses a million different probes, attached on a solid 
surface, to probe such a mixture. The perfect sequence of the probes at each feature/location on the 
chip is known. When some of the individual sample DNA hybridizes to the probe in a particular spot, the 
hybridization can be detected because the target DNA is labeled. Therefore DNA microarray can 
determine which of the million different probe sequences are present in the target sample. 
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                           Fig no: Gene expression analysis using microarray 
 

 
 
Types of Microarray 
A. DNA microarrays: DNA microarray is also known as gene chip, DNA chip, or biochip. It r measures DNA 
or uses DNA as a part of its detection system. There are four different types of DNA microarrays: cDNA 
microarrays, oligo DNA microarrays, BAC microarrays and SNP microarrays. 
B. Protein microarrays: It acts as a platform for characterization of hundreds of thousands of proteins in 
a highly parallel way. Protein microarray is of three types, and these are analytical protein microarrays, 
functional protein microarrays and reverse-phase protein microarrays. 
C. Peptide microarrays: These types of arrays are used for the detailed analyses or optimization of 
protein–protein interactions. It helps in antibody recognition by screening proteomes. 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

93 
 

D.  Cellular microarrays: They are also called  living-cell-microarrays, and are used for screening large-
scale chemical and genomic libraries and systematically investigating the local cellular 
microenvironment. 
E. Antibody microarrays: They are also referred to as antibody array or antibody chip. These are protein-
specific microarrays that contain a collection of capture antibodies placed inside a microscope slide. They 
are used for detecting antigens. 
F. Reverse phase protein microarrays: They are chip of lysates or serum. Mostly used in clinical science, 
especially in the field of cancer biology, they also have pharmaceutical uses. In some cases, they can also 
be used in the study of biomarkers. 
G. Carbohydrate arrays: They are also called glycoarrays. Carbohydrate arrays are used in screening 
proteomes that are carbohydrate binding. They can also be utilized in calculating protein binding 
affinities and automization of solid-support synthesis for glycans. 

Application of Microarray 
1.Investigate gene expression changes as a result of factors such as pathogens and damages cells. 
2.Comparative genomic hybridization determines the content of the genome of living organisms and 
comparing them with each other. 
3.Identification of single nucleotide polymorphism SNP. With this technology, a single nucleotide 
polymorphism can be studied in different populations. 
4.The gene expression cDNA or cRNA incorporation of biotin labeled nucleotide which is subsequently 
stained (Browse labelling) that Frequently used for the incorporation of fluorescently labelled. 
5.To bacteria or yeast, the gene areas is relatively small the same arrays used for gene expression work 
can be applied to ChIP-chip. But for the human genome and the genomes of mammals have large gene 
areas and Transcription factor (TF) often bind many kbp away from the gene of interest. 
6.In the mammalian genome oligo arrays with oligo’s spaced evenly across the entire genome are 
typically used for ChIP-chip experiments. 

CONCLUSION 
              Micro-array technology is low-cost and effective technology with high efficiency. This method 
can overcome the flaws in the old ways. Meanwhile, the expression of thousands of genes can be 
studied. Due to its immense benefits in proteomics and genomics are considerable prospects for this 
technology was made. This new method is a daily progress and development of high throughput 
technologies in genomics and proteomics. 

REFERENCES 
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602. 
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“Genome-wide analysis of DNAcopy-number changes using cDNA microarrays . Nat Genet,23 (1): 41–46. 
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Scientific cultivation of “lady’s slipper” state flower of Chhattisgarh 
Article id: 22029 
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1Ph.D. Scholar, Deptt. of FLA, CoA, IGKV Raipur (C.G.) India, 492012 
2Sectional Officer (Horticulture) DDA, MUD Govt. of India, New Delhi 

Introduction 
     Lady slipper (Sub family - Cypripediaceae), also called lady’s slipper or slipper orchid, sub- family of 
five genera of orchid’s family Orchidaceae, in which the lip of the flower is slipper- shaped. Lady’s 
slippers are found throughout Eurasia and the Americas, and some species are cultivated. 

Uses  
 It is useful for insomnia, anxiety and depression. 
 It helps to lower hyperactivity in children. 
 It provides relief from muscle spasms, cramps and twitches. 
 The herb is used to provide relief from neuralgia and Bell’s palsy. 
 It is used to treat emotional tension, and hysteria. 

Description  
    Lady’s slipper orchids are usually terrestrial, through some are epiphytic or grow on rocks. Most 
species have rhizomes and fibrous roots. Unlike most other orchids, the flowers characterically feature 
two fertile anthers (male, pollen-producing structures) instead of just one. The slipper-shaped lip of the 
flower serves as trap for pollinating insects, forcing insect visitors to climb past the reproductive 
structures and deposit or receive pollinia (pollen masses) to fertilize the flower. 
Genera 
     The genera cypripedium has about 50 temperate and sub-tropical species, most of which are 
terrestrial. One well-known species is the yellow lady’s slipper (C. calceolus). Another is the pink lady’s 
slipper (C. acaul), also as the moccasin flower. Most on a stem about 30-60cm (12-24inches) tall. 
     About the 20 species of lady’s slipper constitute the genus phragmipedium. They are narrow- leaved 
plants native to tropical America. One to six flowers with ribbon like petals are borne on a stalk nearly 
90cm (inches) tall. 
     The six species in the genus selenipedium, also native to tropical America, may be 5 meters (16feet) 
tall. The leaves are folded, and the flowers are borne on a spike at the tip of the plant. S. vanillocarpum 
has vanilla-scented seedpods. All selenipedium species are considered endangered or threatened 
according to the IUCN Red list of threatened species. 
     Cypripedium species are native across much of North America as well as pars of Europe. This adorable 
little plant has only two leaves, which branch out from the center where its single flower stalk also 
grows. The unique flower looks just like a lady’s slipper, closed tightly except for a small opening in the 
front blooms range in color from white and yellow to deep pink and nearly purple shades.  
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           Fig: 01 Lady’s slipper flower                                        Fig: 02 Lady’s slipper flower 

CULTIVARS  
     There are lots of varieties, some of which are endangered, but most species are now commonly 
cultivated and obtainable through reputable nurseries and garden supplier. Some of the more common 
ones include:- 

a) White lady’s slipper - the small, white lady’s slipper (C. candidum) reaches anywhere from 6 to 
12 inches in height. This particular species is considered endangered but may be available from 
reputable nurseries. 

b) Yellow lady’s slipper – the yellow lady slipper (C.calceous) blooms in early spring and is found 
mostly in rich woodlands or along the edges or elevated area of bogs. Its counterpart, the large or 
greater yellow lady slipper (C.pariflorum pubescens) can grow up to two feet tall, with the flower 
petals up to 6 inches across. 

c) Pink lady’s slipper - pink lady slipper (C. acaule) has deep pink, pink flowers about 3 inches long 
and exhibits a slightly sweet smelling aroma. It blooms from late June into July. 

d) Showy lady’s slipper - showy lady’s slipper (C. reginae) is another large species, 1 to 2 feet tall, 
that grows naturally in bogs, swamps, wet meadows and damb woodlands. The white flower is 
streaked with pink and blooms in late spring/early summer.  

Growing lady’s slipper orchids 
      Collecting and transplanting from the wild is strongly discouraged, through may be performed from 
your own properly or that of someone you know. Hen transplanting, include as much of the roots and 
surrounding soil as possible. Since it’s rather difficult to successfully transplant wild lady’s slipper orchids, 
it’s better to obtain them from commercial growers instead.  
     The being said, lady slippers prefer to grows in area that mimic their natural environments- shady 
woodlands. Therefore, try to simulate these conditions when choosing a site in you garden. They need 
well –aerated soil and moist conditions. Do not put them in full sun or dry locations. Dappled sunlight 
under tall trees is ideal for growing a lady slipper wildflower.                                    
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Propagation 
     Lady slipper propagation is best done either in the spring or fall, but don’t expect flowers unit the 
second year. In fact, in some cases, it can even take more than five years to bloom. Getting cypripedium 
seeds, seeds to germinate is difficult. They require long periods of cold temperatures, or stratification, to 
break seed dormancy. Most also require the help of a certain soil fungus to properly germinate for this 
region. It’s often better to propagate these plants through division, through this too can be time 
consuming and requires patience. Rhizomes are a better way of propagating lady slippers. This is done 
much the same way as that of Irries. Dig up a clup and take a cutting from the rhizome of carefully pull 
rhizomes apart replant these in the ground. To improve their chances of survival, it recommended that 
you grow your seedlings or divisions indoors for one or two seasons before planting outside. Use a 
humus type soil that drains well and retains moisture, preferably containing perlite. Place in a slightly 
dark area or partially shaded windowsill with no direct sunlight, you can, however, provide fluorescent 
bulbs. Seeds also need room temperature between 70 and 780f. 
     About the 15-20 plants can be accommonded in one to one and half year old plant in a square meter 
year. The spacing will be wider as a plant grows and 6 to 9 adult plants 3-4 year age in 6 inches deep pits 
can be accomonded. However, fully grown plants require more space for aeration and 3-4 plants can be 
spaced in a square meter area. 

Care 
     One of the most important parts of lady slipper care involves watering. The soil should be kept moist. 
If your water is chemically treated, allow it to sit for several days in an open container before using. 
Otherwise, you should only water the plant with distilled or rainwater. Lady slipper plants also benefit 
from a diluted, balanced fertilize once or twice between spring and early summer. Top dressing the 
plants with about 2 to 3 inches of shredded leaf mulch is also ideal. 

Fertilizers 
     Fertilizers on a regular schedule with a 20-20-20 fertilizer during the winter and high nitrogen fertile 
during the warmer growing months. Many paphiopediums can produce several flowers over the course 
of an few months so wait until the blooming spike turns brown before cutting it off. Make sure to state 
bloom while growing to prevent the weight of the bulb from bending the stem. Once the bloom is 
opened, a cooler temperature around 65 degrees can help prolong the bloom, which should last for two 
months. 

Harvesting 
     Lady’s slipper orchid seed pods from after the blooms have faded. The seeds from lady slipper orchids 
are very tiny but numerous. Professional growers say to collect the pods when they are still green, as this 
seems to influence germination. 

Yield 
     The yield of flowers greatly varies according to cultivar, package of practices adopted during 
cultivation and climate conditions. The average production of usable flower stem is one to third 
per/plants.  
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An Introduction to Water Sources 
 Water – a must for all life forms on earth and the most important natural resource. More than 70 per 
cent of the earth’s surface is covered with water. The total water resources of the earth are about 1,384 
million km3. About 97 per cent of total water resources in the world occur in the oceans as salt water and 
only 2.60 per cent is fresh water [1]. Of the fresh water resources, only a small fraction (0.52 per cent) is 
available as surface water and 12.5 per cent as ground water which is too deep (below 800 m) and too 
expensive to draw and use the water from that depth. The survival of mankind depends on this small 
fraction of fresh water which has to be used not only for domestic use but also for crop production, 
livestock, industry etc. 

Water Conservation & Its Importance 
Water conservation means using our water wisely and caring for it properly. Since each of us depends on 
water for life, it is our responsibility to learn more about water conservation and how we can help keep 
our water pure and safe for generations to come. Water conservation includes all the policies, strategies 
and activities to sustainably manage the natural resource of fresh water, to protect the hydrosphere, and 
to meet the current and future human demand. Population, household size, and growth and affluence all 
affect how much water is used. Factors such as climate change have increased pressures on natural 
water resources especially in agricultural irrigation.  
Research shows that by 2025, India, along with many other countries will face a serious water scarcity. 
Many regions in our country are currently undergoing the process of “water stress”. According to a 
research by Falken Mark, a Sweden expert on water, “water stress” happens when the water availability 
falls below 1000 m3 per person per day. Rising population, industrialization and modernization of 
agriculture are some of the main reasons for water shortages in many parts of the country. India’s per 
capita water availability has fallen from 1,816 cubic metres in 2001 to 1,545 cubic metres in 2011. It is 
projected to decrease further to 1,345 cubic metres per capita per year by 2025 in a business as usual 
scenario. Occurrences such as droughts further limit access to clean and fresh water, meaning people 
need to take steps to reduce water use and save as much water as possible. In some areas of the world, 
access to water is limited due to contamination. People who have access to fresh water can take steps to 
limit their use of water to avoid waste. The Indian government move comes as India faces one of its 
worst water crises, with a number of states reeling under drought-like conditions. At present scenario, 
the situation has worsened by the delayed onset as well as weak southwest monsoon which provide 
over 75% of India’s annual rainfall. As at the end of June, 2018 the country faces a rainfall deficit of 
nearly 33%, with Tamil Nadu, Telangana, Andhra Pradesh, Uttar Pradesh, Bihar and Jharkhand reeling 
under a deficit of more than 20%. The water levels in reservoirs have dipped following scanty rains. The 
total ‘live storage’ available in the 91 major reservoirs maintained by the Central Water Commission has 
dropped from 17% to 16% of capacity (161.9 billion cubic metres), which is less than what was available 
during the corresponding previous year of 2018. 

https://www.farnellfamily.com/cfarnell/glossary.html#conservation
https://en.wikipedia.org/wiki/Fresh_water
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Current Scheme under Water Conservation 
Central government of India launches nationwide water conservation 
scheme 'Jal Shakti Abhiyan' on 1st July, 2019 to focus on 256 districts 
and 1,592 blocks spread across all states, where there is over-
exploitation of groundwater. The states with the highest number of 
these districts are Rajasthan (29), Tamil Nadu (27) and Telangana (24). 
Apart from awareness campaigns, the government will mobilize 
farmers through Krishi Vigyan Kendras and urge them to shift to 
efficient irrigation practices. This scheme will focus on five aspects viz., 
water conservation and rainwater harvesting, renovation of traditional 
and other water bodies, reuse of water and recharging of structures, 
watershed development, and intensive afforestation. The campaign will run through citizen participation 
during the monsoon (1st July to 15th September, 2019). An additional 
phase II, will run from 1st October to 30th November, 2019 for states 
receiving the northeast retreating monsoons. This scheme urges 
farmers to adopt efficient irrigation practices and gradual shift to less 
water intensive crops and promotion of efficient irrigation. 
Methods of Water Conservation 
Since ages, people across different regions of India, have 
experienced either excess or scarce water due to varied rainfall and 
land topography. Yet, they have managed to irrigate their 
agricultural fields using localized water harvesting methods. Their traditional ways, though less popular, 
are still in use and efficient. They are enriched with knowledge to manage water in communal ways. A 
brief account of the unique water conservation systems prevalent in India:- 
 
1. Jhalara 
Jhalaras are typically square shaped step-wells with 
 beautiful arches, motifs and sometimes rooms on sides. These step-
wells collect the subterranean seepage of an upstream reservoir or a 
lake. Jhalaras were built to ensure easy and regular supply of water 
for religious rites, royal ceremonies and community use. The city of 
Jodhpur has eight Jhalaras, the oldest being the Mahamandir Jhalara 
that dates back to 1660 AD. 
2. Talab/Bandhis 
Talabs are mainly reservoirs, they could be natural, such as the 
ponds at  Tikamgarh in the Bundelkhand region or could be man-
made, such as the lakes in  Udaipur. A reservoir area of less than 
five bighas was called a talai; a medium sized lake was called a bandhi or talab; bigger lakes  were 
called sagar or samand. The pokhariyan served the  purpose of irrigation and drinking. 
3. Tanka 
Taanka is a traditional rainwater harvesting technique indigenous to the Thar desert region of 
Rajasthan. A Taanka is a cylindrical paved underground pit into which rainwater from rooftops, 
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courtyards or artificially prepared catchments flows. Once completely 
filled, the water stored in a taanka can last throughout the dry season 
and is sufficient for a family of 5-6 members. 
4. Ahar Pynes 
Ahar Pynes are traditional flood water harvesting systems indigenous 
to South Bihar. Ahars are reservoirs with embankments on three 
sides that are built at the end of diversion channels like pynes. Pynes 
are artificial rivulets led off from rivers to collect water in the 
ahars for irrigation in the dry months.  Paddy cultivation in this 
relatively low rainfall area depends mostly on ahar pynes. 
5. Kund 
A kund is saucer-shaped catchment areas that gently slope towards 
the central circular underground well. Its main purpose is to 
harvest rainwater for drinking. Kunds dot the sandier tracts of 
western Rajasthan and Gujarat. Traditionally, these well-pits were 
covered in disinfectant lime and ash, though many modern kunds 
have been constructed simply with cement. 
6. Bamboo drip irrigation 
Bamboo Drip irrigation System is an ingenious system of efficient 
water management that has been practised for over two centuries 
in northeast India. It has been replicated in urban areas too, where 
water stored on roof top tanks is flown through bamboo channels 
to irrigate fields and back gardens. Main advantage of the system is that it does not pollute like plastic 
counterparts and is very economical and simple to construct. Best suited for crops requiring less water, 
the system ensures that small drops of water are delivered directly 
to the roots of the plants. This ancient system is used by the farmers 
of Khasi and Jaintia hills to drip-irrigate their black pepper 
cultivation. 
7. Roof –top rain water harvesting 
The roof top rainwater harvesting method has provided a solution 
that can be practiced easily in every household. It is a simple model 
where the roof acting as a catchment for rainfall, which after flowing 
through a series of filters and pipes is stored in ground-level 
containers for direct use or recharged into ground water.  
8. Water Wheel 
This innovation comes from a foreign visitor who was inspired by 
women from villages of Rajasthan, who carried round earthen 
matkas on their heads for long distances in hot weather. This 
invention has made carrying water not only an effortless but fun 
activity. It is a round wheel shaped storage tanker with an attached 
handle on top to provide painless mobility. It has already become 
popular in villages of Gujarat, Madhya Pradesh and Rajasthan. 
Designed to reduce the drudgery and save time of working women, 
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water wheel can store upto 10 to 50 litres of water in hygienic conditions. It was innovated by a US 
based social entrepreneur, Cynthia Koeing under an organisation called Wello. 
9. Cycle Run Water Pumps 
A saver of time and cost of electricity and fuel, this technology utilizes human power generated by 
pedalling a bicycle to lift water from streams, ponds, canals 
and wells. When the cycle is pedalled, it creates an up and 
down motion of pistons which pressurizes water flow to 
outlet.  
Designed for small scale farmers who don’t have capacity to 
afford costly diesel run motors, this arrangement can bring a 
flow of 100 litres per minute. The complete unit made of cast 
iron and aluminium costs from Rs 2500 to 7000. These pumps 
have also supported women, kids and old people who at 
times found operating hand pumps in bend position a 
strenuous task. Some models have replaced bicycle by 
steppers, making pumping water a healthy and fun activity. In India, it was conceptualized by poor 
farmer from a village of West Bengal, Nasiruddin Gayen in 1980s.  

CONCLUSION 
Every individual should develop the attitude of water conservation and prevent every drop of water from 
being wasted. As far as possible, one should conserve rain water along with maintaining its quality. 
Depth of traditional water sources should be maintained by controlling its cleanliness. 
Since the maximum part of water is exploited in agriculture, hence water should be conserved in 
agriculture in different forms. Cultivating fields in off-season helps in maintaining soil moisture. Besides 
this, soil moisture can also be maintained by before-time sowing, proper use of fertilizers, pesticides etc.  
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Fruit Fly a major problem of guava and their management 
Article id: 22031 
Abhinandan Yadav, Ph.D. Scholar, Department of Entomology, Assam Agricultural University, Jorhat 

INTRODUCTION 

Guava is commonly called a poor man`s apple in the tropics and known for its delicious, pleasant aroma 
and outstanding nutritional values throughout the world. It is an excellent source of pectin, phosphorus, 
calcium, iron, potassium, and sodium with a pleasant aroma. The guava fruit is having a medicinal 
property and a good source of antioxidant and also having the anticarcinogenic property. Due to various 
constraints, guava production is severely affected. Among all the known factors, insect pests are of 
prime importance. The guava is subjected to attack by several kinds of pests and about 80 species of 
insects have been recorded on guava, but only a few of them have been recognized as a pest of regular 
occurrence and causing significant damage. Among insect pest, the fruit fly is the major limiting factor in 
obtaining a good quality of fruits and vegetable and known to cause considerable losses. Fruit flies are 
one of the most diversified and noxious pests on a wide range of tropical and sub-tropical fruits and 
vegetables. Fruit flies are considered as a highly destructive pest of guava fruit production causing yield 
losses and quality degradation of the produce. It is recorded, that crop losses caused by fruit fly ranging 
from 20-80 percent usually depend upon the crop locality, season and variety. 
 
Distribution: 
It is widely distributed in India and South Asia. Its occurrence has also been recorded in Malaysia, 
Indonesia, Formosa, Australia and Hawaii islands. 
Host range: 
Beside guava, it also feeds on mango, peach, apricot, cherry, pear, chikoo, ber, citrus and many other 
plants totalling more than 250 hosts. 
Nature and extent of damage: 
Damage is caused by grubs by feeding the pulp and thus making fruit unfit for human consumption. 
Marks of identification: 
The maggots are leg less, measure 8-9mm long when full grown. They are yellow and opaque. The adults 
is stout, a little largera than the ordinary house fly. It measures 14 nmm across the wings and 7 mm in 
body length.  It has brown and almost transparent winge with yellow legs and dark dust red and black 
patterns on the thorax. 
Life cycle and seasonal history: 
This pest is active during the summer months and passes winter as hibernating pupa in the soil. The 
adult flies emerge in April and reach ripening fruits and vegetables of the season such as guava, loquat, 
apricot, plum, brinjal, melons, chillies, etc. later on they shift to mango.  The flies are most active when 
temperature ranges from 25 to 35 c. the adults live for 4 months and feed on the exudations of ripe 
fruits and the honeydew of various insects. They mate at dusk and lay eggs in batches of 2-15, 10-15 days 
after emergence. A female, on an average, lays 50 eggs but under favourable conditions 150 to 200 eggs 
are also laid in one month. The eggs hatch in 2-3 days in march–april and 1-1.5 days in summer and 10 
days during winter. The maggots pass through 3 stages in 6 to 29 days. They leave the fruit and move 
away by jumping in little hops. On reaching a suitable place they burry themselves into the soil and 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

102 
 

pupate at a depth of 8-13 cm. in 6-44 days, the flies emerge from these pupae. The life cycle is 
completed in 2-13 weeks and many generations are found in a year. 
Natural enemies: 
Opius compensates, O. persupersulcatus, O. insicus, O. manii, bisoleres arisanus, Spalangia philippinesis, 
S. afra, S.  stomyoxysine and  S. grotiuse are associated as natural enemies with this pest. 
Management: 
Collection and destruction of fruit fly infested fruits regularly. 

 Timely harvesting of fruits reduces fruit fly infestation. 

 Solution of Methyl eugenol, malathion 50 EC and water in the ratio of 1.5:2.0:1000 may be hanged at 
10-12 places @0.5 liter/ wide mouthed bottle to attract and kill male flies. 
CONCLUSION 

 Common occurrence of  fruit borer in rainy season guava was also noticed. Fruit flies have been a maj
or limiting factor in production of rainy season guava. Infestation of fruit fly ranged from 20.00 to 46.00 p
er cent with crop loss of 16.00 to 40.00 per cent, which is a matter of serious concern. 

 The infestation of these pests because drying and dying of affected leaves and twigs which adversely 
affect growth of plants, flowering and fruiting. These insects have to be identified and studied in detail. 
 
REFERENCE 

[1]. A.S. Atwal and G.S. Dhaliwal (2002). Agriculture Pests of south Asia and Their Management. 
Kalyani Publication, New Delhi,498 pp. 

[2]. Nayar, k.k: Ananthakrishnan, T.N. &B.V.(2000) General and applied Entomology. Tata McGraw 
Hill Publication Co. Ltd. New Delhi,589 pp. 

[3]. Singh, H. M. and Singh, R. A. (2002-03). Manual on insect pests Management . Department of 
Entomology, N. D. University of Agriculture &Technology Kumarganj, Faizabad. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

103 
 

Cultivation practices and economical importance Cardamom 
Article id: 22032 
Virkar Amol M. 
                      
•    Botanical Name:-Elettaria cardamom  
•    Family :- Zigniberaceae 

• Origin :- Southern India 

• Chromosome No. :- 2n=48 

Uses:             
            Cardamom (Elettaria cardamom) popularly known as ‘Queen of Spices ‘, is a dried fruit of a tall 
perennial herbaceous plant. In India, Cardamom is cultivated in Kerala  (60%), Karnataka  (31%), and 
Tamilnadu  (9%). Due to its delicate aroma,  Cardamom is one of the most expensive spices in the world.  
Till the seventies,  India was enjoying a near monopoly position both in production and export in the 
world.  Recently, Guatemala has emerged as a main competitor. 

Climate :-  
1. The natural habitat of cardamom is evergreen forests of the Western Ghats. 
2. Grow in areas receiving annual rainfall of 150-400 cm. 
3. Temperature of 10-35 °C and altitude 600-15,00 m above mean sea level are ideal. 

Soil:- 
1. Cardamom is generally grown in forest loamy soils, which are acidic  (pH 5.0-6.5). 
2. Cardamom is grown in evergreen forests with organic matter enriched surface soil. 
3. Soils rich in  N and low to medium P and K. 
4. The soil should be fairly deep with good drainage.  

Varieties :- 
Six varieties of Cardamom have been released.  They are, 
1) Mudigare 1, 
2) PV 1 
3) CCS 1 
4) SKP 
(prostate type of panicles , suited for Karnataka ) 
5) ICAR 1 
6) ICAR 2 
(for Kerala and Tamilnadu. They yield 260-409 kg/ha. 

Propagation :- 
1. Cardamom is propagated both through seeds and vegetatively. 
2. Vegetative method is becoming popular as this ensures large scale production of true to type planting 
material of high yielding lines. 
3. The suckers, free from pests and diseases are better suited for clonal multiplication of high yielding 
varieties.  
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4. Timber culture technology for rapid multiplication of cardamom clones is adopted by the organized 
industrial sector. 

Cultivation :- 
About 10-18 months old seedlings are used for planting in the field. Preparation of land consists of 
clearing all under growth and thinning out except shade trees or branches to have an even head canopy. 
Pits of 45x45x30 cm^2 size are dug in April -May and filled with a mixture of top soil and compost or well 
rotten farm yard manure. Close planting  (2×1 m)×2 movie between plants and rows in Karnataka. 

The planting is carried out during the rainy season commencing from  June. The time for planting in low 
lying areas is ideal after the cessation of heavy monsoon showers. Cloudy days with light drizzles are 
ideal for planting. 

Seedlings are planted upto collar region in the depression. Deep planting should be avoided as it results 
in suppression of growth and causes death of plants due to decaying of under ground rhizomes. The 
seedlings are supported by stakes and mulched.  

Manuring and Fertilisation :- 

1. A dose of 75:75:150 kg NPK/ha should be applied.  
2. Organic manures like compost or cattle manure may be given @ 5 kg/ clump. 
3. Neem oil cake is applied @ 1 kg/ clump. 
4. Fertilizers are applied in splits under rainfed conditions in May and September. The first application 
helps in production of suckers and development of capsules whereas the second helps in initiation of 
panicles and suckers. 
5. In irrigated plantation, application of Fertilizers in 4 split doses at a quarterly interval is beneficial. 

After care :- 

Mulching : 
Fallen leaves of the shade trees are applied during Nov-Dec. to reduce the ill-effects of drought 
prevailing for 4-5 months in summer. Exposing the panicles over the mulch is beneficial for bee 
pollination. 

Weeding :-  
Depending upon the intensity of weeds,  2-3 Weddings are given in May-June, Aug-Sept. And Dec.-Jan. 
Spraying of Paraquat  (625 ml in 500 litres of water/ha) should be done only in interspaces between rows 
leaving 60 cm around the plant based.  

Threshing :- 
Threshing removes old and drying shoots of plants. It is done once in a year with the onset of monsoon 
under rainfed conditions and 2-3 times in high density plantations provided I with irrigation facilities.  

Shade regulation: 
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Light shade is more favourable in the initial stages to enhance vegetative growth.  In areas having sparse 
tree growth,  suitable fast growing shade trees should be planted. Permanent shade trees like cedar, 
balangi and elangi are suitable. To provide adequate light during monsoons,  shade regulation may be 
taken up in May before the onset of the monsoon. Two tier canopy is desirable with a height not more 
than 3 m between the lower and higher canopy.  Areas exposed to western side have adequate shade. 

Irrigation : 
1. Cardamom plantations are irrigated from last week of January to mid May. 
2. The plantations may be irrigated at 10-15 days interval till the onset of monsoon. 
3. Regular irrigation  (25 mm – 375 mm / irrigation ) helps in initiation of panicles, flowering and fruit set. 
4. The moisture level should be maintained above 45-50 %. 

Harvesting and post harvest management :- 
1. Cardamom comes to bearing 2-3 years after planting. 
2. The fruits mature at 30-40 days intervals, necessitating 5-6 pickings. 
3. Harvesting season is October -November. 
4. In Kerala and Tamilnadu, harvesting starts from August -September and continues till February -
March. 
5. In Karnataka, harvesting starts in July -August and continues upto December -January. 
6. Capsules are harvested just short of ripeness. 
7. Over mature fruits split on drying floor, whereas the unripe fruits shrivel on drying. 

Average yield : 500 k/ha dry capsules 

Processing : 

After harvesting, capsules are dried either in fuel Kiln or electrical drier or in the sun. Soaking freshly 
harvested green cardamom capsules in 2 % washing soda solution for 10 minutes prior to drying helps to 
retain original green colour during drying. Under flue pipe drier, it should be dried at 45-50 °C for 14-18 
hours, while over night drying at 50-60 °C is required under an electric drier. The capsules are spread 
thinly and stirred frequently to ensure uniform drying. They are rubbed with hands or agitated to ensure 
uniform drying. They are winnowed to remove any foreign matter. They are then sorted according to size 
and colour stored in black polythene lined gunny bags to retain the green colour during storage. These 
bags are kept in wooden chambers and sent to market as and when required. 

Pests :- 

1. Thrips  (Scothrips cardamomi) :- Wilting of panicles, stabbing and splitting of capsules. Adults and 
larvae lacerate and feed on plant sap from tender shoots, panicles and capsules. 
Control :- Regulate shade in the plantation. Spray Monocrotophos  (0.025 %) or Quinolphos  (0.025 %) or 
Phosalone  (0.07 %) or Fenthion  (0.05 %) during March, April, May, August and September. Remove dry 
leaf sheaths before first spray. 
2. Shoot and capsule borer  (Conogethes punctiferalis) :- 
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Yellow / withered central leaf; hole on capsule and pseudostems with extrusion of frass. Larvae bore into 
panicles, capsules and pseudostems and feed on internal tissues. 
Control :- Spray Monocrotophos  (0.075 %) or Fenthion  (0.075 %) during January-February and 
September – October. 
3. Root grub  (Basilepla fulvicome) :-Stunted plants with yellow leaves. Larvae feed on leaves and retard 
plant growth. 
Control :- Collect and destroy adult beetles during peak periods of emergence. Apply Phorate 10G @ 20-
40 g/clump. 
4. Hairy caterpillar  (Eupterote spp.Lenddera vittala) :- Larva defoliate plants. 
Control :- Lure adults to light traps and destroy. Spray Quinolphos  (0.05 %). 

Diseases :- 
1. Mosaic or Katte disease  (Poly virus Y. Vector Pentalonia nigroneuvosal sp. Caladii):- Dicontinuous 
chlorotic, spindle shaped stripes on leaves running parallel to veins. These merge later to give mosaic 
symptom. Affected plants gradually become stunted with few slender tillers. Reduction in size and 
number of panicles. 
Control :- Eradicate disease affected clups and replant disease free plants in a phased manner. Avoid 
raising nurseries near disease affected plantation. Avoid collecting planting material from diseased 
gardens. 
2. Vein clearing  (‘Kokke kandu’ Vector Pentalonia anigronervosai sp. Canadian. ) :- Vein clearing 
symptoms on leaves, the affected clumps produce hook like shoots  (unfurled leaves). Leaf molting and 
shredding. Quick decline and death of clumps result in poor yield. 
Control :- Follow disease management practices as that of ‘Katte’. 
3. Capsule rot (‘Azhukal’ Phytophora meadii, P. nicolianane var. nicotianaer):- Small water soaked 
lesions on capsules which expand imparting dull green to brownish colour, capsule rots emitting foul 
smell. Dark brown lesions appear on rachis also. Water soaked lesions appear on leaves which expand. 
Occasionally pseudostems / rots also show rotting. 
Control :- Remove affected capsules from the plantation before the onset of monsoon. Regulate shade 
by pruning branches of overhead shade trees. Spray on foliage and spikes with 1 % Bordeux Mixture 
once during May-June and again during August-September. Drench the base of clump with 0.2 % copper 
oxychloride @ 31/ clump. 
4. Clump rot and damping off (Pythium vexans Rhizoctonia solani.) :- 
Young seedlings in the nursery rot at the collar and die. 
Control :- Nursery beds are mixed with biocontrol inoculum  (T. harzianum ) @ 50 g/ m3 before sowing. 
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Lactobacillus delbrueckii subsp. bulgaricus – A National Microbe of India 
Article id: 22033 
Meena Kumari P. 
Research Scholar, Department of Biochemistry, CSIR-Central Food Technological Research Institute, 
Mysuru-570020, Karnataka  

Lactobacillus delbrueckii subsp. bulgaricus has been declared as the National Microbe for India by Smt. 
Jayanthi Natarajan, India's former Minister of State for Environment and Forests on October 18, 2012, 
when the International Conference on "Biodiversity Conservation and Education for Sustainable 
Development - Learning to Conserve Biodiversity in a Rapidly Changing World" held at Hyderabad during 
CoP-11. This microbe was chosen by kids who had visited the Science Express Biodiversity Special, a train 
which has been touring various stations over the country. 

Scientific classification  

Domain Bacteria 

Phylum Firmicutes 

Class Bacilli 

Order Lactobacillales 

Family  Lactobacillaceae 

Genus Lactobacillus 

Species delbrueckii 

Subspecies bulgaricus 

Trinomial name Lactobacillus delbrueckii subsp. bulgaricus  

 
Characteristics  
It is a Gram-positive rod that may look filamentous and long. It does not form spores. It is non-motile and 
It is considered as acidophilic since it requires a low pH (around 5.4–4.6) to grow efficiently. The 
bacterium has complicated nutritional demands. Fig 1 is the Freeze-fractured Transmission Electron 
Micrograph (TEM) image of L. delbrueckii subsp. Bulgaricus. 
 

 
Source: Scimat/Science Source 

History  
Lactobacillus delbrueckii subsp. bulgaricus (until 1984 known as Lactobacillus bulgaricus) was first 
recognized in 1905 by Stamen Grigorov, who named it Bacillus bulgaricus. Ilya Metchnikoff, a professor 

https://en.wikipedia.org/wiki/Lactobacillus_delbrueckii_subsp._bulgaricus
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at the Pasteur Institute in Paris (PPU), investigated the link between the longevity of Bulgarians and their 
consumption of yogurt. He had the idea that aging is effected by proteolysis, by toxic substances 
(phenols, ammonia, indols) producing gut microbes (Ex. Clostridia) by digestion of proteins. According to 
him, these toxic compounds are responsible for intestinal auto-intoxication, which he thought as the 
cause of the physical changes associated with old age. But this concept has no scientific basis. It was 
already understood at that time that fermentation with lactic acid bacteria hinders the decay of milk 
because of its low pH. Metchnikoff's study also remarked that country populations in Southeastern 
Europe and the Russian steppes daily consume milk fermented with lactic acid bacteria and live relatively 
longer than other populations. Based on these data Metchnikoff suggested that intake of fermented milk 
seeds the intestine with harmless lactic acid bacteria developing intestinal acidity and suppressing the 
growth of proteolytic bacteria.  

Sources 
L. d. bulgaricus and other probiotics are present in both natural foods or in supplement form. L. d. 
bulgaricus can be found in a variety of fermented common foods, including: 
 yogurt, certain cheese 
 fermented pickles-Kimchi, Sauekraut 
 beer 
 wine 
 miso, soy sauces 
 
Uses in Industry: 
Lactobacillus delbrueckii subsp. bulgaricus is generally used adjacent with Streptococcus thermophilus as 
a starter for producing yogurt.  While fermenting milk, L. d. bulgaricus generates acetaldehyde, one of 
the main yogurt aroma ingredients. Some strains of L. d. bulgaricus, such as L. bulgaricus GLB44, also 
generate bacteriocins, which have been revealed to eliminate undesired bacteria in vitro. Some of the 
largest importers of the bacterium are Japan, the United States, the European Union. In some styles of 
beer, lactic acid bacteria can provide to the overall appearance, aroma, taste, mouthfeel, and pleasing 
sourness. Lactobacillus bulgaricus is a part in VSL#3 (VSL#3 is a therapeutic food used as a probiotic). This 
proprietary, regulated, formulation of vital bacteria may be employed in combination with traditional 
therapies to treat ulcerative colitis and requires a prescription. 

Health benefits: 
L. d. bulgaricus is a helpful bacteria found in the gastrointestinal tract. Intestinal bacteria are attributed 
to as gut flora or microbes. This strain of bacteria seen in foods or supplements. When it’s eaten, it’s 
referred to as probiotics. The proper stability of gut flora helps to keep your intestinal walls strong and 
bad bacteria at bay and can decrease the chance of chronic disease. 
Probiotics are “healthy” bacteria that may play an essential role in supporting your health when 
consumed. The National Institute of Health did note some possible health benefits of L. d. bulgaricus . 
Early-stage investigation suggests that they may perform a function in managing the following health 
conditions: 
 hepatic disease 
 common cold 
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 diarrhea caused by antibiotics 
 IBD- inflammatory bowel disease 
 eczema 
 hay fever 
 tooth decay 
 periodontal disease and other oral health problems 
 preventing necrotizing enterocolitis 

L. d. bulgaricus or any other probiotics are not approved by Food and Drug Administration (FDA) to treat 
disease. The National Institutes of HealthTrusted Source (NIH) warns that investigation behind probiotics 
is unsettled. L. delbrueckii is considered reliable, but should be avoided in immunocompromised 
individuals, people with organ failure, dysfunctional gut barrier, where probiotics may direct to infection. 
More study is needed to confirm the advantages of L. d. bulgaricus and probiotics. It’s important to 
remain careful about claims about probiotics. It’s essential to talk to your doctor prior taking probiotic 
supplements. 

REFERENCES: 
[1]. https://pib.gov.in/newsite/PrintRelease.aspx?relid=88487 
[2]. https://en.wikipedia.org/wiki/Lactobacillus_delbrueckii_subsp._bulgaricus 
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Role of Government and Challenges in Farm mechanization in India 
Article id: 22034 
R. Kiran 
Department of Agricultural Marketing Cooperation and Business Management, UAS, GKVK, Bengaluru-65 
 
Role of Government in Farm mechanization  
  Small and marginal farmers who cultivate about 85 per cent of the holdings and account for 
nearly 44 per cent of the total cultivated area cannot afford high cost agricultural machines. High cost of 
mechanization and lower credit worthiness results in the ‘exclusion’ of majority of small and marginal 
farmers in India from the benefit of farm mechanization. 
The use of farm machinery is also dependent on the availability of other infrastructural services in the 
rural areas. Mechanization of small and non-contiguous group of lands is found to be against ‘economies 
of scale’ especially for activities like land preparation and harvesting, thereby making individual 
ownership of agricultural machinery uneconomical.  
  In order to make farm equipment’s and machines available to the farmers at affordable cost, custom 
hiring of the machines and equipment’s to the farmers was introduced. This will, besides increasing the power 
availability, help in removing the disparity in availability of the farm power among various states and reduce the 
drudgery associated with various farm operations. Besides, recognizing the need to spread the benefits of farm 
mechanization among all strata of farmer’s especially small and marginal farmers, the Department of 
Agriculture & Cooperation (DAC) proposes to formulate one integrated National Mission on Agricultural 
Mechanization (NMAM). NMAM will put ‘Small & Marginal Farmers’ at the core of the interventions with a 
special emphasis on ‘reaching the unreached’, i.e. bringing farm mechanization to those villages where the 
technologies deployed are decades old. Besides, the Mission also proposes to cater to ‘adverse economies of 
scale’ by promoting ‘Custom Hiring Services’ through ‘the rural entrepreneurship’ model. 
The feedback from the State Governments indicates that during the year 2009-10 (up to 31st March, 
2010) 7008 tractors, 4560 power tillers, 103118 hand tools, 2501 bullock-drawn implements, 9401 
tractor-driven implements, 4781 self-propelled/power-driven equipment, 5280 plant protection 
equipment, 5881 irrigation equipment, and 2630 gender-friendly equipment were supplied to the 
farmers.  
  The Department of Agriculture and Cooperation, Ministry of Agriculture, has been providing 
financial assistance on agricultural equipment and implements to all categories of farmers under its 
various Central Sector Schemes. This has been instrumental in bringing level of farm power from 1.35 
kWha-1 from beginning of Tenth Five year plan to 1.66 kWha-1by the end of 2009-2010.  
In order to attain the projected demand of 280 million tonnes of food grains by 2020-21, farm power 
availability in the country has to be scaled up to at least 2.0 kWha-1 by the end of the Twelfth Plan. For 
achieving this, farm mechanisation has to be given primacy (Sharad Pawar, Former Agriculture Minister, 
GoI).  

Challenges in Farm mechanization 
 Farm mechanization in India compared to countries like USA and China however growing at a slower 
pace due to some constraints as follows: 

 Indian agriculture requires customized farm machinery and equipment suitable to the requirements 
of different regions of the country which have highly diverse farm size and soil types. 
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 Skewed and seasonal usage of machines results in low economic viability of the machines and this 
calls for innovative solutions for scaling up usage. 

 Higher risk due to ‘uncertain demand’ and ‘premature market’ has barred seasoned business entities 
from entering this segment.  

 Constraints in developing the standard of machines available in the domestic market 

 High acquisition costs make farmers unable to procure machines  

 Small size of the farms 

 Poor rural infrastructure 

 First generation entrepreneurs willing to establish these centres face a significant ‘entry barrier’ on 
account of non-availability of financing either in the form of venture capital or institutional loans. With 
the level of Non- Performing Assets (NPAs) continuing to remain significant, it is unlikely that the risk 
perception of financial institutions will change in the near future.  
  Further, non-availability of the much needed technical and institutional support and after sales 
service has further prevented this segment from developing and maturing. Small or first generation 
entrepreneurs even if they are enterprising enough to establish custom hiring centres, do not usually 
qualify for bank loans for want of collaterals or credit guarantees. Intensive research on farm 
mechanization is also not adequate as it is a very capital intensive activity.  
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Culture of Scylla serrata (Forskal) in Polythein Lining Pond Bottom  
Article id: 22035 
*Kotiya Anil S.1 
1Asstt Research Scientist, Dept. of Aquaculture, Fisheries Research & Training Station, JAU., Mahuva. 
364290. 

Shrimp farming aquaculture is the fastest growing business round the world but due to outbreak of 
diseases bifurcation toward crab culture Scylla serrata. The Scylla serrata crab culture trial was 
conducted for 60 days of culture. The initial mean weight (g) of Scylla serrata during summer and 
monsoon season was 39.15±14.28 and 40.25±10.9 respectively. Crab culture trial was conducted for 60 
days fed with trash fish and molluscan meat had final mean body weight (g) of 61.4±26.4, 69.3±21.7 
during summer season and 67.9±6.83, 76.9±14.8 after 60 days, the avg. daily growth (g) (ADG) was 
0.41, 0.45 during summer and 0.50, 0.56 during monsoon season. Comparing the survival% during 
summer and monsoon season fed with trash and molluscan meat was 41.6, 42.7 and 50.4, 54.9% 
respectively. From the result, it is concluded that for aquaculture culture sector monsoon season play 
and important role in weight gain(g) and survival(%).  
 
INTRODUCTION: 
Aquaculture is one of the fastest growing sector around the world. Due to outbreak of shrimp diseases, 
shrimp farming activity is at dormant stage. The alternative to shrimp is crab culture and fattening. The 
mud crabs Scylla spp. are distributed all along the Indo-Pacific region. They are associated with 
mangroves in estuaries and sheltered muddy coastal habitats. Indo-Pacific countries, crab shelters are 
often used in ponds to provide refuge for moulting and post-moult soft crabs (Fielder et al., 1988) to 
minimize cannibalism during the grow-out phase.  Cannibalism appears to be partly dependent on 
stocking density (Baliao et al.,1981) while mixed sex culture enhanced cannibalism among the stock 
(Cholik and Hanafi, 1992).  Scylla serrata (Forskal) are abundant in almost all the mangrove areas of 
Gujarat. Traditionally, mud crabs were collected from the wild and locally consumed or sold to local fish 
supplied to the hinterland areas of Gujarat. As the demand for crab is rising in hotel and restaurant and 
hence it is lucrative fishery product after shrimp. Crab fattening is becoming commercialized in Kerala 
and Andhra Pradesh and Tamil Nadu. (Joel and Raj, 1983) recognized two mud crab species with the 
aquaculture facilities developed in most of the coastal regions in south India (Marichamy and 
Rajapackiam, 1999). The present study was conducted to determine the growth and survival of   mud 
crab juveniles S. serrata in polythein lining ponds. 
 
Pond specification 
For this study, two similar pond were used for crab culture having size 10x8x0.6 mt3. The whole pond 
was covered by polythein lining having 250 micro thickness. One outlet was set for water exchange and 
cat walk were fixed in opposite side to each other for check tray observation. Around 120 cement pipes 
(3”diameter) as shelters were placed in each pond to reduce cannibalism. 
 
Crab biometric and acclimatization 
All crab were procured from the fish landing centre, Mahuva and were placed in tank for acclimatization. 
Total 21 days of crab acclimatization were carried out at Fisheries Research & Training Centre, JAU., 
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Mahuva. Before trial all collected crab were identified S. serrata spp. During summer and monsoon 
season, all the crab selected were physically active and total 116 pcs of crab/pond and 148 pcs of 
crab/pond were placed in the polythein lined pond for growth (g) and survival (%) test. Average body 
weight (g) of juvenile crabs during summer and monsoon season fed with trash fish & molluscan meat 
were 36.5±17.52g, 41.8±11.04 and 37.4±12.7 and 43.1±9.24g respectively.  

Table 1: Comparison of crab growth between two different seasons 

Season Meat fed Initial body 
weight (g) 

Final body 
weight (g) 

Weight 
gain (g) 

Average 
daily 
growth 
(g) 

Biomass 
(Kg) 

Survival% 

Summer  Trash fish 36.5±17.52 61.4±26.4 24.9 0.41 1.20 41.6 

Molluscan  41.8±11.04 69.3±21.7 27.5 0.45 1.36 42.7 

Monsoon  Trash fish 37.4±12.7 67.9±6.83 30.5 0.50 2.27 50.4 

Molluscan  43.1±9.24 76.9±14.8 33.8 0.56 2.74 54.9 

 
Trial was taken up for 60 days. In the tank, mangroves branches and twigs were placed to reduce 
mortality and cannibalism within crabs. During acclimatization the dead crab were recorded and scooped 
out. Crab were fed with trash fish, bivalve meat, squid tentacles, decomposed leaves and twig etc and 
fed three time day-1 at 5-7% of the body weight at 0600, 1300 and 1730 h by broadcasting. Proximate 
analysis of the food items is shown in Table 2.  

Table 2: Proximate composition of fish by-catch and brown mussel. Analysis was done according to 
AOAC (1990) 

Proximate 
Composition 

Proximate Composition % 

Summer season Monsoon season  

Fish by-catch Trochus spp. Fish by-catch Trochus spp. 

Crude protein 62.7 59.2 53.5 55.7 

Crude fat 11.1 12.5 14.7 13.9 

Crude fiber 1.8 9.1 1.6 9.9 

Nitrogen-free extract 1.1 11.3 1.4 12.6 

Ash 21.8 6.1 28.6 6.3 

 
Water quality parameter 
Water exchange of 25-30% of the total volume was done daily using a 5 HP motor pump. Water 
temperature and salinity were measured daily using a thermometer and Atago refractometer, 
respectively. A Eutech Instrument pH meter was used to measure pH while Winkler method was used to 
determine dissolved oxygen. Ammonia was determined fortnightly as described by Allan et al.,(1990). 

Table 3: Water quality parameter recorded during two different season 

Water parameter Summer season Monsoon season 

DO (ppm) 4.62±0.12 6.02±0.09 

pH 7.96±1.06 7.34±0.26 
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Salinity (ppt) 32.1±1.41 24.2±1.37 

Temp (°C) 31.1±0.15 23.6±0.22 

Ammonia (ppm) 0.001±0.1 0.01±0.00 

 
Results & Discussion 
The water parameter ranges were within the optimum levels for mud crab culture. (Baliao et al., 1999; 
Jayanthi et al., 2009) stated that 23-35°C is optimum for the growth of mud crab. The average water 
temperature in summer and monsoon season was 31.1±0.15°C and 23.6±0.22°C (Table 3) whereas the 
salinity of the pond water varied between 32.1±1.41 and 24.2±1.37 ppt, which are suitable for mud crab 
(Cowan, 1984; Cholik and Hanafi, 1992; Mwaluma, 2002). Avg. dissolved oxygen was 4.62±0.12 and 
6.02±0.09 directly affects the feed acceptability and molting of crab. (Passano, 1960) reported that 
molting is one of the most important physiological processes for crustacean growth because every 
molting ultimately lead to increase in body size and weight. 
  Culture of crabs in pond is a best alternate solution to accommodate huge volume of crabs at one 
time according to (Trino and Rodriguez, 2001). Initially, culture methods were developed using ponds 
(Catanaoan, 1972) but most farms in Southeast Asia have used trash fish, clam meat or animal by-
products as feeds (William and Fitz Gerald, 2002). (Marasigan, 1999) reported that the SGR of mixed 
species of mud crabs fed prawn pellets was akin with those unprocessed feed. This was in agreement by 
(Kuntiyo, 1992) when crabs were fed commercial prawn pellets and fish bycatch. S. serrata juveniles 
show a preference for detritus, while larger crabs have more crustacean and fish in their diet (Prasad and 
Neelakantan, 1988), In the present investigation, molluscan meat is the most preferable feed for crab 
rearing at all the time. As molting approached, the body weight of crabs decreased possibly due to 
reduced feeding. (Jayanthi et al., 2009) stated that S. serrata crabs buried in the sand or mud while the 
smaller ones made deep burrows either at the bottom of estuary or earthen canals or ponds. (Kotiya et 
al., 2013) stated that in cemented pond bottom, the weight gain (g) of male crab is higher than female 
crab. (Trino et al., 2001) stated that mean final body weight of male crabs (427 g) was significantly higher 
(P < 0.05) than female crabs (400 g). In the present investigation, male crab were of bigger in size than 
female crab in both the season. (Kotiya et al., 2013) stated that moulting in crabs may hindered due to 
the absence of mud or any soft substrate where the crabs can burrow. In the present study, low 
survival% in both the season indicate, that molting was affected in polythein lined pond. (Chen, 1990) 
recommended a stocking density of 2-3 crabs/m2 whereas (Fitzgerald, 1997) agreed that 3 crabs/m2 is 
the optimum stocking density. In the present study, stocking density was 2 crabs/m2. Higher stocking 
density usually resulted in lower survival (Gurnato and Cholik, 1990). More than 80% survival is 
considered good in crustaceans. In this study, survival of crabs in summer and monsoon season was 
41.6% and 54.91%, respectively (Table. 2). 

SUMMARY/CONCLUSION: 
Aquaculture is an rising industry in food sector because the demand for seafood consumer is increasing 
among all food sector. Crab farming is alternative to shrimp farming and is hardy species. It is concluded 
that stocking density of crab during culture period plays and important role for growth and survival and 
hence it is advice to stock the crab between 3 to 5 pc/m2 and provide molluscan feed for better biomass 
harvest at the end of culture period. 
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Fertilizer dose and time of application for different agriculture crops in Andhra Pradesh 
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INTRODUCTION: 
 Fertilizers play a very important role in crop production. Optimum dose and correct time of application 
is important to improve fertilizer use efficiency. Normally farmers use fertilizers indiscriminately which 
lead to ground water, environment pollution and soil degradation. With excessive use of fertilizers soil 
microorganisms population is also reducing drastically. Farmers are mainly focusing on macronutrients 
but crop also needs micronutrients like zinc, iron, manganese etc. Using of organic manures increases 
organic carbon which inturn improves soil fertility. Chemical fertilizers should be used according to soil 
test reports. If there is low nutrient status farmers has to apply 25-30% more than RDF. If soil nutrient 
status is medium farmers has to follow RDF. If soil nutrient status is high farmers has to follow 25-30% 
less nutrients. 

List of fertilizers, dose time of application: 

S.N
o. 

Crop Fertilizer dose (N:P:K) (kg/ac) Time of application 

1 Paddy 32-36:24:16-24 
Kharif(kg/ac) 

72:36:24 Rabi 
(kg/ac) 

 P & K basal, N in 3 equal splits (basal + active 
tillering + PI) 

ZnSO4 @ 20 kg/acre Last ploughing 

Zinc deficiency: 2 g/l ZnSo4 +5 g 
urea 

2-3 times at 5 days interval 

Iron deficiency: 20 g FeSo4 + 2 g 
lime salt/l 

2-3 times at 5 days interval 

Manganese deficiency: 2g MnSO4 2-3 times at 4-5 days interval 

2 
 

Maize Kharif(kg/ha) Rabi (kg/ha) 
 

 

Normal 
hybrids 

72-80:24:20 80-96:32:32 N in four equal splits (owing, knee high stage 
(30-35 DAS), flag leaf emergence (50-55 DAS), 
tasseling-silking stage (60-65 DAS)) Sweet corn 60-72:24:20 72-80:24:20 

Pop corn 32:24:20 40:24:20 

Baby corn 48:20:16 60-72:24:20 

ZnSO4 @ 20 kg/acre Last ploughing 

3 Sorghum FYM: 4 t/ac Last ploughing 

Rainfed: 24-32:16:12 
Irrigated: 32-40:24:16 

N: 50% basal+50% top dressing at kneehigh 
stage 
Entire P & K as basal 

4 Bajra FYM: 4 t/ac Last ploughing 

Rainfed: 24:12:8 
Irrigated: 32:16:12 

N: 50% basal+50% top dressing at 30days 
Entire P & K as basal 

5 Ragi Nursery: 5 cents: 640 g: 640g: 480 g  
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Main field:  

FYM- 4 t/ac Last ploughing 

24:12:8 
 

N: 50% basal+50% top dressing at 30 days 
Entire P & K as basal 

6 Foxtail 
millet 

FYM- 4t/ac Last ploughing 

16:8:0 
 

N: 50% basal+50% at 3-4 WAS 
Entire P as basal 

7 Little millet 
or sama 

FYM- 2 t/ac 
 

Last ploughing 

8:8:8 Basal 

8 Variga FYM- 2 t/ac Last ploughing 

8:8:8 Basal 

9 Pigeonpea FYM 2t/ac Last ploughing 

8:20:0 (Kharif) 
16:20:0 (Rabi) 

Basal 

ZnSo4 20 kg/acre Last ploughing 

Zinc deficiency: 2g/l ZnSO4 2 times at 1 week interval 

Iron deficiency: 5 g FeSO4 + 1 g lime 
salt 

2 times at 1 week interval 

10 Greengram FYM 2 t/ac Last ploughing 

8:20:0 Before sowing 

ZnSo4 20 kg/acre Last ploughing 

Zinc deficiency: 2g/l ZnSO4 2 times at 1 week interval 

Iron deficiency: 5 g FeSO4 + 1 g lime 
salt 

2 times at 1 week interval 

11 Blackgram FYM 2 t/ac Last ploughing 

8:20:0 Before sowing 

ZnSo4 20 kg/acre Last ploughing 

Zinc deficiency: 2g/l ZnSO4 2 times at 1 week interval 

Iron deficiency: 5 g FeSO4 + 1 g lime 
salt 

2 times at 1 week interval 

12 Chickpea 8:20:0, 16 kg S/ac Basal 

ZnSo4 20 kg/acre Last ploughing 

Zinc deficiency: 2g/l ZnSO4 2 times at 1 week interval 

Iron deficiency: 5 g FeSO4 + 1 g lime 
salt 

2 times at 1 week interval 

Sulphur deficiency: 8-12 kg/acre (as 
SSP) 

At sowing time 

13 Horsegram 4:10:8 Basal 

14 Soybean 12:24:16 
FYM and S should be encouraged 

Basal 

15 Groundnut FYM/compost @ 4-5 t/ac  once in 2-3 seasons 
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Rainfed: 8:16:20 
Irrigated: 12:16:20 
 

N: 75% basal + 25% at flowering 
Entire P and K as basal 
Note: SSP for P 

Gypsum @ 200 kg/ac Flowering 

ZnSo4 @ 10 kg (rainfed), 20 kg 
(irrigated), Borax 10 kg, FeSO4 @ 10 
kg 

Basal 

Zinc deficiency: 2g/lit Two times with one week interval 

Iron deficiency: 5 g FeSO4 + 1 g lime 
salt 

Two times with one week interval 

16 Sesame FYM 4 t/ac Last ploughing 

16:8:8 N: 50% as basal + 50% at flowering (30 DAS) 
Entire P & K as basal 

17 Safflower Rainfed: 16:10:0 
Irrigated:16:10:0 

N: 8 kg as basal and 8 kg 5 WAS 

55 kg S through SSP  

Cycocel 1000 ppm 50% at flowering 

18 Sunflower FYM 3 t/ac 2-3 weeks before sowing 

Rainfed: 24:24:12 
Irrigated: 30:36:12 
 

N: 50% as basal + 25%  at 30 DAS + 25% 50 
DAS. P & K as basal 
Note: Prefer SSP 

Sulphur deficiency: Gypsum 55 
kg/acre (10 kg S) 

 

2 g Borax Flowering time 

8 kg boric acid Last ploughing 

19 Castor FYM @ 2t/ac Last ploughing 

24:16:12 N: 50%  basal + 25% at 30-35 DAS + 25% at 60-
65 DAS 
Hybrids: Additional 25% at 90-95 DAS 
Entire P & K as basal 

20 Cotton FYM 4 t/ac 
Desi cotton: 8:8:0 
American cotton (Rainfed): 16:8:8 
American cotton (Irrigated): 
36:18:18 
Conventional cotton hybrids: 
48:24:24 
Bt Cotton hybrids: 25% excess N 

Last ploughing 
N: 2 splits (30,60, DAS), P as basal 
N: 3 splits (30,60,90 DAS), P & K as basal 
N: 3 splits (30,60,90 DAS), P & K as basal 
N: 3 splits (30,60,90 DAS), P & K as basal 
N & K: 3-4splits at 20 days interval from 20 
DAS 

2% urea/2% DAP/2% KNO3 Flowering and boll development 

Magnesium deficiency: MgSO4 @ 
10 g/l 

Two times with 10 days interval 

Boron deficiency: 1.5 g/l Two times with 7-10 days interval 
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ZnSo4 20 kg/acre Last ploughing 

Zinc deficiency: 2 g/l ZnSO4 2-3 times with 5 days interval 

Iron deficiency 0.5% FeSO4 + citric acid twice at weekly 
interval 

 
CONCLUSION: 
 Application of optimum dose of chemical fertilizers based on soil testing, following correct time and 
method of application will increase fertilizer use efficiency and reduce cost of cultivation. Increasing dose 
of organic manures also improves soil fertility. 
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INTRODUCTION 
The Karnal bunt of wheat is also known as Partial bunt. This disease was first reported by Mitra (1931) from 
Karnal, a place now in Haryana state of India from where the name Karnal originates. The Karnal bunt is also 
known as partial bunt. This is a minor disease occur only in North-western India. During the 1969-70 crop 
seasons it was unusually widespread in Northwest India and since 1974-75 Karnal bunt has been distributed 
throughout Northern India from West Bengal to the western border. This disease has been reported to found 
in many parts of the world such as Nepal, Pakistan, Iraq, Afghanistan, Iran and Mexico. This disease is 
developed in wide distribution of wheat cultivars that were more susceptible may increase geographic 
distribution of Karnal bunt. In Indian wheat varieties have been reported to be resistant against Karnal bunt 
but most cultivars are susceptible (Haq et al. 2002, Carris et al. 2006).   

Importance  
The Karnal bunt is a fungal disease of wheat. The smut fungus Tilletia indica, basidiomycete, invades the 
kernels and obtains nutrients from the endosperm, leaving behind waste products with a disagreeable odor 
that makes bunted kernels too unpalatable for use in flour or pasta. While Karnal bunt generally does not 
lead to devastating crop losses, it the potential to dramatically decrease yield and poses additional economic 
concerns through quarantines which limit the export of suspected infectious wheat products from certain 
areas, including the U.S. The several chemical control methods exist for Karnal bunt of wheat, but much work 
remains to be done in identifying resistant host varieties. This disease now occurs generally in the states of 
Uttar Pradesh, Punjab, Haryana, Jammu-Kashmir, Himachal Pradesh, and some parts of Bihar, Madhya 
Pradesh, Rajasthan, West Bengal, and Gujarat. In Punjab alone, however, the disease intensity has increased 
from 39.5 to 93% during the period 1975-81. 
 
Symptom  
The Karnal bunt attacks durum wheat, rye, and triticale, a hybrid of wheat and rye. Despite its preference for 
a common crop, these are the Karnal bunt of wheat is extremely difficult to diagnose in the field for many 
reasons. First, not all kernels on a plant head will be infected, and thus infected plants are not as readily 
identifiable. This distribution is the reason for Karnal bunt's being referred to as partial bunt. Another factor 
which makes Karnal bunt difficult to readily diagnose in the field is the fact that most infected kernels do not 
show symptoms prior to maturity. The disease produces dark color and a fishy smell on infected kernels. 
Usually only the germ end of the kernel will show symptoms, but occasionally the entire kernel may appear 
diseased. The darkening of the kernel is a result of the kernel tissue being converted in a teleospore mass by 
the fungus. The symptom is referred to as the "canoe symptom" as in the process of replacing the healthy 
kernel with teliospores, the disease tends to hollow out host kernels, resulting in a canoe shape. While the 
dark teliospores of the fungus may be diagnostic, diagnosis of Karnal bunt poses the added difficulty of 
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differentiating between Karnal bunt from other infections which also result in the aforementioned 
symptoms, such as black point, common bunt, and dwarf bunt. 
 
Causal Organism  
Mitra (1931) first reported that the causal organism of Karnal bunt of wheat is Tilletia tritici. In 1940, 
Mundkur changed the name of the pathogen as Neovossia indica (Mitra) Mundkur. Fischer (1953) limiting the 
species of Neovossia again transferred N. indica to Tilletia indica. Though, however, the taxonomy of the 
pathogen is still controversial in the light of morphological characters, most of the Indian workers still adhere 
to the name N. indica.  

 The teleutospores of the pathogen are spherical to oval with reticulations looking as curved spines on the 
epispore, darker brown in colour, and measure 22 to 49 microns in diameter. The electron microscopic 
studies have revealed that a teleutospore wall consists of three layers; perisporium (or sheath), episporium, 
and endosporium.  

 The perisporium, which is a thin hyaline membrane, surrounds the reticulations. The reticulations consist 
of two double strands cemented together by two cross bands at or near the apex. Teleutospores, however, 
are mixed with yellowish sterile cells.  

 On germination, a teleutospore gives rise to a pro-mycelium that bears long, sickle-shaped sporidia in a 
cluster at its tip; each cluster or whorl generally consists of 60-185 sporidia. These sporidia are called primary 
sporidia and are unicellular. They detach from the pro-mycelium (or basidium) in groups.  

 The primary sporidia are incompatible with each other, i.e., they do not fuse with each other. Instead, they 
mostly produce another crop of sporidia called secondary sporidia. The compatible primary sporidia and 
secondary sporidia fuse and develop into the dikaryotic hyphae and/or sporidia. The infection is caused by 
these dikaryotic hyphae or sporidia.  
 
Disease Cycle 
(1) Perennation 
This disease is a soil borne reported by Mitra (1931), but it is considered as an air borne disease. The fungal 
spores are also transferred by means of equipment, tools or by man moving from milling places. The spores 
remain viable for several years in soil, wheat straw and farm yard manure. Soil or seeds are primary sources 
of inoculum. Environment plays a key role in disease progression. Teliospores germinate at suitable 
temperature (15-250C) and humidity in the soil. This condition generally dominates 
during February to March in North Indian plains. It has been reported, however, that the maximum survival 
period for teleutospores at soil depths of zero, three, and six inches is 45, 39, and 27 months, respectively.  
 
(2) Infection  
When the favorable conditions become available at the time of flowering of the wheat crop, the perennating 
teleutospores germinate producing short, stout pro-mycelia. Each pro-mycelium gives rise to primary sporidia 
in whorl. The primary sporidia produce secondary sporidia. The sporidia are wind/or water-splash 
disseminated to the flowers whereupon the compatible primary and secondary sporidia fuse producing 
dikaryotic hyphae and sporidia. These are the dikaryotic hyphae and sporidia which cause primary infection 
of individual florets, have studied that during extremely favorable weather conditions the secondary and 
tertiary spread of the pathogen within and between spikelets takes place through secondary sporidia and 
dikaryotic mycelia produced on the primarily infected spikelets.  
 
(3) Predisposing Factors 
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It has been found that disease incidence is influenced by the climatic conditions prevailing at the time of 
flowering. If at the time of flowering, the temperature ranges between 19-23°C and 8-10°C coupled with 
slight shower providing high atmospheric humidity, the disease occurs very well.  
The some varieties get severely infected which come into flowering from the fourth week of February to first 
week of March when the temperature usually ranges from 18-22°C and relative humidity (RH) above 70%. 
However, fields provided with excess irrigation and nitrogenous fertilizers also experience heavy incidence of 
the disease.  
Management 
1. Control of Tilletia indica has proven challenging for many reasons. First, since teliospores do not infect 
kernels systematically, chemical control via seed treatments has not been a viable solution. Several other 
methods, such as delaying planting so as to avoid the weather conditions which favour teliospore 
germination, have been proven to be effective to some extent, but also pose the risk of reducing yield.  
2. The other cultural controls such as crop-rotation may be practical as the planting of non-host species for 
several years may reduce the number of teliospores in given field significantly.  
3. Karnal bunt of wheat effective control should be properly treated with an appropriate fungicide before 
sowing. Copper sulphate (2% solution) and formalin (1 Ib/40 gallons of water).  
4. Use resistant varieties should be followed such as PV-18, HD-4513, HD-4519 and HD-2012. 
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Pea (Pisum sativum Linn.) is the prime vegetable crop of Indian sub continent. There are several species of 
insect pests have been recorded in different stages of the pea. Among them stem fly and leaf miner had cause 

damage in the vegetative stage. Whereas, sucking pests like whitefly and aphid also appeared during the 
vegetative stage and continues up to young podding stage of the crop. Gram pod borer, pea pod borer and blue 

butterfly were causing damage from flowering to maturity of the crop. 

1. INTRODUCTION  
  Pea (Pisum sativum Linn.) is the prime vegetable crop of Indian sub continent. Pea is cultivated 
for the fresh green seeds, tender green pods and dried seeds and foliage. Pea is cultivated on a large 
scale in the states like Uttar Pradesh, Madhya Pradesh and Jharkhand. Pea is cultivated for the fresh 
green seeds, tender green pods and dried seeds and foliage (Duke, 1981). Pea is a highly nutritive 
vegetable. Pea pods have high nutritive value for human consumption and contain 7.2 per cent protein, 
19.2 per cent carbohydrate, 0.8 per cent mineral matters, 80 per cent phosphorus and 1.8 per cent iron 
in fresh pea. While in dried pea it contains 19.7 per cent protein, 56.6 per cent carbohydrate, 2.1 per 
cent mineral matters and 4.4 per cent iron. The average production of pea is 60-70 q ha-1 for fresh and 
15-20 q ha-1 for dried pea (Choudhary, 1967).  
  It is known to be ravaged by several insect pests during it its various crop stages. Insect pests like 
pea pod borer, Etiella zinckenella, pod borer, Helicoverpa armigera, blue butterfly, Lampedes boeticus, 
pea stemfly, Ophiomyia phaseoli, cotton jassid, Emrasca devastans, pea leaf miner, Phytomyza atricornis, 
aphid, Myzus persicae and mite, Tetranychus telarius, pod fly, Melanogromyza obtusa and tobacco 
caterpillar, Spodoptera litura are serious pests and causes substantial loss to the crop (Mittal and Ujagir 
(2007). 

Insect pests of Pea 
1. Whitefly, (Bemisia tabaci ) 
Nature of damage:-  
The nymphs as well as adults were found to be sucking the cell sap from the parts of the plants causing 
stunted growth, yellowing leaf and reduced yields. They secrete honeydew on which sooty mould 
develops on the plant parts. 
2. Pea stem fly, (Ophiomyia phaseoli)  
Nature of damage:-  
The maggot of O. phaseoli was found to attack on stem from seedling stage and continued up to the end 
of vegetative stage. The damage is more severe on seedlings than on the grown up plants. The damaging 
symptom of stem fly was first appeared in month of November.  
3. Leaf miner, (Phytomyza atricornis)   
Nature of damage:-  
  The larva makes large number of tunnels between the lower and upper epidermis which interfere 
with photosynthesis and proper growth of the plants, making them look unattractive. The drying 
dropping of leaves sometime occurs in severe case.  The pea leaf miner pest appeared in December. 
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4. Pea aphid, (Acyrthosiphon pisum)  
Nature of damage:- 
Nymph and adult were found to suck the cell sap from the underside of leaves, top shoots and stem. 
Curling of leaves, stunting and malformation shoots occur. Later the leaves turn dry. Honeydew secretion 
of aphids leads to sooty mould which hinders the photosynthetic activity of the plants. Aphid appeared 
during the vegetative stage and continues damaging the plants up to young podding stage of the crop. 
5. Gram pod borer, (Helicoverpa armigera)  
Nature of damage:- Caterpillars feed on tender foliage and young pods. They make holes in the pods and 
feed on developing seeds by inserting front part of their body inside the pods. Damaged pods are unfit 
for human consumption 
6. Pea pod borer, Etiella zinckenella  
Nature of damage:-  
The dark greenish larva may develop within the pod, causing soft, rotten patches on the pod. Dropping 
of flowers and young pods Seeds are either partially or entirely eaten. Older pods marked with a brown 
spot where a larva has entered. 
7. Blue butterfly, Lampides boeticus  
Nature of damage:-  
The larvae were found boring into the flower buds and pods and feeding inside. Blue butterfly appeared 
during the flowering and podding stage and cause damage till the maturity of the crop. 
Integrated Pest Management:- 
 Deep summer ploughing to eliminate quiescent pupa. 
 Timely sowing also minimizes the attack of the stem fly. 
 Avoid closer plant spacing.  
 Crop rotation with non leguminous crops. 
 Collect and destroy larvae and adults to the extent possible. 
 Grow resistant varieties. 
 Use balance dose of fertilizers, avoid application of excess nitrogen. 
 Install Bird perches @ 50/ha. 
 Setting of light traps (1 light trap/5 acre) to kill larva population. 
 Control is achieved by releasing of Trichogramma chlionis at weekly intervals @1.5 lakh/ha 
 Application of NPV 250 LE /ha at 10 – 15 days interval commencing from flowering stage.  
 Use Bt @ 600 g, neem oil/ pungum oil 80 EC @ 2.5 ml/lit. 
 Spray NSKE 5% twice followed by triazophos 0.05%. 
 Spray of Methyl demeton 25 EC 500 ml/ha found to be effective against sucking pests, stem fly. 
 Spray of Dimethoate 30 EC 500 ml/ha. 
 Spray insecticide like Quinalphos 25 EC @ 1000 ml/ha. 

CONCLUSION:- 
Pea crop was found to be infested by several insect pests i.e. stem fly, gram pod borer, pea pod borer, 
white fly, aphid, leaf miner and blue butterfly. These insect pests may cause economic losses and reduce 
the yield considerably. Hence the proper management of these pests should be done by following above 
integrated pest management practices. 
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Seasonal incidence of Brinjal Shoot and Fruit Borer (Leucinodes orbanalis Guenee) and 
their mangement 
Article id: 22039 
Abhinandan Yadav 

Ph.D. Scholar, Department of Entomology, Assam Agricultural University, Jorhat 

 

INTRODUCTION 
Brinjal shoot and fruit borer (BSFB), Leucinodes orbonalis Guenee is a serious insect pest of brinjal 
(Solanum melongena L.) in all brinjal growing countries. It is the most important pest. It belongs to the 
plant family Solanacae and is the most commonly grown vegetable of this family. The larvae bore into 
tender shoots at the vegetative stage, flower and fruit. Flower infestation is very rare, but infested 
flowers cannot produce fruit. It is also reported to infest the petiole and midrib of leaves causing 
withering and drooping of young leaves and shoots. It is extensively grown both in summer and winter 
seasons and is available throughout the year. In India, more than 70% of the total vegetables are 
produced in Rabi season and less than 30% in the Kharif season. 53 species of insect pests of brinjal 
among which brinjal shoot and fruit borer, Leucinodes orbonalis Guenee (Lepidoptera: Pyralidae), is the 
major and most destructive one in India and throughout Asia. Larvae bore into shoots during the 
vegetative stage and later in flowers and fruits, rendering the latter unfit for human consumption. The 
yield loss caused by this pest is enormous and varies from 37% to 63% in different parts of India 
 
Distribution: 
It is distributed in Malaysia, Myanmar, Sri Lanka, India, Pakistan, Germany and East Africa. 
Host Range: 
Besides brinjal, it also feeds on Solanum terosum, S. xanthocarpum, S. indicum, S. nigrum, Momodica 
charantia and pea pods. 
Nature & extent of damage: 
The young caterpillar bores into tender shoots near the growing points, into flowers, flower buds or into 
fruits. When available, fruits are preferred. One caterpillar may destroy as many as 4-6 fruits. 
 
Marks of identification: 
The caterpillars are creamy white when young but change to light pink when become full grown. The 
moth is white but has pale brown or black spot on thd dorsum of thorax and abdomen. Wings are white 
with a pinkish or bluish tinge and are ringed with small hair along the apical and anal margins. The fore 
wings are ornamented with number of black, pale and light brown spots. 
Life cycle & seasonal history: 
The caterpillars hibernate in winter and pupate early in the spring. The moth emerge in March-April and 
females lay 80-120 eggs singly or in batches of 2-4 on the underside of leaves, on green stems, flower 
buds or on the calyces of fruits in her 2-5 days of oviposition period. The egg period is 3-6 days. Larvae 
become full grown in 9-28 days after passing through 5 stages. They pupate in tough silken cocoons 
among the fallen leaves. Pupal stage lasts 6-17 days and life cycle is completed in 20-43 days. There are 
five overlapping generations in a year. 
Natural enemies: 
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Pristomerus testaceus, Cremastus flavoorbitali, Bracon sp., Shirakia schoenobii and Iphiaulax sp. are 
associated with this pest. 
Management: 

 Raising of 2 m high nylon net wall on all four sides of field soon after establishment of crop and 
destruction of infested shoot and fruits along with the larvae regularly. 

 Collection and destruction of fallen dry leaves and infested shoots and fruits along with the larvae. 

 Paper bagging of fruits after fruits set also checks the fruit borer infestation. 

 Release of Trichogramma chilonsis @50,000/ha per week continuously 6-7 times at weekly interval 
starting with establishment of crop after planting. 

 Spray Fenvalerate 20 EC 750 ml or malathion 50 EC 2.0L/ha, if shoot/ fruit infestation reaches 5 %. 
 
CONCLUSION 
A    practically    monophagous    key    pest    of    eggplant, Leucinodes  orbonalis Guenee  distributed  
throughout  the tropics  but  most  important  and  first  ranked  pest  of  South-East Asia. Eggplant 
(Solanum melongena Linnaeus) is one of the most economically important vegetable of tropics having 
hot wet climate. It is most dominant and destructive insect –pest. The extent of crop losses varies in time 
and space. There is no established economic threshold level based on shoot infestation of 
brinjal by BSFB and shoot infestation was quite low to justify any control measures 
in the present studies. We can manage this pest use different types of steerage. As  integrated  
approaches  of  pest  management have  been gaining  popularity  nowadays,  this  article  outlines  all  
the  components  of  IPM  including  use  of  resistant  varieties,  sex  pheromones,  cultural methods,  
physical  and  mechanical  barriers,  bio-pesticides  and  bio-control  agents,  botanical  and  chemical  
means  of  management  including basic biological parameters associated with management. 
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Fumigation methods for safe grain storage 
Article id: 22040 
Abhinav Dubey and Sawant Sanket Ramnath 
Ph.D. Scholar, ICAR-IARI, New Delhi (110012) 

INTRODUCTION:  
Fumigation is a method of pest control that completely fills an area with gaseous pesticides or fumigants 
in order to suffocate or poison the pests within. It finds major application in control of pests in buildings 
(structural fumigation), soil, grain, and produce. Poisonous stream produced by easy evaporated 
chemical fumigants are mixed in air and reaches a certain concentration. This gas enters the insect body 
through respiration or cuticles, thus insects are poisoned to death. Among various fumigants used 
commonly Carbon disulphide was first used for grain fumigation in France (1854) where as the most 
common fumigant Hydrogen phosphide (PH3) was first used in Germany (1935).  

Conventional Direct mixing (Vertical storage) 
When infestation is general throughout the mass and there is access to the grain stream during filling or 
transfer from one bin to another. Only solid or liquid-type fumigants are used in this way. Fairly even 
distribution can be obtained. Aluminium phosphide tablets or pellets are put in the grain stream 
manually or by using an automatic dispenser. It is being calibrated to deliver a dosage appropriate to the 
rate of loading in the bin. Calcium cyanide is usually discharged from an automatic applicator. Fumigant 
is applied to grain so that it is distributed on evenly as possible from bag. Aluminium Phosphate tablets 
are used or granular calcium cyanide evolving hydrogen cyanide. 

Surface Application (Flat Storage) 
The surface application method has so far been used mainly with liquid type fumigants. The liquids are 
sprayed evenly over the top surface of the grain and the vapours slowly evolve and diffuse downward 
through the bulk. This method is usually employed only when the grain cannot conveniently be turned or 
as an emergency measure. Diffusion may be slow and distribution with some fumigants is often not 
uniform. Less hazardous substitutes for carbon tetrachloride, such as methyl chloroform, may be used 
for this type of treatment in the future. Unmixed carbon disulphide has been used in many countries, 
although its tendency to burn or explode is well known. 

Fumigation with ozone  
Ozone is being introduced into the grain mass, the concentration of ozone moved through the grain 
similar to an aeration cooling front. Air and ozone are mixed in plenum chamber before flowing upwards 
through the grain bucket. This method offers various advantages such as ozone can be generated easily. 
It leaves no residue (decomposes to oxygen),in this method there is no store of toxic chemical 
substances .But only short coming using ozone is it leads to corrosion of the grain bill wall. 

Vacuum Hermetic Fumigation for Food Grain Storage 
The prime reasons why chemical methods are phasing out are ozone layer depletion and developing 
resistance in pest due to continuous application of a methyl bromide and phosphine. Hermetic storage 
are broadly fumigated by using inert gases or vacuum fumigation technique.  Vacuum is maintained in 3 
layers ultra-low permeability PVC based ,sealed flexible and mobile innovative storage system, equipped 
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with airtight zipper using flexible bags, It was practical to maintain sufficiently low pressures (<100 mm 
Hg absolute) necessary for 99% insects most active using commercial vacuum pump. Flexible bags are 
volcani cubes, grain pro cocoons. There is a provision for one directional values and a quick release hose 
at base or bottom of bag used to connect vacuum pump with 1.5” pipes. The non-crushable corner can 
be stored in bulk or stack of bags work structure. Insect control caused by low partial pressure of O2 in 
storage ecosystem resulting in hypoxia and also dehydration due to removal of water vapour. Various 
advantages of this method are involvement of no toxic chemical and shorter exposure time than 
Phosphine. VHF has potential of being used for quarantine and pre shipments (QPS) treatment as safe 
alternative to methyl bromide with similar exposure time for insect control. There is no significant role of 
vacuum itself fumigation in insect control. 

Bio Fumigants 
Due to the problem of resistance to insecticides, there is an urgent need for safer alternatives to 
conventional chemical insecticides particularly from natural sources, for the protection of grain against 
insect infestation. In view of all the aspects for control of stored grain insects, and these problems have 
highlighted the urgent need to develop newer eco-friendly safer and effective stored-product insecticide. 
Essential oils and their individual constituents have been used as potential fumigants against stored grain 
insect pests. Reduce the risk of cross-resistances well as offering new leads for design of target-specific 
molecules. Bio fumigants of plant origin often show selectivity to insect species, easily biodegradable, 
and high chance of acceptability ex- Lantana Camara and basil oil. Bio fumigants have the advantage of 
providing novel modes of action against insects that can reduce the risk of cross-resistances well as 
offering new leads for design of target-specific molecules. 
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Organic farming and organic manure production practices I 
Article id: 22041 
Samir B. Zade 
Assistant Professor, Department of Plant Pathology, 
CSMSS, College of Agriculture, Kanchanwadi, Aurangabad (MS) – 431011 

 
INTRODUCTION: 
Day by day soil fertility has been drastically reduces due to the use of excess fertilizers, pesticides, 
various agrochemicals etc. The soil fertility can be maintained only by using a organic fertilizers in soil. 
Use of organic fertilizers is helpful for soil fertility as well as it is not harmful for environment also. In 
organic farming we maintained the environmental balance and we take good yield also. In organic 
farming we supply the organic material to the soil for supplying nutrients to the crops and also we 
control the pest and diseases by using organic manner without using chemical pesticides. Due the excess 
use of chemicals fertilizers, pesticides, herbicides soil fertility is reduces. this chemical fertilizers, 
pesticides is also impact on humans and others living organism also. These chemicals are highly toxic and 
cause many losses to living organism as well as for soil health. The nutrient supplies of organic fertilizers 
are long lasting in soil. They increase the beneficial micro flora in soil.   

1. Neem seed kernel extracts (5%): 
Neem seed kernel extract (5%) is used to control various insects. For example thrips, aphids, jassids etc. 

Method of preparation of neem extract: -  
They should be collected in the summer (early monsoon) when the neem seeds is available. They should 
be thoroughly dried and stored. At the time of spraying, it is necessary to be as fine as possible. Soak five 
kilograms of neem seeds in nine liters of water before one day application in a field. Put 200 gram of 
soap powder in a liter of water separately. In the next morning, squeeze the neem extract through a thin 
cloth. Mix 200 gram of soap solution with one liter of water. The extract should be about 10 liters of 
water. Mix one liter of extract prepared as above and mix it with 10 liter of water and use for spraying. 
Use fresh extract for spraying. 

2. Decoction Extracts/ Dashparni  (Ten leaf extracts) 
This extract is made from the leaves of 10 different trees. Dashaparni extract is used to control all kinds 
of pests and diseases on different crops. It is also used to control various types of pathogenic fungi. 

Method of preparation of Dasparni Extract  

 Neem leaves – 2 kg  

 Lantana camara leaves- 2 kg  

 Chinese Chastetree (Nirgudi) leaves- 2 kg 

 Tinospora cordifolia (giloy/ gulvel) /or Datura leaves- 2kg 

  Pongamia Tree (karanj) leaves – 2kg  

 Custard apple leaves– 2kg  

 Calotropis (Rui)leaves- 2kg  

 Nerium or oleander (lal kanher)- 2kg  
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 Papaya leaves – 2kg  

 Castor leaves -2 kg 

 2 kg green chilies + 250 gram garlic cloves  

 3 kg cow dung+ 5 liter cow urine  
Mix all the ingredients in 200 liter water in a shade and cover with lid. Stir with a stick 3 times a day and 
cover again, so that the mixture should be fermented for thirty days. Strain the extract and store in a 
plastic container as available. This extract can be used for up to six months. Usage Quantity - Use 5 liter 
extract for spraying 500 liters of water per hectare. 
 
3. Bijamrut: 
Bijamrut is used for seed treatments. It increases the germination power and increases the growth of the 
crop. 
Ingredients: Mix 20 liters of water in 1 kg of native cow dung, 1 liter of cow urine, 100 ml milk, bacterial 
soil handful and 50 gram lime and mix well in 20 liter of water. All this mixture should be done and use 
for seed treatment. 
 
4. Amrutpani (Nectar water) 
Ingredients:- 250 gram native cow ghee (clarified butter), 10 kg dung, half kg honey, 200 liter water. Mix 
this mixture well in 200 liters of water. Sprinkle it on the field in appropriate amount of water with 
irrigation channel. 
 
5. Jivamrut  

  
 
It Is a type of bacterial culture, as well as a very good fungicide, anti-bacterial. Thus, the spread of the 
fungus and the virus is prevented by its spraying. 
Ingredients:- 200 liters of water + 10 kg of native cow dung + 5 to 10 liters of native cow urin + 1 kg of 
Jaggery or 4 liters of sugarcane juice + 1 kg of chickpea floor+  bacterial soil handful mixed in plastic drum 
or tank. Mix thoroughly with the hands and cover with the mouth of the drum and keep it in the shade 
for 48 to 72 hours. Mix it twice a day with morning and evening by wooden stick. (The above solution is 
for spraying one acre) 200 to 400 liters of jivamrut is given to crop 1 to 2 times in a month. The usage 
duration is only 7 days. 
CONCLUSIONS: 
Neem seeds kernel extract, dashparni extract jivamrut this all are helpful for controlling the pest and 
diseases by organically and this also reduces the farmer input cost because the are very cheap and easily 
prepared.  
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Organic farming and organic manure production practices II 
Article id: 22042 
Samir B. Zade 
Assistant Professor, Department of Plant Pathology, 
CSMSS, College of Agriculture, Kanchanwadi, Aurangabad (MS) – 431011 

 
 INTRODUCTION: 
Organic farming is based on various factors in nature. In this method, we reduce the use of chemical 
fertilizers or, if possible, the use of organic matter from agricultural and agricultural supplement business 
in a more efficient and efficient manner. For this, we make organic fertilizers from the fields by rubbing 
them with weeds, waste, rash, animal excreta, their residues, etc. We supply foodstuffs to crops using 
green manure, leguminous crops, organic fertilizers etc. We also use biological pest control to control 
pests and diseases. Man has been associated with agriculture since the beginning of agriculture and he is 
also involved in organic farming. Therefore, his income and income level were right at that time. The 
fertility of the land was well established due to organic farming; but during the interim, the use of 
chemical fertilizers has reduced the copy of the land and is now on the verge of becoming inferior. For 
this, we need time to revert to organic farming and the factors required for organic farming are as 
follows. 
 Vermi-compost 
 Nadep compost 
  Green manure 
  Bio-Dynamic Compost 
  Neem seeds kernel  extract 
  Dashparni ark (Decoction extracts) 
  Bijamrut 
 Amrutpani  (Nectar of water) 
  Jivamrut      
 
1. Vermi-compost                                
    One of the important reasons for the decline in crop yields is the lack of organic matter. Due to the 
lack of organic matter, farmers have started using chemical fertilizers extensively. In addition to this, 
water is also being used in excess amount. So the lands in some areas are virtually deserted at present. It 
will cost a great deal of labor, money to bring those lands under cultivation. 
Vermicomposting method: - Vermicomposting can be done in three ways: heap / bedding method, pit 
method, tank method. 
1. (Bedding method): - To protect the earthworm from the sun, roof should be laid on the bed. For 
roofing use cement sheet, field trunks, sorghum troughs, grass, bamboo, pallets etc. The roof should 
come down on both sides so that rainwater drains quickly and be careful not to overflow either side. The 
median height of the roof is 2.5m. and the side height is 1.5m. The width should be 5 m. and length is 
3m. Or as per requirement and availability of organic matter. At the bottom of the soil should be given a 
layer of 15 cm of organic matter (eg soybeans, turmeric leaves, wheat straw, sugarcane, etc.). Half 
decomposed dung and soil mixed in 3: 1 ratio and provide a 15 cm layer of thickness. Mix the dung in the 
water. The third layer of thickness 10 cm should be given. Finally, apply organic material to the bed. The 
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cover should not be more than 15 cm thick. Wet the bed with water and sprinkle water on the bed as 
needed. When the heat in the bed is reduced, remove the organic material from the side and leave it in 
the 1000 to 2000 adult earthworms. Then cover the organic matter with water and give regular water to 
the bed. In one to two and a half months, the manure will be ready. 
Compost ready or not? : 1) The ovary on the bed (on organic matter) is shown to be a small puff of 
pellets. 2) The color of the fertilizer becomes dark brown. 3) The vermicompost content Ph is between 7. 
4) The smell of the earthworm fertilizer comes as the smell of soil after giving water. 5) In good 
earthworm fertilizer, carbon nitrogen ratio is 16: 1, nitrate ratio of 1.2 to 1.5%, phosphoric ratio of 0.25 
to 0.50%, potash content of 0.75 to 1%, organic carbon 23 %. Nitrogenous, phosphorous fixing bacterium 
as well as fungi also present in it. 

Benefits of vermicompost:  
1) Land: Improves soil texture. Water drainage occurs well. The power of holding ground water 
increases. Increases aeration in soil. The land mass is maintained at the proper level around seven. Soil 
erosion and evaporation of the soil are reduced. 
2) Plants and insects: All essential nutrients are readily available to the crop. Strong growth of crops 
produces immune system against pest and disease. The quality of the income received is of the highest 
quality. Durable capacity of flowers, fruits and vegetables increases. This makes it possible to send goods 
to distant markets. 
2) Method of building Nadep compost tank: -       
Choose a high waterproofing area and a place with shade. The tank should be constructed about 9 
inches thick. The size of the tank should be 15 feet long, 5 feet wide and 3.5 feet tall. The bottom of the 
tank should be made of solid form during construction. After each layer of brick construction, put the 
windows in the third layer. The design of the windows should be seen in a diagonal line. 

Materials required for filing Nadep: 
1). 15 tons of garbage, litter, rubble etc.  
2) 90 to 80 kg of cow dung and 1 cart load soil.  
3) 1500 to 2000 liters of water.  
4) The urine of the animal according to availability.   
All the materials needed at the beginning should be put together. Before filling this material in a tank, 
sprinkle the dung + soil mixture on the inner wall. First layer of nadep stuffing: Take 15 to 80 cm thick 
sludge litter, waste materials, etc. at the bottom and sprinkle it evenly with a mixture of dung + water. 
Spread about 5 to 6 plastic container soils on it. Sprinkle water as needed. Thus, one layer should be 
filled up to 1.5 feet above the nadep construction.  It should be coated with a mixture of soil and dung. 
After a few days, the contents of Nadep appear to be suppressed. On such occasions, again layer by layer 
of soil and dung should be given as above. 
3. Green manure: 
A green manure is to bring forth shrubs from the field with green plants or leaves grown in the field and 
bury them in the soil. Organic fertilizers are needed to sustain the productivity of the soil, but availability 
is decreasing day by day. In such cases, green manure can be a boom to the farm and farmers to meet 
the need for organic fertilizers of the soil. Green manure is grown in the field as a mixed crop or as an 
intercrop in a main crop or as the main crop of greenery and is buried in the soil when the crop is in a 
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flowering state. Soaking the soil before flowering with green crops to maintain the soil fertility 
permanently improves the texture of the soil by increasing the quality of organic fertilizer and enhances 
the fertility. Organic carbon is desperately needed to improve the physical properties of the soil. As the 
amount of organic matter increases in the soil, the number of bacteria in the soil increases. Major crops 
are used for green manure, is root nodule forming leguminous (sun hemp, dhaincha, green gram, black 
gram, etc.) and non-nodule forming (sorghum, maize, sunflower etc.). The major difference between 
these two crops is that the nutrients and organic matter are added to the soil by the root nodule forming 
crop, while only the organic matter is added to the soil from non-nodule forming. Soak the green crop at 
5% flowering stage (after 3-5 days). 

Types of green manure: - 
1. Dry the green manure crop in the field and bury it in the soil before flowering. 
 2. Grow the green manure crop outside the field or on plowed ground by bringing its short branches and 
leaves to the field and burying it in the ground. 
4. Bio-dynamic compost: 
Ingredients: 1) S-9 culture 2) Cotton crop residues 3) Cotton sludge 4) weeds 5)  Castor leaves 6) 
Congress grass 7) Glyricidia leaves  8) Bush Morning Glory (Beshram) leaves  9) Fresh cow dung 10) 
Chinese chaste tree (Nirgudi) leaves 11) 1500 to 2000 liters of water. To make a ton of compost fertilizer, 
it takes 15 feet long, 5 wide in this space; it is planted with 3 to 4 feet high heaps. 
The direction of the heap should be east-west. When cleaning the lid, clean the area by 15 feet by 5 feet 
and add light water to it. Add water to the wet and dry sludge deposited as above and soak it well. Then 
add the first 1 feet of sludge layer and add water to it. Sprinkle the dung over the other 8 to 3 inches 
thick layer. 
  Add 1 kg S-9 cultures in 100 liters of water and stir well for some time and leave the mixture 
evenly on each layer, followed by a layer of organic matter and wet dung up to 1 foot. Spray S-9 culture 
solution on each layer. In this way, make a heap of 3 to 4 feet high and wrap it with dung. After a month 
turn the heap. The best compost is produced in eight months. 
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Cultivation practices and economical importance of Bitter gourd.    
Article id: 22043 
Virkar Amol M. 
                      
Botanical name: Momordica charantia 
Family: cucurbitaceae 
Origin: south china & east india 
Importance : Bitter gourd is one of the most popular vegetables in Kerala. The fruits are used in a variety 
of culinary preparation and possess high nutritive and and medicinal value . The fruits are rich in vitamin 
C and folate, and contain alkaloids likely momordicine, saponine,and albuminoid which are medicinally 
important. Juice extracted by crushing bitter gourd fruits is most commonly used for treatment of 
diabetes 
Climate & Soil :  
Bitter gourd can be cultivated from lowland altitudes to up to 1000m . It requires a minimum 
temperature of 18℃ during early growth, but optimal temperature are in the range of 24-27℃. The crop 
can tolerate low temperature, but extreme cool temperature will retard growth. The plants are adapted 
to wide variety of rainfall conditions. Bitter gourd tolerate a wide range of soil but prefers a well drained 
sandy loam soil rich in organic matter. The optimum soil pH 6.0-6.7,but plants tolerate alkaline soil up to 
pH 8.0. 
Varieties : 
1 Priya :  High yeilding variety released from the Kerala Agricultural University. Average yield is 30t/ha. 
2 Preethi : High yeilding variety released from the Kerala Agricultural University.A average yield is 10-
35t/ha. 
3 Priyanka : High yeilding variety released from the Indian institute of horticultural research, Bangalore . 
Average yield is 29 t/ha. 
4 Arka harit: High yeilding variety released from the Indian institute of horticultural research, Bangalore. 
Average yield is 12t/ha. 
Propagation & Planting: 
Seed rate : Approximately 5-6 kg/ha. Soaked seeds in 1:10 solution of 100ppm Potassium Nitrate for 3 
hrs increase germination and seedling vigour. 
Planting: 
January-March and September-December are the ideal season for growing bitter gourd. For the rainfed 
crop, sowing can be started after the receipt of first few showers during May-June . Prepare the soil to 
fine tilth by ploughing are harrowing .pits of 60cm diameter and 30-45cm depth are taken at a spacing of 
2m ×2m . Well rotten FYM and fertilizers are mixed with topsoil in the pit. The seeds are soaked in the 
water for 24 hours prior to Planting for better and quicker germination. Soaking seeds in a solution of 
bavistin @ 0.2% for 6 hours and drying in shade before sowing is also recommended to reduce to attack 
of soil born fungus. As seedling require ample water for quicker germination, giving a presowing 
irrigation 3-4 days before sowing a beneficial. Sowing 4 to 5 on pits at 1-2 cm depth . Deeper sowing 
delays germination in about 4-5 days. Unhealthy plants are removed after two and retain only three 
plants per pit. In high range zone, seedlings can be raised in greenhouses to ensure good germination 
and are later transplanted to the main field. Sow two or three seeds in small plastic pots/containers filled 
with potting mixture. Thin to a single seedling at four to six leaf stage. Water the seedlings thoroughly 
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every morning . Seedl8ngs will be ready for transplanting 15-20 days after sowing or when they are 10-
15cm tall. 
Intercultural Operations: 
1. Staking and trellising: 
Bitter gourd grows very fast and vibes elongates rapidly within two weeks after Planting . Thereafter, the 
plant sends cut lateral stems . Staking and trellising will increase fruit yeild, reduce fruit rot and makes 
spraying and harvesting easier . Pandals are the most comm9n trellising system used in Kerala . For this 
pandals of 1.5cm height are erected using bamboo poles, wooden stakes, Gl pipes or other study 
materials when the plants start vining . Steel wires/strings preferably coated with rust proof material or 
plastic ropes are tied in a crisscross manner so that horizontal coir/plastic rope run across on the top 
forming a net. Vines are supported by bamboo stakes which help vines freely  climb and reach the top. 
Other improved methods of trellising are also available . The trellising can be arranged either in a lean to 
or tunnel structure . For the lean to type ,the stakes card joined between two adjoining beds forming an 
A shape structure. Horizontal stakes are installed at the top joining all other beds . The stakes support 
the climbing vines and lateral stems. Strings are used tu secure adjoining stakes . The trellising should be 
1.8-2.0m high, constructed from stakes 1.2 -1.8 m apart . For structures made of either PVC or galvanised 
iron pipes. 
2. Pruning :  
Bitter gourd develop many sides branches that are not productive . To improve yeild remove lateral 
branches until the runner reaches the top of the trellis . Leave 4-6 lateral and cut the tip of the main 
runner to induces early cropping . Removal of the lateral branches in the first 10 nodes has a positive 
effect on total yeild . Where consumer want their bitter gourd straight rather than curved , tie a peddle 
at the end of z long piece of string to the flower end to weigh down the fruit and keep it from curling. 
3. Pollination: 
Bitter gourd is cross pollinated crop. Insects, especially bees, pollinate flower. Pollination can be a 
problem during the wet season since bees are less active during overcast condition . Introduction of the 
beehives ensure good pollination and avoid the needs for hard pollination . 
5. Weed control: 
Conduct weeding and raking of the soil at the time of fertilizers application. Earthing up is done during 
rainy season . Hand or hoe weeding can be performed as needed. Mulching is commonly used for bitter 
gourd crops grown on raised beds . Use organic or plastic mulch depending on availability . Mulching can 
be laid down before or after transplanting and after sowing. 
Manure and fertilizers: 
Balanced fertilizations is essentials for yeilding and good keeping quality of the fruits . Fertilizers dosage 
depends on  soil type, fertility level, and soil organic matter. Apply FYM@20-25t/ha as badal dose along 
with half dose of N (35kg) and full dose of P2O5 (25kg) and K2O(25kg/ha). The remaining dose of N 35kg 
can be applied in the two equal split. A fertilizers dose of 70:25:25 kg / ha in several split is 
recommended in Onattukara region.  
Irrigation: 
Bitter gourd do not tolerate drought. Maintain good soil moisture in the upper 50cm of soil where the 
majority vof root are located . During the initial stages of growth ,irrigate at 3-4 days intervals, and 
alternate days during flowering / fruiting . Furrow irrigation is the ideal method of irrigating . But in high 
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tech agriculture, water use efficiency can be improved by using trickle or drip irrigation.  During rainy 
season drainage is essentials for plant survival and  growth. 
HARVESTING: 
Bitter gourd require close attention time and fruits must be harvested frequently . Normally it takes 15-
20 days after fruits set or 90 days from Planting for fruit to reach marketable age however fruit can be 
harvested at earlier stages depending on the purpose for which it will be used . Ideally at harvest fruit 
should be light green thick and juicy, and seed should be soft and white   harvest every 2 3 days using a 
pairs of scissors or strip kneif to cut the fruit stalk. 
Average marketable yeild are 15-20t/ha, and some hybrids yeild upto 40t/ha the harvested fruits do not 
keep long and should  be sold in the market immediately . Remove damaged and deformed fruits. 
Carefully arranged fruit in bamboo baskets or boxes and store in cool places at 12- 13 ℃ with 85- 90% 
relative humidity under this condition. 
PLANT PROTECTION: 
Pest : 
1. Fruit flies: 
Fruit fly is the most destructive insects pest of bitter gourd. Fruit fly maggots feed on the initial tissue of 
the fruit causing premature fruit drop and also yellowing and rotting of the affected fruits. This fly is 
difficult bro control because it’s maggots feed inside the fruit protect from direct contact with 
insecticide. 
2. Pumpkin beetle : 
Adults beetle eat the leaves makes holes on foliage and cause damage on root and leaves  
Control: sprays 2%  talc based formulation Beauvais bassiana + 0.1%teepol . 
3. Aphids 
Disease: 
1. Downy mildew: 
Cottony white mycelial growth is seen on the leaf surface chlorotic speaks can be seen on the upper 
surface of the leaves . It is serve during rainy season 
2. powdery mildew: 
 This disease appears as small round whitish spots leaves and stem . The spots enlarge and coalesce 
rapidly and white powdery mass appears on the upper leaf surface. Heavily infected leaves become 
yellow and later become dry brown. 
3. Mossaic :  
Mosaic disease is characterized by vein clearing and chlorosis big leaves . The yellow network of vein is 
very conspicuous and vein and veinlets are thickened. 
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INTRODUCTION: 
Gene stacking is the process of combining two or more genes of interest into a single plant. This could be 
better understood with its synonym Gene pyramiding which refers to identification and introduction of 
multiple gene each of which impart resistance to an independent insect/microbial pest/weed etc., or 
impart resistance to a single pest through independent host pathways. The term, gene stacking, is 
however commonly used in context of transgenic crops i.e., GM (Genetically Modified) crops. In this 
regard, Gene stacking is a process of combining two or more gene of interest in a single host plant i.e., 
the created GMOs carries two or more different traits. A transformation event comprises of a genetically 
modified organism (GMO) and all subsequent identical clones resulting from a transformation process. A 
gene stacked event occurs when more than one gene from another organism has been transferred and 
the created GMO has stacked genes (or stacked traits). The emerging combined trait from this event is 
called as stacked trait. A GM crop variety after this gene stack event is called biotech stack, or simply, 
stack. Two or more different transgenes can be introduced into a plant by conventional procedures, e.g. 
a plant containing one transgene is crossed with individuals harbouring other transgenes or, 
alternatively, is re-transformed with new genes. An example of a gene stack is a broccoli plant 
transformed with two or more genes that code for Bacillus thuringiensis (Bt) proteins (cry1Ac and cry1C 
Bt genes) having different modes of action which controlled diamondback moths resistant to either 
single protein and significantly delayed the evolution of resistant insects. Thus, it is a hybrid plant that 
expresses both insect resistance and herbicide tolerance genes derived from two parent plants. 

Why gene stacking? 
 Gene stacking offers broader agronomic enhancements in comparison to mono-trait crop varieties 
that allow farmers to meet their needs under complex farming conditions. 
 Biotech stacks have better chances of overcoming numerous problems in the field such as insect 
pests, diseases, weeds and environmental stresses.  
 Gene stacking enables multiple insect resistances, boost up and simplifies pest management for 
biotech crops. It has reduced the potential of resistance breakdown as it is more difficult for the pest to 
tackle multiple insecticidal proteins.  
 Gene stacking provides greater durable resistance of Bt stacks which demands lower refuge area 
requirement that somehow limits yield. 
 Biotech stacks have stacked up genes to widen the herbicidal mode of actions to catch up in 
countering weed resistance. 
 Biotech flower stacks could be used for modified flower colour production by stacking genes in the 
anthocyanin biosynthetic pathway that alters flower pigmentation process.  



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

139 
 

Different Process of gene stacking: 
There are two processes of gene stacking viz., hybrid stacking and molecular stacking.  
HYBRID STACKING: In this process, development of multi stack hybrid occurs via iterative hybridization 
where several transgenes can be produced by crossing parents with different transgenes until all the 
required genes are present in the progeny. 
MOLECULAR STACKING: In this type of gene stacking, gene construct are inserted simultaneously or 
sequentially into the target plant by standard delivering system such as Agrobacterium mediated or by 
biolistic method. Co-transformation and Re-transformation are two approaches of molecular gene 
stacking process. 
Hybrid stacking is considered as easiest and earliest method of developing stacks out of these two 
processes. 

 
Fig. 1 Schematic diagram for gene stacking process (Source: Singh et al., 2018) 

Successful examples of gene stacking: 
1. Herbicide tolerance + fertility restored canola. 
2. Multiple virus resistance Squash 
3. Modified colour + herbicide tolerant carnation 
4. Insect resistant + herbicide tolerant cotton 
5. Insect + virus resistant potato 
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CONCLUSION 
Nutritional enhancement, biotic and abiotic stress resistance and herbicidal tolerance can be engineered 
in crops to make them more acceptable in terms of their usage for pharmaceutical and industrial 
purpose by environmental benign manner. Thus, transgenics could bring a revolutionary change in 
agriculture, industries and medicines. There are wide range of techniques for gene stacking in transgenic 
crops which could increase their potential for use. Post-genomic era offers unrivalled arrays of 
opportunities for genetic manipulation of plants towards useful ends. 
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INTRODUCTION 
The sesame (Sesamum indicum I.), is an important oilseed crop and 
cultivated in many parts of the world. The phyllody disease of this 
major problem of this crop wherever sesame is grown. This disease is 
first was reported in Burma in 1924. It appeared in several form of 
country like Burma, Sudan, Pakistan, Iraq, Iran, Nigeria, India, 
Thialand, Turkey, Uganda and Mexico. Numerous wild relatives occur 
in Africa and a smaller number in India. It is widely naturalized in 
tropical regions around the world and is cultivated for its edible seeds, 
which grow in pods or "buns". World production in 2016 was 6.1 
million tonnes, with Tanzania, Myanmar, India, and Sudan as the 
largest producers.  A well managed crop of sesame can yield 1200 - 
1500 kg/ha under irrigated and 800 - 1000 kg/ha under rainfed conditions. In India, this disease was first 
reported in 1935 by Pal and Pushkarnath. The crop is grown in almost all parts of the country. More than 
85% production of sesame comes from West Bengal, Madhya Pradesh, Rajasthan, Uttar Pradesh, 
Gujarat, Andhra Pradesh and Telangana. 
 
Symptoms 
The different types of phyllody disease symptoms were observed 
on the sesame plants. The major symptoms of this disease were 
floral virescence, phyllody and proliferation. Additionally, seed 
capsule cracking, seeds germinating in capsules, formation of dark 
exudates on foliage and floral parts and yellowing sometimes 
accompanied the disease. Shoot apex fasciation was also observed 
on occasion. Phyllody infected sesame plants exhibited symptoms 
that varied according to growth stage and time of infection. 
Infection at an early stage of growth resulted in cessation of 
internode elongation, reduction in leaf size, and stunting. The 
entire inflorescence was converted into twisted reduced leaves 
closely arranged on the top of the stem, with very short 
internodes. Infections that occurred later in the season caused characteristic symptoms, such as 
virescence, phyllody, and witches’ broom. The most characteristic symptoms of the disease are 
transformation of floral parts into green leaf-like structures, followed by abundant vein clearing in 

Symptom of Phyllody Disease 
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different floral parts. The ovary is replaced by elongated structures, almost resembling a shoot. The calyx 
becomes polysepalar, and the sepals become leaf-like and remain smaller in size. Phylloid flowers 
become actinomorphic in symmetry, and the corolla becomes polypetalous and deep green. The veins of 
the flower become thick and quite conspicuous. The stamens retain their shape, but become flattened, 
showing a tendency to be leaf-like. The anthers become green and contain abnormal pollen grains. The 
carpals are transformed into a leaf fusion at the margins, and this false ovary enlarges and flattens, 
exhibiting a soft texture and a wrinkled surface due to the thickening of capillary wall veins. The ovules 
inside the ovary, there are small petiole-like outgrowths, which later grow and burst through the walls of 
the false ovary, providing small shoots. These shoots continue to grow and produce more leaves and 
phylloid flowers. The stalks of the phylloid flowers are generally elongated, whereas normal flowers have 
very short pedicels. The severity of the transformation of floral parts into green leaf-like structures was 
associated with the time of infection. Plants infected before flowering had severe symptoms on the 
entire plant, while plants infected during flowering had severe symptoms on the upper part of the plant, 
occasionally followed by some rudimentary flowers that yielded very small capsules with degenerated 
seeds. Sometimes capsules that had set prior to infection cracked longitudinally. The seeds might 
germinate in such capsules, resulting in hundreds of small shoots. The black exudates on leaves and 
stems, and yellowing often, but not always, accompanied the disease. Leaves on the lower parts of 
infected plants, stems, and roots did not exhibit any visible symptoms.  
 
Causal Organism  
The phyllody disease of sesame is caused by Phytoplasma. It is unculturable and cells are bounded with 
unit membrane. They resemble other bacteria but lack cell walls and are filamentous or pleomorphic in 
form and present in the parenchyma cells of infected plant parts. It is an obligate parasite of 
plant phloem tissue and is spread by insect vectors. They are the most common cause of phyllody.   
 
Disease Cycle 
The pathogen is survive on many other host plants like Rapeseed-
Mustard, Sun hemp, Groundnut and Chickpea which are survive on 
the primary source. This pathogen is manly transmitted from 
infected to healthy plants through insect vector. The insect vector is 
leafhopper (Orosius albicinctus). And it also transmitted through 
the grafting and by dodder.   

Management 
1. Removals of all infected and weed hosts and burn them. 
2. Avoid growing sesame near cotton, groundnut and grain legumes.  
3. Rogue out the infected plants periodically.  
4. Foliar spray of tetracycline @ 500 ppm. 
5. The control of insect vectors by two to three foliar spray of insecticides like Metasystox or 
Dimethioate @ 0.1% at 10-15 days intervals. 
 
 

Leafhopper (Orosius albicinctus) 

https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Cell_wall
https://en.wikipedia.org/wiki/Filamentation
https://en.wikipedia.org/wiki/Pleomorphism_(microbiology)
https://en.wikipedia.org/wiki/Parasite
https://en.wikipedia.org/wiki/Phloem
https://en.wikipedia.org/wiki/Vector_(parasitology)


AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

143 
 

REFERENCE: 
[1]. Akhtar, K.P., Sarwar, G., Dickinson, M., Ahmad, M., Haq, M.A., Hameed, S. and Iqbal,   M.J. (2009). "Sesame 
phyllody disease: its symptomatology, etiology, and transmission in Pakistan" (PDF). Turkish Journal of Agriculture 
and Forestry. 33: 477-486. 
[2]. Baspinar, H., Korkmaz, S., Onelge, N., Cinar, A., Uygun, N. and Kersting, U. (1993). Studies on citrus stubborn 
disease pathogen and sesame phyllody in sesame and their related leafhopper vector. Journal of Turkey 
Phytopathology. 22: 1-8. 
[3]. Choopanya, D. (1973). Mycoplasma like bodies associated with sesamum phyllody in Thailand. 
Phytopathology. 63: 1536-1537. 
[4]. Kersting, U. (1993). Symptomatology, etiology and transmission of sesamum phyllody in Turkey. Journal of 
Turkey Phytopathology. 22: 47-54. 
[5]. Singh, R.P. (2016). Plant Diseases Caused by RLOs and MLOs. Plant Pathology, Kalyani Publishers New Delhi, 
614-628. 
[6]. Singh, S.K., Singh, D. and Kumar, A. (2015). Plant Diseases and Their Management, Kalyani Publishers New 
Delhi, 77-82. 
[7]. Vasudeva, R.S. (1961). Diseases of sesamum. In “SESAMUM”. Edited by A.B. Joshi. Publication Indian Council 
Agricultural Research. New Dehli, India. 92-107. 
[8].Vasudeva, R.S. and Sahambi, H.S. (1955). Phyllody in sesamum (Sesamum orientale L.). Indian Phytopathology 
Society. 8: 124-129. 
[9]. Weberling, F. (1992). Morphology of Flowers and Inflorescences. CUP Archive. p. 141. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://journals.tubitak.gov.tr/agriculture/issues/tar-09-33-5/tar-33-5-7-0901-23.pdf
http://journals.tubitak.gov.tr/agriculture/issues/tar-09-33-5/tar-33-5-7-0901-23.pdf


AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

144 
 

Phytotoxicity of herbicides on chickpea (Cicer arietinum L.) 
Article id: 22046 
Sahaja Deva  
Subject Matter Specialist (Crop Production), Krishi Vigyan Kendra, Darsi 
 

Chickpea is an important legume crop. It is a poor competitor to weeds because of slow initial growth. 
Weeds reduce crop yield if not controlled in time. Manual weeding is time consuming and there is 
paucity of labour led to increased use of herbicides. Chickpea is very sensitive to herbicides so pre-
emergence herbicides followed by manual weeding is the only option. Post-emergence herbicides cause 
phytotoxicity. Phytotoxicity is a toxic effect by a compound on plant growth. Herbicides which are used 
to kill weeds can also cause phytotoxic effects in plants. Chickpea is sensitive to many post emergence 
herbicides. Therefore, there are very limited choices in fact no choice for using post-emergence 
herbicides. With the application of post-emergence herbicides chickpea crop showed some phytotoxic 
effects like chlorosis, necrosis and even death, Eventhough recovery was observed yield reduction was 
upto the maximum extent. Phytotoxicity can be measured by using different methods. The herbicide 
toxicity of pre as well as post emergence herbicides on crop can be visualized through various symptoms. 
Pre-emergence herbicide may reduce germination and growth of crop or produce deformity in crop 
plants. Post emergence herbicides mainly show symptoms on standing crop and first symptoms visualize 
on leaves as these herbicides are absorbed by leaves. 
  Toxicity of herbicides is generally measures through bioassay, a method to assess biological 
response of herbicide on a living plant species refers as indicator or test species. Bioassay is simple to 
carry out and does not require costly sophisticated instrument/equipment. It is important as it 
determines phytotoxic activity of herbicide molecule and determines phytotoxic residue in substrate or 
soil. 
  In bioassay, test species are grown in herbicide treated soil or in solution of herbicide extracted 
quantitatively from soil or plant tissue and the response is compared with that shown by same species 
grown in untreated soil or extract having known concentration of same herbicide molecule. Biological 
responses are commonly measured by whole plant method and sometimes even by taking into account 
only the effect on shoot or root growth. The response is measures either by qualitatively by using visual 
rating or quantitatively by using the green or dry matter of shoots. Green weights are preferable to dry 
weights as the dead and necrotic plants may have the same dry weight as green healthy leaves. 
The phytotoxicity of post emergence herbicides is mainly observed on the foliage of crop or species 
grown. To measure the phytotoxicity generally visual rating of phytotoxicity of herbicide is measured. 
The visual rating is on 1-9 scale as suggested by the European Weed Research Council. Similarly as per 
Central Insecticide Board (CIB), phytotoxicity symptoms are recorded in 1-10 scale. 

Table 1: The European Weed Research Council Rating System 

Rating Crop response (% crop injury) Verbal description 

From To 

1 0 - No injury 

2 1.0 3.5 Very slight discolouration 

3 3.5 7.0 More severe but not 
lasting 

4 7.0 12.5 Moderate and more 
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lasting 

5 12.5 20.0 Medium and lasting 

6 20.0 30.0 Heavy 

7 30.0 50.0 Very heavy 

8 50.0 90.0 Nearly destroyed 

9 100 - Complete death 

 
Table 2: The Central Board of Insecticide grading system 

Grade Per cent damaged leaves Grade Per cent damaged leaves 

1 0-10 6 50-60 

2 10-20 7 60-70 

3 20-30 8 70-80 

4 30-40 9 80-90 

5 40-50 10 90-100 

 
Phytotoxicity of Imazethapyr (amino acid inhibitor) and metribuzin (photosynthesis inhibitor) was 
observed in chickpea when applied as post emergence. Imazethapyr mainly showed chlorosis symptoms, 
narrow leaves and tendril like stems. Metribuzin showed symptoms first on lower leaves by causing 
necrosis and extended to upper leaves and caused complete necrosis and death of plants. 

 
       
 
How to overcome: 
Instead of using post emergence herbicides in chickpea pre emergence herbicides followed by hand 
weeding is the best option. If there is paucity of labourers grow metribuzin tolerant genotypes of 
chickpea viz. ICC 1205, ICC 1164, ICC 1161, ICC 8195, ICC 11498, ICC 9586, ICC 14402 ICC 283 and 
imazethapyr  tolerant genotypes viz. ICC 3239, ICC 7867, ICC 1710, ICC 13441, ICC 13461, ICC 13357, ICC 
7668, ICC 13187 (Gaur et al 2013). 
 
   

Metribuzin treated crop                                            Imazethapyr treated crop 
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The external gas storage tank of special material of 6 m3 with NRV and Pressure release valve is 
connected after the gas outlet of dome for maintaining the dome pressure at 0.12 psi. When the gas 
is not used for burning, the excessive gas pressure i.e. above 0.12 psi is transferred into the external 
gas storage tank from the dome. After attaining the maximum storage capacity, the tank release 
further gas into the air by pressure release valve which prevents the pressure on the outlet slurry. The 
external gas storage tank increases the digestion efficiency from 70% to 95% and solves many 
problems such as: Incomplete digestion, Flow of partially digested slurry from outlet, Formation of 
grub in collection pit, cracking of walls of dome, leakage from the burner, low nutrient availability 
from partially digested slurry.  
 
OBJECTIVE:-  
Increase the efficiency of digestion when it is not in use. 
INTRODUCTION:-  
When the gas is not used for more than half day then the gas creates excess pressure in the dome. That 
pressure tries to release through outlet. Excess pressure takes out the partially digested slurry from 
outlet. Excess pressure in the dome creates many problems such as : 
    1) Incomplete digestion (Efficiency decreases)  
    2) Flow of partially digested slurry (Having the 1-2 month’s methane gas) 
     3) Formation of grub in collection pit (Very harmful for plants which cause high loss)  
    4) Leakage from burner 

MECHANISM:- 
The external gas storage tank is provided after the gas outlet of dome. System consist of single non-
return valve and pressure release valve each. Gas flows from dome to tank i.e. with it’s natural 
tendency to flow from high pressure to low pressure and maintains the required gas pressure in the 
dome (0.12 psi or 90 mm of WC). Return flow of gas is checked by the non-return valve. After attaining 
the 0.12 psi pressure in the tank i.e. completion of capacity of tank, the further gas is released in the air 
by pressure release valve. Pressure release valve maintains pressure level of dome, tank and do not 
allow gas to pressurize the outlet slurry. Tank should be kept above the dome level. There is no need of 
any compressor to fill the tank with gas. Tank material is ‘UPVC’ ,which is resistant to fire and heat. Cost 
of 6m3 size balloon is approx. 10,000 /- (It can change for different places and sizes). NRV and PRV 
should be attached to tank later. E.g. If family is out of home for 3-4 days. There biogas dome capacity is 
2 m3 & external tank having capacity 6 m3 .Means the capacity of tank is storing the gas for 3 days. In 
this case the gas of 3 days will be deposited/stored in the tank for attain equilibrium of pressure. But on 
4th day the gas is out of capacity of tank storage. So, the pressure release valve will open and extra gas 
formed on 4th day will be released in the atmosphere. 
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ADVANTAGES:- 
1) Cracking of walls of dome is prevented which is a severe problem due to excess pressure. 
2) Flow of partial digested slurry is prevented due to removal of excess pressure from dome. The partial 
slurry contains the gas of 1-2 months. Loss of gas in rupees is avg. Rs.1500 /- if the biogas is not used for 
4 to 5 days which is equal to 2.5 LPG cylinders. This loss in rupees further increases as the period of 
unused gas increases. 
3) Efficiency of digestion of slurry is increased from 70% to 95%. 
4) Pressure valve makes the system totally safe from explosion. 
5) Because of digested slurry the problem of grub get solved 
a) In horticultural crops like coconut and arecanut the damage of adult of grub is 10 % i.e. if calculated 
in money then avg. Rs. 25,000 /- Loss/ha/year with 13% of death of plants/year 
b) In agronomical crops such as sugarcane the damage of grub is from 25 % to 65 % or whole crop can 
also be vanished. I.e. if calculated in money then avg. Rs. 1, 20,000 /- 
6) Because of high pressure in the dome the pressurized gas get leaked through burner but that can 
also be prevented by this. 
7) Gas collected in the tank can be used for burning, lightening or CNG cylinders can be filled. If the 
problem is severe then 8 cylinders can be filled in 1 year i.e. 8 * 600= Rs. 7,200/- 
8) Digested slurry contains high available nutrient content. 
9) If this problem is regular and the tank is used then inlet is reduced up to 30% to 35% so the 
remaining dung can be utilized for F.Y.M, compost preparation or for any other purpose. 11 days * 25 kg 
dung = 274 kg * 4 Rs. /kg=1100 Rs. * 12 month = Rs.13, 200 Rs. /year. 
10) Suppose the family is not using the gas for 40 days/year then the gas required for making the 
meal of 400 peoples can be collected in external tank(not at same time) 

CONCLUSION:- 

 Income generated or saving - Rs.50,000 /- to Rs.1, 40,000 /- per year (addition of all above savings) .  

 Huge movement for Doubling the Farmer’s Income. 

 Also our project support and based on the waste to wealth and Swaccha Bharat Mission of 
Government of India 
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                               (Note :- Working mechnism is theoratically prooved but practical study is not done.) 
 

REFERENCE:- 
1) National Non-Food Crops Centre. “NNFCC renewable fuels and energy factsheet: anaerobic digestion, 
Retrieved on 2011-02-16. 
2) Web design, Insyde. “How does biogas work?” www.simgas.com. Retrieved 16 May 2018. 
3) “Biogas & Engines”, www.clarke-energy.com. Retrieved 21 Nov 2011. 
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RELAY CROPPING - An ecological approach to maximize crop productivity 
Article id: 22048 
Gauri Mohan 
Ph.D. Scholar, Department of Agronomy 
School of Agricultural Sciences and Rural Development, Nagaland University 
 
INTRODUCTION 
Ensuring global food security with changing environment and shrinking natural resources are the major 
challenges in the present era. Population density has risen rapidly over the last few decades, and supply 
food to such a growing population is a challenge all over the world, and resultantly, agriculture people 
should optimize the use of resources especially soil and the soil management is very important for 
healthy and sustainable food production. Sustainable use of natural resources in the face of high 
population density is critically important and consequently food insecurity is overwhelming for specially 
developing countries. The increasing population pressure on land and water resources leads to the 
degradation of these resources, which often results in the loss of productive capacity and food insecurity 
as a consequence of soil degradation and the increase in soil erosion. 
  In order to reduce the soil degradation and enhance the ecosystem sustainability, various 
strategies such as use of cover crops and buffer strips, no-till or minimum tillage practices are reported 
elsewhere. Relay cropping is one of most reliable and applicable practices including a complex suite of 
different resource-efficient technologies. 
  Relay cropping is the growing of two or more crops on the same field with the planting of the 
second crop after the first one has completed its development. Relay cropping is essentially a special 
version of double cropping, where the second crop is planted into the first crop before harvest, rather 
than waiting until after harvest as in true double-cropping. In this way, both crops share a portion of the 
growing season, increasing solar radiation and heat available to each. 
In relay cropping there is a minimum temporal overlap of two or more crops. The relay crop should be 
fairly tolerant to shade and trampling. This practice is common in both upland and lowland. 

Principles of relay cropping 

 Crops with tap roots should be followed by crops with a fibrous root system as this helps in the proper 
and uniform use of nutrients from the soil. In addition, different characteristics of roots do not compete 
with each other for the uptake of nutrients. 

 Legumes should be grown as a relay crop after non legumes. Legumes have root nodules which can fix 
atmospheric nitrogen into the soil and add more organic matter to the soil. 

 Exhaustive crops should be followed by less exhaustive crops, which require less care. For example 
rice or maize should be followed by leguminous crop. 

 Selection of relay crop should be demand-based. So that farmers can earn profit. 

 Crop selection also depends on land type, irrigation facilities, soil and climatic considerations. 
 
Advantages of relay cropping 

 Less risk since yields do not depend on one crop alone. 

 Better distribution of labor. 

 Some diseases and insects appear to spread less rapidly under relay cropping. 
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 Better erosion control due to better ground cover. 

 Any legumes involved may add some nitrogen to the soil. 

 Relay cropping control weeds to a great extent. 

 Increase land use efficiency. 

 Increase in crop yield and net return. 
 
Disadvantages of relay cropping 

 Mechanization is difficult. 

 Management requirements are higher. 

 Overall costs per unit of production may be higher due to reduce efficiency in planting, weeding and 
harvesting. 
 
 
REFERENCES 
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Measurement of soil moisture in forest area  
Article id: 22049 
Atul Singh* and Anil Kori 
Department of Forestry, Jawaharlal Nehru Krishi Vishwa Vidyalaya Jabalpur (MP), India- 482004 

 
INTRODUCTION  
Soil moisture is the temporary storage of water within a shallow layer of earth’s upper surface, as 
compared to the total amount of water available throughout the globe. It is important in agronomic, 
hydrological and meteorological processes at all spatial scales. It plays a key role in water stress 
detection and irrigation management. Information of soil moisture can be also used as an indicator for 
the prediction of natural disaster, such as drought and flooding and for environmental changing, such as 
dust storms and erosion. Soil water content (SWC) affects the germination of seeds, plant growth and 
nutrition, microbial decomposition of the soil organic matter, nutrient transformations in the root zone, 
as well as heat and water transfer at the land–atmosphere interface.SWC is also a key variable in 
determining the rate of decomposition of the soil organic matter, which can affect, for example, the rate 
of soil respiration and soil carbon sequestration. Moreover, Soil moisture plays a key role in the 
physicochemical transformation of fundamental nutrients (e.g., nitrogen), such as mineralization, 
volatilization, and nitrification. Soil water content most commonly is expressed as percent water by 
weight, percent water by volume, or inches of water per foot of soil. Other units such as inches of water 
per inch of soil also are used. 

Object of soil moisture measurement  
 Measurement of soil water and their properties  
 Knowing about the water holding capacity  
 Characteristic of soil water flow 
 Effect of saturated, unsaturated soil and environment effect 
 Improve water use efficiency   

Need of soil moisture measurement  

  To introduce the new flora, variety or species in forest areas or plantation.  

 In agriculture & Plant science field to determine best time to Sow & plow the field.  

 Various physical & chemical properties of soil changes with amount of moisture present in soil.  

 To study ground water recharge & Evapo-transpiration.  

 It is also important in the fields like Hydrology, Forestry, and Agrology.  

 To study & determine the parameters like soil profile, surface tension related with civil & soil 
engineering.  

Soil moisture is estimated both by direct and indirect method. Direct methods involves the 
determination of moisture in the soil while indirect methods estimate amount of water through the 
properties of water in the soil. In direct methods moisture is estimated thermo- gravimetrically either 
through oven - drying or by volumetric method.  
A). Direct Methods  
i) Gravimetric method (weight basis)  
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Principles - Soil sample is collected in a moisture can and wet weight of the sample is recorded. The soil 
sample is dried in hot air oven at 1050C until constant weight is obtained and dry weight of the sample is 
recorded (Black C.A. 1965).  
Materials- Soil auger, Moisture Cans, Top Pan Balance, Drying Oven.  
Procedure - Take a composite sample of soil about 100 g in a moisture can and cover it immediately with 
its lid. Cover the cans with a wet gunny bag in the field to avoid heating due to insulation if numbers of 
samples are large. Carry the samples to the laboratory. Weigh the sample on a top pan balance (WS1 g). 
Dry the sample in an oven to a constant weight at 105 0C. This takes about 48 hours. Weigh the dried 
sample (WS2, g). 
Observations  
1. Fresh weight of soil (WS1)  
2. Oven dry weight of soil (WS2)  
3. Weight of empty moisture box  
 
Moisture content (on weight basis) =   Wet weight(WS1) - Dry weight (WS2)  X 100 

                        Dry weight (WS2) 
(ii) Volumetric method  
 Sample is taken with a core sample or with a tube auger whose volume is known. The amount of water 
present in the soil sample is estimated by drying in the oven. The volumetric moisture content can also 
be estimated from the moisture content estimated on dry weight basis.  
Materials - Sampling tube or a core sampler, moisture cans, balance and hot air oven.  
Procedure  
Take a sample of soil with a core sampler or a tube auger whose volume is known (VS1). Weigh the 
sample in a moisture can (WS1). Dry it in an oven to a constant weight at 105 0C (WS2). Calculate the 
moisture percentage by the relationship. 
 

Moisture content (on volume 
basis) 

= 
(WS1) - (WS2) 

  X 100 

                              Density of water X Volume of auger 
 
Direct methods for moisture estimation is the most accurate, but is not practical for farm use. Its 
accuracy depends on the number of sample taken and in their mixing. It is primarily used in experimental 
sites and is a standard against which other methods of moisture determination are compared.  
(iii) 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. 
B). Indirect Method  
1. Measuring soil moisture with Tensiometer  
A 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. 
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The measurement of capillary pressure or moisture tension can be used to determine moisture 
deficiencies and irrigation requirement after suitable calibration. (Smajstrla Allen G and. Harrison Dalton 
S. 1998). 
Construction - Tensiometer is a sealed, airtight, water-filled tube (barrel) with a porous ceramic cup 
filled with water tip on one end which is buried in the soil at desired depth and a vacuum gauge on the 
other, as shown in Figure 1  
Installation and method of determination - Before placing in soil at particular depth, the porous tip 
should be soaked in water overnight. The tube should then be filled with boiled (air-free) water, and the 
gauge and tip should be tested using a small, hand-held vacuum pump (available from tensiometer 
manufacturers).The vacuum pump should also be equipped with a vacuum gauge for creating vacuum in 
the tensiometer. While fixing, the cup must make a good contact with soil. When the saturated porous 
cup is installed in soil, water from cup moves through the tip until pressure inside and outside the 
ceramic cup is equal. As the soil water is depleted by root action or replenished by rainfall or irrigation, 
corresponding changes in reading on the tensiometer occurs. The pressure developed in complete 
system is measured with the help of mercury manometer or vacuum gauge. At a particular pressure, 
water content is measured only by calibration and irrigation is practiced at pre-decided depletion of 
available water at particular depth if tensiometers are installed at different soil depths.  
Limitations  
1. Working range of tensiometer is only up to 0.85 bar, when tension increases beyond this, air begins to 
enter the cup and it becomes useless. Hence, it is suitable to use in sand, loamy sand, sandy loam, and 
the coarser-textured range of loam and sandy clay loam soils  
2. Necessity for recharging after entry of air in the cup,  
3. The tendency for roots to become concentrated around the porous cup.  
4. Small air pockets may develop periodically if deaerated water is not used  
Precautions  
1. Before installation, tensiometer should be filled with deaerated water to avoid air pockets.  
2. A hole prepared for ceramic cup at particular soil depth should be such that the diameter of cup and 
hole is same and having good contact between soil and cup. In loose soil, it may be inserted without 
making hole.  
3. Taking observations in early morning is desirable as water movement in plant and soil is practically 
negligible. After installation stable reading may be obtained after 24 hours. 

 
II). Gypsum blocks or Electrical resistance blocks  
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Principle of working - It works on the principle of conductance of electricity of water. When two 
electrodes are placed parallel to each other in a porous non-conducting medium and then electrical 
current is passed, the resistance to the flow of electricity is inversely proportional to the moisture 
content in the medium. Thus, when the block is wet, conductivity is high and resistance is low. The 
resistance blocks read low resistance at field capacity and high resistance at wilting point. The readings 
are taken with a portable AC Wheatstone bridge.  
Bouyoucos and Mick (1940) proposed this electrodes model. 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 cloth, ceramics is sometimes used. The electrodes are connected to insulated lead wires that 
extend upward to the soil surface. The water content in the block changes with corresponding changes in 
water content in the soil, and changes within the block are reflected by changes in resistance between 
the electrodes. Electrical resistance blocks are often referred to as gypsum blocks or moisture blocks. 
Block units are used for indirect measurement of soil moisture in situ.  

Installation of resistance blocks  
 Like tensiometer, electrical resistance blocks should be soaked overnight before they are installed in 
the field  
 Sink a bore with a post-hole auger to the depth of installation of blocks.  
 Place the block inside and fill back the bore in small depths by tamping the soil with a wooden rod.  
 After placement ensures that there is an intimate contact of the block with the soil. There should not 
be any root pieces. Pebbles etc. near the block.  
 When more than one block is to be installed in a bore, label them near their terminals carefully with 
their depths before installation.  
 Heap the soil to a height of about 3 cm near the surface at the bore spot to prevent any water 
stagnation. Irrigate the field and record the readings.  
 Check the resistance reading at the field capacity. While installing in a crop, ensure that these are 
placed in the root zone. The convenient spot for installation is in a row and in between two plants, which 
avoids any disturbance during inter-cultivation etc.  

Standardization and calibration of resistance blocks - Lower the blocks gradually in a bucket of water 
and allow them to saturate for about half an hour. Take the blocks out, expose them to the atmosphere 
for about 10 minutes and again lower them in the bucket. The object is to remove the entrapped air if 
any, in this step. Record the resistance reading with an AC operated Wheatstone bridge by connecting 
the wire leads to the bridge while the block is in water. Record the difference in readings of different 
blocks. Reject the blocks which show deviations. Greater than 5 per cent of the mean resistance reading. 
Calibrate the blocks by installing them in a garden pot filled with soil.  
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Irrigate the pot as the soil dries, record the resistance readings periodically with wheats tone bride and 
also determine the soil moisture content of the samples taken from the block depths. Plot the data of 
resistance readings and soil moisture percentage during the drying cycle, on a graph paper. Repeat the 
process two times and draw the curve. As these resistance units can be used for direct measurement of 
soil moisture tension, calibration with respect to soil moisture tension could be done in a suitable 
pressure membrane extractor. 
Limitations  
 Resistance blocks are not useful for saline soils since resistance reading is affected by salt 
concentration.  
 Electrical resistance blocks are not reliable for determining when to irrigate sandy soils where over 50 
percent of the plant-available water is usually depleted at suctions less than 0.5 bar.  
 Their readings are also affected by concentration of fertilizer.  
 Short life of gypsum blocks in wet soil.  
 Calibration is required for each soil and each block.  
 Calibration may drift with time.  
III). Neutron moisture meter  
Principle of working - Soil moisture can be estimated quickly and continuously with neutron moisture 
meter without disturbing the soil. Another advantage is that soil moisture can be estimated from large 
volume of soil. This meter scans the soil about 15 cm diameters around the neutron probe in wet soil 
and 50 cm in dry soil. It consists of a probe and a scalar or rate meter. This contains a fast neutron source 
which may be a mixture of radium and beryllium or americium and beryllium. Access tubes are 
aluminum tubes of 50-100 cm length and are placed in the field, when the moisture has to be estimated. 
Neutron probe is lowered in to access tube to a desired depth. Fast neutrons are released from the 
probe which scatters in to soil. When the neutrons encounter nuclei of hydrogen atoms of water, their 
speed is reduced. The scalar or the rate meter counts of slow neutrons which are directly proportional to 
water molecule. Moisture content of the soil can be known from the calibration curve with count of slow 
neutrons (Van et al., l963).  
Installation of Neutron Probe  

 The access tube is inserted into the soil by drilling a hole with the help of an auger.  

 It is few centimeters above the soil and converted with an inverted case.  
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 The neutron probe is inserted into the access tube by carefully lowering down cable to the desired 
depth.  

 Initially the probe is to be adjusted and calibrated against volumetric determination of soil moisture 
content  
Limitations  

 Expensive or neutron probe consist radioactive material which is not safe or handling is not easy  
However nutron probe gives reliable and accurate measurement of soil water at different depths in the 
soil profile.  
IV).Time Domain Reflectometer  
Principle - Dielectric constant of soil is the function of content of moisture present in soil. Traveling time 
of a EM wave changes as velocity of traveling wave is affected by the dielectric constant of soil (Whalley 
W.R. 1993)  

Ka = (c/v)2 = [(c × t)/(2 × L)]2 
Methodology - 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. 
Determines the apparent dielectric (Ka) of the soil matrix and this is empirically related to the volumetric 
soil moisture content. The method is quick, relatively independent of soil type, non-destructive, suited 
for surface and profile measurements, and allows repeatable in situ measurement. The TDR is a portable 
unit that can be carried allowing point soil moisture measurements or linked to a multiplexer to measure 
an array of buried wave guides. Therefore, to measure at depth of 20 cm, waveguides are placed in the 
soil horizontally at that depth. If 30 cm waveguides are placed vertically into the soil, the moisture 
content determined by the TDR will be the integrated moisture content from the soil surface to a depth 
of 30 cm. The technique is based upon cable testing technology, with a broad-band Electromagnetic step 
pulse generated and propagated along a coaxial cable. At the end of the cable stainless steel rods 
(waveguides) are inserted into the ground. The time of travel of the EM wave is determined by the 
apparent dielectric (Ka) of the medium (in this case soil). Water with a high dielectric (Ka = 80), 
compared to soil (Ka = 3 to 5) and air (Ka = 1), dominates the measured Ka. Thus, if the soil is saturated 
the Ka is high (due to the presence of increased water) and the travel time of the EM wave along the 
waveguides is long. If the soil is dry the travel time along the waveguides is short and the Ka is therefore 
low. The relationship of Ka to travel time (Δt) is. 

Ka = (cΔt /2L)2 
Where;  
c - Velocity of light (3 x 108 ms-1)  
L - Length of the wave guide (m).  
Δt- Travel time 
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Sheep farming in India  
Article id: 
Mayur Gopinath Thalkar 
Animal Husbandry and Dairy Science, Agronomy Domain, Lovely Professional University, Punjab 

INTRODUCTION-: India is agriculture country more that 65 percent people working in the field of the 
agriculture. In agriculture field 4 percent GDP obtain from livestock farming. In India Dairy is important 
business for the rural as well as city people. From dairy business not only primary but also secondary and 
tertiary people get large amount of the employment. In present article best breed of desi and exotic of 
sheep given which provided not only meat but also wool and milk for Indian people and increase 
economical status of the people. Goat meat called as mutton and its have great demand in market. From 
present article give basic information of some important breed of the goat which is use for milk, meat 
and wool purpose in India. 
1. Gaddi 
Origin-: Jammu  and Kashmir. 
Character-: 

 Medium to heavy body. 

 Colour white with better wool. 

 Head large in size. 

 RAM-40 to 50 kg EWE-25 to 30 kg. 
Use-: 

 Sheep is sturdy and use as pack animals  

 in hill area. 

 Wool production 1 to 2 kg per year. 

 Wool use for blanket production. 
 
 2. Deccani 
Origin-: Arid zone of the Maharashtra.  
Also found in A.P and Karnataka.  
Character-: 

 Small and hardy breed of the sheep. 

 White,black and grey in colour. 

 Small and dropping types of the years. 

 Nose roman nose type. 

 Neck- thin and small 

 Tail- short 

 RAM-35 to 40 kg EWE-25 to 30 kg. 
Use-: 

 Give annual net wool 0.5 kg. 

 Wool use for making kumbles. 

 Dressing percentage 30 to 40% 
3. Bikaneri 

Gaddi sheep 

Deccani sheep 

Bikaneri sheep 
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Origin-: Bikaner district of the Rajstan. 
Character-: 

 Medium and compact body. 

 Grey,black and red spot found on the body. 

 Tail- Long and thin  

 Neck- Long and clean. 

 RAM- 40 kg EWE-30 kg. 
Use 

 They are produce best quality of the wool. 

 Twinning is common in this breed. 

 They produce 1.5 to 2 kg of the wool per year. 
 Staple length of the wool 3 to 5 cm 

4. Marwari 
Origin-: Jodhpur and Jaipur district of the Rajsthan. 
Character-: 

 Body medium size with long legs. 

 Colour white with black face. 

 Ears short.  

 RAM-35 to 40 kg EWE-25 to 30 kg. 
Use-: 

 They produce coarse types of the wool. 

 Wool colour is white. 

 Annual 1 to 2 kg. 

 Wool useful for blankets preparation. 
5. Bannur 
Origin-: Mandya district of the Karnataka.  
Character-: 

 Medium and compact body. 

 Colour white brown spot on forehead and neck found. 

 Neck short. 

 Ears long and dropping type. 

 Tail short and muscular.  

 RAM-50 to 60 kg EWE-35 to 40 kg. 
Use-: 

 They produce coarse types of the wool. 

 Breed use for mutton purpose. 

 Beat mutton quality with 55% dressing percentage. 

 Hairs are coarse like brush. 
6. Merino 
1.Origin-: Spain important breed of the Australia and USA 
2.Character-: 

Marwari sheep 

Bannur sheep 

Merino sheep 
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 Medium size.  

 Ears small. 

 Colour white 

 Head and legs are cover with the wool. 

 RAM-70 to 80 kg EWE-65 to 70 kg.  
3. Use-: 

 They give best finest type of the wool. 

 Annualy 12 to 15 kg wool obtain. 

 Staple length of the wool 5 to 10 cm. 

 Fiber diameter 17-24 micron. 
7. Hampshire. 
1. Origin-: U.K 
2. Character-: 

 Body large in size. 

 Ears- Large black ears. 

 Head and legs covered with wool. 

 RAM-70 to 90 kg EWE-65 to 70 kg.  
3. Use-: 

 Wool yield- 2 to 2.5 kg 

 Fiber diameter- 24 to 30 micron. 
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Efficient use of coconut and its by products 
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1Ph.D Scholar, Department of Farm Machinery & Power Engineering, CTAE, Udaipur 
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INTRODUCTION 
The coconut (cocos nucifera) is an important crop in the tropical regions. India is the third largest 
coconut producing country in the world after Indonesia and Philippines. The annual production of 
coconut in India was 23,904.10 Million nuts in 2016-17 and Tamil Nadu ranked first in India with a 
production of  6,570.63 Million nuts (CDB, 2017). Kerala has the maximum area under coconut 
cultivation in India with an area of 7,70,790 ha and coconut palm is the main source of income to 
millions of families in the states of Tamil Nadu, Kerala and Karnataka. It is one of the most versatile crops 
for edible oil production and coconut oil production is one among the most important agro-industries in 
the state of southern India. 
  Coconut palm is also known as a  ‘kalpavriksha’ because it provides several benefits to the human 
kind. In India coconuts have been used since civilization. India consumes 50% of annual production for 
their culinary and religious purpose, 35% used as copra, 2% for manufacturing of value added products, 
11% for tender uses and 2% for seed purpose.  
The coconut fruit yields 40 % coconut husks containing 30 % fiber, with dust making up the rest. The 
chemical composition of coconut husks consists of cellulose, lignin, pyroligneous acid, gas, charcoal, tar, 
tannin, and potassium. Coconut dust has high lignin and cellulose content. The materials contained in 
the casing of coco dusts and coconut fibers are resistant to bacteria and fungi. 

Coconut Shell 
Coconut shell is an agricultural waste and is available in plentiful quantities throughout tropical countries 
worldwide. In many countries, coconut shell is subjected to open burning which contributes significantly 
to CO2 and methane emissions.  Coconut shell is widely used for making charcoal. The traditional pit 
method of production has a charcoal yield of 25–30% of the dry weight of shells used. The charcoal 
produced by this method is of variable quality, and often contaminated with extraneous matter and soil. 
The smoke evolved from pit method is not only a nuisance but also a health hazard. 
The coconut shell has a high calorific value of 20.8MJ/kg and can be used to produce steam, energy-rich 
gases, bio-oil, biochar etc. It is to be noted that coconut shell and coconut husk are solid fuels and have 
the peculiarities and problems inherent in this kind of fuel.  Coconut shell is more suitable for pyrolysis 
process as it contain lower ash content, high volatile matter content and available at a cheap cost. The 
higher fixed carbon content leads to the production to a high-quality solid residue which can be used as 
activated carbon in wastewater treatment. Coconut shell can be easily collected in places where coconut 
meat is traditionally used in food processing. 

Coconut Husk 
Coconut husk has high amount of lignin and cellulose, and that is why it has a high calorific value of 
18.62MJ/kg. The chemical composition of coconut husks consists of cellulose, lignin, pyroligneous acid, 
gas, charcoal, tar, tannin, and potassium. The predominant use of coconut husks is in direct combustion 
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in order to make charcoal, otherwise husks are simply thrown away. Coconut husk can be transformed 
into a value-added fuel source which can replace wood and other traditional fuel sources. In terms of the 
availability and costs of coconut husks, they have good potential for use in power plants. 

COIR 
   Coconut husk is a unique raw material for the extraction of coir fibre which is extracted from 
monocarp of 1”-1 ¾ thick coconut husk. India is the largest producer of brown coir fibre and its 
production has been steadily increasing every year. Coir is one of the important natural, golden colour, 
hard fibres extracted from the husk or fibrous mass (mesocare) covering the coconut. It is of great 
commercial interest and falls under the category of industrial hard fibres such as hemp, abucca, 
henequen etc. Coir has certain unique qualities, such as resistance to spoilage due to moisture and 
dampness. Coir fibre posses remarkable, durability to withstand physical strength and hence it is a 
renewable resource for manufacturing various floor covering and other coir products. In India coir fibre 
is extracted from coconut husk after retting in saline water and also by deploying mechanical method 
using fibre extracting machines. The white fibre sector has become stagnant over last few years, where 
as the export requirement is mainly of white fibre products. 
  The coir industry is mainly concentrated in the coconut producing states namely, Kerala, 
Karnataka, Tamilnadu and Andhra Pradesh in southern region and Orissa in the eastern region. The 
industry’s strength lays in the export oriented coir 102 products manufactured in the country. It has 
been reported that there were 6531 functional coir processing units in the country. Out of which 5124 
units are located in Kerala, 217 units in Karnataka, 262 in Tamil Nadu, 265 in Andhra Pradesh, 100 in 
Orissa, 75 in West Bengal, five in Maharashtra, six in Pondicherry and three in Goa. Consequent upon 
mechanization in coir processing sector in Kerala, production of brown fibre has increased many folds. 
New retting process using coir ret, a bacterial culture developed through research by coir board has 
become popular in Kerala. The fibre is called green husk fibre which is mixed with white fibre to make 
coir yarn and other products. Coir Pith Coir pith commonly known as coconut peat is the by-product of 
coir industry, which was hitherto considered as a waste material. Coir pith is converted into briquettes 
for the purpose of easy transportation. It is easily composed to be used as an organic manure and soil 
ameliorant. ‘Pith plus’ a product developed by the coir board in collaboration with Tamilnadu agricultural 
university is supplemented with urea is added to coir pith to make the manure. 

COCONUT LEAVES  
  Coconut leaves are plaited and used for thatching houses and sheds in rural areas. It is also used 
for thatching 'honeymoon huts' in towns and cities. Technology is available with regional research 
laboratory, Thiruvananthapuram, and Kerala for extending the life of leaf thatch from one year to four 
years. Plaited coconut leaves are also used for making baskets, headgears and for erection of temporary 
fences. Plaiting of coconut leaves is a cottage industry in traditional coconut growing states. Midribs of 
leaves are used to make brooms of different types which are used for cleaning rough grounds and floors. 
Brooms of midribs of coconut leaves are made on a commercial scale in Tamilnadu and Karnataka.  

COCONUT BY PRODUCTS  
The various by products from coconut kernel (Meat) matured coconut includes: 
i) Desiccated coconut 
ii) Partially de-fated coconut powder 
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iii) Rousted coconut paste 
iv) Coconut chips (sweetened chips) (sliced coconut) 
v) Ball copra 
vi) Cup copra (coconut flour) 
vii) Coconut yoghurt / Ice cream 
viii) Fresh coconut gratings 
ix) Dehydrated edible coconut meat and 
x) Coconut oil / virgin coconut oil 

The products from coconut milk comprises: 
a) Milk powder (dehydrated milk) 
ii)  Coconut milk / syrup  
iii) Coconut spread / cheese  
iv) Coconut honey / candy  
v) Coconut skim milk beverage  
vi) Sweetened coconut skim milk blend  
vii) Coconut protein  
viii) Low / high fat coconut jam and 
 ix) Virgin coconut oil  

The tender coconut byproducts are:  
i) Fresh tender coconut water  
ii)Tender nut coconut water & coconut meat shake and  
iii)Canned or pouched tender coconut water  

Utilization of Waste Coconut Water 
A large number of coconut oil mills are operating in tropical countries like India. They discharge 
considerable amount of waste coconut water (WCW) having very high values of Biochemical Oxygen 
Demand (BOD) to the extent of 29,000 mg·L-1 and Total Solids (TS) of 5.45 ± 0.35%. The fermented 
coconut water is highly acidic with a pH of 4.03 ± 0.01. The south Indian states, especially Kerala has a 
large number of coconut oil mills and most of them discharge the WCW without proper treatment 
resulting in pollution of the environment. Due to the bad odour and pollution of water bodies, the 
general public has started complaining against the coconut oil mills. Hence many Local Self Government 
bodies and the State Pollution Control Boards have imposed stringent restrictions on these small scale 
agro based industrial units. Installation of conventional ETPs (Effluent Treatment Plants) is costly and 
they consume electric power for their operation. It is highly relevant to save these small scale agro 
industries by providing an affordable technology for pollution abatement, which is also capable of 
producing energy. 
  Anaerobic digestion of organic wastes is a known technology. Anaerobic digestion is the 
degradation of complex organic matters in an oxygen free environment. The biological conversion of the 
organic matters occurs in the mixture of primary settled and biological sludge under anaerobic condition 
followed by hydrolysis, acidogenesis and methanogenesis to convert the complex compounds into 
simpler end products as methane (CH4) and carbon dioxide (CO2). This technology offers simultaneous 
production of energy in the form of biogas along with pollution control. 
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The technical problems associated with conventional biogas plants in dealing with high volume low 
strength wastes like waste waters make them less popular for effluent treatment. They are slow in 
operation with long Hydraulic Retention Times (HRTs) in the order of 35 to 55 days, necessitating very 
large digester volumes. The requirement of large digesters consumes much space and makes their 
installation very costly. Hence people are tempted to adopt aerobic treatment systems in which energy 
is being consumed for aeration. Even though the anaerobic waste treatment is more environment 
friendly the aforesaid technical constraints are the bottlenecks in adoption of technology.  
  Anaerobic digestion of high volume liquid wastes like WCW is technically and economically 
feasible only through high rate bioreactors, where we can reduce the HRTs to few days or even hours. 
The anaerobic bioreactors which can retain high level of biomass (microbial) population in the reactor, 
and remove higher percentages of organic matter is known as the "high-rate anaerobic bioreactor. 
  Up-flow Anaerobic Hybrid Bio-reactors (digesters) are very good for treating low strength 
effluents with maximum gas production and less space required compared to conventional methods. It 
can produce gas of 8-14 Litres per kg of waste coconut water and also very suitable to reduce BOD level 
down to less than 1000 mgL-1.  
REFERENCES 

[1]. Agricultural statistics. 2018. Department of economics and statistics Thiruvananthapuram, Kerala. 
[2]. CDB. www.coconutboard.gov.in 
[3]. Sangamithra A, Swamy Gabriela John, Sorna Prema R, Chandrasekar V, Sasikala S, and Hasker E. 

2013.Coconut: An extensive review on value added products.Indian Food Industry Mag, Vol 32 No 
6, Nov-Dec 2013. 

[4]. Sison B.C.J. 1997. Disposal of coconut processing waste. Philipp. J. Coconut Stud. 11: 39-41. 
[5]. Smith, M.E. and Bull, A.T. 1976. Studies of the utilization of coconut water waste for the 

production of the food yeast saccharomyces fragilis. J. Appl. Bacteriol. 41: 81-95. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.coconutboard.gov.in/


AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

165 
 

Intercropping: A tool for insect pest management 
Article id: 22052 
*D. V. Chandrasekhar Reddy1, Abhishek Yadav1 and N. Rajasekhar2  

1Research Scholar, Department of Entomology, S.V.P.U.A&T, Meerut 
2Research Scholar, Department of Entomology, Agricultural College, Bapatla, ANGRAU, Guntur 
 
From the onset of agricultural modernization, farming has been characterized by monocultures of 
crops. As there is no biodiversity, these monocultures favor pest infestation quickly. In order to 
control these pest populations more insecticides are used. These insecticides have tremendous effects 
on environment, biodiversity, human and animal health. For this reason, adoption of suitable 
intercropping combination is necessary in present time to tackle the agro-ecosystems from vulnerable 
to pest outbreaks and other environmental problems. The successful use of intercropping to manage 
pests depends on a thorough knowledge of insect ecology and crop characteristics. Hence, this paper 
discusses the theory involved behind intercrops in the management of insect pests. 

INTRODUCTION 
Over the past fifty years intensive farming has been characterized by monocultures of crops. 
Monocultures are acres of the same plant that attracts the same types of insect pests which lead to 
the quicker buildup of pest infestation. Because there is no biodiversity to mitigate these effects, the 
insect pests can easily obtain food and multiply, which leads to the infestation of entire monoculture. 
In order to deal with the infestations, more insecticides are used to control the pest populations. 
These insecticides have tremendous effects on environment, biodiversity, human and animal health. 
These negative impacts of insecticides have provoked growing interest in the adoption of multi-function 
agricultural biodiversity that promote pest management. One of the agro-biodiversity strategies that 
improve the sustainability of crop production along with pest management is intercropping. 

INTERCROPPING 
Intercropping is the agronomic practice of growing two or more crops in the same field at the same time 
(Andrews and Kassam 1976). Crops may be planted without regard to rows (mixed intercropping), in 
alternating rows, or with different crops alternating within the same row. Relay intercropping refers to 
the planting of one intercrop species before another so that their life cycles partially overlap (Kass 1978). 
The broader term "polyculture" includes intercropping but also encompasses combining crops and 
weeds intentionally and combining crops with beneficial noncrop plants, such as cover crops or nursery 
crops (Andow 1991). Perrin and Phillips (1978) included mixtures of crop cultivars in their definition of 
intercropping, because such combinations may possess some of the advantages associated with 
conventional intercropping. Intercropping produces the benefits of on-farm diversity, increased 
productivity, resource distribution balance, farm risk reduction, weed and insect pest control. 

Hypotheses of insect pest management in intercropping system 
Intercropping is one of the important cultural practices in pest management and is based on the 
principle of reducing insect pests by increasing the diversity of an ecosystem. Root (1973) demonstrates 
that intercropping saves the target crop using two hypotheses. They are Resource Concentration 
Hypothesis and Enemies Hypothesis. 
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(a.) Resource Concentration Hypothesis 
The Resource Concentration Hypothesis, concerns the movement and reproductive behavior of the pest 
insects themselves. Visual and chemical stimuli from host and non-host plants affect both the rate at 
which insects colonize habitats and their behavior in those habitats. The total strength of the attractive 
stimuli for any particular pest insect determines what is called resource concentration and it is the result 
of the following interacting factors: the number of host plant species present and the relative preference 
of the insects for each, the absolute density and spatial arrangement of each host species, and 
interference effects from non-host plants. The lower the relative resource concentration, the more 
difficulty a pest insect will have in locating a host plant. Relative resource concentration also influences 
the probability that a pest insect will leave a habitat once it has arrived. For instance, a pest may tend to 
fly sooner or farther after landing on a non-host plant than a host plant, which results in a higher 
emigration rate from polycultures than monocultures. 
(b.) Enemies Hypothesis 
The Enemies Hypothesis, predicts greater numbers of insect predators and parasites in polycultures than 
in monocultures, which in turn better control pest populations. Polycultures supply better conditions for 
predators and parasites, reducing the likelihood that they will leave or become locally extinct. These 
conditions include: greater temporal and spatial distribution of nectar and pollen sources, both of which 
attract natural enemies and increase their reproductive potential; increased ground cover, which is 
especially important to some nocturnal insect predators; and more species of herbivorous insects that 
provide alternate prey when other prey are scarce or at inappropriate stages of their life cycles. 

Types of crops used in intercropping for insect pest control 
Brion (2014) proposed three types of crops in intercropping for insect pest control. They are trap crops, 
repellant crops and push-pull crops. 
(a.) Trap crops 
A system that uses an attractant crop planted close to the production crop is called trap cropping. The 
plant that is used as an intercrop (trap crop) is more attractive than the production crop to the insect, so 
the insect is drawn to the trap crop. In conventional systems, insecticides can be applied to the trap crop 
alone, reducing the need for pesticide use on all acres. Eg:- In cotton marigold is used as a trap crop for 
Helicoverpa armigera. 
(b.) Repellant crops 
An intercrop that has a repellent effect can also be used for insect pest control. This often requires more 
rows of the intercrop to be planted than in a trap crop system. In this system, the repellent intercrop 
masks the production crop from the insect pest, deterring the insect from its host crop. Whether the 
repellency is due to chemicals emitted by the plant or due to the physical structure of the intercrop is 
unknown. Eg:- Basil repels house flies and mosquitoes. 
(c.) Push-pull crops  
A combination of repellent and attractant crops can be used in an intercropping system for insect pest 
control.  In this system the attractant crop draws the insect in (acts as the “pull”) and the repellent crop 
deters the insect (acts as the “push”). Eg:- The push-pull system that was developed in Africa protects 
corn from stem boring moth larvae by planting a grass that is more attractive to the moths, Napier grass, 
as a border and planting a repellent crop, Desmodium (a legume), in between the rows of corn. 
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CONCLUSION 
Many a time intercrops may add additional income to the farmers apart from reducing the loss by pests 
through produce of intercrops. Intercrop not only helps in pest management but also plays a vital role in 
weed management, disease management, and nematode management besides conserving the 
biodiversity. Thus it can be rightly fitted in the integrated crop management for the improvement of 
farming community. 
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INTRODUCTION: 
Salt stress is the stress occurred due to enrichment of salts, mainly sodium chloride or sodium sulphate. Salt 
stress is one of the most serious limiting factors for crop growth and production in the arid regions. About 23% 
of the world’s cultivated lands is saline and 37% is sodic  
 
MEASURES TO OVERCOME SALT STRESS: 

A. Alleviation of salinity hazards by improving the plant environment 
A1. Removal of salts from the root zone 
1. Salt Leaching and Irrigation Management and Technology: 
The soil solution in irrigated fields is frequently more saline than the irrigation water because of evapo-transpiration, 
which leaves the salts from the irrigation water in the soil, and the dissolution of soil minerals. One way to alleviate 
salinity hazards in crop production is to remove the salts from the root zone by leaching. Salt leaching requires 
adequate irrigation management, which is based on adding sufficient amounts of water beyond the water 
requirement for meeting evapo-transpiration demands, in order to leach the excess salt from the root zone. It 
follows that the higher the salt concentration in the irrigation water, the greater the amount of water that must be 
passed through the soil to keep the salt concentration in the root zone at or below a critical level. 
2. Primer and Companion Plants:  
Another attractive approach for reducing salt content in the root zone is growing salt-tolerant plants either prior 
(primer plants) or simultaneously (companion plants) with agricultural crops. The idea behind this approach is that 
both primer and companion plants take up significant quantities of salt from soil solution, thereby reducing the salt 
content in the soil, and consequently establish a less saline environment in the root zone for the more sensitive 
agricultural crops (Colla et al., 2006; Nuttall et al., 2008). 
3. Soil Mulching and Water Treatments: 
Covering the soil surface, mainly with plastic sheet or mulch, has been suggested to reduce the adverse effects of 
salinity, particularly in row crops (e.g., da Costa et al., 2008; Dong et al., 2008; Saeed and Ahmad, 2009; Bezborodov 
et al., 2010). The mulching is designed to reduce evaporation from the soil surface, and thus decreases salt 
accumulation in the upper soil layer. However, the interaction between salinity and mulching on plant performance 
is not always straightforward. The mulch may simply reduce the evaporation regardless of salinity, and thereby 
increase water availability, which, in turn, improves plant productivity. 
A2. Fertilizer Application to the Root Zone 
1. Potassium (K): 
Potassium fertilizers are probably the most common fertilizers used to improve plant performance under saline 
conditions.  
2. Calcium (Ca): 
Application of Ca fertilizers to plants under saline conditions could diminish the negative effects of salinity on plant 
growth, yield and fruit quality  
3. Nitrogen (N): 
Studies on possible interactions between salinity and N fertilization have focused mainly on establishing optimal N 
application under saline conditions, rather than on its direct prevention of salinity hazards. Nutrient uptake in saline 
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soils might be low due to high concentrations of cations and anions which might compete with the uptake of nutrient 
ions  
4. Phosphorus (P): 
The possible ameliorative effects of P fertilization on salinity damage in plants have been less studied than those of 
other nutrients.  
5. Sulfur (S) 
Sulfur nutrition has also been shown to reduce the adverse effects of salinity  
6. Micronutrients: 
Fertilization with micronutrients could increase salt tolerance in plants.  
7. Biofertilizers and Manures: 
Biofertilizers, such as Nitrogen which contains species of the N-fixing bacteria Azospirillum and Azotobacter, and 
Phosphorine which contains the P-dissolving bacterium Bacillus megatherium var. phosphaticum, interact with 
salinity  Another way to add nutrients to cultivated soils is through the application of organic manures.   

B. Alleviation of salinity hazards by treating the plant 
B1. Seed and Young Seedlings Priming and Seed Size 
Techniques of seed treatment prior to their sowing (seed priming) are aimed at the initial stage of the germination, 
but previous to the advanced metabolic and morphological changes in the seeds.  
B2. Application of Plant Growth Regulators 
1. Salicylic Acid: 
The use of SA to mitigate the adverse effects of salinity on plants has been recommended more than any other 
growth regulator. SA is well known for its medicinal properties, induction of flowering and retardation of petal 
senescence, and is associated with disease resistance.  
2. Brassinosteroids: 
Brassinosteroids (BRs) have garnered much interest due to their effects of increasing plant tolerance to salt stress 
and improving development under salinity. 
3. Abscisic Acid: 
Salinity stress can also be alleviated in plants using more common hormones, such as ABA, although information on 
this approach is minimal.  
4. Indole Acetic Acid, Kinetin, and Benzyl Adenine 
Foliar application of IAA and kinetin (Kin) to maize plants exposed to 100 mM NaCl in the nutrient solution alleviates 
most of the adverse effects of salinity, such as the decrease in plant biomass production, chlorophyll content and 
RWC. 
5. Gibberellins 
Application of Gibberellic acid (GA) has also been found to counteract some of the adverse effects of salinity, such as 
those on dry matter production, chlorophyll content and RWC of maize plants.  
6. Jasmonates 
Jasmonates are generally considered mediators of defense response signals, such as in flowering and senescence, but 
they can also play an important role in plant salt tolerance.  
7. Polyamines 
Polyamines are known as elicitors of diverse physiological activities in plants, such as cell division, tuber formation, 
root initiation, flower development, and fruit ripening; they also have beneficial effects on abiotic stress tolerance. 
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They have to be protected from adverse temperatures, heavy rains, drought, wind and a variety of pests and 
diseases. If small seeded vegetables are sown directly in the field, germination is often poor and the young 
plants grow very slowly and require a long time to mature. Also the season may be too short for full 
development in the field. To overcome these problems many vegetable crops are grown in nurseries before 
being transplanted in the field. Vegetable nursery is a place where plants are cared for during the early stages 
of growth, providing optimum conditions for germination and subsequent growth until they are strong 
enough to be planted out in their permanent place. A nursery can be as simple as a raised bed in an open 
field or sophisticated as a glass-house with micro-sprinklers and an automatic temperature control system. 
Although raising seedlings in a nursery has advantages, some vegetables do not transplant well, particularly 
root crops, and must be sown directly in the field for optimum results. It has to be noted, however, that 
transplanting seedlings interrupts their growth, which has the potential to reduce their vigor. 
  A number of vegetable crops during Rabi and Zaid seasons are cultivated by transplanting method, 
wherein seeds are first sown in nursery beds to raise seedling and then seedlings are transplanted in the main 
field. But, during the process of seedlings raising it got damaged due to certain biotic and a biotic stresses. 
Sometimes, seedlings become thin and not suitable for transplant. The major vegetable crops which are 
usually cultivated through transplanting method are: tomato, capsicum, cauliflower, cabbage, knol-khol 
Chinese cabbage, Brussels sprouts, broccoli etc. Healthy nursery raising is most crucial step in vegetable 
production, which up to larger extent determine the productivity and profitability from vegetable cultivation. 
Although many of these crops can also be cultivated through direct seeding in the main field, transplanting 
method is highly recommended because of several advantages: 

Reduction of costs - Fewer seeds are used for raising seedlings in the nursery than for sowing directly in 
the field, because in the latter seedlings have to be thinned to one, which is wasteful. When expensive 
hybrid seeds are used, transplants therefore become more economically attractive. Pesticides and labour 
are also reduced under nursery conditions as compared to planting directly in the field.    

Extend a short growing season for late maturing crops –  
Seedlings can be raised in a nursery under a protected environment before conditions outside become 
suitable for growth and transplanted into the field when conditions allow, thus reducing the amount of 
time spent in the field.   

Forced vegetable production for an early market –  
Generally prices of horticultural produce are attractive when production or supply is low. Vegetables can 
be grown ‘outof-season’ in a nursery when conditions are not yet favourable. Such crops will thus 
mature earlier after transplanting and hence stand to fetch a higher price in the market. Raising of 
vegetable seedlings under open field conditions by the vegetable growers is traditional method generally 
followed in all parts of the country. During the process of seedlings raising by traditional method 50 to 
70% of the seedlings got damaged due to certain biotic and a biotic stresses. Seedlings become thin and 
not suited for transplanting when the seeds sown by broadcasting method in the open nursery beds. 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

171 
 

Continuous rains for several days, too low and too high temperatures, humidity also play a major role in 
producing the seedlings. Healthy nursery raising is most crucial step in vegetable production, which up to 
larger extent determine the productivity and profitability from vegetable cultivation. The major vegetable 
crops which are usually cultivated through transplanting method are: tomato, capsicum, cauliflower, 
cabbage, knol-khol Chinese cabbage, Brussels sprouts, broccoli etc. 

Tips for open field condition 
 seed from a reliable seed source. 

 
-2 cm deep. 

y. After seedlings sprout, water once a day.  
 

 
 

Location for transplant production  
The nursery should be prepared at a place where full day sunlight will be available and the place should be 
protected from the pet and wild animals. Other important considerations concerning are (1) orientation (east 
supplies more overall light, north-south supplies more uniform light), (2) availability of labor, (3) good 
proximity shipping routes, (4) easy access to utilities.    

Soil and soil preparation  
Loam to sandy loam, loose and friable, organic matter rich and well-drained soil with preferably close to 
neutral pH (7.0) is considered as most suitable soil for seedling raising.  A deep cultivation of the nursery land 
followed by 2-3 hoeing is recommended. Well rotten Farm Yard Manure (FYM) @ 2 kg or compost or leaf 
compost or 500 g Vermicompost per square meter should be mixed with the nursery bed. In case of heavy 
soil, 2-3 kg sand per square meter should be applied. 

Seed treatment  
Seeds carry pathogen of certain diseases and insect pest. Seeds should be treated with captan or thiram @ 5 
g/kg seeds or with Trichoderma viride (@ 10 g per kg seeds) in order to protect seedlings from the seed 
borne diseases.   

Nursery bed preparation  
In the rainy season, raised beds are preferred but in the winter and summer season raised as well as flat beds 
should be prepared. In raised beds length of the nursery bed may be kept 3 to 5 meter and it must be 
towards North-South, however, width should be restricted to 1 m (EastWest) to facilitate proper aeration and 
light to reduce moisture (harmful for damping off diseases) within two rows of seedlings and also for easy 
intercultural operations. The beds are raised 15 to 20 cm high from the ground level for aeration in the root 
zones. A space of 30 - 40 cm is left in between two beds to drain excess rain/ irrigation water. 

Sowing of seeds in the nursery  
Line sowing is the best method of raising vegetable seedlings. Lines are made 0.5 cm deep parallel to the 
width keeping 5 cm distance. The seeds are sown or placed singly at a distance of about 1-2 cm apart.  Cover 
the seeds with fine mixture of sand, soil and well rotten and sieved FYM or leaf compost etc. (1:1:2). After the 
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seed covering a light irrigation must be given with the help of rose can. Line sowing facilitates less incidence 

of dampingoff disease and reduces seedling mortality.    

Mulching of beds after seed sowing  
To maintain the soil moisture for better seed germination cover the seed bed with a thin layer of mulch 
either by paddy straw or sugar cane trash, or sarkanda leaves, dry grasses or any organic mulch (during 
hot weather) and by plastic mulch /sheet (in cool weather). Due attention is given to remove the covered 
mulch from the seedbed. As and when the white thread like structure is seen above the ground, remove 
the mulch carefully to avoid any damage to emerging plumules. Always remove mulch in the evening 
hours to avoid harmful effect of bright sun on newly emerging seedlings. 

Watering  
The nursery beds require light irrigation with the help of rose can till the seeds get germinated. Excess 
rainwater or irrigated water should be drained out from the field as and when it is required otherwise 
plants may die due to excess of water. Watering in the beds depends upon the weather condition. If 
temperature is high, open irrigation is applied. Need not to irrigate the beds during rainy days.    

Thinning  
It is an important operation to remove weak, unhealthy, diseased, insect pests damaged and dense 
plants from the nursery beds keeping distance of about 1.0 cm from plant to plant. The thinning 
facilitates balance light and air to each and every plant. 

Weed control  
Timely weeding in nursery is very important to get healthy seedling. If there are weeds in the seed bed, 
remove them manually either by hand or by hand hoe (thin forked Khurpi). Pre emergence herbicides 
can also be sprayed soon after seed sowing to control the weeds. Stomp @ 3 ml/liter of water should be 
sprayed on the nursery beds after the seed sowing and seed covering with mixture of FYM, soil and sand. 

Hardening of the seedlings in the nursery  
The term hardening includes any treatment that makes the tissues firm to endure better during 
unfavorable environment. Like low temperature, high temperature and hot dry wind etc. Hardening is 
physiological process whereby plants accumulate more carbohydrates reserves and produce additional 
cuticle on the leaves. In process of hardening seedlings are given some artificial shocks at least 7-10 days 
before uprooting and transplanting.  Hence, it can be said that by adapting the above methods, 100% 
healthy seedlings can be raised. 

Disease and insect-pest in nursery   
Aphids - The green peach aphid is yellowish-green in summer; pink or yellowish in fall and spring. 
Winged forms are brown with a large dusky blotch on the abdomen. Melon aphids are greenish-yellow 
to very dark green with black mottling and short dark cornicles or "tailpipes" (tubular structures on the 
posterior part of the abdomen). In greenhouses, aphids are usually females that produce live young 
called nymphs. Each female can produce 50 or more nymphs. Nymphs mature to adulthood and begin 
reproducing in as little as 7 to 10 days. Adults are usually wingless. Aphids are present on weeds and 
winged aphids may enter the greenhouse through vents. Aphids can also transmit certain viruses.    
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Whiteflies - Both adult and immature whiteflies have piercing sucking mouthparts, are able to remove 
fluids and produce honeydew that also results in sooty mold fungus. Winged adult whiteflies are 1/16-
inch in length, and found on the undersides of the youngest, most tender leaves. Females may lay from 
150 to 300 eggs, which hatch into first-instar nymphs in about a week. Whiteflies complete their egg to 
adult cycle in 21 to 36 days depending upon greenhouse temperatures.    
Thrips - The most injurious species is the western flower thrips (WFT). They often do considerable 
damage before they are discovered, because thrips are small, multiply rapidly and feed in plant buds in 
which they can remain undetected. WFT also vector tospoviruses. Feeding marks from the rasping 
mouthparts of thrips appear as white streaks on the leaves. Infested new growth may curl under and 
leaves are often deformed. Adult WFT are about 1/16-inch long, with narrow bodies and fringed wings. 
Females are reddish brown and males are light tan to yellow. The wingless immature larval stages are 
light yellow. Female thrips insert eggs (several hundred per female) into plant tissue. The tiny yellowish 
larvae molt twice and feed on plant fluids as they mature. Larvae drop off the plant into the soil and pass 
through two stages, after which adults emerge. 

Disease management  
Diseases of vegetable bedding plants include Botrytis blight, damping-off, Alternaria blight, Botrytis 
blight, late blight, powdery mildew, downy mildew, bacterial diseases such as bacterial leaf spot, 
bacterial canker, and black rot, and viral diseases such as Cucumber Mosaic Virus (CMV), Tobacco Mosaic 
Virus (TMV), and Tospoviruses. Effective control of diseases requires accurate identification. Failure of 
disease control is often because the cause was not accurately identified. Symptoms caused by poor 
cultural practices can also mimic disease symptoms. Fungicides cannot correct problems caused by high 
soluble salts, poor aeration or a nutrient imbalance. An integrated approach to disease management 
involves the use of resistant cultivars, sanitation, sound cultural practices and the proper use of the 
correct pesticide.  Seed treatment is useful for many vegetable crops to prevent root diseases, as well as 
certain diseases carried on or within the seed. There are two general types of seed treatment: 
eradicative and protective. Eradicative seed treatments use hot water or chlorine to kill disease-causing 
agents on or within the seed. They are useful in controlling certain seed-borne bacterial diseases such as 
bacterial leaf spot on pepper and tomato and bacterial canker on tomato. Protective seed treatments 
use fungicides on the seed surface to protect the seed against decay and soil-borne organisms such as 
damping off caused by Pythium, Phytophthora and Rhzoctonia. For more information regarding seed 
treatments, contact your seed sales representative, Extension vegetable specialist or plant pathologist.   
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Goat farming in India  
Article id: 22055 
Mayur Gopinath Thalkar 
Animal Husbandry and Dairy Science, Agronomy Domain, 
Lovely Professional University, Punjab 

INTRODUCTION-: India is agriculture country more that 65 percent people working in the field of the 
agriculture. In agriculture field 4 percent GDP obtain from livestock farming. In India Dairy is important 
business for the rural as well as city people. From dairy business not only primary but also secondary and 
tertiary people get large amount of the employment. In present article best breed of desi and exotic of 
goat given which provided not only meat but also wool and milk for Indian people and increase 
economical status of the people. Goat meat called as Chevon and its have great demand in market. From 
present article give basic information of some important breed of the goat which is use for milk, meat 
and wool purpose in India. 
1. Jamunapari 
A Origin: Etawah district of U.P 
B. Character- 

 Tallest breed of the goat in India. 

 Ears long and pendulous. 

 Horn are flat and small 

 Colour white, yellow and tan colour  

 Roman nose found. 

 Buck-:50 to 60kg  Doe-40 to 50 kg 

 Height- Buck 90 to 100 cm Doe – 75 to 85 cm 
C. Use good for milking purpose 
Produce 2 to 3 liter milk and milk consists 3.5% fat 

2. Black Bengal-: 

A Origin-  West Bengal 
B. Character- 

 Body small and compact 

 Black in colour. 

 Neck and legs are short. 

 Buck- 15 to 20 kg 

 Doe-12-15 kg. 
C. Use-  

 Meat purpose breed.  

 Excellet dressing % 

 Twins or triplet born 
 
3. Beetal 
A Origin-   Rawalpindi in Pakisthan. 
B. Character 

Jamunapari goat 

Black Bengal goat 

 

Beetal goat 
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 Massive muscular breed. 

 Ears are pendulous. 

 Horn are flat and cure shape. 

 Neck long and muscular. 

 Buck-50 to 75 kg Doe- 40 to 45 kg  
C. Use 

 Dual purpose breed use for meat as well as milk purpose 

 Milk yield 2 to 3 liter 

 Twinning and triplet are common. 

4. Barberi 
A Origin 
Barberi city of british somalia. Also found in U.P  
and Rajstan of India. 
B. Character 

 Good wedges shape. 

 White with black spot on the body. 

 Eare are short. 

 Horn upright and turn backward. 

 Buck-40 to 50 kgDoe- 35 to 50 kg  
C. Use 

 Goat is good milk yielder  which have 5% fat. 

 1 to 2 liter milk per day  

 250 to 300 liter milk in 227 days. 
 
5. Surati 
A Origin   
 Gujrat some part of the maharashtra. 
B. Character 

 Body small to medium type. 

 Ear are medium  

 Wide type mouth found. 

 Nose straight and convex. 

 Buck- 30 to 35 kg and Doe- 20 to 25 kg 
C. Use 

 Use for meat. 

 Fairly producer of milk 1 to 2 liter milk per day. 
6. Osmanabadi-: 
A Origin-:   Osmanabad  district of the Maharashtra. 
B. Character-: 

 Body large and compact. 

 Facial with convex ear. 

 Horn twisted and turn back ward direction. 

Barberi goat 

 

Surati Goat 

 

 
Osmanabadi Goat 
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 Balackish colour and white spot found on body. 

 Buck- 25 to 35 kg Doe-20 to 25 kg 
C. Use-;   

 Use for meat purpose. 

 Good dressing percentage found. 

 Poor in milk production. 
7. KASHMIRI 
A Origin-:  Kashmir & Tibet 
B. Character-: 

 Body with fine silky hair. 

 Colour white and black. 

 Ears long and drooping and downwards. 

 Horn curve and upright. 

 Chegu. Changtahgi and Gaddi these are some  

 breed of kashmiri goat. 
C. Use-;   

 Breed also called as Pashmina. 

 Outer coat use for prod. 

 Fine shall manufacture from Pashmina. 

 The yield of wool 2 kg per year. 

 Use for fine quality wool production. 
9. Saanen 
A Origin-:  

 Sannen valley of the Swizerland. 

 Also found in britan, USA and Austrelia. 
B. Character-: 

 Body large size. 

 White in colour.                                

 Udder well developed with long teat. 

 Ear small and erect. 

 Neck long and slender. 

 Buck-65 to 80kg Doe- 50 to 60 kg 
C. Use-; 

 Important producer of the milk. 

 Produce 3 to 5 liter milk per day. 

 Twinning is comman. 
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Horti-business through floriculture and landscaping 
Article id: 22056 
1Khiromani Nag and 2Dr. Vivek Kumar Singh 
1Ph.D. Scholar, Deptt. of FLA, CoA, IGKV, Raipur (C.G.) India, 492012 
2Sectional Officer (Horticulture) DDA, MUD Govt. of India, New Delhi 

INTRODUCTION 
      Post globalization floriculture has become an important commercial activity in agriculture. 
Floriculture activity has evolved as a viable and profitable alternative with a potential to generate 
remunerative self employment among small and marginal farmers and earn the much needed foreign 
exchange in developing countries like India.  The production is growing at a rate of 8 - 10% per annum. 
There are nearly 120 countries, which are active in floriculture production on a large scale. The economy 
of some countries – The Netherlands, Israel and Colombia - is dependent on floriculture industry. The 
estimated area under floriculture in the world is over 220,000 hectares. Developing countries have 
emerged as additional production centers in the past few decades. 

Some industries based on floriculture 
Cut flower, dry flower, perfumery, and decoration, oil extracting, drying and pharmaceutical industries. 

Indian Floriculture Industry  
 India has an ancient heritage when it comes to floriculture. Commercial floriculture however is of 
recent origin. 
 A consistent increase in demand for cut and potted flowers has made floriculture as one of the 
important commercial trades in Indian agriculture. 
  Emphasis has been shifting from traditional flowers to cut flowers for export purposes.  
 Growing at a compound annual growth rate (CAGR) of about 30%, India’s floriculture industry is likely 
to cross the Rs. 8000 crore mark by 2015. 
 The floriculture industry in India is poised at about Rs.3700 crore, with just 0.61% share in the global 
floriculture sector, which is likely to reach 0.89% by 2015.  

Floriculture Scenario in India  
      Floriculture in India is estimated to cover an area of 1.91 lakh ha with a production of 1031000 MT of 
loose flowers & 6902 million cut flowers. 
 The trade of Indian flowers worth Rs.3700 crores/annum. 
 Nearly 77% of area under floricultural crops is concentrated in 7 states: Tamilnadu, Karnataka, Andhra 
Pradesh, West Bengal, Haryana, and Uttar Pradesh & Delhi. 
 Extracting essential oils from flowers is another major industry in India. 
 Tuberose flowers are used for extraction of oils and it is considered as the high value concrete in the 
world market. 
 Tissue cultured plants of Jasmine; scented rose etc. can also be propagated and supplied to Taiwan, 
Korea and Japan. 
 All these floricultural products can be sold in the international market at Singapore. 

Business through floriculture and landscape  
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Horti-tourism - Nursery is the part of agriculture when plants are propagated nurtured grown and sold 
other the home garden and commercial garden under  favorable condition, improved quality seedlings 
are grown until they are ready  for planting on a small scale and large scale. Young plants that are 
propagated in nurseries can be sold at retail nurseries or as whole nurseries. Nurseries can have stock of 
various plants such as herb, shrub, plants, small tress big tress and bonsai. Ornamental gardens can be 
established with minimum maintenance cost and care. Nursery business can be done and is profitable a 
there is a consistent demands for home and public gardens highways.  
Loose flower production - India is the leader in loose flower production such as rose, jasmine, tuberose, 
marigold, chrysanthemum, crossandra, china-aster and dahlia are in great demand in domestic market.  
Export orientation - Quality, uniform size, uniform color, free from blemishes, exploitation of cut foliage, 
year round production. 
Production of cut greens - Foliage plants are getting maximum attraction as flowers, widely used in 
bouquet preparation and western flower arrangement. They have more keeping quality and require 
minimal care, In this regard; we can expect more output, with less investment.  

Seed production in floriculture 
     Quality seed material - demand both in domestic and international market. Seed production of 
marigold, petunia, verbena, caladium, pansy, viola, stock, hollyhock, cosmos etc., holds promise in some 
of the rural areas where climate and other factors are congenial. In India, Punjab alone produces 50% of 
flower seeds and still, there is a lot of scope to expand area under. Seed production requires knowledge 
and skill - emasculation, pollination, rouging, and identification of seed maturity stage, harvesting and 
processing of seeds. 

 
Fig 1: Emasculation 

Bosai growing - Bonsai is an art of growing ad training of a miniature from having a natural look of old 
age. 

Income generate 
 Prize depends on size, shape, age, and species and also on market and buyer. 
 Has tremendous scope for commercialization. 
 The most expensive bonsai tree is centuries old pine sold for 1.3 million dollar at the international 
bonsai convention in Takamatsu, Japan. 
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Job opportunities for thousands of workers and self employment. 
 Widely used to make handmade paper, lampshades, candle, Holders, jute bags, photo, frames, boxes, 
books, Pot pourri cards and several gifts.  
 Potpourri: Bachelor’s button, Cock’s comb, jasmine, rose petals, Bougainvillea & jasmine. 
 Dry flower pots and bouquets: everlasting flower, helichrysum & fern leaves. 

Value addition in Floriculture 
 To increase the economic value and consumer appeal of a farm commodity. 
 Veni, Gajra, Garland, Floral Rangoli 
 Dry flower arrangements, floral crafts, potpourri, Punkhurri,  
 Gulkandh (rose), Gulroghan, Rose water  
 Floral dyes, Colour and floral oil extraction 
 

 
Fig: 02 Dry Flowers (Value addtion) 

Plant pigments for naturals and pharmaceutical industries 
 There had been an increase in demands of naturalitceutical pigments like anthocynin, carotenoids 
betalins, and curcumins. 
 Various nutraceutical industries thus create huge demands there by profiting the farmers. 
 Awarness about toxic effects of synthetic dyes has resulted in creation of huge demands for nature 
dyes.  

CONCLUSION 
      Floriculture has a huge potential to provide our farmers their rightful fruits of labour and dedication. 
Present necessity of agriculture diversification through exploring such aspects of it can enhance and even 
double our farmer’s income thereby uplifting their standards of living and giving them a secure future. 
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Importance of Aloe vera and their uses 
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INTRODUCTION 
The species has a number of synonyms: A. barbadensis Mill., Aloe indica Royle, Aloe perfoliata L. 
var. vera and A. vulgaris Lam. common names include Chinese Aloe, Indian Aloe, True Aloe, Barbados 
Aloe, Burn Aloe, First Aid Plant. The species epithet vera means "true" or "genuine". Aloe vera is 
a succulent plant species of the genus Aloe. An evergreen perennial, it originates from the Arabian 
Peninsula but grows wild in tropical climates around the world and is cultivated for agricultural and 
medicinal uses. The species is also used for decorative purposes and grows successfully indoors as a 
potted plant. It is found in many consumer products including beverages, skin lotion, cosmetics, or 
ointments for minor burns and sunburns. There is little clinical evidence for the effectiveness or safety 
of Aloe vera extract as a cosmetic or medicine. Aloe vera is a stem-less or very short-stemmed plant 
growing to 60-100 cm (24-39 in) tall, spreading by offsets. The leaves are thick and fleshy, green to grey-
green, with some varieties showing white flecks on their upper and lower stem surfaces. The margin of 
the leaf is serrated and has small white teeth. The flowers are produced in summer on a spike up to 
90 cm (35 in) tall, each flower being pendulous, with a yellow tubular corolla 2–3 cm (0.8–1.2 in) 
long. Like other Aloe species, Aloe vera forms arbuscular mycorrhiza, a symbiosis that allows the plant 
better access to mineral nutrients in soil. Aloe vera leaves contain phytochemicals under study for 
possible bioactivity, such as acetylated mannans, polymannans, anthraquinone C-glycosides, anthrones, 
and other anthraquinones, such as emodin and various lectins. Aloe vera has been widely grown as an 
ornamental plant. The species is popular with modern gardeners as a putatively medicinal plant and for 
its interesting flowers, form, and succulence. This succulence enables the species to survive in areas of 
low natural rainfall, making it ideal for rockeries and other low water-use gardens. The species is hardy 
in zones 8-11, and is intolerant of heavy frost and snow. There is large-scale agricultural production 
of Aloe vera in Australia, Bangladesh, Cuba, the Dominican Republic, China, Mexico, 
India, Jamaica, Spain, where it grows even well inland, Kenya, Tanzania and South Africa, along with the 
USA to supply the cosmetics industry. 
 
Benefits 
The medicinal claims made about Aloe vera, as with many herbs and plants, are endless. Some are 
backed by rigorous scientific studies while others are not.  
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1. Teeth and gums 
 A study published in General Dentistry reported that Aloe vera in tooth gels is as effective as 
toothpaste in fighting cavities.  
 The researchers compared the germ-fighting ability of an Aloe vera tooth gel with two popular 
toothpastes. They found that the gel was just as good, and in some cases even better than the 
commercial toothpastes at controlling cavity-causing oral bacteria. 
 The authors explain that Aloe latex contains anthraquinones, compounds that actively heal and 
reduce pain through natural anti-inflammatory effects. 
 The scientists warned that not all gels they analyzed contained the proper form of Aloe vera - they 
must contain the stabilized gel that exists in the center of the plant to be effective. 
 
2. Constipation 
 Germany's regulatory agency for herbs - Commission E - approved the use of Aloe vera for the 
treatment of constipation. Dosages of 50-200 milligrams of Aloe latex are commonly taken in liquid or 
capsule form once daily for up to 10 days. 
 The U.S. Food and Drug Administration (FDA) ruled in 2002 that there is not enough data on the safety 
and efficacy of Aloe products; so, in the U.S., they cannot be sold to treat constipation. 
 
3. Diabetes-induced foot ulcers 
 A study carried out at the Sinhgad College of Pharmacy, India, and published in the International 
Wound Journal looked at Aloe's ability to treat ulcers. 
 They reported that a "gel formed with carbopol 974p (1 percent) and Aloe vera promotes significant 
wound healing and closure in diabetic rats compared with the commercial product and provides a 
promising product to be used in diabetes-induced foot ulcers." 
 
4. Antioxidant and possible antimicrobial properties 
 Aloe vera may be used on skin conditions or superficial cuts for its antimicrobial and antioxidant 
properties. 
 The team set out to determine whether the methanol extract of leaf skins and flowers of Aloe vera 
might have beneficial effects on human health. The scientists focused on the extract's 
possible antioxidant and antimycoplasmic activities. 
 Mycoplasma is a type of bacteria that lack a cell wall; they are unaffected by many 
common antibiotics. Antimycoplasmic substances destroy these bacteria. 
 They reported that both Aloe vera flower and leaf extracts had antioxidant properties, especially 
the leaf skin extract. The leaf skin extract also exhibited antimycoplasmic properties. 
 The authors concluded that "A. Vera extracts from leaf skin and flowers can be considered as good 
natural antioxidant sources." 
 
5. Laxative effects 
Anthraquinones present in Aloe vera latex are a potent laxative, increasing intestinal peristalsis. 
 
6. Antifungal activity 
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Antifungal activity has received less attention, although inhibitory activity against Candida 35 has been 
reported. For its antifungal properties Aloe vera is used as a fish tank water conditioner. 
 
7. Antiviral and antitumor activity 
These actions may be due to the indirect or direct effects: indirect through the stimulation of the 
immune system and direct to anthraquinones 3. So, clinical trials are in progress to obtain conclusive 
evidence for the use of Aloe vera in the treatment of HIV-AIDS or cancer. 
 
8. Age-related effects 
Aloe vera was investigated on pathogen-free rats with some promising results on age-related diseases. 
 
9. Protection from skin damage after radiation therapy 
 A study carried out at the University of Naples, Italy, tested five different topical creams to see how 
effective they might be in protecting the skin of breast cancer patients receiving radiation therapy. One 
of these creams contained Aloe. 
 They divided 100 patients into five groups of 20; each was prescribed a different topical treatment. 
They applied the creams twice daily, starting 15 days before radiation therapy treatment, and carried on 
for 1 month afterward. 
 During the 6-week period, the participants underwent weekly skin assessments. 
 In the journal Radiation Oncology, the scientists reported that the preventive use of the topical 
hydrating creams reduced the incidence of skin side effects in the women treated with radiation therapy 
for breast cancer, none performed significantly better. 
 All moisturizing creams used in this study were equally valid in the treatment of skin damage induced 
by radiotherapy. 

10. Cosmetic uses 
 Generally, Aloe vera has many uses both for humans and animals. Three distinct preparations of the 
plant are used: Aloe vera latex, Aloe vera gel and Aloe vera whole leaf extract, whose biological 
ingredients may act alone or in synergy. 
 It is well known that Aloe gel enables the plant to hold moisture for extremely long periods of time 
and has soothing effects as well. 
 Aloe vera has found an extensive application in the cosmetic and toiletry industries, such as 
moisturizers, cleansers, sun lotions, toothpastes, mouthwashes, shaving creams, deodorants and 
shampoos. 
 
11. Food uses  
The food and beverage market is a promising arena for Aloe vera. It has been used as a resource of 
functional food such as yogurt or for the preparation of health drinks, including tea. It is well known, that 
botanical products are widely used as nutritional supplement for promotion of health or prevention of 
diseases. 
 
 
 

https://www.medicalnewstoday.com/articles/37136.php
https://www.medicalnewstoday.com/articles/158513.php
http://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-8-57
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Seed hardening:  
"Hardening" of seeds has been defined by Heydecker (1973) as, "a treatment preliminary to sowing 
during which seeds are moistened and dried back (once or a number of times) to activate certain 
physiological mechanisms which will enable the resulting plants to withstand adverse environmental 
conditions." The similar process of “advancing" has the restricted aim of enabling seed to pass through 
the first stages of germination, short of radicle emergence, before the seed is sown. 

Method of Seed Hardening: 
 Seeds are soaked in water and allowed to absorb moisture up to 30 – 35 percent of their weight and 
kept in swollen condition for 1-12 h depend upon the crop species at 250C. These are then spread out in 
thin layer for drying in shade for 2 to 3 days.  

 
 
 
 

Dry 
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Permit initial process of germination 

Dehydration 

Shade drying (0-24) 

Sun drying (1 to 2 days) to bring  
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Rapid germination and establishes its seedling quickly 

Increased seed yield and production of good quality seed 
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During this period, the seed gets dried almost to the original weight. This treatment is repeated 3 or 4 
times depending upon kind and variety in crops. This treatment is not followed for proteinaceous seeds. 
Because these seeds are more hydrophilic in nature. It absorbs more water i.e. 4 to 5 folds which lead to 
internal damages to membrane system. However, preconditioning of seeds between moist gunny bags 
for shorter initial period, reduce the rate of imbibitions and also damage to seeds. 
 
Chemicals used for hardening:  
Hardening is done with water or with various chemicals to improve the physiological quality of seeds. 
Recently botanicals are also used. 
1. Water (Hydro-hardened): 
2. Salts: Sodium chloride, Sodium sulphate, potassium nitrate, calcium chloride Ammonium sulphate, 
potassium chloride (Chemical hardening) 
3.  Growth Regulator: Gibberellic acid, Kinetin, CCC, Ascorbic acid, Succinic acid 
4.  Vitamins: Vitamin K3, Nicotinic acid, Pantothanic acid 
5. Plant products: Garlic extract, coconut water, leaf extract of Pongamia pinnata,  Albizia amara and 
Prosopis juliflora (Biological hardening) 
  
Recommended hardening chemical for pulses 

Red gram & Blackgram 100 ppm zinc sulphate 

Greengram 100 ppm Manganese sulphate 

Bengalgram 1% Potassium dihydrogen 
phosphate 

 
Anatomical and morphological changes:  
 Hardened plants have more xeromorphic morphology than unhardened ones 
 More extensive and denser network of veins and ribs 
 Epidermal and stomata cells are smaller 
 Foliage area is increased 
 Faster recovery from atmospheric drought 
 Greater total and absorbing surface in the root system, as well as more number of primary roots. 
 Leaves of hardened plants have more of starch 
 
Physiological and Metabolic changes:  
 Higher viscosity and elasticity of protoplasm 
 Increase in the physiological activity of the embryo and associated structures 
 Increase in photosynthetic activity 
 More intensive respiration 
 Higher mitochondrial activity 
 Increase in water balance of plants 
 High level of synthetic reactions even during drought, leaves of hardened plant have more starch 
 Formation of more high energy compounds 
 Increased DNA in the growing points 
 Active protein synthesis 
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 Pre-enlargement of embryo  
 Advancement of germination  
 During seed hydration-  bio-organelles activated 
 
Advantages of Seed Hardening 
 Accelerate rapid germination and growth rate of seedling 
 Plants from the treated seeds recover quickly from wilting when compared to plants from untreated 
seeds 
 Flowering is slightly accelerated in treated plants 
 Induces resistance to drought and salinity 
 Seeds also withstand higher temperature (80-105 0C) for prolonged periods (24-48 hrs) without loss 
of viability 
 By emerging early, seedlings will be able to compete more effectively with weeds 
 Treated plants are generally better in growth and yield. 
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The poultry sector of modern India has transformed from backyard rearing to become commercial 
organized, scientific and vibrant industry in last four decades ago. Poultry sector plays a significant role in 
improving the socio-economic condition of rural masses, by generating gainful employment and 
augmenting family income, particularly among the landless laboures, small and marginal farmers and 
women in rural areas. Now day by day, consumers are becoming more aware of safety and quality of 
food products consumed by them. Further, as Purchasing Power (PP) of common people is increasing 
persistently, they are interested to consume safer product without bothering to pay more. So, the 
production of safer poultry products without any chemical and microbial residues is the order of the day. 
On the other hand, emerging importance of  animal (poultry) welfare started showing its adverse 
implications for trade at international level, as there is growing argument that intensive cage rearing, 
forced moulting etc., are unethical and against the animal welfare. Therefore, laying greater emphasis on 
organic poultry farming can help us to produce safer poultry products without compromising the animal 
(poultry) welfare.  

Current scenario of poultry: 
India ranks 3rd in egg production and 7th in chicken meat production in the world (Watt Executive 
Guide, 2015). About 3.4 million tons (74 billion) of eggs are produced from 260 million layers and 3.8 
million tons of poultry meat is produced from 3000 million broilers per annum in India. The Poultry 
Industry is contributing about Rs.70,000/- crores to the national GDP and providing employment to more 
than 4 million people either directly or indirectly. About 2-2.5 million tons of poultry litter, a valuable 
organic fertilizer, is produced as a byproduct every year. 
 
Definition of organic farming and implications for poultry production: 
Organic farming can be defined as an approach to agriculture where the aim is to create integrated, 
humane, environmentally and economically sustainable agricultural production systems producing 
acceptable levels of crop, livestock and human nutrition, protection from pests and diseases, and an 
appropriate return to the human and other resources employed. Maximum reliance is placed on locally 
or farm-derived, renewable resources and the management of self-regulating ecological and biological 
processes and interactions. Reliance on external inputs, whether chemical or organic, is reduced as far as 
possible. In many European countries, organic agriculture is known as ecological agriculture, reflecting 
this reliance on ecosystem management rather than external inputs. In order to achieve the animal 
welfare, environmental, resource-use sustainability and other objectives, certain key principles are 
adhered to. Those relevant to poultry production include: 
 management of livestock as land-based systems (i.e. excluding feedlots and intensively-housed pig 
and poultry units) so that stock numbers are related to the carrying capacity of the land and not inflated 
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by reliance on 'purchased' hectares from outside the farm system, thus avoiding the potential for 
nutrient concentration, excess manure production and pollution; 
  reliance on farm- or locally-derived renewable resources, such as biologically-fixed atmospheric 
nitrogen and home-grown livestock feeds, thereby reducing the need for non-renewable resources as 
direct inputs or for transport; 
 reliance on feed sources produced organically, which are suited to the animal’s evolutionary 
adaptations (including restrictions on use of animal proteins) and which minimise competition for food 
suitable for human consumption; 
 maintenance of health through preventive management and good husbandry in preference to 
preventive treatment, thereby reducing the potential for the development of resistance to therapeutic 
medicines as well as contamination of workers, food products and the environment; 
 use of housing systems which allow natural behaviour patterns to be followed and which give high 
priority to animal welfare considerations, with the emphasis on free-range systems for poultry; 
 use of breeds and rearing systems suited to the production systems employed, in terms of disease 
resistance, productivity, hardiness, and suitability for ranging. 

Poultry Breeds: 
Breed should be chosen which are adaptable to local conditions. Breeding goals should not be in  
opposition to animal natural behavior and should be directed towards good health. This section focuses 
on factors affecting breed choice in terms of the objectives of organic production systems. 
 
Outside access: 
The UKROFS standards specify that poultry must have continuous and easy access to outside ranges, 
covered with suitable vegetation. This excludes barn systems which have a small littered outside area, 
and other similar systems, from organic production, although some of these are currently allowed under 
the organic standards in some countries e.g. in Germany. The Soil Association standards specify a 
stocking rate for set stocking (618 birds/ha) below the EU requirements for free-range egg production 
(1000 birds/ha), but for rotational stocking their positionis not clear. The EU draft regulation for organic 
livestock permits higher stocking rates (4,000/ha based on semi-intensive standards), but specifies that a 
rotational system for the range area should be implemented, and that the outside area should provide 
access to feeding points and water. 

Behaviour: 
Behavior traits are of more importance in free range For the normal expression of the bird 
behavior/organic production, when trying to create a production system, which permit hens to move 
around in large flocks there should be ample space for wing flapping and stretching and areas suitable 
for sand, dust and sun bathing. More specifically, sand and dust-bathing are important for the 
maintenance of hygiene and help to reduce the number of external parasite considerably Similar to the 
other farm animals, chicken have a strong pecking order by which the birds can recognize each other in 
flock up to approximately 50-60 other birds on the basis of their head form.  Larger groups makes them 
socially unstable group and create a risk of serious pecking problems, so in such larger flock, subgroups 
should be formed. There should be one cock for about 4-6 hens in flock like in wild birds. The major 
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behavioral problem faced by the poultry is feather pecking and cannibalism. Finding food is another 
social behavior of the birds.  
 
Housing:  
The main objective to follow organic housing and management standards is to provide an opportunity 
for poultry bird to exhibit all its normal behavior patterns. This will be helpful to minimize the stress to 
the birds. Stress free birds are likely to have a positive effect upon both the health and production 
capacity of the flock. For organic poultry production in European and American countries mobile houses 
are very popular as compare to fixed housing system. The main advantage of mobile housing is that the 
birds can be moved to fresh grass areas so that the risk of soil- borne parasites in the outside area can be 
kept low. The major disadvantage of mobile housing is that all other production materials (i.e. feed, litter 
material and water etc.) required need to be transported to and from the houses, which increases the 
labor requirement considerably. Overall, the costs of mobile housing per unit are likely to be higher than 
the fixed systems. 

 

Feeding and Watering: 
Diet is the major point of divergence between ‘intermediate’ and organic standards, as the 
Intermediate standards have very little to say about feed type or quality. All organic standards state that 
ideally 100% of the diet should be organic, but give some allowance for some non-organic components 
of the diet under the current situation. The UKROFS standards allow non-ruminants up to 30% 
(calculated on a daily basis) from non-organic sources. At least 50% of the diet must be fully organic, and 
the remaining 20% can come from sources that are in conversion to organic production. 
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Health Care & Medication:  
The aim of organic systems is to optimise breeding, rearing, feeding, housing and general management 
in order to achieve stability and balance in the farming system, maximise the health of the animal and 
minimise disease pressure and stress. In organic standards preventive treatment is restricted to the 
restrained use of vaccination and homoeopathic nosodes for known farm problems. Growth promoters, 
hormones and the routine (prophylactic) use of antibiotics are not allowed. 
All organic standards emphasise the prevention of disease by enhancing the welfare of the animal and 
prohibit the use of prophylactic treatment with chemotherapy. Where possible, treatment of ailments is 
approached by aiding the animal's own resistance and the use of complementary therapies such as 
homoeopathy. Conventional treatment should be used in all cases where it is necessary to prevent 
prolonged illness or suffering, but longer withdrawal periods are imposed under organic production 
standards for controlled drugs and prescription/pharmacy only medicines and veterinary products. 

Slaughter and processing facilities 
Most of the organic table bird producers we contacted have their own slaughter and processing 
facilities on the farm, which were either classified as low throughput slaughter houses (200-3000 
birds per week) or small on-farm facilities (less than 200 birds per week with local marketing only).Many 
also emphasised hanging for periods ranging from 2 to 8 days prior to evisceration in order to improve 
flavour. 
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Seed Testing: Seed testing is determining the standards of a seed lot viz., physical purity, moisture, 
germination and ODV and thereby enabling the farming community to get quality seeds. 
The Seed Testing Laboratory is the hub of seed quality control. Seed testing services are required from time 
to time to gain information regarding planting value of seed lots. Seed testing is possible for all those who 
produce, sell and use seeds. 

Objective & Importance of Seed Testing 
Seed testing is required to achieve the following objectives for minimising the risks of planting low quality 
seeds. 
1. To identify the quality problem and their probable cause  
2. To determine their quality, that is, their suitability for planting  
3. To determine the need for drying and processing and specific procedures that should be used  
4. To determine if seed meets established quality standards or labelling specifications.  
5. To establish quality and provide a basis for price and consumer discrimination among lots in the market. 
The primary aim of the seed testing is to obtain accurate and reproducible results regarding the quality status 
of the seed samples submitted to the Seed Testing Laboratories. 

Importance 
 The importance of seed testing was realized more than 100 years ago for assured planting values. The 
adulteration of vegetable seeds by stone dust which was packed in some parts of the world particularly in 
Europe.               
  Seed testing has been developed to aid agriculture to avoid some of the hazards of crop production by 
furnishing the needed information about different quality attributes viz., purity, moisture, germination, 
vigour and health. 
  Quality control of seed depends on the different seed testing protocols which determine the genuineness 
of the cultivar. 
 Testing of seed to evaluate the planting value and the authenticity of the certified lot. 
 Seed testing is required to assess the seed quality attributes of the seed lots which have to be offered for 
sale. 
 These quality attributes are seed moisture content, germination and vigour, physical and genetic purity, 
freedom from seed borne diseases and insect infestation. In India, seed testing is done mainly for moisture, 
germination and physical purity of seeds. 
 Standard seed testing procedures for the evaluation of the seeds were developed by ISTA. It is obligatory 
on the part of the seed analyst to follow rules prescribed by 1STA if the seed is moving to the International 
trade.  
 The seed testing procedures which are described below are based mostly on the international rules 
because most of our rules are based on, 1STA, 1996. Economic yield of a crop depends on the quality of seeds 
which can be evaluated by seed testing. 
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 The testing of seed quality is carried out on seed samples drawn from seed lot to be used for cultivation. 
The quantity of seed sample taken for testing in laboratory is minute compared to that of seed lot it 
represents. 

Sampling in Seed Testing Laboratory 
The seed samples received in the laboratory (submitted sample) are required to be reduced to obtain 
working samples for carrying out various tests. A number of methods are available for obtaining working 
samples. 

Mixing and dividing of seeds 
The main objective of mixing and dividing of seeds is to obtain the representative homogenous seed sample 
for analysis by reducing the submitted sample to the desired size of working sample. 

Method of mixing and dividing 
 Mechanical dividing            
 Modified halving method 
 Hand halving method 
 Random cup method 
 Spoon method 

Moisture content: To determine the moisture content of seeds by methods suitable for routine use. The 
moisture content of a seed sample is the loss in weight when it is dried. It is expressed as a percentage of the 
weight of the original sample. It is one of the most important factors in the maintenance of seed quality. 

Seed vigour testing: Vigor testing does not only measure the percentage of viable seed in a sample, it also 
reflects the ability of those seeds to produce normal seedlings under less than optimum or adverse growing 
conditions similar to those which may occur in the field.  

Physical Purity: The objective of the purity analysis is to determine whether the submitted sample conforms 
to the prescribed physical quality standards with regard to physical components. 

Seed germination test: Germination is defined as the emergence and development from the seed embryo, of 
those essential structures, for the kind of seed in question, indicates its ability to produce a normal plant 
under favourable conditions. 
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Homogenizer is beneficial dairy equipment used for homogenizing various materials like milk, 
flavoured milk, special milk, butter milk, cream, ice cream, lassi, etc. it has been evolved into different 
machines each working on unique way of disruption. Homogenizer perform homogenization of the 
particles which means that uniform distribution of particles for example in case of milk fat globules it is 
obtained by breaking all of the clumsy fat globules to similar ones so that cream do not accumulate at 
the top of milk after some time. 
 
Homogenization 
Homogenization is a mechanical treatment of the fat globules in milk brought about by passing milk 
under high pressure through a tiny orifice, which results in decrease in average diameter and increase in 
number and surface area of fat globules. The net result from a practical view is a much reduced tendancy 
for creaming of fat globules. Since milk is an oil in water type emulsion, with the fat globules dispersed in 
a continuous skim milk phase, in raw milk when left to stand, however the fat would rise and form a 
cream layer. 
So in a nut shell it is a mechanical process in which milk is forced through a valve under a very high 
pressure (the milk is deflected at right angle through a narrow opening of about 0.1 nm). 
 
History and Development: 
Auguste Gaulin invented the first homogenizer and introduced in year 1990. His patent in1899, which 
consisted of a three piston pump where product was forced through one or more hair like tubes under 
pressure. It was discovered that the size of fat globules produced were 500-600 times smaller than 
tubes. 
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The machine consisted of a 3-piston pump designed to push a combined stream of milk and cream 
through a set of tiny capillary tubes – an early version of a homogenizing valve. While the piston pump 
and homogenizing valve have changed over the following century,  
  Auguste Gaulin’s basic design remains the simplest and most economical way of creating 
emulsions from liquids that would normally tend to separate over time. Ice cream manufacturers were 
the first large-scale commercial customers for Gaulin’s new machine as homogenization of ice cream mix 
markedly improved the smoothness and creaminess of the product. Since the introduction of the glass 
bottle, consumers had become accustomed to seeing the cream floating on top of the milk in the bottle. 
If the cream wasn’t visible, the milk was assumed to have been “skimmed” of cream and was considered 
less desirable. It took nearly 30 more years before homogenized milk became standard for bottling. 
 
In a nutshell all homogenizers developed till now with their brief description are as follows 

Particulars Description 

 CGD (WW II – 1947) This durable design was popular after WW II. 
The primary identifying feature is the use of a 
packing gland at the rear of the homogenizing 
head to put tension on the plunger packing. 
While considered obsolete, these machines 
were so rugged that many have survived into 
the early 2000’s.  

T Series (2010 – Present) In 2010, Gaulin replaced one of the less 
popular G/R models with the T110 and T125 
models. Further changes were made to the 
power frame design to improve access for 
maintenance and ease of use.  

 
Basic Classification: 
High pressure homogenizer: 
      This type of homogenizer consists of single acting triplex pump with each cylinder  having suction and 
discharges valves. The discharge valve of each pump empties into a common discharge pipe, in which a 
special valve is placed. The pressure ranges between 35 – 350 bar(500-5000 psi) depending on the type 
of construction of the valve . 
 
Low pressure-rotary type homogenizers: 
       The construction is so designed that milk is subjected to grinding and shearing action. There 
operating pressure is below 500 psi. 
Sonic vibrators 
        The milk is subjected to high frequency vibration in a device called sonic vibrator or               
oscillator. The machine consists of a flat disc actuated by an electric magnet located over an anvil 
containing a hole, through which milk enters. The milk passes through the space between the disk and 
an anvil, and the vibrating action of the disk against the film of milk hammers the fluid at high frequency. 
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Mechanism 
Consider a conventional homogenizing valve processing an emulsion like milk AT flow rate OF 20,000 
liters/hours at 14 MPa. As it first enters the valve, liquid velocity is about 4 to 6 m/s. it then moves into 
the gap between the valve and the valve seat and its velocity is increased to 120 
Meter/seconds in about 0.2 milliseconds. 

  

The liquid then moves microsecond across the face of valve seat and exists in about 50 microseconds. 
The homogenization phenomena completes when the fluid moves the area between the valve and seat, 
and therefore emulsification is initiated and completed in less than 50 microseconds, the whole process 
occurs between 2 pieces of steel in a steel valve assembly. The product may then pass through a second 
stage valve similar to first stage. While most of the fat globule reduction takes place in the first stage, 
there is tendency for clumping or clustering of the reduced fat globules. The second stage valve permits 
the separation of those clusters into individual fat globule. 
  There are many blending technologies that can reduce the size of globules by mechanically 
tearing apart the individual bubbles. Auguste Gaulin’s original design forced the product through very 
thin capillary tubes. However, the resulting fat globules were hundreds of times smaller than the actual 
tube diameter. That implies there is more at work inside a Gaulin homogenizer than just a mechanical 
breakdown of the globules. Exactly what determines the resulting globule size is not a perfect science 
since it involves many variables. These can include the valve design, pressure drop, and fat/oil content, 
use of surfactants, viscosity, and temperature. Through a century of study, Gaulin engineers believe the 
most likely explanation for the resulting small globule sizes is a combination of turbulence and cavitation. 

Turbulence: 
Sudden, high velocity directional changes cause small, intense turbulent eddies to form in the base 
liquid. Larger globules are torn apart by these eddies, reducing the overall average globule size.  
Cavitation:  
When traveling through the small orifice, the product experiences a considerable increase in velocity, 
then a sudden decrease in velocity and pressure. The rapid velocity & pressure changes cause the base 
liquid to suddenly vaporize then collapse back into a liquid – a process known as cavitation. The 
imploding vapor bubbles further tear apart the fat globules. 
  Over 100 patents have been awarded for improvements to the homogenizing valve over the past 
century. All of these represent attempts to further reduce globule size while expending as little energy as 
possible. While some of the more complex designs have greatly improved the efficiency of fluid milk 
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homogenization, most other processes still use the same basic annular orifice design from the early part 
of the 20th century. 
  The high velocity gives liquid a high kinetic energy which is disrupted in a very short period of 
time. Increased pressure increases velocity. Dissipation of this energy leads to a high energy density, 
which implies that diameter is a function of energy density. Factors which affect homogenization are 
type of valve used, pressure applied, single or two stages, fat content of milk, surfactant type and 
content, viscosity of milk and temperature of milk. Also, the droplet diameter (the smaller, the more 
difficult to disrupt) should also be considered. 
 
Use of homogenizer in HTST pasteurization:  
The homogenizer can be used as timing pump. It is a positive pressure pump; if cannot supplement flow. 
Free circulation from outlet to inlet is required and the speed of homogenizer must be greater than the 
flow of timing pump. 
Effect of Homogenization on Fat globule: 

Parameters No homogenization Homogenization at 2500 psi 

Av. Diam. (µm) 3.3 0.4 

Max. diam. (µm) 10 2 

Surf. Area (m2/ml of milk) 0.08 0.75 

No. of globules. (µm-3) 0.02 12 

 
The milk fat globule has a native membrane, picked up at the time of secretion, made of amphiphilic 
molecules with both hydrophilic and hydrophobic sections. This membrane lowers the surface tension 
resulting in more stable emulsion. During homogenization, there is a tremendous increase in surface 
area and native milk hat globule membrane is lost thus resulting into homogenous matter. The transport 
of protein is not by diffusion but mainly by convection. Rapid coverage is achieved in less than 10 
seconds but is subject to rearrangement. 
 
CONCLUSION: 
Good and homogenous product is need of market and which can be fulfil by the uasge of homogenizers. 
Since, the scope of dairy industry is increasing day by day with increase in demand of milk and milk 
products so there exists huge need of homogenizer in dairy industies.The homozenised milk is in great 
demand for health consicous world as the nutritional bottom line is that pasteurization 
and homogenization destroy nutrients and proteins, make healthy fats rancid, and cause free radicals to 
form in the body.    
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INTRODUCTION  
Natural disasters are events caused by the forces of nature that adversely effect on human settlements, and 
environment. Every year natural disasters result in considerable damages to life and property not only in the 
coastal zones but also in other vulnerable areas. As coastal zones are more prone to natural disasters there must 
be better management policies to adjust and cope with such events. India is vulnerable to multiple natural and 
man-made hazard.  
The Government of India has enacted a comprehensive Disaster Management Act in 2005 and has adopted the 
National Policy on Disaster Management in 2009. Both these milestones signalled a paradigm shift from Relief-
centric approach to a comprehensive, holistic, proactive approach focused on disaster risk reduction 
encompassing all aspects of disaster management spectrum. The adoption of 3 landmark international agreement 
in 2015 viz. Sendai Framework for DRR, SDG’s2015-30 and Paris Agreement on Climate Change having significant 
bearing on disaster management  

What is Disaster-A disaster is an occurrence disrupting the normal conditions of existence and causing a level of 
suffering that exceeds the capacity of adjustment of the affected community - (FAO) 
Disaster = Vulnerability + Hazard 

 
  
 
 
 
 
 
 
Climate Change and Disasters 
1. Increasing trends in mean temperature (0.5o to 0.8o C) 
2. Increase in the highest 1‐day rainfall up to 20 cm/day (e.g. Kerala floods) 
3. Increasing frequency & intensity of rainfall by 1–4 mm/day 
4. Glacial retreats /Glacial Lake outburst Floods (GLOFs) 
5. Sea level rise /Increase in Intensity of strong Cyclones 
6. Adverse impact on Agriculture & Horticulture, Forestry & biodiversity, Human/Animal health 
7. Overall rainy days decreasing. 
8. Glaciers in Himalayan region receding @ 16 m/yr. 
 
Coastal ecosystem - It is defined, as a strip of land and sea of varying width depending on the nature of the 
environment and management needs. It is the transitional area between land and sea. 
Disasters in coastal ecosystem 

Hazard   Disaster  
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                Natural disasters         Human-induced Disasters 

• Cyclone  • Chemical (Industrial) Disaster 

• Flood • Nuclear and Radiological Emergency (NRE) 

• Earthquake (undersea)  

• Tsunami, etc.  

Incidents in India 
Indian Ocean Tsunami of 2004-  

 December 26, 2004, at 7:59 AM local time. 

 Undersea earthquake in Sumatra island of Indonesia. 

 Resulting in Tsunami in Indian Ocean within 7 hrs. 

 It affects over 12 countries in Southeast Asia. 

 About 2, 27,000 people died in all countries. 

 Approx. 2.9 Billion US$ total damage. 
Kerala floods in 2018 
Impact 

 From 9 August 2018, severe floods affected Kerala, due to high rainfall. 

 Over 483 people died, and 14 were missing. 

 1/6th of the total population of Kerala had been directly affected  

 Property damage 40,000 crore (US$5.6 billion) (estimated) 

 The Economic Times has reported that 33,000 people have been rescued. 
Causes 

 Heavy monsoon rainfall, which was about 75% more than the usual rain falls in Kerala. 

 Very sudden release of water from the Mullaperiyar Dam by the TN govt was one of the reasons. 
Super cyclone in Odisha 
October 29, 1999 a super cyclone struck Odisha, causing widespread destruction, with at least 10,000 lives lost 
and an estimated 1.5 million people rendered homeless 

 Damage $4.44 billion USD. 

 Areas affected -Thailand, Myanmar, Bangladesh, India (particularly Odisha) 
Disaster Management  
A typical DM continuum comprises 6 elements 

          Pre-disaster Phase               Post-disaster Phase 

1.Prevention 4.Response 

2.Mitigation  5.Rehabilitation 

3.Preparedness 6. Reconstruction and Recovery 
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Paradigm Shift in Disaster Management: 

 On 23 December 2005, the Government of India enacted the Disaster Management Act, 2005. 

 There is a paradigm shift, from relief-centric response to a proactive prevention, mitigation and preparedness-
driven approach for DM. 

 Disaster management Act 2005 envisaged the creation of 

 National Disaster Management Authority (NDMA), - National Level  

 State Disaster Management Authorities (SDMAs)- State Level  

 District Disaster Management Authorities (DDMAs)- District Level  
 
Capacity Development  
This process comprises awareness generation, education, training, R&D. The approach to capacity development 
will include: 

 According priority to training for developing community-based DM systems. 

 Conceptualization of community-based DM systems. 

 Identification of knowledge-based institutions. 

 Promotion of International and Regional cooperation. 

 Laying emphasis on table-top exercises, simulations, mock drills and development of skills. 

 Capacity analysis: Institutional Capacity Development: NIDM will play an important role in developing and 
facilitating the implementation of the National training schedule for DM. 

 DM cells in all Administrative Training Institutes, 

 Police Academies, State Institutes of Rural Development, NDRF and the National Training 

 Academy will contribute most significantly in developing DM related skills. 

 Training of Communities: Building the capacity of communities, as they are the first responders to disasters, is 
a significant part of the capacity development process 

 Professional Technical Education: engineering, architecture, earth sciences. 

 DM Education in Schools 

 Training of Artisans 

 Training of Other Groups: Social workers, plumbers, sanitary fitters and safety auditors 
 
Role of Extension education in Disaster Management  

 Play major role during pre- disaster phase through Capacity Building, Preparedness  

 Community based disaster management. 

 By providing education at college level as a compulsory course of DM. 

 By providing awareness & education training through KVK, PRI’s etc. 
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 The Extension Disaster Education Network (EDEN) is a collaborative multi-state effort that links Extension 
professionals from across the USA in various disciplines to provide information to citizens before, during and after 
disasters. 

 EDEN provides disaster education through land-grant university system. 
 
Climate Change Extension for Disaster Management  

 The extension approach and services that specifically address the ecological aspects. 

 Bringing mass awareness about harmful effects of climate change. 

 According to M.S. Swaminathan, Research and Capacity Building Centres are to be established in each of the 
127 Argo-Climatic Zones of the country. 

 Climate Risk Manager: At least 1 woman and 1 man member of each block\ Panchayat should be trained in as 
“Climate Risk Manager” in order to help village during hazard  
 
Research Work in Extension Related to Disaster Management  
Recently in the field of agricultural extension research has been taken as well as it is added in the course 
curriculum of discipline for disaster management one of the example is given below. Disaster Management in 
Agriculture: An Analytical Study of Floods in Kurnool District of AP- by Arvinda Dabbadi (Division of Ag. Extension, 
IARI) 
The research was related to- 

 Assessment of the awareness of Farmers about DM 

 Assessment of the Socio- economic and Ecological impact of floods. 

 Determination of farmer’s vulnerability to the floods and mitigation strategies.  
 
CONCLUSION  

 Disaster management is a complex process which needed holistic approach for it. 

 State and district level authority’s role is more crucial in Disaster Management along with Community 
Participation. 

 Capacity building and Trainings are much necessary to face any hazard effectively and proper response. 
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Cultivation practices and economical importance Sweet Gourd 
Article id: 22063 
Virkar A. M. & Bhosale S.S. 
 
Botanical Name            : Momordica cochinchenensis 
Family                            :  Cucurbitaceae 
Vernacular Name       :  Sweet gourd  
 
Economic Importance: Sweet gourd is grown mainly in Assam and as such is not popular in other States 
of India. However, it deserves more attention (Mayura, 1976). It is a perennial crop, and once 
established only proper manuring. Rich in protein and Vitamin C. It has more edible flesh in comparison 
With bitter gourd or karela. 

Soil and Climate:  

 Sweet gourd requires a tropical climate with humidity and  high temperature.  

 It is grown commercially in rainy season in Assam. 

 It grows Well on Sandy Loamy And Loamy Soils rich in Organic Matter. 

 The Land is thoroughly prepared and Planting pits are Prepared at  a distance of two  meters both 
Ways . 

Planting: 
Sweet gourd is propagated either by seed or by underground tubes .But the Latter method is profitable 
either by seed or by underground tubers. The male and Female Flower occurs in different plants. It is, 
therefore, advisable to select tubers for planting from the female plants .Otherwise, there Will be no 
fruiting. The sprouted root plants are planted from the female plants. Otherwise, there will be no 
fruiting. The Sprouted root plants are planted in the propagated pits at two tubers per pits, 8 to 10 cm 
deep and the soil is pressed over them. Irrigation is given lightly and continuously for 4 to 5 days to get 
the tubers established.  April-May, after the first shower, when many shoots come out from the root-
tuber, is the best planting time for planting sweet gourd in Assam. About three kg seeds or 50,000 root – 
tubers are enough for planting one He tare of land. 

Manure and Fertilizers: 
Sweet gourd is very responsive to organic manure like Well rotten Cowdung or compost. If soil is pure in 
humus, addition of 25 tons of well rotten farmyard manure or water hyacinth compost per hectare is 
applied at the time of planting. Maurya (1976) reported that water hyacinth compost at the rate of 25 
tons per hectare with 50 kg nitrogen, 40 kg phosphorus and 50 kg potash produced a better yield. 
Compost and full doses of phosphorous and potash are applied in the pits at the time of land 
preparation. Nitrogen is applied in two split doses. Half at the time of trailing and the other half at the 
time of fruit set. 

Varieties: 
Two local varieties are common in Assam. The First  is yellowish – green  oblong type in Which  the  fruits  
are  usually  oblong , 8 to 10 cm long and  with  an apperent thorny surface . The full mature fruits have a 
yellowish-green colour. This type has more edible flesh. The fruits are cooked after the removal of the 
soft thorns present on the fruit surface. The second type is dark green. The fruits are small but round in 
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shape, measuring 4 to 6 cm in length. It produces less yield compared to the first type with less edible 
Flesh.  

Harvesting & Yield: 

 Sweet gourds start fruiting after 55 to 65 days of planting of root-rot tubers. 

 The fruits attain marketable stages 10 to 12 days after opening of the female flower . 

 The edible fruits are harvested when tender, with slightly green skin and immature seeds. 

 The coat becomes a bit hard if the harvesting is delayed. 

 The yield is about 75 to 120 quintals per hectare. 
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Hydrogel Polymer Technology: An agricultural invention withstanding abiotic stress of water on crops 
Article id: 22064 
Rajeswari Das1* and Satyabrata Sahoo2 
1PhD Scholar, Department of Soil Science, Dr Rajendra Prasad Central Agricultural University, Pusa, 
Samastipur, Bihar, India 
2Assistant Horticulture Officer, Department of Agriculture and Farmer’s Empowerment, Government of 
Odisha, Odisha, India 

Hydrogel a water absorbing polymer, is classified as cross-linked, absorb aqueous solutions through 
hydrogen bonding with water molecules.  Hydrogel polymers used in agriculture are generally water 
retention granules which use to swell to many times their original size when they come in contact with 
water. It has been widely proposed over the last 40 years for agricultural use with the aim to 
ameliorate water availability for plants, by increasing water holding properties of growing media (soils 
or soilless substrates). Most of the area of India is located in arid and semiarid Regions, more efficient 
use of water is essential in the field of agriculture. Implementing proper management practices in 
agriculture to maintain soil moisture and increase water holding capacity is considered as one of the 
ways to save water. 

INTRODUCTION 
Expanding world demand for water, combined with the impacts of climate change, is already a threat in 
arid and semi–arid and several regions which is aggravating contest of the limited amount of obtainable 
water from completely different sectors i.e. urban needs, industrial sector and agricultural sector that 
thought of one in all the most important consumption of water, within the same time irrigation water 
stress is one in all the most important limiting factors that have an effect on crop and fruit growth and 
productivity. Globally, over seventy percent of fresh water is used for agriculture; by 2050 feeding a 
planet of nine billion individuals would require associate degree calculable fifty percent increase in 
agricultural production and a fifteen percent increase in water withdrawals. 
  During the last decade, hydrogels have been used broadly for improving water availability for 
plants, by increasing water holding properties of soil and growing media, application of hydrogel 
polymers may be a proper technique to enhance water and fertilizers use efficiencies (Dehkordi and 
Seyyedboveir, 2013), it might absorb and store water many times of their weight and work as a tank to 
forestall water waste and increase irrigation potency, also, superabsorbent polymers improve some soil 
physical properties (Montesano et al; 2015). 
  Research evidence suggests that when the soil is treated with water hydrogel composite the 
water volumetric content of the soil increases significantly and when the surrounding soil dries, the 
stored water is released back slowly into the soil. The hydrogel increase efficient water consumption, 
decreasing irrigation costs and increasing irrigation intervals, also, implement soil’s water holding 
capacity and soil porosity, providing plants with eventual moisture and nutrients as well as enhancing 
plant viability and ventilation and root development which provides a conducive atmosphere for better 
growth of plants and finally increases crop yield. Hydrogel has various characters like the high swelling 
and the slow water retention encourage their use as safer release systems for fertilizers and as a soil 
conditioner in agricultural applications. Hydrogel polymer is particularly valuable in agricultural sector 
since they can retain water and reduce land erosion. 
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Polymer Hydrogel 
Polymer hydrogels is classified as a Super absorbent polymer, it’s measure visco–elastic, loosely 
crosslink, and hydrophilic three– dimensional networks of versatile polymer chains with unconnected 
ionic purposeful group that may absorb an oversized quantity of water or alternative biological fluids in 
an exceedingly short time and retain them beneath sure conditions and considered as a soil conditioner 
which hold up to thousand times of their existing weight of water and increase crop yield (Li et al; 
2009).  
Hydrogel polymer have the ability to absorb water is quite a hundred times its original weight within 
short period of time and desorb the absorbed water under stress condition (Zhang et al; 2006). 
There are three groups of a polymer as follow:  

 Starch–polyacrylonitrile graft polymers (starch co–polymers),  

 Vinyl alcohol–acrylic acid co–polymers (polyvinyl alcohols)  

 Acrylamide sodium acrylate co–polymers – cross–linked polyacrylamides 
Mode of action for polymer hydrogel  
  When the hydrogel is mixed with the soil, it forms an associate amorphous gelatin–like mass on 
hydration and is adept of absorption and desorption for an extended time, thus acts as a slow 
unharness supply of water within the soil.  
         The hydrogel particles are also taken as “miniature water reservoir” in the soil and water will be 
detached from these reservoirs upon the root mandate through osmotic pressure difference. Due to 
the respectable volume reduction of the hydrogel as water is released to the plant, hydrogel creates at 
intervals the soil, free pore volume providing further space for air and water infiltration, storage and 
root growth (Azzam, 1980). Hence hydrogel polymer deed as a slow–release basis of water and 
dissolved fertilizers in the soil (Milani et al, 2017) 
  Water conservation by hydrogel creates a buffered setting being effectiveness in short–run 
drought tension and losses reduction in institution phase. Ability in water consumption and dry matter 
production square measure positive crop reactions to hydrogel, once polymers are mixed into soil, they 
preserved vast quantities of water and nutrients reach up to hundred times of its original weight and 
conserve regarding ninety–five percent of keep water out there for plant absorption, which are released 
as required by the plant, therefore, plant growth was enhanced with limited water supply (Johnson, 
1984), however, in rainfall region adding hydrogel polymer to soil implement soil infiltration rates 
(Helalia and Letey, 1988). 

Salient features of hydrogel polymers 
Following are few of the features of hydrogel polymers which makes them a perfect candidate for with 
standing water stress in crop production. 
 Exhibits maximum absorbency at temperatures (40- 500C) characteristic of semi-arid and arid soils.  
 Absorbs water 400 times its dry weight and gradually releases the same.  
 Stable in soil for a minimum period of one year.  
 Low rates of soil application – 1-2 kg / ha for nursery horticultural crops; 2.5-5 kg/ ha for field crops.  
 Reduces leaching of herbicides and fertilizers.  
 Helps plants withstand prolonged moisture stress.  
 Improves physical properties of soils and soil less media.  
 Improves seed germination and seedling emergence rate.  
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 Improves root growth and density.  
 Reduces nursery establishment period.  
 Reduces irrigation and fertigation requirements of crops.  
 Promotes early and dense flowering and fruiting/ tillering.  
 Delays onset of permanent wilting point.  
 Extensive root growth resulting in increased water and nutrient use efficiency. 

Agriculture specific applications of Hydrogel 
Though hydrogels are specific inventions for agriculture, still there are some specific applications of it in 
agriculture field which are being listed below: 
Effect of the hydrogel in retaining the water  
Due to water resource crisis, water–saving agriculture is essential for sustainable development, Hydrogel 
polymer improve water penetration rate, hydrogel polymer have been used as water retaining material 
in arid and semiarid region under limitation of supplementary irrigation sources and salinity conditions 
which affect negatively on gradual growth and productivity of crops, hydrogel used to increase a water 
reservoir near the root system, increased the field capacity of different soils, also, increased both water 
available for plants and the period of its availability. 
Effect of hydrogel on plant growth  
Seed germination and seedling establishing considered the most important phases in the initial growth 
of any plant kinds; the successful establishment depends on available water and is regularly restricted 
by low level of soil moisture mainly in arid and semi–arid regions (Abdel-Raouf and Sameera, 2003). 
Hydrogel polymers enhancement plant growth by swelling water holding capacity in soil and prolonged 
the time till reaching wilting point which increasing plants survival under water stress (Orikiriza, 2009), 
decreasing fruit drop ratio, and may lead to expanded total yield and fruit weight under various severity 
conditions.  
Furthermore, added hydrogel to the soil increased the plant circumference; this may be due to 
increasing the amount of available water in the root zone, which inferring longer irrigation intervals 
(Johnson 1984). 
Effect of hydrogel on nutrients  
Hydrogel application minimizes micronutrients from washing out to water tables and increase water 
consumption efficiency; also, it’s reducing the quantity of fertilization, since the nutrient leaching is 
prohibited by decreasing runoff. Alternatively, hydrogels which contain fertilizers and have controlled 
water release so that the dose of the fertilizer is adjustable in time. The nutrient is available for the plant 
over a longer period of time rather than a rapid availability that ammonium nitrate, ammonium 
phosphate or potassium chloride (Rehman et al, 2001). 
CONCLUSION  
The application of hydrogel in arid and semi–arid regions improve soil properties, increases the water 
holding capacity of the soil, enhance of the soil water retention, improving irrigation efficiency, 
increasing the growth of various crops, and enhancement water productivity of the crop. It also 
provides a conducive atmosphere for the better growth of roots in well–drained soils and ultimately 
increases yield. According to chemical and physical structures of hydrogels, it can be used as an 
absorbent in environment preservation in the agricultural sector as water retention, soil conditioners, 
and nutrient carriers. 
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Cultivation practices and economical importance Sesamum 
Article id: 22065 
Virkar A. M., Mahorkar K. D. & Khaire Pravin 
 
Botanical name: Sesam indicum L. 
Family: Pedaliaceae 
Origin: Sesamum originated in South-Western Africa 
Chromosome no.2n=26 
Economic importance 
Sesamum is usually rich in oil (50 %) and protein (18-20 %). Nearly 78 % of the Sesamum seed produced in 
India is used for oil extraction, 21.5 % for sowing purpose and  rest is used in confections and in religious 
Hindu ceremonies. Nearly 73 % of the oil isused for edible purposes, 8.8 % for hydrogenation, 4.2 % for 
industrial purpose in the manufacture of paints, pharmaceuticals and insecticides. Seeds are eaten fried and 
mixed with sugar and in several forms in sweet meats.  It is really the poor man's substitute for "ghee". It is 
also used as perfumed oil. Lower grade oil is used in soap making industries. It finds also a number of 
medicinal uses. The oil cake is an edible cake. It is eaten mixed with sugar by poor peoples. It is also used as 
manure as the till cake contain 6.0 -6.2 % N, 2.0-2.2 % P2O5 and 1.0-1.2 % K2O. 100 gram of seeds provides 
592 calories. 
Soil: 
Soil is an important factor under irrigated conditions, the crop can effectively be grown under medium 
textured soils. Very sandy, alkaline and acidic water logged soils are not suitable for its cultivation.  The crop 
will grow well in soils having pH reaction in the range of 5.5 to 8.0. It can also be grown on loam to heavy clay 
soils, which are well drained.  
Climatic requirements 
Sesamum is basically a crop of warm regions of the tropics and sub-tropics. It grows in plains as well as up to 
an elevation of 1230 m. It requires fairly hot conditions during growth for maximum yield. A temperature of 
25 to 27 ºC encourages rapid germination, initial growth and flower formation. Low temperatures at 
flowering can result in the production of sterile pollen or pre-mature flower dropping. Sesamum is extremely 
susceptible to water logging and heavy continuous rains. About 500-650 mm rainfall is optimum for its 
cultivation.  
Field preparation 
Seeds of Sesamum are very small in size; therefore, the seedbed should be fine, firm  and compact for good 
germination of the seeds. Usually one ploughing brings the field in  good condition for sowing. Field should be 
prepared in the first fortnight of May. 
Sowing time 
Kharif: Onset of the monsoon (June or July)  
Semi-rabi: 5th August to 10-15th September 
Rabi: October to November in south India. 
Summer: Last week of December to January 
Seed rate:  
2.0 to 2.5 kg/ha (drilled crop). For planting of 1 ha, usually 4-6 kg seeds/ha  required. 
Spacing: 45 cm x 15 cm 
A close spacing is recommended for rabi situation than for summer (irrigated crop).  In middle Gujarat Agro-
climatic zone, farmers growing hybrid pearl millet in kharif season  are advised to grow the sesame crop by 
following the inter – row spacing of 30, 45 or 60 cm. 
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Seed treatment: Treat the seeds with Thiram or Captan @ 2-3 g/kg of seeds for the control  of leaf spot 
disease. 
Weeding and interculturing 
During kharif season, the sesamum is usually 6 infested with weeds. The slow  initial growth of sesamum 
seedlings makes them poor competition with more vigorous weeds. Therefore, in weed-infested fields, 
weeding at the early stage of the crop growth is  quite essential. First weeding should be done when the 
plants are 15-20 cm tall or about 20-25 days after sowing. Second weeding should be done after 40 to 45 
days of sowing. Two to three interculturing should be done as and when required. Weeds can also be 
controlled by the use of herbicides. Basalin 1 kg a.i./ha in 800-1000 litres of water as pre-planting spray may 
be used as effective herbicide during kharif season. It should be incorporated in the soil before sowing of the 
crop. Weeds grown in rabi/summer crop, the application of weedicide like Lasso @ 1.5 litre/ha or Basalin 
(fluchloralin) @ 1 kg a.i./ha as pre-emergence spray along with a hand weeding at about 30 days after sowing 
is effective in controlling the weeds. The crop should be maintained weed free particularly during the initial 
20-25 days. 
Irrigation 
Usually kharif and semi-rabi crop is grown as rainfed. But the crop is very susceptible to drought in various 
physiological growth stages. If dry spell prolonged and irrigation facilities are available, irrigation should be 
given to the crop. The crop requires about 50 cm of water during the entire growth period. First irrigation 
should be given to the crop at 25 to 40 days of sowing. Second and third irrigations should be given at 
flowering (45-50 DAS) and pod development stages (65-70 DAS). If it considered essential to irrigate at or just 
after, maximum flowering in order that capsules may develop fully.  
Manures and fertilizers 
Manures: Well decomposed FYM @ 10-12 CL/ha  
Fertilizers Kharif crop: 
N kg/ha P2O5 kg/ha K2O kg/ha 
Stage of application 
N @25 kg/ha ,P2O525kg/ha, K 0 Kg/ha As basal drilled in furrows before sowing. 
Semi-rabi crop: 
Thinning:  
When plant attains about 12 to 15 cm height, thinning should be done by  keeping only one plant at 
recommended plant to plant distance i.e. 10 to 15 cm intra-row spacing.  
Plant protection measures 
Insects : Leaf roller 
Diseases: Phyllody, Leaf spot disease 
Harvesting 
The plants leaves and capsules show the symptoms of yellow colour at maturity.  The whole plant is cut with 
the help of sickle and plants are tied into small bundles. Stack  the bundles erect on the field or on the 
threshing yard up to five to seven days for drying.  
Varieties 

 Gujarat till-1 

 Gujarat till-2 

 Purva till-1 

 Patan-64  
Yield: 300 to 400 kg/ha 
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Feed additives have become essential component of feeds especially for poultry. The feed cost incurred 
about 60-65% of the total cost of poultry production and cost incurred about 13% of the total feed cost 
of the poultry production. Uses of antibiotics are not always good for poultry because of residual 
compounds that will ends with decreased productivity. Now phytogenic feed additives have gained 
increasing interest, especially for use in poultry to avoid the residual effects of synthetic drugs and to 
maintain the overall performance. The water fern Azolla (Azolla pinnata) is an unconventional feed 
ingredient. An azolla plant is a fern frond consisting of a main stem growing at the surface of the water, 
with alternate leaves and adventitious roots at regular intervals along the stem. Secondary stems 
develop at the axil of certain leaves. Azolla fronds are triangular or polygonal and float on the water 
surface individually or in mats. Plant diameter ranges from 1/3 to 1 inch (1–2.5 cm) for small species, 
such as Azolla pinnata, to 6 inches (15 cm) or more for A. nilotica. Azolla is a free floating fresh water 
fern belonging to the family Azollaceae and order Pteridophyta. Azolla is a potential feed ingredient for 
broilers. Azolla is rich in protein; total protein is 25-30%. Azolla can be used as a plant protein source and 
provitamins for poultry nutrition. It is also a potential source of nitrogen and is a potential feed 
ingredient for livestock (Lumpkin, 1984). Azolla can increase flexibility of diet and makes possibility for 
cheaper production in poultry breeding and have been known as the cheapest and most abundant 
potential protein sources, because they are able to synthesize amino acids and a wide range of available 
and unlimited raw materials.  

Nutritional value 
The nutrient constitution of Azolla is found to be almost similar to that of commercial poultry feed, 
except that the protein content is high and calcium content is slightly low. There will be a substantial 
improvement in the quantity, as well as, quality of milk produced, when dairy cattle are fed with Azolla 
combined with commercial feed along with an improvement in the health of the cattle. 
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The increase in the milk yield is to the tune of 10–15%, which went up to 20%, during summer months 
from February to May. It is found that the increase in the quantity of the milk produced on the base of 
nutrient was higher than the quantity of Azolla fed. Hence, it is assumed that more than the 
carbohydrate, protein content and other components, like carotinoids, biopolymers, probiotics etc., may 
be contributing to the overall increase in the production of milk. In addition to this its application has 
been reported to increase the availability of nutrients  such as Fe, P, Mn and Zn. 

Nutritional Content                                  A. pinnata 

Crude protein (%) 17.59 

Crude fiber (%) 16.54 

Total Ash (%) 25.28 

Calcium (%) 1.67 

Phosphors (%) 0.46 

Iron (%) 0.231 

Iron (%) 0.205 

Sodium (%) 0.777 

Potassium (%) 2.19 

Copper (ppm) 15.90 

Zinc (ppm) 46.77 

Magnesium (ppm) 0.155 

Moisture (%) 5 

 
Environmental requirements 
Azolla is found in ponds, ditches, and wetlands of warm temperate and tropical regions throughout the 
world. It must grow in water or wet mud, and it dies within a few hours under dry conditions. Azolla can 
survive a water pH range of 3.5–10, but optimum growth occurs when the water is between pH 4.5 and 
7. The optimum temperature for azolla is between 64 and 820F (18–280C). The growth rate gradually 
declines as salinity increases. Azolla grows in full to partial shade (100–50% sunlight), with growth 
decreasing quickly under heavy shade. Azolla is established by vegetative propagation. Nursery ponds 
are generally used to supply a large enough volume to a wetland field to ensure quick coverage. 

Azolla production 
1. An artificial water body is made, preferably under the shade of a tree, with the help of a silpauline 
sheet. 
2. A pit of the size of 2M X 2M X 0.2M is dug as a first step. 
3. This pit is covered with plastic gunnies to prevent the roots of the nearby trees piercing the silpauline 
sheet, which is spread over the plastic gunnies. 
4. About 10-15 kgs of sieved fertile soil is uniformly spread over the silpauline sheet. 
5. Slurry made of 2-kg cow dung and 30 gms of Super Phosphate in 10 litres water, is poured onto the 
sheet. 
6. More water is poured to make the water level reach about 10 cm. 
7. About 500 gms to 1kg of fresh and pure culture of Azolla is inoculated in the pit. 
8. Azolla will rapidly grow and fill the pit within 10-15 days and about 500 gms – 600 gms of Azolla can be 
harvested daily thereafter. 
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9. A mixture of 20 gms of Super Phosphate and about 1 kg of cow dung should be added once in 5 days. 
10. This is done to keep the Azolla in rapid multiplication phase and to maintain the daily yield of 500 gm 
/pit. 
11. Micronutrient mix containing magnesium, iron, copper, sulphur etc., can also be added at weekly 
intervals to enhance the mineral content of Azolla. 

  

Precautions 
1. A shady place, preferably under a tree, with sufficient sunlight should be chosen for the Azolla 
production unit. A place of direct sunlight should be avoided. 
2. All corners of the pit should be of the same level so that the water level can be maintained uniformly. 
3. Azolla biomass @ 300 gms – 350 gms /sq.meter should be removed daily to avoid over crowding and 
for keeping the fern at rapid multiplication phase. 
4. Suitable nutrients should be supplied, as and when, nutrient deficiency is noticed. 
5. Plant protection measures against pests and diseases should be taken as and when required, 
6. About 5 kg bed soil should be replaced with fresh soil, once in 30 days, to avoid nitrogen build up and 
prevent micro-nutrient deficiency. 
7. 25 to 30% water also needs to be replaced with fresh water, once in 10 days, to prevent nitrogen build 
up in the bed. 
8. Replacement of water and soil should be followed by fresh inoculation of Azolla, at least once in six 
months. 
9. A fresh bed has to be prepared and inoculated with pure culture of Azolla, when contaminated by pest 
and diseases. 
 
Harvesting 
Azolla should be harvested with a plastic tray having holes of 1 sq.cm mesh size to drain the water. The 
tray along with Azolla should be kept in a bucket, half filled with water. Azolla should be washed to get 
rid of the cow dung smell. Washing also helps in separating the small plantlets which drain out of the 
tray. The plantlets along with water in the bucket can be poured back in to the original bed. Fresh Azolla 
thus collected should be mixed with commercial feed in 1:1 ratio to feed livestock. However, it is 
advisable to mix Azolla in regular feed in 1:1 ratio at the beginning, for one week. After a fortnight of 
feeding on Azolla mixed with regular feed, livestock may be directly fed with Azolla, without the addition 
of regular feed material. 
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CONCLUSION 
Azolla can be used as an ideal feed substitute for cattle, fish, pig and poultry, apart from its utility as a 
biofertilizer for wetland paddy. Azolla technology will be taken up in a big way by the dairy farmers, 
especially, by those who experience land scarce conditions for fodder production. 
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INTRODUCTION 
Carbon is one of the most abundant mineral elements in environment. Soil carbon plays a vital role in 
regulating ecosystem services. Carbon stored in soil mainly in two forms, soil inorganic carbon and soil 
organic carbon. Soil organic carbon participates in soil functioning, food and environment security and 
regulation. The SOC has comprehensive effect on soil physical, chemical and biological properties. SOC is 
basic building block for all life on the earth. It is very important for maintaining soil quality, productivity, 
sustainability, food security and regulation atmospheric CO2 concentration, ultimately the global 
warming and climate change. Year after year the content SOC from Indian soils is declining and ranging 
from 0.1 to 1 per cent and majority soils typically less than 0.5 per cent, which affect the soil physical, 
chemical and biological properties (Mundhe et al., 2018 and Brijlal et al., 2012). 
  Each fraction of SOC may differ in size, composition, physico-chemical properties and rate of 
decomposition. Use of various fraction of organic carbon from soil as sensitive indicator makes soil 
carbon pool/fraction for estimating the impact of different management practices on soil carbon. Soil 
carbon fraction is helpful for evaluating CO2 release from soil, the capacity of soil for C storage in 
response to climate change. Different SOC fraction with a ability to rapidly change in response to 
different soil management practices for crop production proves as an efficient tool to identify optimize 
agriculture management practices for increase the storage of soil carbon in terms of quantity and 
quality. On the basis of turnover time soil C pools or fractions are classified as active, slow (intermediate) 
and passive or recalcitrant pools (Priyanka and Anshumali, 2016). SOC fractions composition and 
evaluation are influenced by range of controlling factors such as, geology, geo morphology, pedology, 
land use and management or climate. 

Total Organic Carbon 
   SOC is one of the most important constituents of the soil due to its capacity to affect plant 
growth as both a source of energy and a trigger for nutrient availability through mineralization. The 
changes in soil use, their management practices and cropping systems have strong effect on TOC, its 
fractions and its overall soil health. Total organic carbon influences many soil characteristics including 
colour, nutrient holding capacity (cation and anion exchange capacity), nutrient turnover and stability, 
which in turn influence water relations, aeration and workability (El-Ramady, et al., 2014). 
 
Water Soluble Carbon 
The changes in soil water soluble organic carbon which is the most labile and mobile form in soil organic 
matter pools (Zsolnay, 1996 and Boyer and Groffman, 1996) have received much less attention. It serves 
as the immediate potential nutrient source to soil microorganisms and plants, facilitates transport of 
metals and organic contaminants through soils, and regulates the production of greenhouse gases such 
as CH4 and N20. The WSC fraction represents only a small portion of the total organic carbon (TOC) in the 
soil (Metting, 1993), it constitutes the most mobile and reactive C fraction (Marschner and Kalbitz, 2003) 
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and is involved in several processes that occur in the soil (Chantigny, 2003). This fraction consists of the 
intermediate products of organic residue degradation, such as proteins, carbohydrates, hydrocarbons, 
and their derivatives, as well as of fractions of low-molecular-weight, humic substances and numerous 
other simpler organic compounds (Gonet and Debska, 2006). The concentration of soil WSC has been 
reported to be high in agricultural soils. 

Permanganate Oxidisable Soil Carbon 
Potassium permanganate was first used to fractionate SOC via oxidation by loginow et al. (1987). Later 
on Lefroy et al. (1993), Blair et al. (1995), Conteh et al. (1997) and Bell et al. (1998) built on this work 
using varying concentration of permanganate (0.03-0.33 mol L-1 KMnO4) to measure labile soil C. These 
researchers have proved the permanganate oxidisable C is relative new method that can quantify labile 
soil C rapidly and inexpensively. Culman et al. (2012) reported that the POSC is significantly related to all 
soil C fractions including POC, MBC and SOC. They further suggested that POSC is well suited to trace 
management practices that promote soil C sequestration and most useful indicator for soil quality 
research and is capable as POC, MBC and SOC in detecting differences in soils due to management and 
environmental factors. Thus, POSC may be used as most sensitive and reliable indicators for evaluating 
the short and long term impacts of soil management practices on soil quality (Awale et al., 2013 and 
Chen et al., 2009). Labile soil organic carbon (LOC) is a relatively small fraction of TOC that has a short 
half life in soils and responds quickly to changes in soil management and fertilization practices (Weil and 
Magdoff, 2004). 

Soil Microbial Biomass Carbon 
The microbial biomass consists mostly of bacteria and fungi, which decompose crop residues and organic 
matter in soil. This process releases nutrients, such as nitrogen (N), into the soil that are available for 
plant uptake. About half the microbial biomass is located in the surface 10 cm of soil and most of the 
nutrient release also occurs here. Generally, up to 5 per cent of the total organic C and organic N in soil 
exist in the microbial biomass component of soil organic matter.  
Soil microbial biomass is often used as indicator of changes in total organic C and soil quality. Unlike total 
organic C, microbial biomass C responds quickly to management changes (Hoyle et al., 2006). SMB has a 
turnover time of less than one year (Paul and Clark, 1996) and responds rapidly to conditions that 
eventually change soil quality. Continuous cropping with fertilizers and manures application enhances 
the soil microbial growth and activity. 

Particulate Organic Matter Carbon 
Particulate organic carbon (POC) has been reported by several researchers            (Cambardella and Elliot, 
1992, Elliot et al., 1996, Kelley et al., 1996 and Del Galdo et al.,2003) as a sensitive indicator of soil 
management effects on SOC and it represents as a slow pool of SOC. The POC has turnover time 
between active and passive pools. POM fraction referred to in this document comprises all SOM particles 
less than 2 mm and greater than 0.053 mm in size (Cambardella and Elliot, 1992). POM is biologically and 
chemically active and is part of the labile (easily decomposable) pool of SOM. Particulate organic matter 
enhances aggregate stability, water infiltration and soil aeration; it increases cation exchange capacity 
and buffering pH. It also binds environmental pollutants such as heavy metals and pesticides. 
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Passive or recalcitrant pool   (Humic Acid Carbon, Fulvic Acid Carbon and Humin) 
It has half life of decades to centuries. It is more stable and highly resistance for reactivity or it is mineral 
associated C material. e.g. Aliphatic macromolecules (lipids and cutans), lignin, high molecular weight 
condensed, non hydrolysed organic material and fine silt and coarse clay associated SOM (humus or 
humic substances.). The effect of long term manures and fertilization on SOC pools/ fractions are 
described here.  Humic substances (HS) are the building blocks of organic carbon (OC) in soil organic 
matter and on the basis of their stability under acid hydrolysis, they are generally divided into humic acid 
(HA), fulvic acid (FA) and humin (HU). The HS are major components of passive pools of C in soil. 
Therefore, carbon sequestration in terms of HA, FA and HU is very important to the understanding of the 
global carbon cycle (Meng et al. 2013). Thus, the mechanisms responsible for C- stabilization in soils have 
received much interest recently due to their relevance in understanding global C-cycle. The changes in 
HS are fundamental in detecting soil carbon sequestration mechanisms in natural and cultivated 
environments. HA and FA quality have been shown to be affected by long term fertilization (Galantini 
and Rosell 2006), while the short term research has shown the turnover of HA can be higher than FA and 
HU (Doane et al. 2003). Carbon sequestration in HA, FA and HU may be different, and it is still not clear 
which fractions is more sensitive to C sequestration (Song et al., 2014). 
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1. INTRODUCTION 
 In agricultural systems, insect pests can cause crop damage mainly through loss in yield and quality; it 
leads to loss in profit of farmers.  It has been estimated that the global crop loss due to insect pest was 
10.8% during the post green revolution period; it cost billions of dollars (Dhaliwal, et al. 2015).  For the 
control of insect pests farmers mostly rely on chemical pesticides. Chemical pesticides are still the major 
approach for control of insect pests, but they are associated with significant hazards to the environment 
and human health. The alternative commercial biotechnological system relies mostly on the expression 
of Bacillus thuringiensis, insecticidal proteins (Cry toxins). Its effectiveness however is threatened by the 
development of resistance in some species such as Ostrinia nubilalis (Hubner) (Lepidoptera, Pyralidae) 
and Heliothis virescens (Fabricius) (Lepidoptera: Noctuidae) (Baum, et al. 2007). As a result, there is an 
urgent need to develop and adopt economically and ecologically sound alternative strategy for insect 
pest management. RNA interference (RNAi) mediated gene silencing has been suggested as one of the 
new alternative to reduce damage from insect pests. RNA interference (RNAi) refers to a group of post-
transcriptional or transcriptional gene silencing mechanisms conserved from fungi to mammals. It is a 
phenomenon primarily for the regulation of gene expression, self or nonself depending upon the 
surrounding factors or conditions 
 
2. The concept of RNA interference 
 ‘RNA interference’ refers collectively to diverse RNA- based processes that all result in sequence-
specific inhibition of gene expression, either at the transcription, mRNA stability or translational levels 
(Satvinder, et al. 2008). It has most likely been evolved as a mechanism for cells to eliminate foreign 
genes. The unifying features of this phenomena includes the production of small RNAs 21-26 nucleotides 
(nts) that act as specific determinants for down-regulating gene expression and the requirement of one 
or more members of the Argonaute family of proteins. RNAi operates by triggering the action of dsRNA 
intermediates, which are processed into RNA duplexes of 21-24 nts by a ribonuclease III-like enzyme 
called Dicer. Once produced, these small RNA molecules or short interfering RNAs (siRNAs) are 
incorporated in a multi-subunit complex called RNA induced silencing complex or RISC. RISC is formed by 
a siRNA and an endonuclease among other components. The siRNAs within RISC act as a guide to target 
the degradation of complementary messenger RNAs (mRNAs). The host genome codifies for small RNAs 
called miRNAs that are responsible for endogenous gene silencing.  
 
3. Components of RNA interference 
 Both genetic and biochemical approaches have been undertaken to understand the basis of silencing. 
Genetic screens were carried out in the fungus, Neurospora crassa Shear and B. O. Dodge, the alga, 
Chlamydomonas reinhardtii P. A. Dang, the nematode Caenorhabditis elegans, and the plant Arabidopsis 
thaliana (L.) to search for mutants defective in quelling, RNA interference, or PTGS. Analyses of these 

http://entnemdept.ufl.edu/creatures/field/e_corn_borer.htm
http://entnemdept.ufl.edu/creatures/field/tobacco_budworm.htm
https://en.wikipedia.org/wiki/Carl_Linnaeus
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mutants led to the identification of host-encoded proteins involved in gene silencing and also revealed 
that a number of essential enzymes or factors are common to these processes. Some of the components 
identified serve as initiators, while others serve as effectors, amplifiers, and transmitters of the gene 
silencing process. In the years to come, many other components as well as their interrelations will be 
revealed. Here, some common components of RNA interference mediated gene silencing In brief, upon 
entry into the cell, the exogenous dsRNA is processed by a ribonuclease III enzyme, called Dicer-2, into 
small interfering RNAs (siRNAs). These 21-24 nucleotide duplexes are subsequently incorporated in the 
so called RNA-induced silencing complex (RISC) where the duplex is unwound. Subsequently, an 
Argonaute2 (AGO2) protein cleaves the passenger (sense) strand and the guide (antisense) strand 
remains connected with the RISC. Afterwards, the guide strand of the siRNA guides the RISC and allows 
Watson-Crick base pairing of the complex to complementary target mRNA for cleavage of target mRNA 
by AGO2 protein. By this degradation of the target mRNA, specific post-transcriptional gene silencing 
occurs 
 
4. Mechanism of RNA interference 
 Our knowledge on RNAi has expanded dramatically in short time since its discovery. In the last few 
years, important insights have been gained in elucidating the mechanism of RNAi, although it seems to 
be very complicated. RNAi appears to be a highly potent and specific process, which starts when a dsRNA 
is introduced either naturally or artificially in a cell. An endoribonuclease enzyme cleaves the long dsRNA 
into small pieces of miRNA or siRNA depending upon the origin of long dsRNA, i.e., endogenous or 
exogenous, respectively. A dsRNA may be generated by either RNA- dependent RNA polymerase or 
bidirectional transcription of transposable elements. Based on the in vitro and in vivo experimental 
results, a two-step mechanistic model for RNAi has been established. The first step referred to as the 
RNAi initiating step, involves the binding of RNA nucleases to a large dsRNA and its cleavage into discrete 
18 to 23 nucleotide RNA fragments (siRNA). In the second step, these siRNAs join a multinuclease 
complex, RISC, which degrades the homologous single-stranded mRNAs. Mechanisms of RNAi mediated 
gene silencing through siRNA and miRNA is diagrammatically presented in Figure-1. 
 
5. Delivery methods of dsRNA into insects 
 Delivery of dsRNA is a major challenge in RNAi-based plant protection method. After identifying the 
target gene, choosing a convenient strategy to deliver the dsRNA into the insect body is very important. 
The main delivery methods include injection, soaking, feeding, transgenic technique and viral infection. 
The artificial RNAs could be exogenously applied onto the plant surface using additional techniques to 
increase the RNA absorption/uptake viz., cationic nanoparticles, clay nanosheets, surfactants, peptide-
based RNA delivery systems. 
 
5.1  Microinjection 
Microinjection in this method direct injection of dsRNA into the body of insects. It is one of the most 
effective delivery methods for systemic RNAi. Short dsRNA have had the most success with this 
mechanism (Siomi and Siomi, 2009). The major advantage of injecting dsRNA into the insect body is the 
high efficiency of inhibiting gene expression. However, there are some limitations with micro-injection. 
First, the cost for vitro synthesis and storage of dsRNA is relatively high, and the steps are complicated. 
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In addition, injection pressure and the wound generated inevitably affect the insects. In practice, this 
delivery method would have very limited application as pest control in the field level. 
5.2 Soaking  
 In this method direct application of the solution of dsRNA on the insect body. Soaking dsRNA solution 
can inhibit gene expression, and its effectiveness is comparable to the injection method in that it 
requires a higher concentration of dsRNA (Eaton, et al. 2002). The soaking method is suitable only for 
certain insect cells and tissues as well as for specific insects of developmental stages that readily absorb 
dsRNA from the solution, and therefore, it is rarely used. 
5.3 Feeding of artificial diet  
 Compared to other methods, dsRNA feeding is the most attractive primarily because it is convenient 
and easy to manipulate. Since it is a more natural method of introducing dsRNA into insect body, it 
causes less damage to the insect than microinjection. It is especially popular in very small insects that are 
more difficult to manipulate using microinjection. 
5.4 Developing transgenic insects 
 The advantage of using transgenic insects that carry the dsRNA is that as it is inheritable, the 
expression can be stable and continuous. The technique has been proposed to help either reduce 
population through introduction of sterile insects or for population replacement. In this case, dsRNA 
must be first injected in the host insect. Tests are being conducted on several species with promising 
results. There is a need to understand environmental and genetic influences when assessing the 
potential use of such transgenics. The transgenic method has been first used in D. melanogaster with the 
GAL4/UAS transgenic system that leads to the expression of hairpin RNA 
5.5 Virus-mediated uptake 
 Virus-mediated RNAi methods involve the infection of the host with viruses carrying dsRNA formed 
during viral replication and targeting the gene of interest in the host. Virus-mediated RNAi studies are 
still rare. However, this method takes advantage of the infection and ability of the virus to spread rapidly 
in a host population. Viruses that are commonly employed for this purpose include lentiviruses, 
adenoviruses, and adeno associated viruses (AAVs). 
5.6 Appplying of dsRNA through root absorption or injection into plant 
 Delivery of dsRNA to phytophagous insects could be achieved by supplying dsRNA through root 
absorption or injection into plant vessels, where these insects can naturally acquire dsRNA through 
sucking or chewing (Figure-2). However, it is important to bear in mind that this strategy will demand 
mass production of dsRNA, which may be costly using molecular biology kits.  
 
6. Factors affecting the silencing effect and RNA interference efficiency for insect management  
 In recent years, the research on the potential of using RNA interference (RNAi) to suppress crop pests 
has made an outstanding growth. But some factors can affect the efficiency of the dsRNA uptake and 
systemic silencing spread in different insects. Here, some important points that must be considered in 
developing an RNAi approach against insect pests 
1. Concentration of dsRNA 
2. Length of the dsRNA fragment 
3. Species-specific nucleotide sequence 
4. Persistence of the silencing effect:   
5. Life stage of the target organism:   
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7. CONCLUSION    
 Widespread increase in the application of RNAi technology in insect research has facilitated the 
identification of insect gene function. Research has shown that the dsRNA is particularly conservative; 
there are various functions and development factors among insect species. Such variations are yet to be 
fully understood but certainly can serve as a basis for determining their capacity to control insect genes. 
The main challenge for moving towards larger scale projects remains the development of effective 
delivery mechanisms. Feeding is very popular in insect RNAi research and may have the most promising 
future in pest control, especially with the creation of transgenic plants producing dsRNA. Overtime, the 
use of transgenic insects will also lead to more efficient pest control. Indeed, existing studies have not 
provided enough evidence that systemic RNAi, with silencing RNA molecules spreading throughout the 
entire body can be achieved in all insects. Which insects have characteristics promoting systemic RNAi, 
Are the mechanisms underlying systemic RNAi the same in different insect species. Such questions need 
to be answered before moving further in developing large scale pest control systems. Undoubtedly, 
there is broad potential for the application of RNAi technology in pest control, mainly if combined into 
IPM strategies. 
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Figure-1: Gene silencing mechanisms of through siRNA and miRNA. 

 
Figure-2: Overview of RNA Interference 
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INTRODUCTION  
 Date palm tree (Phoenix dactylifera L.) is considered as one of the oldest and main staple and ancient 
crops in Southwest Asia and North Africa. Date palm tree belongs to Arecaceae family (Angiosperms, 
monocotyledon) consisting of about 200 genera and more than 2,500 species. Phoenix (Coryphoideae 
phoeniceae) is one of the genera with approximately 14 species, which are native to the tropical or 
subtropical regions of southern Asia or Africa, including Phoenix dactylifera L. Very recently, the whole 
genome of date palm tree was re-sequenced yields insights into diversification of a fruit tree crop. 
Flowers of date palm tree are small and yellow colored attached directly to spikelets which develop as 
fruits called date palm fruits. The world geographical distribution of the genus phoenix. Due to the fast 
growing demand, the production of the dates has been increased over the years.  India  is  largest  
country  in  import  of  Date  palm  importing  about  38%  of  world  market.  Consumption of Date palm 
was high but fruits were not produced in India. Traditionally local varieties of Date palm were grown 
form seeds in Kutch-Bhuj area of Gujarat and Western Rajasthan as it can grow well under adverse 
climatic conditions.  This  plant  is  very  hardy  and  can  also  tolerate  saline  water  available  in 
Western  Rajasthan where no other crop can be grown. In Western Rajasthan fruits of date palm  
matures  one  month  early  in  comparison  to  Gulf  countries having  its  own  advantage  in  
international markets. Date  palm  is  very  good  source  of carbohydrates, vitamin A, B-2, B-7, potassion, 
calcium, copper, mangnes, clorine, phosphorous, sulphur and iron etc. The date fruits are highly 
nourishing and may have numerous potential health benefits. The protective effects of fruits against 
chronic diseases are ascribed to bioactive non-nutrients called phytochemicals. Phytochemicals have 
gained increased interest among several investigators, including clinicians due to their antioxidant 
activity, cholesterol-lowering properties, and other potential health benefits such as chemoprevention of 
cancer, prevention of diabetes and cardiovascular diseases. 
 

I. PHYTOCHEMICALS IN DATE PALM FRUITS 
 Phytochemicals are plant-derived chemicals which may give health benefits when taken as a medicine 
drug or as a part of daily diet. Date fruit is rich in phytochemicals such as carotenoids, polyphenols (e.g., 
phenolic acids, isoflavons, lignans, and flavonoids), tannins, and sterols. The concentration and 
composition of these constituents are widely varied depending on several parameters, including date 
variety, stage of fruit picking, storage, postharvest processing, the geographical origin of the dates and 
soil conditions. The five stages of pre-maturation, maturation and ripening of date are Hababauk, Kimri, 
Khalal, Rutab, and Tamer (Figure-1). Depending on the maturity and ripeness stages during growth and 
development of the date, different external and internal changes are observed with color, sweetness, 
texture and chemical composition.  
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1.  Carotenoids 
 Carotenoids considered as a major class of phytochemicals occur in the lipid fractions of date fruit. 
They are precursors of vitamin A, which plays a central role in vision, and protects the cell from 
deleterious effects of free radicals by acting as antioxidants. Carotenoid Classification is depending on 
the presence or absence of oxygen in the molecule, they can be divided into two main subclasses: 
xanthophylls (contain oxygen atom) and carotenes (lack oxygen atom).  The dates contain lutein and 
β-carotene as major carotenoids whereas Neoxanthin, Violaxanthin, and Antheraxanthin were 
identified in date fruits in lesser amount. 
2.  Phytosterols and Phytoestrogens 
 Phytosterols are another major phytochemicals that found in the lipid soluble fraction of the date 
fruit. These compounds are exclusively occurring in plants with chemical structure similar to that of 
cholesterol. Date fruit at tamer stage contains several phytosterols identified to include β-sitosterol, 
stigmasterol, campesterol, and isofucosterol. Moreover, phytoestrogens are natural compounds that 
can bind estrogen receptors and exert diverse estrogenic or antiestrogenic effects. Date fruit contains 
several phytoestrogens including formononetin, daidzein, genistein, glycitein, matairesinol, 
lariciresinol, pinoresinol, secoisolariciresinol and coumestrol. 
3.  Phenolic Acids 
 Phenolic acids considered as one of the main aromatic secondary plant metabolites, containing 
hydroxyl function located on aromatic benzene ring with one or more carboxylic acid groups. Phenolic 
acids can be divided into two main classes: benzoic acid derivatives of which contain seven carbon 
atoms and cinnamic acid derivatives of which contain nine carbon atoms. They considered as effective 
antioxidant because they act as free radical captor or scavenger. Dates are rich in phenolic acids; 
found to contain the following benzoic acid derivatives; p-hydroxybenzoic acid, protocatechuic acid, 
vanillic acid, gallic acid and syringic acid, while the cinnamic acid derivatives were; o-coumaric acid, p-
coumaric acid, caffeic acid, and ferulic acid etc.  The list of phenolic compounds in the date fruits 
presented in table-2 
4.  Flavonoids 
 Flavonoids are large family of polyphenolic plant derived secondary metabolites, comprise of 15 
carbons skeleton containing two aromatic benzene rings A and C chemically bound via a heterocyclic 
pyrane ring C and this skeleton is often substituted with multiple substitution patterns. Flavonoids are 
classified into several subgroups, including flavones, flavonols, flavanones, flavanonol, isoflavones, 
isoflavonone, flavan-3-ols and anthocyanidins. Dates cantains apigenin, luteolin, quercetin, 
isoquercetrin, rutin and Kaempferol. 

II. DATE NUTRITIONAL VALUE 
 With the present uncertainty in the world food supply and the expected increase in demand, the 
date palm could be a good source of food of high nutritional value. In fact, date fruit is rich in 
nutrients, and due to its dietetic values it has always been held in high esteem by people. Compared 
to other fruits and foods (apricot: 520 calories/kg; banana: 970 calories/kg; orange: 480 calories/kg; 
cooked rice: 1,800 calories/kg; wheat bread: 2,295 calories/kg; meat (without fat): 2,245 calories/kg, 
dates give more than 3,000 calories per kilogram. Furthermore, the date palm is one of the greatest 
producers of food per hectare, and world date production is well over 3 million tons. The date fruit 
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consists of 70 % carbohydrates (mostly sugars), making it one of the most nourishing natural foods 
available to man. The water content is between 15 to 30 % depending on the variety and on the 
maturity stage of the fruit. In most varieties, the sugar content of a date fruit is almost entirely of the 
inverted form (namely glucose and fructose), important for persons who cannot tolerate sucrose. The 
invert sugar in dates is immediately absorbed by the human body without being subjected to the 
digestion that ordinary sugar undergoes. The flesh of dates contains 60 to 65 % sugar, about 2.5 % 
fibre, 2 % protein and less than 2 % each of fat, minerals, and pectin substances. Details dates 
nutrients presented in the table-1. 

III. DATE PALM HEALTH BENEFITS  
 Date  palm  trees  have  been  growing  for  the  last  5000  years  in  harshest  climatic  condition  
and feeding  people  as  source  of  energy,  nutrition  security,  and  as  a  healthy  fruit.  There are 
several following health benefits of date fruits-  
1. Fresh  dates  compose  of  soft,  easily  digestible  flesh  and  simple  sugars  like  fructose  and  
dextrose. When eaten, they replenish energy and revitalize the body instantly. 
2. Its richness in dietary fiber prevents LDL cholesterol absorption in the gut as well as  works as  a  
bulk  laxative  and  that  helps  to  protect  the  colon  mucous  membrane  by  decreasing exposure 
time and as well as binding to cancer-causing chemicals in the colon. 
3. Health  benefiting  flavonoid  polyphenolic  antioxidants,  known  as  tannins,  possess  anti 
infective,  anti-inflammatory,  and  anti-hemorrhagic  (prevent  easy  bleeding  tendencies) properties. 
. 
4. Antioxidant flavonoids such as ß-carotene, lutein, and zea-xanthin have the ability to protect cells  
and  other  structures  in  the  body  from  harmful  effects  of  oxygen-free  radicals. Thus, eating dates 
found to offer some protection from colon, prostate, breast, endometrial, lung, and pancreatic 
cancers.  Zea-xanthin protects against age-related macular degeneration, especially in elderly 
populations. Dates also have the unique distinction of being the only food to contain flavonoid 
sulphates.  
5. The  fruit  has  adequate  levels  of B-complex  group  of  vitamins  and  vitamin K. 
6. Gastrointestinal Protection:  Aqueous and ethanol extracts of dates useful to humans with gastric 
ulcers and also as a natural laxative.  
7. Anti-cancerous:  The glucans prepared from the date fruit possess antineoplastic effects in 
experimental system of study. 
8. Anti-inflammation:  Oral administration of the methanol and aqueous extracts of edible  portion  of  
date  fruits  suppressed  the  swelling  in  the  foot. 
9. Antihyperlipidemic: Coronary  heart  disease  is  related  to  decrease  in  the  concentrations  of  
high-density  lipoprotein cholesterol and  increase  in  the low-density  lipoprotein cholesterol. 
10. Immunostimulation: Immune activation is an effective and protective approach against 
infectious diseases.  
11. Anti-diarrhea: Date aqueous extracts use an anti diarrheal agent in traditional medicine. 

IV. CONCLUSION 
 The date palm, P. dactylifera  including  its  fruit  and  seed  are  rich  with  antioxidant properties  
and  other  nutrients.  It  exhibits  various  useful  properties  to  the  humankind  in the form of 
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antioxidant,  antifungal,  antifungal, anti-hyperlidimic  activity  and  hepatoprotective activity. It is also 
proven that the date palm benefits the brain through  neuroprotective  property,  protecting  the  
brain  from  the  actions  of  ROS by utilizing  its antioxidant property. This protects the brain cells 
physically. For the psychological benefits of P. dactylifera to the brain, it is currently unknown and 
could not be proven at the moment as there is a lack of research on that area. Yet, area for the 
research is required to be explored intensively and perhaps, it will reveal intriguing findings.  
Table-1: One kilogram of the flesh of ripe dates contains 

NUTRIENT AMOUNT 

1. Water 220g 

2. Sugar  730g; 2740 calories 

3. Proteins  22g 

4. Fats  2g 

5. Minerals 19g 

6. Potassium  6480mg 

7. Phosphorus  630mg 

8. Calcium 590mg 

9. Magnesium 580mg 

10. Iron  30mg 

11. Sodium 10mg 

12. Vitamin A  500 units 

13. Vitamin B1 0.9mg 

14. Vitamin B2 1mg 

15. Vitamin B7  22mg 

Mineral constituents of the ash of date fruits 

Element  Percentage of the ash (*) 

Potassium  50 

Chlorine  15 

Phosphorus  8 

Calcium  5 

Iron  0.25 

Magnesium  12 

Sulphur 10 

 
Table-2: Phenolic compounds in date fruits (Ghnimi, et al., 2017) 

Class Compounds 

Benzoic acid 
derivatives 

Gallic acid, protocatechuic acid, p-hydroxybenzoic acid, vanillic acid, sinapic 
acid, and syringic acid 

Cinnamic acid 
derivatives 

Caffeic acid, hydrocaffeic acid, ferulic acid, p-coumaric acid, syringic acid, 
dactyliferic acid, 2 caffeoylshikimic acid hexosides, 3-caffeoylshikimic acid 
and  4-caffeoylshikimic acid 

Flavonoid glycosides 
and esters 

Luteolin, quercetin and apigenin, quercetin rhamnosyl-hexoside sulfate, 
quercetin 3-O-rutinoside (rutin), quercetin hexoside sulfate, quercetin 
acetyl-hexoside and isorhamnetin-3-O-rutinoside. 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

226 
 

Flavan-3-ols  (+)-catechin, and (−)-epicatechin 

Proanthocyanidins Procyanidin oligomers based on (−)-epicatechin including 
procyanidin B1, procyanidin B2, procyanidin trimer, procyanidin tetramer, 
procyanidin pentamer, and procyanidin polymers based on (−)-epicatechin 
(decemers to heptadecemers) 

Anthocyanins  Cyanidin 

 

 

 
 

Figure-1: Different fruiting stages of date palm according to DPP* (days post-pollination)   
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In India, there is a huge scope for growing fruit and vegetable throughout the year in one or other 
part of the country because the diverse agro climatic conditions are highly suitable for growing 
various types of fruits and vegetables. Fruit and vegetable is highly perishable but most important 
commodity for human diet due to their high nutritional value. India is the second largest producer 
(after China) of both fruits and vegetables in the world. Horticultural produce including flowers also 
earns good in export earnings for the country. In a season due to improper handling practices, 
marketing, storage problems around 21-25% fruit and vegetable are spoilt in diverse stages. The 
minimization of these post-harvest losses may be reduced by extending the shelf life of fresh 
horticultural produces either through pre or post-harvest management practices or by processing it 
into different value added products. Several factors influence the post-harvest losses in fruits and 
vegetables that include losses due to physical, physiological, mechanical and unhygienic conditions, 
lack of proper storage conditions, refrigerated facilities and diseases and pests, etc. A number of 
machines, hand tools, gadgets, structures for safe handling and processing of farm produce, process 
protocols for value-added products, novel products and technologies for farmers have been 
developed and commercialized. The current research efforts emphasize on the development of 
equipment, process protocols and value-added products suiting the production catchments and 
meeting the health requirements of various sections of the population. 
 
INTRODUCTION 
      Fruits and vegetables are being rich in vitamins and minerals, known as protective foods. Due to 
their high nutritive valve, ready availability, and being inexpensive they make significantly contributes 
to human well-being. According to World Bank Report, post-harvest losses in India amount to 12 to 16 
million metric tonnes of food grains each year, an amount that the World Bank stipulates could feed 
one-third of India's poor (Chaturvedi and Raj, 2015). 
  Post-harvest management practices; Harvesting should be done at proper stage where there is 
minimum damage and loss, as rapidly as possible and at minimum cost. Harvesting should be done at 
early morning or late evening hours. A temperature of above 25oC during harvesting should be 
avoided. The products that are to be send to distant markets are harvested in the evening and 
transported in the cool hours of night where as commodities for local markets are harvested early 
morning. Harvesting should not be done immediately after rain or irrigation. Harvesting at optimum 
stage of maturity ensures maximum quality and yield. Care must be taken to avoid mechanical injury 
to product. Sorting/Grading: Sorting of harvested vegetable produce is done to remove diseased, 
damaged, misshapen, over mature, insect attacked and rotten vegetable. Disease/insect attacked 
should also be discarded to avoid any spread of infection to normal and healthy vegetable/fruit 
produce. Horticultural produce must be sorted and graded on the basis of parameters such as 
maturity, size, shape, color, weight, freedom from insects and pests, pesticide residues and ripeness. 
Elimination of off-grade and diseased horticultural crops prevents the spread of diseases.  
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Washing: The Produce is cleaned/washed to remove adhering dirt, dust, insects, mould and spray 
residues and to improve appearance. Chemically mild detergent (soap solution), glacial acetic acid or 
Nacl (1%) can be used for surface decontamination. Chlorinated water (100 pp cholorine) is also 
effective in surface decontamination. Fruits and vegetables are to be rinsed again with clean wastes 
and excess water allowed to dry before packing. Trimming is done in crops like cabbage and lettuce 
etc.. Curing is a process of strengthening and wound periderm (skin) of root and tuber crops for a 
specified period under well-defined conditions of temperature and relative humidity which enhances 
shelf life of these crops by forming corky layer which protects against water loss and infections by 
decaying organisms. In bulb crops (onion &garlic).Curing is a drying process for toughening of outer 
skin and tightening of necks. Waxing is done mainly to minimize water loss and reduce shriveling and 
wilting to enhance therefore storage life. Wax seals off the stem near the petiole and the pores on the 
surface of fruits which are the main routes of transpiration. Waxing on the surface of fruit or 
vegetable product which are the main routes of transpiration. Paraffin wax, Carnuba wax and various 
resins are common types of wax used for preparation of wax emulsion. Waxes are generally applied 
by foaming, spraying and brushing of which foaming is the best, since it leaves a very thin coating. 
Some of the common coating materials are semperfresh, prolong and waxol. Vegetables such as 
tomato, brinjal, sweet pepper, cucumber, muslmelon, carrot etc. are often waxed with a water 
emulsion by dipping or spraying to retard the moisture loss from the product and at the same time to 
improve their lustre. This practice of keeping the product sound and lustrous is generally not in vogue 
in our country.   
  Pre-cooling is the process of removing field heat from the harvested commodity, particularly 
when harvested during hot weather. Pre-cooling helps in decreasing rate of transpiration and 
respiration delayed ripening and easing the load on the cooling system of transport or storage 
chambers-Room cooling, Hydro-cooling, Contact icing, Vaccum cooling. Post- Harvest Disease Control: 
Vegetables suffer significantly due to invasion of fungi and bacteria causing disease and resulting in 
huge postharvest losses. Succulence of vegetables makes them prone to infection by micro-organisms 
Mechanical injuries, contamination by diseases vegetables, heat and other environmental agencies 
pre-dispose products to diseases. Post-harvest diseases can be controlled by use fungicides as sprays 
or dips, incorporated in wax or impregnated in packaging materials. Sprout inhibition: Tuber and bulb 
crops (onion & potato) enter a dormant stage at maturity, sprouting starts at the end of dormancy or 
rest period. Sprouting is a growth resumption process. Sprouting causes huge loss due to respiratory 
utlisation of substrates. Maleic hydrazide (MH-40), 3-Cholorisopropyly-N-Phynle Carbamate (CIPC) is 
commonly used as sprout inhibitors.  
  Packaging is a fundamental and necessary for management of highly perishable products. The 
main role of packaging is to assemble the produce into convenient units for handling and safeguard 
the produce during distribution, storage and marketing. It improves storage life of produce and 
provides greater attraction to the produce. An efficient package practices protects product from any 
physical, physiological and pathological deterioration throughout storage, transport and marketing 
packaging material should provide cushioning to fresh produce as several types like bamboos baskets, 
sacks (mode of plastic or jute),wooden crates, corrugated fibre board (CFB) cartons are used.  
Transport is an important linkage in postharvest handling, storage and distribution. Transport of 
horticultural produce from field to the distribution markets is done by rail, truck, airplane and ship. 
Large quantities of horticultural crops are transported in open trucks. Window type conical bamboo 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

229 
 

baskets designed for stacking and aeration have been developed by the CFTRI, Mysore for 
transportation of produce by rail. Serious losses take place due to improper handling, careless loading 
and unloading and use of improper containers. Transport of produce during cool hours of night, use of 
ventailated, insulated evaporative cooled or regrigerated vehicles ensures preservation of quality. It is 
also important to introduce mechanical loading and unloading particulary with the use of fork lift 
trucks. In advanced countries refrigerated containers known as reefer containers produce. In India use 
of containers working on evaporative cooling techniques should be encouraged. 
   Storage of vegetable produce an important for improving shelf life avoiding market glut and to 
ensure supply throught the year and increase profit to the producers. The principle aim of storage is 
to reduce and control transpiration, respiration and disease infection at the same time maintaining 
life processes at the required level. Refrigerated storage: Highly perishable vegetable produce 
requires refrigerated vegetable storage since it retards the rate of metabolic change, moisture loss, 
respiratory heat products and spoilage caused by heat production and spoilage caused by micro-
organisms and thereby enhances retaining life of vegetable produce. In this method, ambient air is 
cooled and then passed over the bulk grains via existing aeration system. Refrigerated aeration has 
been used for cooling dry grain in subtropical climates when ambient temperatures are too high. The 
initial investment for refrigerated storage system is comparatively higher, but together with the 
dehumidified air method, it could provide answers to the practicability of aeration for safe 
commercial storage in tropical climates  
   Zero-energy cool chamber: In tropical areas like india, tremendous amount of quality 
deterioration take place immediately after harvest of produce due to lack of on farm storage facilties 
to overcome this problem, low cost environmental friendly zero energy cool chambers are developed 
by IARI New Delhi these chambers work on principle of evaporative cooling using locally available 
materials like brick sand and bamboos. The temperatures in these chambers are less than 
surrounding atmosphere. Low-cost, low-energy, environmental friendly cool chambers made from 
locally available materials and which utilize the principles of evaporative cooling have been therefore 
developed in response to this problem. These cool chambers  are able to maintain temperatures at 
10–15°C below ambient, as well as at a relative humidity of 90 per cent, depending on the season. 
Fruits and vegetables are stored in plastic crates within the chamber. The shelf life of the fruit and 
vegetables maintained in the cool chamber was reported to be increased from 3 days at room 
temperature to 90 days. 
  Value Addition in Horticulture:-Horticulture deals a large group of crops having great 
medicinal, nutritional, health promoting values.India as second largest producer of fruits and 
vegetables, only 10 per cent of that horticultural produce is processed, but other developed and 
developing countries where 40-80 per cent produce is value added. Horticultural crops provide 
varied type of components, which can be effectively and gainfully utilized for value addition like 
pigment, amino acids, oleoresins, antioxidants, flavors, aroma etc. Post harvest losses in 
horticultural produce are 5 to 30 per cent which amounts to more than 8000 crore rupees per 
annum. If we subject our produce to value addition the losses can be checked. Horticultural crops 
are right material for value addition because they are more profitable, has high degree of process 
ability and richness in health promoting compounds and higher potential for export. 
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CONCLUSION 
The post-harvest management, processing and value addition of crops are in underdeveloped stage in 
country and there is an urgent need to look into more closely at some basic aspects of post-harvest 
management of horticultural produces for minimization of wastage and ensure more return to the 
farmers. This will help to increase the per capita availability, improve the economic condition of the 
farmers and ensure even distribution of agricultural products throughout the country. Value addition 
is one of the most visible tools to reduce post-harvest losses in flower crops. Availability of gigantic 
genetic diversity enables India to produce a wide array of value added products for both domestic and 
international market 
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An Emerging Technology - Subsurface drip irrigation in soilless media under protected 
cultivation  
Article id: 22070 
Sujitha, E., 
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Imayam Institute of Agriculture and Technology, Thuraiyur, Trichy,  
 
INTRODUCTION 
As far as the Indian agriculture is concerned, irrigation plays a vital role in the various development 
projects of the country. The existing methods of irrigation and the available facilities are not reliable 
and we are fore fronted with many problems regarding soil and water. Water is one of the critical 
inputs for sustainability of agriculture, which consumes about 80 % of available water, but irrigation 
efficiency continues to be only about 40 per cent. The demand of water for irrigation need is 
estimated to increase from 50 M ha m in 1985 to 70 M ha m by 2050. The World Water Council 
believes that in the year 2020 we will face problem to feed the world with 17 per cent additional 
water need. A major challenge is to develop systems for greater precision in water and plant nutrient 
control, so as to increase the use efficiencies of soil, water and energy resources and to improve the 
environment.  
 In many regions, fresh water is a demand one, but there were significant resources for saline water 
which could be used for irrigation if proper crops, land and water management practices were carried. 
Surface irrigation method, with an overall efficiency of only 20 to 50 per cent usually causes erosion, 
salinisation and water logging problems. Two important aspects to be considered, one is uniform 
water distribution in the field and other is accurate amount of water application by permitting 
accurate delivery control. These requirements are accomplished by adopting the promising drip or 
micro irrigation techniques. During the past decades, drip irrigation systems outstanding to their 
capability to efficient water application, low labour and energy requirement, and increase in quantity 
and quality of crop yield have made a breakthrough in many regions. Micro irrigation includes 
drip/trickle systems, surface and subsurface drip tapes, micro-sprinklers, sprayers, microjets, spinners, 
rotors and bubblers. 
 
Subsurface irrigation – State - of - the - art  
Subsurface irrigation is a low-pressure irrigation system that uses polyethylene drip lines that are 
permanently buried below the ground surface. Water trickles to the soil through the emitters 
(specialized small openings). In dramatic contrast with surface watering, there is minimal loss of 
moisture to evaporation and runoff, and there is no wind effect in case of sub surface drip irrigation. It 
is easy to save 30 to 50 % of surface irrigation water using subsurface irrigation system.  Water can be 
directly applied to the roots of plants, encouraging deeper and more extensive root development and 
resulting in healthier, more productive plants. Diseases and insects that incubate in surface applied 
moisture are often completely eliminated. A well designed and operated SDI system major drawback 
is its capability to apply water with high uniform and efficient.  
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Benefits of Subsurface Irrigation system 
There are additional benefits from watering with subsurface irrigation system.   
A more accurate and continuous moisture level can be made available to plants.   
This eliminates the shock effect of the wet and dry cycle that is common with conventional irrigation.  
The root zone can be kept at the optimum moisture level without cutting off the oxygen supply.  
Without such stress the plants can devote all the effort in producing foliage, flowers and fruit. 
Subsurface irrigation does not compact the surface like surface watering and so the soil needs less 
tillage.  Adding moisture below the surface inhibits the development of hard pan and sealing of soil 
strata. Normal activities in soil such as earthworms and microbial life are encouraged by this moist but 
not wet environment.  
 
Fertigation system in subsurface – Enhance the crop growth 
Fertigation is the injection into irrigation water of soluble nutrients to boost crop output. This technique, 
combined with micro irrigation (drip irrigation), creates an effective method for the precise application of 
nutrients near the plant root zone. Vegetables are cultivated in a broad variety of soils and climate 
throughout the globe. When water is in short or expensive micro irrigation is replaced by surface and 
sprinkler irrigation. It is usually used in high value crops like tomato, capsicum, egg plant, strawberry, etc. 
Because soluble nutrients travel with wetting front, accurate management of irrigation amount and N, P 
and K application rating and timing are critical to efficient vegetable production. Fertigation increases the 
effectiveness of nutrient use and reduces the risk of nutrient loss to groundwater. Farmers are gradually 
getting convinced of the added benefits of using fertigation along with water application by drip system. 
 
Soilless culture – Alternate growing media 
Soilless growing have been used worldwide for decades as a crop production system and are presently 
highly dependent on greenhouse vegetable production in Europe, United States, the Middle East, 
Japan, Canada, and other countries. In protected agriculture, soilless cultivation is used intensively to 
enhance control over the growing environment and to prevent uncertainties in the soil's water and 
nutrient status. It also overcomes the salinity issue and pest and disease accumulation. Soilless 
cultivation provides an option to soil cultivation when severe soil and water issues (i.e. soil-born pests, 
soil salinity, soil-based chemical residues, water salinity, absence of fertile soil, water shortage, etc.) 
generate difficulties in traditional soil based cultivation. The primary benefits of soilless cultivation are 
the most precise control over water supply, nutrients, pH, root temperature, etc., productivity 
increases owing to simpler and more precise control of production factors, reduction of labor 
requirements, no need for soil sterilization, more plants per year, etc. In addition, soilless culture can 
in multiple respects address worldwide problems such as water shortages, environmental pollution, 
and ecological system instability. In this way, less land area is required for agriculture production 
system resulting in increased land productivity. 
 
Protected cultivation – A modern approach 
Greenhouse cultivation is one of the farming technologies commonly used to provide and sustain a 
controlled atmosphere appropriate for optimal crop manufacturing leading to maximum revenues. 
This involves creating a work-efficient atmosphere and improving crop development. Greenhouse 
cultivation is steadily growing in agricultural sector all over the world. India is the second largest 
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producer of vegetable crops in the world. Micro irrigation is increasingly used in greenhouses. The 
greenhouses cover about 0.75 Mha all around the world and the growth in acreage is likely to 
continue in the coming years.  
 
CONCLUSION 
Protected cultivation system supplies precise amount of water and fertilizer solution direct to the root 
zone that increases crop productivity and quality. In addition, it reduces soil- borne diseases and labor 
requirements which are very crucial in vegetable production. Hence protected cultivation is of great 
importance in the cultivation of high value crops.  
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Kisan Mela (Farmers’ Fair): An Educational Exposure for the farmers 
Article id: 22071 
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²Ph.D. Scholar, Department of Agricultural Extension, ICAR-IARI, New Delhi 
 
INTRODUCTION 
Farmers' fairs are the mass method of extension communication wherein farmers and other 
stakeholders gather, interact, share and get exposure to the diverse and latest innovation in the field 
of agriculture and allied sector. It provides a variety of learning experiences to the farmers and other 
stakeholders in a limited space and time provided. It also caters to the needs and solutions to a large 
segment of farmers in the times of climate change, agrarian distress and fluctuating agricultural 
markets. Farmers’ fair offers integrated solutions, right from production, processing, marketing to 
extension and advisory services to the farming community in a holistic manner. 

Advantages of Farmers’ Fairs: 

 The exhibits (like diorama, model and specimens) give clarity of the innovative concepts and 
techniques used in modern days' agriculture. 

 It helps in building rapport among different farmers and gives them a platform for sharing and 
learning from each other’s experiences. 

 It gives them an exposure to the latest break-through in agriculture and the know-how of the 
technology. 

 It brings various NGOs, Private agriculture firms, agents and consultants closer to the farmers’ 
doorsteps, thereby, serving the technology directly to the farmers. 

 Farmers could get a better idea about the existing market price of the farm implements and also 
regarding the concessions and subsidy on the agro-inputs. 

 Demonstration of live samples (like new varieties of food and horticultural crops, livestock breeds, 
etc.) encourages farmers to adopt new variety/breeds thereby, adhering to “Seeing is Believing” 
principle of extension. 

 The awards and prizes given to the progressive farmers in recognition to the farmers adopting 
novel innovation in the field of agriculture and allied sciences encourage and further promote other 
aspiring farmers to outperform in their respective fields. 

Types of Farmers’ Fairs: 
1. Krishi/Kisan Mela 
 Farmers’ fairs are held basically to tap the interest of large farming community towards modern 
agricultural practices. It provides a common platform for consumers, producers, researchers, 
consultants and agri-entrepreneurs to display their technologies, food varieties, implements and 
other latest innovations used in the field of agriculture. Kisan Unnat Mela is one such annual fair, held 
at IARI, New Delhi (Indian Agricultural Research Institute). The objective of the Krishi Unnati Mela is to 
demonstrate, disseminate and exchange views & ideas on technologies and practices in the field of 
agriculture, horticulture, animal husbandry, dairying & fisheries, agriculture engineering and post-
harvest management, etc. with farmers and other stakeholders. Also during the Mela, the progressive 
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farmers having contributed significantly towards the food production and break-through in the field of 
agriculture and allied activities are recognized and awarded. 
2. Dairy/Pashu Mela 
 ICAR-National Dairy Research Institute, Karnal, conducts Dairy/Pashu Mela, every year, to 
showcase and acquaint the dairy farmers, the latest technologies and innovations in the field of 
dairying and animal husbandry. The dairy farmers throng from different parts of the state, participate, 
interact and learn the technical know-how about modern dairy farming. The farmers get an exposure 
of different high-yielding, milch-breeds of cattle, buffaloes and goats (both indigenous and cross-
breeds) reared in the campus and learn scientific ways of managing a dairy farm which includes 
various aspects of breeding, feeding, healthcare, housing and general management practices. Exhibits, 
models, charts, banners and samples of different dairy value-added products are displayed in the 
respective stalls. Dairy equipment like milking machine, milk coolers, chillers and various dairying 
implements are put for display as well as for the sale. The farmers during interaction with scientists, 
experts and private consultants discuss multifarious solutions to the problems regarding production, 
processing and marketing of milk and milk products. They also encourage the budding dairy farmers 
towards dairy entrepreneurship as their full-time profession. The interesting part of the Mela happens 
to be milking competition, among elite cow and buffaloes brought by progressive dairy farmers, and 
accordingly, the owner of the cow or buffalo with the highest yield recorded would be conferred with 
the awards as well as rewards. The elite cattle, buffaloes and goats breeds of the institute are also 
auctioned during the Mela, among the farmers.   
3. Tribal/Adivasi Mela 
 Adiwasi Mela or Tribal Mela is organized very often in the cities and urban areas to exhibit the 
indigenous technologies, knowledge and culture of tribal peasants and artisans living in our country. 
The wide range of exhibits including cottage-industry products, handloom-items, pottery, art, painting 
and handmade items are brought for display as well as sale. The Mela also showcases the life of tribal 
people in rural settings; including their indigenous technologies and innovations used in farming 
through live models and samples. People also rejoice the tribal culinary items and dishes in the food 
stall, and also enjoy the cultural programs like folk songs and tribal dance in the Mela. 

Attractions of the farmers’ fairs: 

 Live demonstrations on Farming System models and production technologies 

 Exposure of stakeholders to museum plots 

 Technologies for protected cultivation of vegetables and flowers 

 Display and sale of various inputs, farm equipment's and machinery 

 Sale of seeds/planting materials, fingerlings, chicks, piglets 

 Display and sale of innovative farmers’ products 

 Kisan Gosthi and technical sessions on different themes 

 Agribusiness startup meet 

 Showcasing of ethnic foods and cultural programme 

 Distribution of Souvenir and farm literature 

 Film shows on different agricultural themes 

 Awards and honours for best stalls, farmers, entrepreneurs, etc.  
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Suggestions for the effective conduct of Farmers’ Fair:  
1. Create a platform for the convergence of ideas on options, strategies, technologies, climate-
resilient practices and innovations among different stakeholders for the improvement of farmers' 
income. 
2. Pave a way for partnership among government sector, private sector, farmers' organizations and 
civil societies for an integrated approach towards sustainable agriculture and income enhancement. 
3. The final day of the fair could be earmarked with a plenary session or panel discussion wherein the 
farmers could share new ideas and bring forth recommendations, useful for policymakers and other 
stakeholders. 
4. A good support mechanism should be provided to the farmer, right from logistics to lodging, 
fooding and financial support; so that farmers from remote areas could participate in farmers' fairs.   

CONCLUSION 
Farmers' fairs play a vital role in attracting a large number of people including farmers and other 
stakeholders in one common platform. It gives a kaleidoscopic view of a diverse and wide range of 
innovations, technologies related to agriculture and allied activities. It creates interests and motivates 
other farmers towards adopting the latest innovations, varieties, breeds and also promotes 
agripreneurship among young and aspiring farmers. Farmers' fairs should hence, put the effort in 
collaborating with various stakeholders like the government sector, private sector, farmers' 
organizations and civil societies for an integrated approach towards sustainable agriculture and 
income enhancement of the farmer. 
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Biology, nature of damage and management of storage mites 
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Fouzia Bari, Ph.D. Research Scholar, Department of Entomology. 
Uttar Banga Krishi Viswavidyalaya, Cooch Behar, W.B. 736165. 
Jaydeb Ghosh, Professor, Department of Entomology. 
Uttar Banga Krishi Viswavidyalaya, Cooch Behar, W.B. 736165. 

INTRODUCTION 
Storage mites include mites belonging to Acari-families, predatory and parasitic mites which are 
regularly found in stored grains, human and animal food and processed stored products or materials. 
They are not readily seen because they are the size of specks of dust. Mites are not insects (which 
have six legs) but are related to ticks and spiders and have eight legs. Storage mites feed on a variety 
of substances and they can be found in many different products such as grain, flour, hay and straw, 
but also in house dust samples. The more common genera are Lepidoglyphus, Tyrophagus, 
Glycyphagus, Acarus and Blomia. When present in large numbers mites appear as a moving carpet of 
brown dust on the grain, soils and sheds or on stacks of commodities, sometimes emitting a damp or 
pungent smell. The mould mite Tyrophagus putrescentiae (Schrank) is the most common grain storage 
mite.The grain or flour mite, Acarus siro L. is also widespread and sometimes the ‘straw-itch 
mite’, Pymotes tritici can cause problems in storages. A predatory (and therefore, beneficial) 
species Chelyletus malaccensis Oudemans, is also encountered where the above species are present. 
Generally, 2-3 species are present in an infestation. 
Some important species :- 
Acarus siro – Wheat flour 
Acarus sp. – Wheat flour, Wheat dahlia, pea, rice, cotton 
Aleuroglyphus ovatus – Wheat flour, Suji, Cotton seed, Coconut 
Caloglyphus sp. – Wheat flour, Gram, Suji 
Tyrophagus longior – Wheat flour, gram, dhania 
Rhyroglyphus sp. – Wheat flour 
Carpoglyphus sp. – All kinds of dried fruits, honey combs, and food substances containing   sugar 
Lardoglyphus sp. – Salted fish and other fish products 
Suidasia nesbitti – Wheat, Wheat flour, Rice bran, Pearl millet, Pulses and other stored grains 

Biology 
Mites multiply under high humidity conditions (over 65% relative humidity) and upper temperature 
limit of 35-370C. The life cycle of mites is usually direct, a hexapod larva emerging from an egg through 
three octapod nymphal stages i.e protonymph, deutonymph and tritonymph before becoming an 
adult. In some species deutonymphal stage does not occur and the protonymph moults directly into 
tritonymph. Female lays an average of 100-120 eggs in her lifetime. Hatching, larval and nymphal 
period varies between 1-2, 1-2 and 4-8 days respectively. Stored product mites require 7-15 days to 
complete their life cycle. Generally females live longer than males. Due to short life span, these mites 
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complete many generations in a year. They are more common in the higher humidity of coastal 
regions than in drier inland areas. Infestations of mites are generally more conspicuous in 
commodities with high moisture content and contaminated with mould. Heavy infestation of other 
stored product pests often creates favourable conditions for mite outbreaks. 

Nature of Damage 
Mites generally prefer the germinal portion of grains. Broken grains are more preferred than the 
whole grains because of many receptor sites on germ portion. Protein - fat combination and 
concentration of particular substances play role in attraction. Due to their feeding colour of grains 
change from shiny to dull colour which slowly turn into blackish colour. A layer of powdery mass is 
also visible during high infestation. The thickness of powdery mass depends on the infestation level. 
Mite infestation causes the loss in germination, nutritive value, weight and chemical properties of the 
grains. Per cent losses in germination due to different mite species were in the range of 20-38 per 
cent in wheat grains, 5-12 in pulses and 35.8 in vegetable seeds after six months of infestation.   
Low fat acidity value, decrease in protein and starch content and increase in reducing sugars in mite 
infested grains were observed. Both the mould and grain mites cause direct damage by eating the 
germ of the grain and spreading fungi in the commodities. Heavily infested commodity emits bad 
smell becomes tainted with off-flavours caused by squashed mite bodies when it is moved or 
processed and become unfit for human consumption. Mites are associated with storage fungi and are 
involved in the initiation and spreading of hotspots. Under laboratory conditions, mites are able to 
raise the temperature of grain by 100C. Complete deteriotion  of the grains occurs at  this stage. 
During heavy infestation from the mould mite, the dead and live mites settle as a brownish dust layer 
on stacks of commodities and floors of stores and emit a lemon-flavoured odour leading to the 
popular name ‘Lemon-scented mite’. In this situation, they can cause discomfort to workers handling 
infested grain and packaged commodities.  
 
Management 
1. Preventive measures 
Strict hygiene practices in and around grain or produce storage and handling areas are essential for 
control: 
 Remove and destroy unwanted, infested produce by burning or burying. 
 Grains should be stored below 12% moisture content of grains. 
 If infested produce is to be kept, fumigate as described below. 
 Clean up and destroy grain dust and grain residues at least weekly. 
 Grains should be stored in bins or containers with tight fitting lids. 
 Clean grain storages and handling equipment before handling new uninfested produce. 
 Storage room, containers should be disinfected with malathion. 
 Store should be damp free or dry, well ventilated condition. 
 
2. Insecticide treatment 
Methoprene (eg, Rizacon S®, IGR®), is currently registered as a stored grain treatment for insect 
control and is known to be effective against these mites. 
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A pyrethrum insecticide product, (eg Pestigas®).Spinosad (eg Conserve Plus®), can also control these 
mites. Commonly used protectant insecticides that are known to be ineffective against these mites 
are: pyrimiphos-methyl (eg Actellic®), chlorpyrifos-methyl (eg Reldan®) and fenitrothion (numerous 
trade names). 

3. Manage Temperature and Moisture 
Because of their need for warm, moist conditions, mite numbers can be kept low by: 
 reducing temperature below 20.0C, for example by aeration, or 
 reducing moisture below 55% relative humidity or 12% moisture for cereal grains, for example by 
drying. 
 
4. Use of fumigants 
Fumigation with phosphine will kill mites only if it is done in a sealed, gas-tight storage. Dosages lower 
than recommended on the label often allow mite eggs to survive during the fumigation. Re-infestation 
due to subsequent hatchings can then occur after the fumigation period is over.Apply 1.5 tablets per 
cubic metre and leave the enclosure sealed for 7 days if temperature of the produce is above 25.0C, 
or for 10 days at lower temperatures. Air the treated produce before it is handled. Fumigants are 
found ineffective on eggs and early stage larvae which results in resurgence of mite population after 
few days. Moreover, mites need 1.5times higher dose than recommended for insects. 
5. Use of inert dust 
Inert dust @ 3-5 g/kg provide complete control against Acarus siro etc. at 100C and 14.5% moisture 
content after 28 days of exposure. 
6. Use of botanicals  
Use of biodegradable botanicals such as spice oils (black pepper, turmeric, ginger, mint) to repel or 
inhibit stored mites. Neem oil, vegetable oils (sesame, mustard, groundnut) are tulsi, mahua extract 
also provide effective protection. 
7. Use of photoperiod 
As they remain in dark during storage condition, photoperiod plays a vital role on their life activity. 
Increase in light exposure leads to decrease in fecundity, egg viability, growth and life history 
durations. 
8. Use of pheromones 
Some natural allomones are used to repell the stored mites. Filter paper disc impregnated with 
allomones oils are placed adjacent to food product. This treatment provided complete protection 
when applied at concentration of 0.5%. 
9. Use of biocontrol agent 
Biological control of mites is being exploited using several predatory mites. 
Acaropsis docta - Gram, Urd, Wheat 
Cheyletus eruditus – Wheat dalia 
Androlaelaps casalis – Stored products 
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ENCAPSULATION OF OILS: A review 
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Heat, oxygen, moisture and light are the main causes of oxidation reactions in lipid containing 
foods. In particular, lipid oxidation is a major problem for unsaturated lipids. Until recent years, 
natural or synthetic antioxidants have been widely used in oils to retard oxidative deteriorations. 
Nowadays, encapsulation of oils like other sensitive materials such as vitamins, colorants, phenolic 
compounds or probiotic bacteria by various techniques have become increasingly popular as a 
promising preservation method. On the other hand, encapsulation improves handling properties of 
oils as well as protecting oils against oxidation. Spray drying is the most preferred encapsulation 
technique due to its lower operating costs and simplicity. Freeze–drying, coacervation and 
emulsification are the other well–known encapsulation methods. Many studies have been carried 
out to optimize process factors for encapsulation of oils with a maximum efficiency. In this review, 
common practices used for oil encapsulation and the oxidative stability of encapsulated oils are 
discussed in detail. Furthermore, effects of environmental conditions on storage stability of 
encapsulated oils during storage are also reviewed. 
 
INTRODUCTION 
Encapsulation is the coating of sensitive solid, liquid or gas ingredients such as flavors, enzymes, 
micro-organisms, vitamins, minerals, colorants and lipids, known as core material, with a protective 
layer which is called wall material (Risch, 1995 and McNamee et al., 1998). The most common wall 
materials can be divided into three main groups based on the source of material obtained:  
1) Carbohydrates  
a. Plant based carbohydrates such as maltodextrin, starch, cellulose, gum arabic, mesquite gum, guar 
gum, galactomannans, cyclodextrin, pectin  
b. Marine based carbohydrates such as carrageenan and alginate  
c. Microbial or animal based carbohydrates such as xanthan, gellan, dextran, chitosan  
2) Proteins  
a. Plant based proteins such as soy protein, pea protein, barley protein, zein, gluten  
b. Animal based proteins such as casein, whey protein, gelatine  
3) Lipids and waxes such as milk fat, phospholipid, beeswax and carnauba wax (Augustin, et. al., 2012; 
Lakkis, 2007; Wandrey, 2010).   
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The selection of suitable wall materials depends on the properties of core material and final capsules (Desai, 
and Park, 2005). An optimal wall material should have the following characteristics: 
a) Be food–grade  
b) Have low viscosity at high solid contents  
c) Have good emulsifying properties  
d) Have good emulsion stability  
e) Have the ability of holding core material in its structure without any reactivity during processing or storage  
f) Controllable release of core material  
g)Protect core material from any environmental conditions, particularly oxygen, humidity and light (Desai, 
2005; Shahidi et. al., 1993; Nedovic et al., 2013).  
 
The powder products obtained by encapsulation are called by different names according to size of particles. 
These are macrocapsules (> 5000 µm), microcapsules (1–5000 µm) and nanocapsules (<1 µm) (King, 1995). 
The purposes of encapsulation are as follows: 
a) Protection of core material from environmental factors (oxygen, temperature, light, moisture, pH etc.)  
b) Controlled release of core materials  
c) Masking of undesired odours  
d) Improvement of handling and flow properties of core materials (Fang and Bhandari, 2012).  
 
In addition to these, the main aim of encapsulation of oils and lipids is to prevent oxidation and so to extend 
the shelf life of these products (Karaca, et al., 2015). Various techniques may be used for encapsulation and 
these are summarized in Table 1 below. 
 
Table.1: Particle sizes of capsules produced by different encapsulation methods (Zuidam and Shimoni, 
2010) 

Encapsulation Technology Particle size of capsules (µm) 

Spray drying  10 –400 

Fluid bed coating 5 –5000 

Spray chilling / cooling 20 –200 

Melt injection 200 –2000 

Melt extrusion 300 –5000 

Emulsification 0.2 –5000 

Coacervation 10 –800 

Microspheres produced by extrusion or dropping 200 –5000 

Co –extrusion  150 –8000 

Inclusion complexation 0.001 –0.01 

Liposome entrapment 10 –1000 

Rapid expansion of supercritical fluids 10 –400 

Freeze or vacuum drying 20 –5000 

 
 
The selection of proper encapsulation method depends on certain parameters: mean particle size, 
physicochemical characteristics of core and wall materials, and application of encapsulated material, release 
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system of capsules, commercial production capacity and cost (Ire, 1998). Oils are generally encapsulated to 
protect their beneficial compounds, to extent shelf lives of them and to mask unacceptable odors.  
  
2. Spray drying  
One of the oldest and most widely used food encapsulation techniques is spray drying (Balassa et al., 1971). 
It is cost–effective, modifiable depending on encapsulation matrix, compatible with other processing 
equipment (Desai and Park, 2005). Moreover, heat sensitive materials can be processed with negligible 
damages (Bhandari, et al., 2008). Due to these advantages, spray drying is commonly preferred for oil 
encapsulation. Nonetheless, one should keep in mind that high drying temperatures of spray dryer may 
trigger oxidation reactions in oils (Kolanowski  
et al., 2006).     
  Formation of stable emulsion is the critical step for encapsulation by spray drying. Insufficient 
emulsification causes larger droplets and instability of emulsion and so lower encapsulation efficiency 
(Danviriyakul et al., 2002). Smaller oil globules are better encased in wall matrix and attractive forces 
between the globules decrease. Hence, more stable emulsions are obtained (Jafari et al., 2008; Anandha- 
ramakrishnan and Ishwarya, 2015).  Likewise, solid content has a direct effect on emulsion droplet size. In 
other words, when the total solid content of emulsion increases, the sizes of emulsion droplets decrease 
(Frascareli, et al., 2012). However, high viscosity of emulsion is desired to a certain extent because it may 
lead to blockage problems in spray dryer (Li et al., 2015). Processing and atomization of emulsions with 
viscosities higher than 200 mPa in spray dryer is extremely harder (Augustin  
et al., 2015). Gharsallaoui et al. (2007) reported that the diameter of initial emulsion droplet should be 
between 1 –100 µm. Larger emulsion droplets may be broken during atomization step of spray drying and 
this causes high amounts of non–encapsulated surface oils (Jafari et al., 2008). According to Goula and 
Adamopoulos (2012), as the droplet size of emulsion decreased the encapsulation efficiency (EE) of 
pomegranate seed oil increased.   
  Emulsion droplet size is mainly influenced by emulsion homogenization pressure. Hogan et al. (2001) 
concluded that the volume average diameter of droplets decreased from 0.93 to 0.38 µm, when the 
homogenization pressure increased from 10 to 50 MPa. In addition, Tontul and Topuz (2014) stated that they 
obtained flax-seed oil droplets with mean particle size that is one-tenth of the size of flaxseed oil droplets as 
produced by Carneiro et al. (2013). The main reason of this dramatic difference is just emulsification process.  
On the other side, the composition of emulsion is another key player for emulsion stability. Therefore, wall 
materials should have emulsifying properties. As mentioned before, carbohydrates, proteins or combination 
of these are generally used as wall materials for oil encapsulation. The major functions of carbohydrates in 
encapsulation are promotion of drying properties of wall matrix by increasing dry crust formation over the 
drying droplets (Kagami et al., 2003). Minemoto et al. (2002) found that the emulsions prepared with gum 
arabic are more stable than the emulsions with maltodextrin. Gum arabic acts as an emulsifier due to its 
proteinaceous matter (Williams and Phillips, 2000). However, maltodextrin, a digestion product of starch, is 
just composed of D–glucose units (Chronakis, 1998). In addition, increase in dextrose equivalent (DE) of 
carbohydrates has protective effect against oxidation (Kagami et al., 2003). This is because EE increases, as 
DE values of carbohydrates increase. In a study carried out by Hogan et al. (2001) EE of soy oil increased from 
0% to 92%, when maize starch with DE 50 was used instead of maize starch with DE 0.  
  To improve emulsifying characteristics, generally, carbohydrates are used with proteins in oil 
encapsulation (Nesterenko et al., 2013). Nevertheless, the stability of emulsion stabilized by proteins is 
influenced by pH of emulsion. Specifically, the emulsifying capacity of proteins is minimum at their isoelectric 
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point (Huynh, et al., 2008). Additionally, in some cases, antagonistic effects may be observed between 
proteins and carbohydrates for EE. Tontul and Topuz (2013) found that sodium caseinate and gum arabic 
combination had the lowest EE for flaxseed oil, whereas whey protein concentrate increased the EE of gum 
arabic. In general, protection of oils against oxidation is closely related to EE. Higher efficiency leads to better 
protection.   
  In addition to this, the type of wall material is also important. Minemoto et al. (2002) reported that 
oxidation of linoleic acid encapsulated with gum arabic was slower than encapsulated withmaltodextrins. 
Although with its lower EE, flaxseed oil encapsulated with whey protein concentrate had lower peroxide 
values than those encapsulated with gum arabic (Tonon, et al., 2012). The size, shape and smoothness of 
spray–dried particles are affected by dry matter content of emulsion. Turchiuli et al. (2005) found that 
average diameter of particles increased from 18 to 85 µm, when total solid content of emulsion increased 
from 30% to 50%. Moreover, Sahin-Nadeem and Ozen (2014) determined that incorporation of whey 
proteins to carbohydrate based wall material mixture increased the smoothness of particles surfaces for 
pomegranate seed oil encapsulation. On the contrary, Botrel et al. (2014) found that partial substitution of 
whey protein isolate by inulin improved the viscoelastic characteristics of wall matrix and these particles, 
which contained fish oil as core material, displayed smoother surfaces.  
  Moisture content and water activity (aw) are crucial factors for storage stability of powder products. 
The moisture contents of spray dried oil capsules are close to the maximum moisture range, 3–4%, for many 
powder food products (Klinkesorn, et al., 2006). Roccia et al. (2014) suggested that drying air inlet 
temperature, atomization air flow rate and pump setting were the main factors on the moisture content of 
spray dried powders. Furthermore, Laohasongkram et al. (2011) reported that an increase in feeding rate 
caused an increase in moisture contents of spray dried Macadamia oil powders.  
  Temperature and glass transition temperature (Tg) are the other key elements, which may influence 
oxidation of encapsulated lipids during processing or storage (Escalona-García, et al., 2016) For instance, 
oxidation of encapsulated coffee oil accelerated at 60°C compared to 40°C (Frascareli et al., 2012). 
Correspondingly, Stapelfeldt et al. (1997) observed a tenfold increase in oxidation products when storage 
temperature increased by 10°C. On the other side, Aghbashlo et al. (2012) determined that wall materials 
with lower Tg increased encapsulation efficiency of spray dried fish oil capsules by means of stimulating 
formation of crust. To the best of our knowledge, improved encapsulation efficiency contributes to increased 
oxidative stability of encapsulated oils. Glassy state of microcapsules, which occurs during drying of food 
matrices containing protein or carbohydrates, partially preserves the microcapsule against lipid oxidation 
(Orlien, et al., 2006). To maintain the glassy state of wall materials, spray drying should be carried out below 
Tg of wall materials (Anandharamakrishnan and Ishwarya, 2015). Above Tg, amorphous materials start to 
crystallize and crystal-line substances hold less water than its amorphous state. Also, RH influences the 
oxidation rate of spray dried oil powders (Omar et al., 2009). Fang et al. (2005) reported that linoleic acid 
encapsulated by spray drying oxidized rapidly at higher RH. Similarly, lipid oxidation of encapsulated fish oil 
increased at higher RH conditions due to crystallization of trehalose, which was used as wall material (Drusch 
et al., 2006). 
  In summary, spray drying is a cost effective oil en-capsulation method. However, process conditions 
should be optimized to prevent undesirable changes, such as oxidation, in oil. Some antioxidants may be 
used for this purpose.   
3. Freeze drying  
Freeze drying, which is more commonly known as lyophilisation, is composed of three principal stages. 
Firstly, the product is frozen and then, ice is sub-limed from the solid state under vacuum (sublimation step). 
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Finally, unfrozen (bound) water is removed by evaporation under reduced pressure (desorption step) 
(Barbosa-Canovas, et al., 2005; Michailidis and Krokida, 2014). The advantages of freeze drying in terms of oil 
encapsulation can be outlined as follows: 
a) Decreased deterioration of heat sensitive compounds (unsaturated fatty acids, tocopherols etc.)  
b) Controllable moisture of end products  
c) Easier reconstitution of freeze dried oil micro-capsules (Oetjen and Haseley, 2008). Despite of these 
advantages, high operation costs, long processing time and open porous structure of the end product limit 
the application of this technology in food industry (Anandharamakrishnan, 2014). Furthermore, 
encapsulation efficiency by freeze drying is not as high as encapsulation by spray drying. Freezing rate in an 
important parameter in freeze dried oil capsules. Heinzelmann et al. (2000) reported that slow freezing rate 
(at –20°C) increased the shelf–life of fish oil microcapsules. Similarly, in another study, Heinzelmann  
et al. (2000) determined that slowly–frozen fish oil microcapsules had higher microencapsulation efficiency 
compared to fast–frozen samples.  
Encapsulation efficiency, which influences the oxidative stability of encapsulated oils, partially depends on 
wall matrix components. For instance,  
γ–cyclodextrin was found to be more effective compared to β–cyclodextrin in terms of improving stability of 
emulsion and so, encapsulation efficiency (Na et al., 2011). Differently from this, Koc et al. (2010) stated that, 
although its lower encapsulation efficiency, freeze dried fish oil capsules containing pullulan had better 
oxidative stability than lactose containing capsules due to pullulan’s capability of forming strong films with 
minimum oxygen permeability.  
Antioxidants can be added to emulsions to retard lipid oxidation. Velasco et al. (2009) reported that polar 
antioxidants, in other words hydrophilic antioxidants, were less effective in oil–in–water emulsion system 
than lipophilic antioxidants. Since polar antioxidants are particularly situated in the aqueous phase of 
emulsions, they cannot preserve oil phase from oxidation. Similar to this manner, lipophilic radicals boosted 
the oxidation of freeze dried encapsulated rapeseed oil, whereas hydrophilic radicals were found to be 
ineffective (Orlien et al., 2000). 
 
4. Coacervation 
The phase separation of the liquid phase of an aqueous solution of hydrocolloids under controlled conditions 
(adjusting by changing pH or temperature of solution and/or adding micro ions) and deposition of the 
resulting phase, known as coacervate, on the surface of core material is called “coacervation” (Gouin, 2004). 
The liquid–liquid phase separation is named as “coacervation”, whereas solid –liquid phase separation is 
named as “precipitation” (Wang et al., 2007). The fundamental stages of coacervation are as follows: 1) core 
material is emulsified within an aqueous solution consisted of two polymers at above gelling temperature of 
protein and above isoelectric pH of protein; 2) immiscible phases are formed; 3) liquid polymer(s) is/are 
deposited around the core material; 4) micro-capsules are stabilized via cross–linking agents various drying 
processes such as spray drying or freeze drying (Wen  
et al., 2014;  El Asbahani et al., 2015).  
There exist two types of coacervation: simple coacervation that includes only one polymer and complex 
coacervation, which consists of two immiscible liquid phases with oppositely charged ions. Complex 
coacervates are generally preferred for encapsulation of bioactive food components (Zuidam and Shimoni, 
2010; Devi et al., 2017). Principally, a protein fragment such as gelatine or whey protein and a carbohydrate 
fragment such as cellulose, gum arabic, chitosan or carrageenan are used as biopolymers in coacervation 
technique (Aloys et al., 2016). The formation of protein/carbohydrate complexes and coacervates depends 
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on many factors: ionic strength, pH and temperature of solution; molecular weights, total concentration and 
charge density of biopolymers; ratio of protein to carbohydrate; pressure and stirring (Schmitt and Turgeon, 
2011; Turgeon, et al., 2007). Mononuclear or multinuclear capsules can be produced by coacervation. In 
mononuclear capsule, core material is enclosed by coacervates; while multinuclear capsule involves 
emulsified two separate cores (Matsukawa, 1976). Mononuclear capsule is a reservoir type system and 
delivers core material entirely even when only a part of wall material is damaged. Contrastingly, multinuclear 
capsule has a matrix type system and delivers the core material slowly even when wall material is fully 
damaged (Dong et al., 2007; Pothakamury, 1995). Due to these reasons, formation of multinuclear capsules 
is desired to extend the shelf life of sensitive food components. The superiority of coacervation over the 
other oil encapsulation techniques is to produce powders with less surface oil even at higher oil (core 
material) loading levels (Kralovec et al., 2012).  
  Studies in the literature revealed that concentration and composition of wall materials, stirring speed 
and pH should be optimized to obtain spherical multinuclear capsules (Tamjidi et al., 2013; Jun-Xia  
et al., 2011; Dong et al., 2015). However, undoubtedly, pH is the most important factor in coacervation 
method. Suitable pH range depends on the types and the charges of biopolymers. While Weinbreck et al. 
(2004) determined that a smooth whey protein–gum arabic coacervate layer formed at pH 4, pH 5 was 
selected as the best operation point for chitosan–gelatine (B) coacervates (Abdul Aziz et al., 2016). 
Secondly, stirring rate and homogenization speed play an important role. Aziz et al. (2014) reported that a 
reduction in dimensions of microcapsules and an increase in the ratio of mono-nuclear microcapsules 
occurred, when the stirring speed increased. The main reason of increase in the amount of mononuclear 
capsules is the inadequate contact time between oil droplets due to high turbulence level caused by higher 
stirring rate (Lemetter et al., 2009). If there is enough contact time, oil droplets can approach each other and 
two or more oil droplets may be combined in one capsule (multinuclear type). All of these parameters should 
be adjusted for coacervates with required characteristics.  
  Microencapsulation by coacervation, like the other techniques, contributes to the protection of oils 
against undesirable changes during storage. Throughout a 
40–day storage in cold water, only 7% of peppermint oil was delivered from coacervate microcapsules, which 
consisted of gelatine and gum arabic (Dong et al., 2011). On the other hand, Wang et al. (2014) obtained 
freeze dried tuna oil capsules with extremely high EE of 98.56 % by applying gelatine–sodium hexa 
metaphosphate coacervates. These tuna oil microcapsules displayed more than 2–fold oxidation stability 
compared to bulk oil.  
 
5. Other Methods 
In addition to common microencapsulation techniques explained above, there are limited oil encapsulation 
studies including single layer emulsions (Kuhn et al., 2014; Julio et al., 2015); multilayer emulsions 
(Fioramonti, et al., 2015; Tamnak et al., 2016); molecular inclusion (Li et al., 2010; Petrovic et al.,2010; 
Shrestha et al., 2017). In particular, new and expensive methods are evaluated to preserve volatile 
compounds of essential oils.  
 
 
 
 6. CONCLUSION 
Various encapsulation techniques, mainly spray drying, freeze drying and coacervation, have been 
successfully utilized to preserve oils from oxidative deterioration. Mostly, the priority of encapsulation 
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studies is to increase EE of oils. However, EE is affected by a combination of numerous process factors. These 
factors include equipment parameters, characteristics of wall matrix and oil properties. The knowledge about 
impacts of all of these variables on encapsulation of oils has been increased in recent years. Nonetheless, the 
adaptation of these laboratory based results into industrial scale production of oil capsules has not been 
made. Further studies should concentrate on optimization of industrial scale encapsulation processes. 
Moreover, novel wall materials and encapsulation techniques should be investigated to obtain oil capsules 
with higher EE and lower production costs. 
 
REFERENCES 
[1]Risch, S. J.; Encapsulation: Overview of Uses and Techniques. In Encapsulation and Controlled Release of Food 
Ingredients; Risch S. J., Reineccius G. A., Eds.; American Chemical Society: Washington, DC, 1995; pp. 2–7. 
[2]McNamee, B. F.; O’ Riordan, E. D.; O’Sullivan, M. Emulsification and Microencapsulation Properties of Gum 
Arabic, J. Agricultural and Food Chemistry, 1998; 46(11), 4551–4555.  
[3]Augustin, M. A.; Sanguansri, L.; Challenges in Developing Delivery Systems for Food Additives, Nutraceuticals 
and Dietary Supplements. In Encapsulation Technologies and Delivery Systems for Food Ingredients and 
Nutraceuticals; Garti,N., Mc Clements, D. J., Eds.; Elsevier: Cornwall, UK, 2012; pp. 19–48.  
[4] Lakkis, J. M.; Introduction. In Encapsulation and Controlled Release Technologies in Food Systems; Lakkis J. M., 
Ed.; Blackwell Publishing Ltd: Iowa, USA; 2007; pp. 1–11.  
[5] Wandrey, C.; Bartkowiak, A.; Harding, S. E.; Materials for Encapsulation. In Encapsulation Technologies for 
Active Food Ingredients and Food Processing; Zuidam, N. J., Nedovic, V. A., Eds.;Springer-Verlag New York: New 
York, 2010; pp.31–100.  
[6] Desai, K. G. H.; Park, H. J. Recent Developments in Microencapsulation of Food Ingredients, Drying Technol, 
2005; 23(7), 1361–1394.  
[7] Shahidi, F.; Han, X-Q. Encapsulation of Food Ingredients, Critical Reviews in Food Science and Nutrition, 
1993;33(6), 501–547.  
[8] Nedovic, V.; Kalusevic, A.; Manojlovic, V.; Petrovic, T.; Bugarski, B.; Encapsulation Systems in the Food 
Industry. In Advances in Food Process Engineering Research and Applications; Yanniotis, S., Taoukis, P., Stoforos, 
N. G., Karathanos, V. T., Eds.; Springer Science+ Business Media: New York, 2013; pp. 229–253. 
[9]King, A. H.; Encapsulation of Food Ingredients A Review of Available Technology, Focusing on Hydrocolloids. In 
Encapsulation and Controlled Release of Food Ingredients; Risch, S. J., Reineccius, G. A., Eds.; American Chemical 
Society: Washington, DC,  1995; pp. 26–39.  
[10] Fang, Z.; Bhandari, B.; Encapsulation Techniques for Food Ingredient Systems. In Food Materials Science and 
Engineering; Bhandari, B., Roos, Y. H., Eds.; Wiley-Blackwell: West Sussex, UK, 2012; pp. 320–348. 
[11] Karaca, A. C.; Low, N. H.; Nickerson, M. T. Potential Use of Plant Proteins in The Microencapsulation of 
Lipophilic Materials in Foods, Trends in Food Science and Technol., 2015; 42(1), 5–12.  
[12] Zuidam, N. J.; Shimoni, E.;Overview of Microencapsulates for Use in Food Products or Processes and Methods 
to Make Them. In Encapsulation Technologies for Active Food Ingredients and Food Processing; Zuidam, N. J., 
Nedovic, V. A., Eds.; Springer New York: New York,  2010; pp.3–29. 
[13] I Re, M. Microencapsulation By Spray Drying. Drying Technol., 1998; 16(6), 1195–1236.  
[14] Balassa, L. L.; Fanger, G. O.; Wurzburg, O. B. Microencapsulation in the Food Industry, CRC Critical Reviews in 
Food Technol.,1971; 2(2), 245–265.  
[15] Bhandari, B. R.; Patel, K. C.; Chen, X. D. Spray Drying of Food Materials –Process and Product Characteristics. 
In Drying Technologies in Food Processing; Chen, X. D., Mujumdar, A. S., Eds.; Blackwell Publishing 
Ltd:Singapore,2008;pp.113–159.  



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

247 
 

[16] Kolanowski, W.; Ziolkowski, M.; Weißbrodt, J.; Kunz, B.; Laufenberg, G. Microencapsulation of Fish Oil by 
Spray Drying--Impact on Oxidative Stability. Part 1, European Food Research and Technology, 2006; 222(3–4), 
336–342.  
[17] Danviriyakul, S.; McClements, D. J.; Decker, E.; Nawar, W. W.; Chinachoti, P. Physical Stability of Spray-Dried 
Milk Fat Emulsion as Affected by Emulsifiers and Processing Conditions, J. Food Science, 2002; 67(6), 2183–2189.  
[18]Jafari, S. M.; Assadpoor, E.; Bhandari, B.; He, Y. Nano-particle Encapsulation of Fish Oil by Spray Drying, Food 
Research International, 2008;41(2), 172–183.  
[19]Anandharamakrishnan, C.; Ishwarya, S. P., Spray Drying Techniques for Food Ingredient Encapsulation; John 
Wiley & SonsLtd: Chichester, UK, 2015; pp. 312. [20]Frascareli, E. C.; Silva, V. M.; Tonon, R. V.; Hubinger, M. D. 
Effect of Process Conditions on the Microencapsulation of Coffee Oil by Spray Drying, Food and 
BioproductsProcessing,2012;90(3),413–424.  
[21]Li, J.; Xiong, S.; Wang, F.; Regenstein, J. M.; Liu, R. Optimization of Microencapsulation of Fish Oil with Gum 
Arabic/Casein/Beta-Cyclodextrin Mixtures by Spray Drying, J. Food Science, 2015; 80(7), C1445–C1452.  
[22] Augustin, M. A.; Bhail, S.; Cheng, L. J.; Shen, Z.; Øiseth, S.; Sanguansri, L. Use of Whole Buttermilk for 
Microencapsulation of Omega-3 Oils, J. Functional Foods, 2015;19(B), 859–867.  
[23] Gharsallaoui, A.; Roudaut, G.; Chambin, O.; Voilley, A.; Saurel, R. Applications of Spray-Drying in 
Microencapsulation of Food Ingredients: An Overview, Food Research International, 2007;40(9), 1107–1121. 
[24] Jafari, S. M.; Assadpoor, E.; He, Y.; Bhandari, B. Encapsulation Efficiency of Food Flavors and Oils during Spray 
Drying, Drying Technol., 2008; 26(7), 816–835.  
[25] Goula, A.M.; Adamopoulos, K. G. A Method for Pomegranate Seed Application in Food Industries: Seed Oil 
Encapsulation, Food and Bioproducts Processing, 2012; 90(4), 639–652.  
[26]Hogan, S. A.; McNamee, B.F.; O’Riordan, E. D.; O’Sullivan, M. Microencapsulating Properties of Whey Protein 
Concentrate 75, J. Food Science, 2001; 66(5), 675–680.  
[27] Tontul, I.; Topuz, A. Influence of Emulsion Composition and Ultrasonication Time on Flaxseed Oil Powder 
Properties, Powder Technology, 2014;264, 54–60.  
[28]Carneiro, H. C. F.; Tonon, R. V.; Grosso, C. R. F.; Hubinger, M. D. Encapsulation Efficiency and Oxidative 
Stability of Flaxseed Oil Microencapsulated by Spray Drying Using Different Combinations of Wall Materials, J. 
Food Engineering, 2013;115(4), 443–451.  
[29]Kagami,Y.; Sugimura, S.; Fujishima, N.; Matsuda, K.; Kometani,T.; Matsumura, Y. Oxidative Stability, Structure, 
and Physical Characteristics of Microcapsules Formed by Spray Drying of Fish Oil with Protein and Dextrin Wall 
Materials, J. Food Science, 2003; 68(7), 2248–2255.  
[30]Minemoto, Y.; Hakamata, K., Adachi, S.; Matsuno, R. Oxidation of Linoleic Acid Encapsulated with Gum Arabic 
or Maltodextrin by Spray-Drying, J. Microencapsulation, 2002; 19(2), 181–189.  
[31] Williams, P. A.; Phillips, G.O.; Gum Arabic. In Handbook of Hydrocolloids; Phillips, G. O., Williams, P. A., Eds.; 
Woodhead Publishing Limited: Cambridge, UK, 2000; pp. 155–168.  
[32] Chronakis, I. S. On the Molecular Characteristics, Compositional Properties, and Structural-Functional 
Mechanisms of Maltodextrins: A Review, Critical Reviews in Food Science and Nutrition, 1998; 38(7); 599–637.  
[33]Hogan,S.A.;McNamee,B.F.;O’Riordan,E.D.;O’Sullivan,M. Emulsification and Microencapsulation Properties of 
Sodium Caseinate/Carbohydrate Blends, International Dairy Journal, 2001;11(3), 137–144. 
[34]Nesterenko,A.;Alric,I.;Silvestre,F.;Durrieu,V. Vegetable Proteins in Microencapsulation: A Review of Recent 
Interventions and Their Effectiveness, Industrial Crops and Products,2013;42(1), 469–479.  
[35]Huynh,T.V.;Caffin,N.;Dykes,G.A.;Bhandari, B. Optimization of the Microencapsulation of Lemon Myrtle Oil 
Using Response Surface Methodology, Drying Technol.,2008;26(3), 357–368. 
[36] Tontul, I.; Topuz,A. Mixture Design Approach in Wall Material Selection and Evaluation of Ultrasonic 
Emulsification in Flaxseed Oil Microencapsulation, Drying Technology, 2013;31(12), 1362–1373.  



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

248 
 

[37]Tonon,R.V.;Pedro,R.B.;Grosso,C.R.F.;Hubinger,M.D. Microencapsulation of Flaxseed Oil by Spray Drying: Effect 
of Oil Load and Type of Wall Material, Drying Technology, 2012; 30(13), 1491–1501.  
[38] Drusch,S.;Serfert,Y.;Van Den Heuvel,A.;Schwarz,K.Physicochemical Characterization and Oxidative Stability of 
Fish Oil Encapsulated in an Amorphous Matrix Containing Trehalose, Food Research International,2006;39(7), 
807–815. 
[39]Turchiuli,C.;Fuchs,M.;Bohin,M.;Cuvelier,M.E.;Ordonnaud,C.;Peyrat-Maillard,M.N. Oil Encapsulation by Spray 
Drying and Fluidised Bed Agglomeration, Innovative Food Science and Emerging Technologies, 2005;6(1), 29–35.  
[40]Sahin-Nadeem, H.; Ozen, M. A. Physical Properties and Fatty Acid Composition of Pomegranate Seed Oil 
Microcapsules Prepared by Using Starch Derivatives/Whey Protein Blends, European J. Lipid Science and 
Technology, 2014; 116 (7), 847–856.  
[41]Botrel,D.A.;deBarrosFernandes,R.V.;Borges,S.V.;Yoshida,M.I. Influence of Wall Matrix Systems on the 
Properties of Spray-Dried Microparticles Containing Fish Oil, Food Research International,2014; 62, 344–352.  
[42] Klinkesorn, U.; Sophanodora,P.; Chinachoti,P.;Decker,E.A.;McClements,D.J. Characterization of Spray-Dried 
Tuna Oil Emulsified in Two-Layered Interfacial Membranes Prepared Using Electrostatic Layer-By-Layer 
Deposition, Food Research International,2006;39(4), 449–457.  
[43]Roccia,P.;Martínez,M.L.;Llabot,J.M.;Ribotta,P.D. Influence of Spray-Drying Operating Conditions on Sunflower 
Oil Powder Qualities, Powder Technology, 2014;254, 307–313.  
[44]Laohasongkram, K.; Mahamaktudsanee, T.; Chaiwanichsiri,S. Microencapsulation of Macadamia oil by Spray 
Drying, Procedia Food Science, 2011;1, 1660–1665.  
[45]Escalona-García,L.A.;Pedroza Islas, R.; Natividad, R.; Rodríguez-Huezo, M. E.; Carrillo-Navas, H.; Perez-Alonso, 
C. Oxidation Kinetics and Thermodynamic Analysis of Chia Oil Microencapsulated in A Whey Protein Concentrate-
Polysaccharide Matrix, J. Food Eng., 2016; 175,93–103.  
[46] Stapelfeldt, H.; Nielsen, B. R.; Skibsted, L. H. Effect of Heat Treatment, Water Activity and Storage 
Temperature on The Oxidative Stability of Whole Milk Powder, International Dairy Journal, 1997; 7(5), 331–339.  
[47]Aghbashlo,M.;Mobli,H.;Madadlou,A.;Rafiee,S. The Correlation of Wall Material Composition with Flow 
Characteristics and Encapsulation Behavior of Fish Oil Emulsion, Food Research International, 2012; 49(1), 379–
388.  
[48]Orlien,V.;Risbo,J.;Rantanen,H.;Skibste, L.H. Temperature-Dependence of Rate of Oxidation of Rapeseed Oil 
Encapsulated in A Glassy Food Matrix, Food Chemistry, 2006;94(1), 37–46.  
[49]Omar,K.A.;Shan,L.;Zou,X.;Song,Z.;Wang, X. Effects of Two Emulsifiers on Yield and Storage of Flaxseed Oil 
Powder by Response Surface Methodology, Pakistan J. Nutrition,2009;8(9), 1316–1324.  
[50] Fang,X.;Shima,M.;Adachi,S. Effects of Drying Conditions on The Oxidation of Linoleic Acid Encapsulated With 
Gum Arabic by Spray Drying, Food Science and Technology Research,2005;11(4), 380–384.  
[51] Barbosa-Canovas, G.V.; Ortega-Rivas, E.; Juliano, P.;Yan, H. Food Powders: Physical Properties, Processing, 
and Functionality.Springer US: Boston, 2005; pp. 388. 
[52] Michailidis,P.A.;Krokida,M.K.;Drying and Dehydration Processes in Food Preservation and Processing. In 
Conventional and Advanced Food Processing Technologies; Bhattacharya, S., Ed.; John Wiley & Sons Ltd: 
Chichester, UK, 2014; pp. 1–32.  
[53] Oetjen,G-W.;Haseley, P.,Freeze-Drying -Second, Completely Revised Edition; Wiley-VCH Verlag GmbH & Co. 
KGaA: Weinheim, Germany, 2008; pp. 407.  
[54] Anandharamakrishnan,C.,Techniques for Nanoencapsulation of Food Ingredients; Springer New York: New 
York,2014;pp. 89. 
[55]Heinzelmann,K.;Franke,K.;Jensen,P.;Haahr,A.M. Protection of Fish Oil From Oxidation by Microencapsulation 
Using Freeze-Drying Techniques, Euroepan J. Lipid Science and Technol., 2000;102(2), 114–121.  



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

249 
 

[56]Heinzelmann,K.;Franke,K.;Velasco,J.;Marquez-Ruiz,G. Microencapsulation of Fish Oil by Freeze-Drying 
Techniques and Influence of Process Parameters on Oxidative Stability During Storage, European Food Research 
and Technol., 2000;211(4), 234–239.  
[57] Na,H-S.;Kim,J-N.;Kim,J-M.;Lee,K-Y. Encapsulation of Fish Oil Using Cyclodextrin and Whey Protein 
Concentrate, Biotechnology and. Bioprocess Engineering, 2011;16(6),1077–1082.  
[58]Koç,M.;Yılmazer,M.S.;Kaymak-Ertekin,F. Use of Gelatin ,Pullulan , Lactose and Sucrose as Coating Material for 
Microencapsulation of Fish Oil by Freeze Drying, Akademik Gıda,2010;8(4), 13–16.  
[59]Velasco,J.;Holgado,F.;Dobarganes,C.;Marquez-Ruiz,G. Antioxidant Activity of Added Phenolic Compounds in 
Freeze-Dried Microencapsulated Sunflower Oil, J. American Oil Chemists' Society,2009;86(5), 445–452.  
[60]Orlien,V.;Andersen,A.B.;Sinkko,T.;Skibsted,L.H. Hydroperoxide Formation in Rapeseed Oil Encapsulated in A 
Glassy Food Model as Influenced by Hydrophilic and Lipophilic Radicals, Food Chemistry, 2000;68(2), 191–199.  
[61] Gouin, S. Microencapsulation: Industrial Appraisal of Existing Technologies and Trends, Trends in Food 
Science and Technology, 2004; 15(7–8), 330–347.  
[62]Wang, X.; Jiang, Y.; Huang, Q.; Encapsulation Technologies for Preserving and Controlling the Release of 
Enzymes and Phytochemicals. In Encapsulation and Controlled Release Technologies in Food Systems; Lakkis, J.M., 
Ed.; Blackwell Publishing: Iowa, USA, 2007; pp. 135–147. 
[63] Wen,J.; Chen,G.;Alany,R.G. Theories and Concepts of Nano Materials, Nano-and microencapsulation. In 
Nano-and Microencapsulation for Foods; Kwak H-S, Ed.; John Wiley & SonsLtd:Chichester, UK, 2014; pp. 15–42.  
[64] El Asbahani, A.; Miladi, K.; Badri, W.; Sala, M.; Addi, E. H. A.; Casabianca, H. Essential Oils: From Extraction to 
Encapsulation, International J. Pharmaceutics,  2015;483(1–2),220–243.  
[65]Devi, N.; Sarmah, M.; Khatun, B.; Maji, T. K. Encapsulation of Active Ingredients in Polysaccharide–Protein 
Complex Coacervates, Advances in Colloid Interface Science,2017;239, 136–145. 
[66]Aloys, H.; Korma, S. A.; Alice, T. M.; Chantal, N.; Ali, A. H.; Abed, S. M. Microencapsulation by Complex 
Coacervation: Methods, Techniques, Benefits, and Applications -A Review, American J. Food Science and Nutrition 
Research, 2016;3(6), 188–192.  
[67]Schmitt,C.;Turgeon,S.L.Protein/Polysaccharide Complexes and Coacervates in Food Systems,Advances in 
Colloid Interface Science, 2011;167(1–2), 63–70.  
[68] Turgeon, S.L.;Schmitt,C.;Sanchez,C. Protein–Polysaccharide Complexes and Coacervates, Current Opinion in 
Colloid and Interface Science,2007;12(4–5), 166–178.  
[69]Matsukawa, H.; Katayama, S.; Kiritani, M. Process for Preparing Oil-Containing Microcapsules. US Patent 
3970585 A, 1976.  
[70] Dong, Z. J.; Toure, A.; Jia, C. S.; Zhang, X. M.; Xu, S.Y. Effect of Processing Parameters on the Formation of 
Spherical Multinuclear Microcapsules Encapsulating Peppermint Oil By Coacervation, J. 
Microencapsulation,2007;24(7), 634–646.  
[71] Pothakamury, U.R.;Barbosa-Canovas, G.V. Fundamental Aspects of Controlled Release in Foods, Trends in 
Food Science and Technol,1995;6(12), 397–406.  
[72]Kralovec,J.A.;Zhang,S.;Zhang,W.;Barrow,C.J. A Review of the Progress in Enzymatic Concentration and Micro-
encapsulation of Omega-3 Rich Oil From Fish and Microbial Sources, Food Chemistry, 2012; 131(2), 639–644.  
[73] Tamjidi,F.;Nasirpour,A.;Shahedi,M. Mixture Design Approach for Evaluation of Fish Oil Microencapsulation in 
Gelatin-Acacia Gum Coacervates, International J. Polymeric Materials and Polymeric Biomaterials,2013;62(8), 
444–449.  
[74] Jun-Xia, X.; Hai-Yan, Y.; Jian,Y. Microencapsulation of Sweet Orange Oil by Complex Coacervation With 
Soybean Protein Isolate/Gum Arabic, Food Chemistry, 2011;125(4), 1267–1272.  
[75]Dong, D.; Qi, Z.; Hua, Y.; Chen, Y.; Kong, X.; Zhang, C. Microencapsulation of Flaxseed Oil by Soya Proteins-
Gum Arabic Complex Coacervation, International J. Food Science and Technology,2015;50(8), 1785–1791. 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

250 
 

[76] Weinbreck, F.; Minor,M.;de Kruif,C.G. Microencapsulation of Oils Using WheyProtein/Gum Arabic 
Coacervates, J. Microencapsulation, 2004;21(6), 667–679.  
[77] Abdul Aziz, F. R.; Jai, J.; Raslan, R.; Subuki, I. Microencapsulation of Citronella Oil by Complex Coacervation 
Using Chitosan-Gelatin (B) System: Operating Design, Preparation and Characterization, MATEC Web of 
Conferences 5th International Conference on Chemical and Process Engineering,2016;69, 1–8. 
[78] Aziz, S.; Gill, J.; Dutilleul, P.;Neufeld, R.; Kermasha, S. Microencapsulation of Krill Oil Using Complex 
Coacervation, J. Micro-encapsulation, 2014;31(8), 774–784. 
[79]Lemetter,C.Y.G.;Meeuse,F.M.;Zuidam,N.J. Control of the Morphology and the Size of Complex Coacervate 
Microcapsules During Scale-Up, AIChE Journal,2009; 55(6), 1487–1496.  
[80]Dong,Z.;Ma,Y.;Hayat,K.;Jia,C.;Xia,S.;Zhang, X. Morphology and Release Profile of Microcapsules Encapsulating 
Peppermint Oil by Complex Coacervation, J. Food Engineering,2011;104(3), 455–460.  
[81] Wang, B.; Adhikari, B.; Barrow,C.J. Optimisation of the Microencapsulation of Tuna Oil in Gelatin–Sodium 
Hexa-metaphosphate Using Complex Co-acervation, Food Chem.,2014;158, 358–365.  
[82]Kuhn,K.R.;Silva,F.G.D.E.;Netto,F.M.;da Cunha, R.L.Assessing the Potential of Flaxseed Protein as an Emulsifier 
Combined with Whey Protein Isolate, Food Research International,2014;58, 89–97.  
[83]Julio,L. M.; Ixtaina, V. Y.; Fernandez, M.A.; Sanchez, R.M.T.; Wagner, J.R.; Nolasco, S. M. Chia Seed Oil-in-
Water Emulsions as Potential Delivery Systems of ω-3 Fatty Acids, J. Food Engineering, 2015;162, 48–55.  
[84]Fioramonti,S.A.;Martinez,M.J.;Pilosof,A.M.R.;Rubiolo,A.C.;Santiago, LG. Multilayer Emulsions as A Strategy for 
Linseed Oil Microencapsulation: Effect of pH and Alginate Concentration,Food Hydrocolloids,2015;43, 8–17.  
[85]Tamnak,S.;Mirhosseini,H.;Tan,C.P.;Tabatabaee Amid,B.;Kazemi,M.;Hedayatnia,S. Encapsulation Properties, 
Release Behavior and Physicochemical Characteristics of Water-in-oil-in-Water (W/O/W) Emulsion Stabilizedwith 
Pectin–Pea Protein Isolate Conjugate and Tween 80, Food Hydrocolloids,2016;61, 599–608.  
[86] Li,X.H.;Yun,J.;Xing,Y.G.;Xiao,Y.; Tang,Y. Complexation of Cinnamon Essential Oil by β-Cyclodextrin and Its 
Release Characteristics at High Temperature, Advanced Materials Research,2010;146–147, 619–622.  
[87] Petrovic, G. M.; Stojanovic, G. S.; Radulovic, N. S. Encapsulation of Cinnamon Oil in β-Cyclodextrin, J. 
Medicinal Plants Research, 2010; 4(14), 1382–1390.  
[88] Shrestha,M.;Ho,T.M.;Bhandari,B.R. Encapsulation of Tea Tree Oil by Amorphous Beta-Cyclodextrin Powder, 
Food Chemistry,2017;221, 1474–1483.  

 
 

 

 

 

 

 

 

 

 

 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

251 
 

Air pollution and its effect on climate and crop production 
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* 
INTRODUCTION 
 Pollution is defined as any undesirable or intolerable or unacceptable change in the physical, chemical or 
biological characteristics of our environment; eg. Air, water, soil, atmosphere that may affect living 
organisms adversely. One of the major causes of air pollution is increased the concentration of CO2, 
while increased concentration of nitrogen oxide and sulphur dioxide combine to form harmful acid rain. Not 
all pollution is directly man-made, however, such as the release of ammonia from livestock. Ammonia is toxic 
to many aquatic animals and can lead to soil acidification and smog. Atmospheric pollution is also harmful to 
human health.  

Types of air pollutants 
Primary Pollutants: There are many types of primary pollutants, including carbon oxides, nitrogen oxides, 
sulfur oxides, particulates, lead, and volatile organic compounds. Some primary pollutants are natural, such 
as volcanic ash. Dust is natural but exacerbated by human activities.. 
Secondary Pollutants: Secondary pollutants form from chemical reactions that occur when pollution is 
exposed to sunlight. Any city can have photochemical smog, but it is most common in sunny, dry locations. 
Nitrogen oxides, ozone, and several other compounds are some of the components of this type of air 
pollution. 
 Ozone is one of the major secondary pollutants. Ozone is also a greenhouse gas. Tropospheric ozone (O3) 
formation depends on the presence of methane, carbon monoxide, or volatile organic compounds (VOCs) 
and nitrogen oxides (NOx = NO + NO2). Ozone damages crops by entering leaves during normal gas exchange 
(Hilboll et al., 2013). As a strong oxidant, ozone causes symptoms in crops such as yellowing, cell injury, tiny 
light-tan irregular spots, bronzing, and reddening. Ozone exposure could have an even bigger impact on 
yields of soybean, peanut and cotton. 
 Black Carbon is also major secondary pollutants that emitted mainly from burning plants and fossil fuels. It 
directly absorbs sunlight, reducing the amount of light available for crops to photosynthesise. Black carbon 
alone has caused more damage to Indian wheat yields than climate change.  
 Fortunately ozone and black carbon have short atmospheric lifetimes (unlike some greenhouse gases 
which can survive for decades or centuries). This means there is a strong, direct benefit to addressing such 
pollution, and it would be apparently relatively soon. 

Effect on Climate 
 Air pollutants that are harmful to human health and ecosystems also contribute to climate change by 
affecting the amount of incoming sunlight that is reflected or absorbed by the atmosphere, with some 
pollutants caused warming and others cooling the Earth. These climate pollutants include methane, black 
carbon, ground-level ozone, and sulfate aerosols. They have significant impacts on the climate; black carbon 
and methane in particular are among the top contributors to global warming after CO2. Approximately 91%of 
the world’s population lives in places where air quality exceeds WHO guideline limits. By trapping the earth’s 
heat in the atmosphere, greenhouse gases lead to warmer temperatures.  
 

https://www.ck12.org/c/life-science/organic-compounds
https://www.ck12.org/c/biology/air-pollution
https://www.ck12.org/c/biology/air-pollution
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Some of the major effect of air pollution are: 
Acid Rain: Rains with high concentration of sulphuric acid, Nitric acid, hydrochloric acid having  pH less than 
7.0. Sulfur dioxide in the atmosphere it can combine with water vapor to form sulfuric acid, a major 
component of acid rain.  
Ozone Pollution: The ozone layer is a umbrella like cover, present in Earth's stratosphere (25km above from 
earth’s surface) that absorbs most of the Sun's ultraviolet radiation. But the ozone present in troposphere or 
ground level ozone, which is injurious for plant and toxic in nature (Avnery et al., 2011). Ozone in lower 
atmosphere is produced mainly by 1. The action of sunlight on various waste product of combustion, 2.Minor 
amount of O3 produced by electrical discharges 3.NO2 split under sunlight to form NO and atomic oxygen.  
Greenhouse Gas Effect and Global warming: The greenhouse effect is a natural process that warms the 
Earth's surface. When the Sun's energy reaches the Earth's atmosphere as short wave radiation, but the gas 
present in atmosphere like CO2, CH4, N2O, CFC, Water vapour though present in smaller proportions, but due 
to the increased in their concentration due to air pollutiom, block the outgoing long wave radiation emitted 
by the earth. This phenomenon increased the temperature and it is called Greenhouse effect and it causes 
global warming (Padma Kumari et al., 2007). 
 
Effect on Crop Production 
 Agricultural crops can be injured when exposed to high concentrations of various air pollutants. Injury 
ranges from visible markings on the foliage, to reduced growth and yield, to premature death of the plant. 
The development and severity of the injury depends not only on the concentration of the particular 
pollutant, but also on a number of other factors. These include the length of exposure to the pollutant, the 
plant species and its stage of development as well as the environmental factors conducive to a build-up of 
the pollutant and to the preconditioning of the plant, which make it either susceptible or resistant to injury. 
Air pollution injury to plants can be evident in several ways. Injury to foliage may be visible in a short time 
and appear as necrotic lesions (dead tissue), or it can develop slowly as a yellowing or chlorosis of the leaf. 
There may be a reduction in growth of various portions of a plant (Pleijel et al., 2007). Plants may be killed 
outright, but they usually do not succumb until they have suffered recurrent injury. Sulphur  dioxide,  one  of  
the  major  phytotoxic primary  pollutants,  is  emitted  mainly  from  the combustion of coal and fuel oil, with 
increased emissions associated with the rapidly increasing energy demands in many  developing countries.  
For example, Plant injury may be of different ways like, Ozone injury to soybean foliage, acute sulfur dioxide 
injury to raspberry, fluoride injury to plum foliage, severe ammonia injury to apple foliage, cement-dust 
coating on apple leaves and fruit etc and many more (Hollaway et al., 2012). 
 
Mitigation Strategy 
 The Kyoto Protocol is an international treaty which extends the 1992 United Nations Framework 
Convention on Climate Change (UNFCCC) that commits state parties to reduce greenhouse gas emissions, 
based on the scientific consensus. The air pollution regulations exist which give the maximum allowed 
pollutant concentrations in each country.  Protecting the atmosphere requires huge amounts of money 
to cover the costs of introducing new technologies and to organise and conduct environmental 
monitoring.  Various economic instruments are used to support those actions. One is eco-conversion, where 
the foreign debts of a country are converted into "ecological" investments. Another tool is emissions trading, 
although this method is not favoured by everyone.  Here companies are given limits on the amount of 
pollution they can emit.  If a company emits less pollution than its limit, it can sell the remaining part to 
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another company. The highest emission of air pollutant is from the developed country (highest emission is 
from USA), whereas the lowest is from developing and underdeveloped country 

CONCLUSION 
 The air pollution, climate change and crop production are interlinked with each other. Air pollution 
resulting in atmospheric deposition of toxic gases which have a range of effects on terrestrial and aquatic 
ecosystems, including increased plant growth, decreased plant biodiversity, soil acidification, increased 
invasive species, increased damages from pests and frost, and elevated nitrogen pollution to surface waters 
impacting aquatic biota. We should adopt mitigation strategies to reduce air pollution and should follow 
climate resilience cropping system to maintain yield of the crop. 
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INTRODUCTION 
Many countries worldwide are entering into period of severe water shortage due to population growth, rapid 
urbanization and irrigated agriculture. Contemporary global water demand has been estimated at about 
4,600 km3 per year and projected to increase by 20–30 % to between 5,500 and 6,000 km3 per year by 2050 
(Burek et al., 2016). It is being projected that water demand of India is going to be as high as 24% by 2025 
and 74% by 2050 to present level. It is claimed by NITI Aayog that 21 Indian cities will run out of groundwater 
by 2020. This is putting current agricultural and irrigation practices under severe pressure. Therefore, to 
shorten the gap between the supply and demand for water an archetype is now required over the world not 
only to prevent further damage to sensitive ecosystems and the aquatic environment, but also to emphasize 
that wastewater is also a resource and accordingly should be used for the benefit of effective crop 
production and to tackle future water security. Therefore, wastewater is one such potential source which, if 
used safely can help in resolving to some extent the scarcity of water problem, meanwhile we can be able to 
manage also this voluminous volume of water which at present is considered as only waste. 
  Wastewater is defined as “a combination of one or more of domestic effluent consisting of black-
water (excreta, urine and faecal sludge) and grey water (kitchen and bathing wastewater); water from 
commercial institutions, including hospitals; industrial effluent, storm-water, other urban run-off; 
agricultural, horticultural and aquaculture effluent, either dissolved or as suspended matter” 
(https://www.unwater.org/publications/wastewater-management-un-water-analytical-brief) 

Wastewater Characteristics 
Source of Wastewater 
Generally, wastewater is of two types i.e.; municipal wastewater and domestic wastewater. Municipal 
wastewater consists of domestic wastewater, industrial wastewater, stormwater, and by groundwater 
seepage entering the municipal sewage network. Domestic wastewater consists of effluent discharges from 
households, institutions, and commercial buildings. In some developed cities separate systems are there, 
here, the municipal sewage network also serves as the storm water sewer. 
 
Characteristics of Wastewater 
Wastewater characteristics differ from region to region, but a general idea about its constituents are 
presented in table 1. 
 
Table 1: General characteristics of domestic wastewater 

Constituents Concentration in mg/l 

strong medium weak 

Total solids 1200 700 350 

Dissolved solids (TDS)1 850 500 250 

Suspended solids 350 200 100 

Nitrogen (as N) 85 40 20 
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Phosphorus (as P) 20 10 6 

Chloride1 100 50 30 

Alkalinity (as CaCO3) 200 100 50 

Grease 150 100 50 

BOD5
2 300 200 10 

Source: Pescod (1992) 

Types of wastewater 
Wastewater which is used for land irrigation covers different qualities of wastewater, ranging from raw and 
diluted, generated by activities of various urban areas (Raschid-Sally and Jayakody, 2008): 
1. Urban wastewater is usually a combination of one or more of the following: 

 Domestic effluent consisting of black water (excreta, urine and associated sludge) and grey water (kitchen 
and bathroom wastewater) 

 Effluent from commercial establishments and institutions, including hospitals. 

 Industrial effluent where present. 

 Storm water and other urban run-off 
2. Treated wastewater is wastewater that has been processed through a wastewater treatment plant and 
that has been subjected to one or more physical, chemical, and biological processes to reduce its pollution of 
health hazard. 
3. Reclaimed (waste) water or recycled water is treated wastewater that can officially be usedunder 
controlled conditions for beneficial purposes, such as irrigation. 
Grey water is particularly suitable for reuse. Greywater is generated from households not connected to 
sewerage system and can be treated and used for irrigation of home gardens and trees such as olives, palm 
tree and mostly non-edible trees. Greywater is an important component of water conservation and 
comprises 50-80% of residential wastewater and offers a great potential as an economic and resource 
conservation component of the integrated water resources management in dry areas. Table 2 shows a case 
study done in Gujarat where they estimated the area under wastewater irrigation and through it they were 
able to harvest higher compared to freshwater irrigation because of nutritional value of wastewater applied. 
Table 2: Area under wastewater irrigation in Vadodara, Gujarat  
Source: Palrecha et al., 2012; IWMI-TATA Water Policy Research. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Sl 
No. 

Cities whose 
surrounding villages use 
wastewater for 
irrigation 

No. of villages 
availing 
wastewater  
irrigation  

Net 
irrigated 
area (ha) 

Wastewater 
irrigated net 
area (ha) 

Percentage of 
wastewater 
irrigated area 

1 Ahmedabad 45 21086 9450 45 

2 Bhavnagar 1 391 195 50 

3 Bhuj 2 619 248 40 

4 Gandhinagar 7 2251 769 34 

5 Rajkot 16 6921 3252 47 

6 Surat 4 745 70 9 

7 Vadodara 19 6001 3875 65 

 Total 94 38014 17859 47 
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Urban Wastewater Use in Agriculture 
The use of urban wastewater in agriculture is centuries-old practice that is receiving renewed attention with 
the increasing scarcity of freshwater resources in many arid and semi-arid places. Driven by rapid 
urbanisation, water stress in parts due to climate change and growing wastewater volumes, wastewater is 
widely used as cost effective alternative to conventional irrigation water. 
Various attempts are made to categorise the wastewater reclamations and use in agriculture. (Susanne et 
al.,2010) 

 Direct use of treated (or reclaimed) wastewater is the use of reclaimed water that has been transported 
from the point of treatment or production to the point of use without an intervening discharge to surface 
water or groundwater body. 

 Direct use of untreated wastewater is the use of raw wastewater from a sewage outlet, directly disposed 
of on land where it is used for crop production. 

 Indirect use of untreated wastewater is the abstraction of usually diluted wastewater (or polluted stream 
water) for irrigation. This is common downstream of urban centers where treatment plants are limited. 
Farmers might or might not be aware of the water quality challenge. 

 Planned wastewater use is the conscious and controlled use of wastewater either undiluted (direct) or 
diluted (indirect). Most use of untreated wastewater is unplanned and indirect. Within the category of 
planned wastewater use for irrigation, two subcategories are important: 
(a) Restricted irrigation is the controlled use of wastewater to grow crops that are not eaten raw by humans; 
and 
(b)Unrestricted irrigation is the controlled use of treated wastewater to grow crops that are normally eaten 
raw. 
 
Benefits of wastewater use 
The most important factor which makes wastewater valuable is that it is reliable source of water and 
available all year round and it also contains large diversity of nutrients than any commercial fertilizer can 
provide which in turn permits higher crop yield, year-round production, and increases the range of crops that 
can be irrigated. It also makes possible more secure and higher urban agricultural production and 
contribution to food security which leads to higher income and employment generation in urban areas and 
improve livelihoods for urban agriculturalists. 
 The land application of wastewater for agricultural use constitutes a low-cost disposal method and a land 
treatment system. If carried out under controlled conditions can also recharge aquifers through infiltration 
but it must be done under strict regulation. Reduced costs to society are also notable, in view of reducing the 
fossil fuel in fertilizer production. (Qadir et al., 2007; Raschid-Sally and Jayakody, 2008). 
 
Limitations of wastewater use 
 The use of wastewater shows various benefits in agricultural sector but its direct and indirect use is 
associated with several health hazards. The health hazards associated with it are of two types i.e., the rural 
health and the safety problems for those working or living near the site of operation. Wastewater contains 
pathogenic organisms (viruses, bacteria, protozoa and helminthes) similar to those in excreta in human 
beings which cause different types of diseases like cholera, typhoid, paratyphoid etc. (Feachem et al 1983). 
Many of these are capable of survival in the environment in crops or in the soil, and pose health risks to 
farmers and their families, consumers, and nearby communities. Other contaminants present in untreated 
water that can pose serious health and environmental risks are chemical agents, salts and heavy metals (e.g. 
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cadmium, chromium, copper, mercury, nickel, lead and zinc) Akpor et al (2014). Managing these risks is a 
crucial issue that must be addressed from local and global perspectives. 
 
Water quality guidelines for maximum crop production 
 Irrigation water is categorized into various quality classes in order to guide the user to the potential 
advantages as well as problems associated with its use and to achieve optimum crop production. The water 
quality classifications are only indicative guidelines and their application will have to be adjusted to 
conditions that prevail in the field. This is so because the conditions of water use in irrigation are very 
complex and difficult to determine. 
 
CONCLUSION 
To maximize opportunities and minimize risks related to the use of wastewater in agriculture a vigorous strategy 
and institutional framework has to be planned. In many countries where wastewater is used agriculture these 
frameworks are lacking. Duties and authorities among public institutions (health, agriculture and water) have to 
be clear and had to work in synergy to come up with a robust strategy. 
Due to increasingly widespread usage and potentially deleterious effects of unmanaged wastewater irrigation it is 
important to know about safe use of wastewater irrigation especially with respect to human health and overall 
agriculture ecosystem. The incorporation of wastewater use planning into national water resource and 
agricultural planning is imperative especially when we are undergoing the phase of water stress. This is not only 
to protect sources of high quality waters but also to minimize wastewater treatment costs, safeguard public 
health and to obtain the maximum agricultural and aquacultural benefit from the nutrients that wastewater 
contains. Safe use of wastewater will help in saving freshwater resources as well as reducing cultivation cost via 
nutrient supply from water. Need of the hour is to envisage proper planning and strict guidelines for proper 
wastewater use as well as to make general public aware about the safe use of wastewater. 
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Estimation of plant affected region and disease detection using digital image processing 
Article id: 22075 
1Pankaj Malkani, 2Atish Sagar, 3Asha K.R and 4Abhinav Dubey 
Ph.D. Scholar, Division of Agricultural Engineering 
ICAR-Indian Agricultural Research Institute, New Delhi-110012 
 
INTRODUCTION 
India despite being the sixth largest economy in the world is an agricultural based nation (Anonyms, 2019). 
Seventy percent of India’s population is dependent on agricultural and its ancillary activities. Rapidly growing 
population with annual increment rate of 1.2% needs proportionate amount of production to cater their 
needs. Agricultural sector is facing some severe issues such as Global warming, climate change, shortage of 
arable land etc. which are restricting its growth rate to the fullest potential. One major factor restricting 
agricultural production is attacks of pests, insects and rodents etc. which induce diseases in plants. Plant 
disease affects human’s life, product quantity, quality and cause productivity loss (Singh, V., & Misra, A. K. 
(2017)). In the year 2007 wealth loss due to plant disease in Georgia (USA) was approximately $653.06 
million (Jean, 2009). Plants diseases commonly are observed and detected with naked eye, a widely adopted 
practice worldwide which requires continuous monitoring. Manual detection for each individual infected 
plant in whole field is tedious, labor consuming, less accurate and time consuming task. Automatic detection 
of plant diseases can be a potential tool for taking sudden decision; necessary precautions and it prove 
benefits in monitoring large crops fields. Automatically detection of the infected plant area can be helpful in 
categorization of disease and for taking necessary precaution from the symptoms that appear on the plant 
leaves. It can be fulfilled through digital image processing which involves use of computational technology. It 
involves following steps 1) - acquisition of field images. 2) - Preprocessing for noise reduction and data 
enhancement due to soil, water, and etc. 3) - segmentation to extract plants affected area from the non- 
affected area 4) - feature extraction and classification of disease (Khirade et al., 2015). Diseases in plants are 
due to attacks of bacteria’s, virus and fungal (Saradhambal et al., 2018). 
a. Bacterial Diseases 
Plant diseases because of bacterial attack are in form of “Bacterial leaf spot”. It is smaller, yellow greenish 
regions on younger leaves which seen as deformed and twisted, or as dark, water-soaked and is greasy - 
appearance on older foliage.  
b. Viral Diseases  
Attack of virus causes plants death and rapid production loss. The viral disease symptoms generally appear 
on leaves but can affect fruits and roots too. These are very difficult to analyze. Leaves growth could be 
undersized, curled and wrinkled,  
c. Fungal Diseases 
Fungal disease affects the surrounding soil, weed and also reduces the yield. These diseases easily spread 
through wind and water resource. The initials symptoms first appear on lower side of older leaves like water-
soaked, gray-green spots. As the disease grows up, the gray-green spots become darker and white fungal 
growth appears on the undersides. 

Basic steps of image based disease detection involves:- 
1. Field image acquisition 
Images of the field are acquired through digital cameras. The digital cameras are classified into two types 
based on the construction i.e. charge-couple devices and complementary metal-oxide semiconductors 
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devices. Images obtained from the devices were made of smaller unit called pixels. The image obtained were 
manually extracted for vegetation pixels and forwarded for the next step. 
2. Image preprocessing 
Purpose of preprocessing the images is to remove noise obtained during image acquiring process and to 
enhance image quality. The data contains dust, spores and water spots as noise. Noise can remove through 
various filters low pass, high pass, mean, median while image enhancement could be achieved through 
image normalization, color space transformation and resizing the images. 
3. Image segmentation 
The purpose of image segmentation is to simplify image representation to get more meaningful information 
that is easier to analyze. This could be achieved using color based segmentation using RGB, rgb, HIS,HIS,HSV 
and Lab color models etc. and from color based spectral indices such as NDVI, RVI, MCARI index etc. The 
choice of approaches depends upon the advantages of model and indices. RGB color model an additive 
model comprising R, G, B intensity values is sensitive to luminance and environment condition. HSV and HLS 
perceives information same as humans eyes. The hue and saturation component were not affected by 
illumination in these models. The spectral based indices works well under different sunlight and background 
conditions etc. These were based on the fact that spectral signatures of crop and disease infected area were 
different in nature which could be helpful in separation. Several researchers claimed that healthy plants 
exhibits lower reflectance in visible range while unhealthy plants under different stresses show different 
spectral signatures because of change in biochemistry and physiology in leaves. Different wavelength is used 
for identification of different diseases. Segmentation divides regions into healthy and unhealthy regions by 
setting threshold values. Unhealthy region were forwarded for feature extraction. 
4. Feature extraction 
Output obtained after segmentation process is the area of interest. Various methods for feature extraction 
are based on color, shape, spectral signatures and texture. 
Color based 
In this method the area of interest obtained is converted from RGB to another color space model such as 
HSV, HIS, Lab. The feature extracted like H and S from HSV models were independent from the illumination 
effect. Also, sometimes various models HSI, CIE-LAB, and YCbCr were compared for disease spot detection. It 
is based on the fact that different diseases were of different color. 
Texture based detection 
In texture based feature extraction the system such as gray-level co-occurrence matrix (GLCM) statistical 
based method, color co-occurrence method; spatial grey-level dependence matrix, transformed wavelet 
features and histogram based feature extraction are used to extract features. Statistical texture features 
includes local homogeneity; contrast, cluster shade, energy, and cluster prominence. This approach is based 
on difference in coarseness, smoothness, appearance etc. of infested plants which could be helpful in 
separation of disease. 
Shape features 
The shape feature involves features area, color axis length, eccentricity, solidity and perimeter of which were 
different for different diseases. 
 
Spectral reflectance 
Different diseases had different reflectance in nature which was helpful for separation. Hyper-spectral bands 
are quiet capable of capturing detail information and detects minor injuries in plants. 
5. Classification 
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Classification involves the categorization of plants disease of non-healthier regions. It involves a threshold 
based approach whose magnitude was determined using Hit and trial, above or below which it divides 
regions into two parts. Nowadays, advanced machine learning algorithms based classification approaches are 
applied which automatically learn common properties in images and divide it into different regions. It is 
broadly classified into two type supervised and un-supervised learning algorithms. In supervised learning 
method algorithms such as Artificial Neural Network (ANN), Support Vector Machines (SVM), Bayesian 
classification, Fisher linear Discrement etc. were applied. These require a training process and a validation 
process. Training involves samples images with labeling different disease of unhealthier regions which were 
fed to the system to get input algorithm parameters. Than an unknown sample image is predicted for its 
response. Another learning algorithm is Un- supervised learning algorithm in which no training, no validation 
along with no labeling is required. In this model work on its own and find information. It involves technique 
such as Particle swarm optimization and k-means clustering. K means clustering helps to extract the infected 
leaf and also to classify the plant diseases.  

CONCLUSION 
This article summarized different techniques so far used for plant disease detection using image processing. 
The major processes were preprocessing, segmentation, feature extraction and classification. Techniques 
employed for classifying disease were based on threshold algorithm and machine learning algorithm. These 
techniques are also used to detect if the leaves are healthy or infested. Different factors such as illumination, 
overlapping of plants with each other, soil, dirt etc. inhibits the automatic detection process growth. This 
article had provided the basic idea about the process employed in automatic disease detection and it will 
motivate researcher to work in this area to overcome the various challenges. 
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Economical importance and cultivation practices Ash Gourd  
Article id: 22076 
Bhosale S.S., Virkar A. M. and Bahiram V. K. 

 
Botanical Name:-Benincasa hispida 
Family:-Cucurbitaceae 
Origin:-Japan 
Chromosome No:-2n=24 
 
Important:- 
1. Ash gourd is a cucurbitaceous crop grown through out in north eastern region. 
2.  It is an annual vine trailing on the ground. Ash gourd is grown for its flesh fruit.  
3.   The immature fruit is cooked as vegetables.  
4.  The ripe fruit is used for sweetmeat.   
  
Varieties:- 
CO- 1, CO- 2, RCAG-15, RCAG-28 and Mudliar are the recommended varieties  for this region.   
  
Climate and Soil : 
It grows well in warm, humid tropical climate. The temperature of 22-35 DC is ideal.  Ash gourd thrives on all 
types of soil. But loam, sandy loam and clay loam are best suited for its cultivation. The optimum pH is 6.5-
7.5.   
  
Field Preparation : 
The land is prepared by ploughing the soil for 3 to 4 times. Well rotten compost or FYM is mixed at the time 
of land preparation.   
  
Seed Rate : 
    5-7 kg/ ha.  
  
Time of Sowing : 
The seeds are sown from March-April for early crop and June-July for main crop.   
  
Spacing : 
1.5 to 2.5m (row to row) x 60 to 120 cm (plant to plant)   
  
Manure and Fertilizer: 
A basal dose of farmyard manures 20 t/ ha should be given at the time of field  preparation. NPK @ 60:60:80 
kg / ha should be top-dressed. N should be applied in 2 split  doses. The last dose of N @ 30 kg / ha should be 
given 40 days after sowing.   
  
Weeding: 
During early stage, the crop should be kept weed free by giving shallow cultivation.   
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Staking: 
The plants should be provided a suitable support with bamboo sticks. The interspaces  in which the vines are 
allowed to trail should be kept dry so that the developing fruit do not  come in contact with moisture and rot.   
  
Irrigation: 
First irrigation should be given immediately after sowing and then subsequent irrigation is given at an 
interval of 4 to 5 days.   
  
Plant protection: 
Pest: 
             1]plant bugs 
             2]White flies 
             3]Aphids 
             4]Jassids 
Diseases: 
               1]yellow vein mosaic virues 
               2]leaf spot 
               3]fruit rot 
 
Harvesting and Yield: 
As the fruit develop they become bigger in size and form an ashy coating on fruit  surface. After full maturity 
the ashy bloom slowly drops off when the fruits become ready  for harvesting 90-100 days after sowing.   
The average yield is 100-150 q / ha.  
  
  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

263 
 

PRECISION FARMING: Concept and technical tools for enhancing input use efficiency of the 
farmers  
Article id: 22077 
M. Sharath Chandra  
Ph.D Scholar, Department of Agronomy, Sardar Vallabhbhai Patel University of Agriculture and Technology, 
Meerut (U.P)-250110, India 
 
INTRODUCTION: 
Precision farming is a management strategy that employs spatial technology linked to mapped variables 
oriented to precisely manage inputs inorder to maximize crop production & diminish environmental damage. 
Precision Agriculture or Satellite farming or Site Specific Crop Management (SSCM) is a farming management 
concept based on observing, measuring and responding to inter and intra – field variability in crops. The aim 
of Precision Agriculture technology is to eludicate a decision support system (DSS) for complete farm 
management with conserving the resources and mainly focuses on optimizing returns on inputs. 
 
Concept and cycle of precision farming : 
 PF is an agricultural concept reckoning on the existence of in-field divergence. It's all about doing the right 
thing, in the right place, in the right way, at the right time. 
 It is 5R principle Right input, right time, right manner, right place, right amount. The cycle includes data 
collection, analysis, management decisions and farming. Precision Farming is about control variations in the 
field accurately to grow more food using minimum resources in parallel to diminishing production costs.  

Objectives of precision farming : 
a) Increased Production Efficiency, b) More Efficient Input Usages, c) Improved Product Quality, d) Energy 
Conservation, e) Soil and Ground Water Protection. 
 
Technical  tools:  

          
Chart showing technical tools of precision farming                   Representation of concept of precision farming 
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Basic steps of precision farming : 
1) GEOGRAPHICAL POSITIONING SYSTEM (GPS): 
An instrument that receives satellite signals to calculate your position (latitude, longitude and elevation) is 
referred as geographical position system. GPS is a network of satellite that is designed to identify any 
location in the field and to determine their current positional location in latitude and longitude with high 
precision. Components of GPS includes three segments i.e Space Segment, Control Segment, User Segment. 
 
2) GEOGRAPHICAL INFORMATION SYSTEM (GIS): 
Computer software that stores, analyzes and displays spatial data and its corresponding    attributes. 
Attributes include: soil type, pH, salinity levels, nutrient levels, and crop history.  The GIS is a system of 
computer hardware , software and procedure designed  to capture, store and update, manipulate, analyze 
and display in a map like form. GIS is the key to extracting value from information on variability. Its spatial 
analysis capabilities are utilized in precision farming. 
 
3) REMOTE SENSING (RS): 
Remote sensing is the science of obtaining information about an object or area through the analysis of 
measurements made at a distance from the object. The acquisition of information about an object without 
being in physical contact with it. Collects data from reflected electromagnetic energy and converts it into 
images using satellites or airplanes. Remote sensing is a tool for collection, processing and analysis of data to 
extract information from earth surface without coming in to physical contact with it. Satellites used in 
Remote sensing- RRS-IA, RRS-IIB, RRS-IIIC, for agriculture purpose. RS monitor spatial variability over time. 
 
4) VARIABLE RATE TECHNOLOGY (VRT) 
A method of applying varying rates of inputs in appropriate zones throughout a field. Consists of farm field 
equipment with the ability to precisely control the rate of application of crop inputs and tillage operations. 
Variable-rate applications need: a) Correct positioning in the field; b) Correct information at the location and 
Timely operations at the site concerned. C) Fertilizer variably-applied, based on grid sample data.   
  
5) YIELD MONITORING AND MAPPING: 
Sensors mounted on the combine measuring yield as the crop is harvested. Coupled with a GPS logging 
location, data can be mapped. Identifies in-field variations in yield. Overall yield monitor accuracy is 
improving with use and research, while in-field accuracy is improved with calibration. Yield maps are 
produced by processing data from  adapted combine harvester that is equipped with a GPS that is integrated 
with a yield recording system. Yield monitors are attached to conveyors or combines to measure grain yield 
and moisture content.  
 
6) SITE SPECIFIC NUTRIENT MANAGEMENT: 
An alternative to blanket guidance, Site-Specific Nutrient Management (SSNM) aims to optimize the supply 
of soil nutrients over time and space to match the requirements of crops through four key principles. The 
principles, called the “4 Rs”, date back to at least 1988 and are attributed to the International Plant Nutrition 
Institute. They are:  
a) GREEN SEEKER: 
It uses active light source to measure NDVI to determine N rate by comparing it with a N rich strip within the 
field.  
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Benefits-  a) quick and precise optical sensing. b) Reducing fertilizer costs. c) Only apply nitrogen when plant 
needs. d) Real time variable rate fertilizer application. e) Collect data during existing farming operations. 
b) LCC AND SPAD METER: 
Simple leaf colour chart (LCC) is a simple  tool which is a proxy for leaf N is used as an  indicator of leaf colour.  
Leaf color intensity and leaf N status. Right time of N application.  Benefits- a) Reduce pest/disease pressure. 
b) Reduce leakage into environment. c) LCC saves nearly 26% fertilizer N. d) Helps to synchronize N supply, 
crop demand and enhance N use efficiency.  
 
7) LAND LASER LEVELER 
a) Saves 20-30% water usage, b)About 4% rise in area, c) Improving resource (N and water) use efficiency, d) 
Increase weed control efficiency, e) Enhances productivity. 
 
8) NUTRIENT EXPERT 
It is computer based, interactive decision support tool  that helps crop advisors to formulate fertilizer 
guidelines based on SSNM principles. Besides providing location specific nutrient recommendations rapidly, 
the tool has options to tailor advices based on resource availability to farmers 
 
 EFFICIENCY: 
Efficiency is defined as the dimension of obtainable output to an given input. Generally in the field crop point 
of view we have nutrient use efficiency and water use efficiency because nutrients and water are the inputs 
helped in getting higher yields and productivity. 
 
a) NUTRIENT USE EFFICIENCY: 
Nutrient use efficiency is the fraction of fertilizers nutrients removed from the field with crop harvest. NUE is 
a workable indicator to assess and monitor sound fertilizer use. 
Indices of NUE:  
1.Partial Factor Productivity= yield (kg/ha) / Nutrient applied (kg/ha) x 100  
2.Agronomic use efficiency = yield (kg/ha) in fertilized treatment-yield (kg/ha) in   
                                                          unfertilized treatment / Nutrient  applied (kg/ha)  
3.Physiological use efficiency = yield fertilized treatment  (kg/ha) - yield unfertilized 
                                                    treatment (kg/ha) / Nutrient uptake in  fertilized  
                                      treatment (kg/ha) - Nutrient uptake unfertilized  treatment (kg/ha)  
4.Apparent recovery efficiency = Nutrient uptake in fertilized  treatment (kg/ha) – 
                             Nutrient uptake unfertilized treatment (kg/ha) / Nutrient applied (kg/ha)  
b) WATER USE EFFICIENCY: 
Water used by the crop is evaluated in terms of water use efficiency(WUE). It is of 3 types:  
1. Crop water use efficiency(CWUE)= Crop Yield (Y) / Evapotranspiration (ET)  
   It is expressed in kg/ha/mm or kg/ha/cm. 
2.Field water use efficiency(FWUE) =   CropYield (Y) / Water requirement (WR) 
               It is expressed in kg/ha/mm (or) kg/ha/cm 
3.Consumptive water use efficiency (CU WUE)=  CropYield (Y) / Amount of water used for crop growth+  
Evaporation (E) + Transpiration (T) (or)  consumptive use (Cu). It is expressed in kg/ha/mm or kg/ha/cm. 
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Precision water management 
Precision water management can be achieved by using the micro-irrigation approaches. Drip irrigation is the 
most advantageous micro-irrigation method. Optimizes the use of irrigation water by providing it uniformly 
and directly to the roots of the plants through a close network of plastic pipes and emitters. Fertigation and 
herbigation can be done through the drippers. Sensors can be used in the farm/ greenhouse to automatically 
regulate water supply  

CONCLUSION: 
 Rapid adoption of Precision farming have to done by getting support from the public and private sectors 
still it was only a concept in many developing countries. 
 Query remain about cost-effectiveness and the most potentive ways to use the 
technological tools we have now, but the concept of “doing the right thing in the right 
place at the right time” has a hefty instinctive appeal. 
 Ultimately, the triumph of precision agriculture depends largely on how competently and how rapidly the 
knowledge needed to escort to implementt the new technologies. 
 It can be concluded that various constituents of farming are precisely collaberate together and transfigure  
into a tool of Precision Farming which help in minimising cost of production, Accredit optimum use of inputs 
as well as increased input use efficiency through site-specific application, better farm management, improve 
profit and secure environment. 
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Economical importance and cultivation practices Ginger 
Article id: 22078 
Bhosale S.S., Virkar A. M. And Khaire P. B.   
 
Botanical Name:-zingiber officinails 
Family:-Zingiberaceae 
Origin:-South Asia(India) 

 
Economical Importance 
1) It is use as a spices on large scale. 
2) It is use in preparation of medicine. 
3) Flavour of ginger is due to Zengiferine. 
4) Pugency of ginger is due to zingirone. 
5) Ginger is important spices crop of India and account of 45%of the world Ginger production. 
6) Mainly grown in kerala and very small area in Karnataka,Tamilnadu,WestBengol ,Bihar,Himachal 
Pradesh,Uttarpradesh,Maharashtra. 
7) Area under cultivation in India is 63 thousand hector. 
8) The average productivity above 3 tones per hector. 
9) It is majour crop in medicine . 
SOIL 
1) Well drain soil. 
2) Deep ,friable soil best suitable for ginger. 
3) Rich in humas ideal for Ginger. 
4) Alkaline soil not suitable for Ginger. 
5) Not desirable to grow , Ginger in the same field after year by year. 
6) Loamy soil best for Ginger. 
7) PH  of soil is 5.5 to 6.5. 
CLIMATE 
1 ) It is tropical crop. 
2) It required warm and humid climate. 
3) Cultivation up to 1500 meter above main sea level. 
4) Cool and dry climate is the best for rhizome development. 
5) Shade loving plant required normal growth. 
6) Rainfall between 125 to 250 cm. 

IMPORTANNT  VARITIES 
A) High yielding  
1)Maran 
2) Mahim 
3) Rio-de-Janeiro. 
4) karakkal 
B) Less Fiber Contain 
1) Jamaica 
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2) Bamgkok 
3) China Thingpuri (Exotic variety for green Ginger.) 
C) High Oleoresin 
1) China  
2)Rio-de-Janeiro 
3) Emadchemed 
D) High dry Ginger recovery variety 
1)Nadia 
2) Maran 
3) Tura 
E) High volatile oil contain variety 
1) Sleeva local 
2) Emadchemed 

LAND PREPARATION 
1) Land is ploughing two time in summer season to a depth 15-22 cm. 
2) 3-4 crosscoise harrowing given to make soil loose and friable. 
3) Temporary ridges are  open to prevent the erroson. 
4) On hilly slope Ginger is planted in shallow pits in rows 25 cm.aparts and at a distance of 15-20 cm.rows. 
5) In case of irrigated crop ridges 40-45 cm.apartsare  open and planting is done in shallow pots on top of 
ridges at a distance 22 -30 cm. 

PROPAGATION METHOD 
1) Ginger is propagated loy Rhizomes. 
2) Ginger is propagated by portion of mother rhizome is called as sets. 
3) Helthy rhizome are usefor  planting should be, done 2.5 to 5 cm.long. 
4) Weight of rhizome is 20-25 gm.and having 2 or 3 buds for each rhizomes. 
5) The seed rhizome should be trated with diethicm -45 @ 3 gm / lit of water for 30 Min. 

PLANTING 
a)Selection of planting material. 
1) Select the healthy rhizomes free from disease and pest. 
2) Sprouted rhizome are broken into peacieskeeping 2-3 sprouted eyes buds on each rhizome. 
3)Each peace should be 2.5 to 5 cm. and long 20-25 gm. In weight. 
b) Planting Time. 
1) Ginger can be planted from start may to middle of june. 
2) Second,Forth,night of may best  planting of Ginger. 
c) Seed rate. 
1) 1500 kg./ha in Maharashtra. 
d) Method of planting /spacing. 
1)Rides and Furrows: 75 x 75 cm.  
2) Black belt method  
20 x 20 cm or 
25 x 22.5 cm. 
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3) Raised beds methods 
MANURS AND FERTILIZERS 
30 tones FYM /ha + 150 kg N.+50 Kg.P2O5+50 kg.K2O5 

IRRIGATION 
1) First light irrigation is given immidigatly after planting. 
2) The irrigation are given 10 days intervals. 
3) Total irrigation are requited  16 to 18 . 
4) Water requirement of Ginger crop is 90 to 100 ha.per cm. 
INTERCULTURAL OPERATION 
1) Mulching 
2)Weeding. 
3) Shading. 
4) Earthing up 
MULCHING 
It is followed in renfed crop to prevent the weed growth , for protection from sun. 
WEEDING 
Five to Six weedingstaken for the Ginger. 
SHADING 
Shade for cluster bean Tur or castor are sown in irrigation channel on the  raised bed for shade. 
EARTHING UP 
Soil around the  plants is works with the help of Khurpi in the first week of September. 
It helps to break the tuberous roots and there by support of new growth. 
The soil near the rhizome become loose and friable helps in proper development of rhizome. 
HARVESTING 
1)Harvesting of Ginger is done 210-215 days after planting . 
             2) For green purpose harvesting is done 245- 260 days after planting. 
            3) The leaves are start yellowing colour and psedostem . 
CURING OF STEM 
PURPOSES 
1) To improve quality  
2) To improve quality or self life. 
3) To avoid loss due to market glut. 
4) Facilate use in off season. 
5) Use for industrial purpose. 
6) Retantion of flavor. 
METHOD OF CURING 
\    1)Surat Method  
2) Malabar Method 
3) Caustic soda method. 
 
1) SURAT METHOD 
1)Green Ginger is soaked in water to facilate the removal of skin . 
2) Skin is scrapped – off with pices of sharp bamboo or,bits of see shapped and skill to avoide loss of essential 
oil. 
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3) Scrapped  produce is washed and dried in sun for 3-4 days and hand rubbed. 
4) It again soaked in water for 2 hours,riped and dried and they remove all the remaining of skin. 
5) Sun drying also help in bleach the produced. 
2) MALABAR METHOD 
1) It is mainly followed in Kerala. 
2) Rhizomes are soaked in 2% clear lime water for 6 hour. 
3) They are then transferred to sulfuring chamber 12 hours. 
4) The complete procedure is repeated 3 times to beach the Ginger and give it white colour before draying. 
3) CAUSTIC SODA METHOD 
1) The fully matured rhizomes are taken washed and peeled. 
2) They are deep in 20%,25% and 50% caustic soda solution for 5 min.1 min and half min respectively. 
3) They are transfered  4% citric acid solution for 2 hour. 
4) They are through out washed with water and dried in sun till moisture contain is 15-20%. 
5) Finally they are polished  
BY PRODUCT 
1) Ginger oil 
2) Ginger oleoresin 
3) Ginger powder. 
YIELD 
1) Green rhizome 10-15 tone/ha 
2) Curing Ginger 15-20% fresh produced  
3) On an average yield of Ginger 30-40%/hactor. 
CROP PROTECTION 
A) Pest 
1) Rhizome fly  
2) Shoot borer 
3) Leaf roller. 
4) Scales insect. 
B) Disease 
1) Rhizome rot. 
2) Soft rot. 
3) Bacterial wilt. 
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Eat plant pigment and live healthy 
Article id: 22080 
Adil, A1* , Parween, N2, Pal, A3, Kumari, N4, and Singh, S5 

1, 2, 3, 4, 5 Horticulture College, Birsa Agricultural University, Kanke, Ranchi 
 

INTRODUCTION 
Natural pigments are derived from naturally occurring sources such as plants (e.g., indigo and saffron); a 
spectrum of beautiful natural colours ranging from yellow to black exists in the above sources. These colours 
are exhibited by Plant pigments and their mixtures are due to the absorption of light in the visible region of 
400-800 nm. This absorption of light depends on the structure or constituents of the coloring pigment/ 
molecules contain various Pigments yielding plant to display the plethora of colours.. 
The use of natural products together with their therapeutic properties is as ancient as human civilization and 
for a long time, plant products were the main sources of drugs. The current preference for naturally derived 
colorants is due to their healthfulness and excellent performance. Nowadays, natural pigments are 
commonly used in the cosmetic industry due to no side effects, UV protection and anti-aging properties. 
In India, there are more than 450 plants that can yield pigments. In addition to their Pigments-yielding 
characteristics, some of these plants also possess medicinal value. Natural Pigments are environment- 
friendly for example, turmeric, the brightest of naturally occurring yellow pigments is a powerful antiseptic 
which revitalizes the skin, while indigo  gives a cooling sensation Many of the plants used for pigments  
extraction are classified as medicinal and some of these have recently been shown to possess antimicrobial 
activity. (Punica granatum L.) and many other common natural pigments are reported as potent 
antimicrobial agents owing to the presence of a large amount of tannins. Several other sources of plant 
pigments  rich in naphthoquinones such as lawsone from Lawsonia inermis L.(henna), juglone from walnut 
and lapachol from alkanet are reported to exhibit antibacterial and antifungal activity. 
 
MEDICINAL IMPORTANCE OF NATURAL PIGMENTS 
Natural Pigments are used widely in cosmetic, food industry. They have wide range of medicinal importance 
like. 
 
TURMERIC: Turmeric is commonly known as Indian saffron. It consists 
of dried, as well as fresh rhizomes of the plant Curcuma longa Linn.  
Turmeric contains about 5% of volatile oil, resin and yellow colouring 
substances known as curcuminoids. The chief component of 
curcuminoids is known as “curcumin”. Chemically curcuma species 
contain volatile oils, starch and curcumin (50 – 60 %). Curcumin and 
other related curcuminoids are reported to be responsible for yellow 
colour of the Pigments 
 
TOMATO: It is widely used in worldwide food industry and it has potent anti cancer property. It consists of 
fresh ripen fruits of plant Solanum lycopersicum.  The major constituents of the tomato are lycopene, α and 
β-carotene, lutein, zeaxanthin and b-cryptoxanthin. Lycopene is a carotenoid that is present in tomatoes is 
responsible red colour of the fruit. It constitutes about 80–90% of the total carotenoid content of redripe 
tomatoes. In recent studies serum and tissue levels of lycopene were shown to be inversely associated with 
the risk of breast cancer and prostate cancer and also it is used to prevent all types of cancers in the body. 
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Lycopene is the most efficient antioxidant among carotenoid through 
its quenching activity of singlet oxygen and scavenging of peroxyl 
radicals. 
 
 
SAFFRON: It is commonly known as crocus, it consists of dried stigmas 
and upper parts of styles of plant Crocus sativus Linn. It is a widely used 
as natural dye in food and cosmetic industry Saffron is used in folk 
medicine as an antispasmodic, eupeptic, gingival sedative, anti 
catarrhal, nerve sedative, carminative, diaphoretic, expectorant, stimulant, stomachic and aphrodisiac. Its 

active constituents have anticonvulsant, antidepressant, anti-
inflammatory and antitumor properties, radical scavenger as well as 
learning and memory improving properties and promote the 
diffusivity of oxygen in different tissues. Crocus sativus has been 
shown to have antidepressant effects; two active ingredients are 
crocin and safranal. safranal and picrocrocin inhibit the growth of 
human cancer cells (Hella cells) in vitro. Crocin analogs isolated from 
saffron significantly increased the blood flow in the retina and 
choroid as well as facilitated retinal function recovery and it could be 
used to treat ischemic retinopathy and/or age-related macular 
degeneration. Picrocrocin and safranal in patients with coronary 
artery disease indicates the potential of saffron as an antioxidant. 

Antiparkinsonian effect of Crocetin, which is an important ingredient of saffron, may be helpful in preventing 
Perkinsonism. 
 
SAFFLOWER: Safflower (Carthamus tinctorius L.) has a long 
history of cultivation as an oilseed crop and as a source of red 
Pigments (carthamin). The Annato seeds are used as purgative, 
anti- pruritic and for buccal tumours. These are also used as 
cordial, astringent, febrifuge an good remedy for gonorrhoea. 
Fleischera T.C et al proved the antimicrobial activity of the leaves 
and seeds of Bixa orellana. The seed extracts have been reported 
to exhibit chemopreventive antioxidant activity. Bixin has also 
been found to have anticlastogenic activity. 
  Carthamin is extracted from its flowers and it is used for 
treatment in the form of infusion for circulatory system related 
diseases. In addition to the colouring properties, safflower petals are used for curing several chronic 
diseases such as hypertension, coronary heart ailments, rheumatism, male and female fertility problems. 
The chief constituent Carthamin has uterine stimulating, coronary dilating and hypotensive. It also has the 
cytotoxic, antigenic and anti-platelet activities. 
 
 

http://en.wikipedia.org/wiki/Crocin
http://en.wikipedia.org/wiki/Safranal
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POMEGRANATE: It consists of fresh and dried fruits of the plant Punica granatum. It is as natural Pigments it 
also having traditional medicinal value is now supported by 
data obtained from modern science showing that the fruit 
contains anti- carcinogenic, anti-microbial and anti-viral 
compounds. Recent Biological studies have proven that 
certain compounds contained in pomegranate juice, which 
has been shown to reduce blood pressure, are anti-
atherosclerotic and significantly reduce LDL oxidation. 
pomegranate’s high level of antioxidant activity and high total 
phenolic content. It is also used as bactericide and 
stimulant.Because of their tannin content, extracts of the 
bark, leaves, immature fruit and fruit rind have been given as 
astringents to halt diarrhea, dysentery and hemorrhages.  

 
TAGETUS: Tagetes is popularly known as marigold, it contains 
carotenoid pigments from Tagetes erecta are useful in food 
coloring and it has medicinal activities. The principle colouring 
component of marigold flower is lutein, a fat-soluble carotenoid, 
which is responsible for the yellow to orange colour of the flower. 
It also contains galenine, lycopene, α-carotene, β-carotene and v-
carotene. The whole herb is anthelmintic, aromatic, digestive, 
diuretic, sedative and stomachic. It is used internally in the 
treatment of indigestion, colic, severe constipation, coughs and dysentery. Externally, it is used to treat 
sores, ulcers, eczema, sore eyes and rheumatism. The carotenoid extracts are acceptable for use in foods. It 
is also used as folk medicine against dysentery by making pakora 
and is fed to patient. 
 
PAPRICA: Paprika is obtained from the fruits of selectively bred 
varieties of ‘sweet peppers’, Capsicum annuum L. The fruits are 
large, fleshy with an intense red colour and it has many medicinal 
uses. The Paprica is employed in medicine, in combination with 
Cinchona in intermittent and lethargic affections, and also in 
atonic gout, dyspepsia accompanied by flatulence, tympanitis, 
paralysis etc. It is used as a carminative, an appetizer, stomachic 
and also used in spices. Externally it is used as a counter irritant in the treatment of reumatism, lumbago 
and neuralgia. 

 
HENNA: Henna is widely used in the cosmetic industry as dyeing 
agent. It consists of fresh or dried leaves of the plant Lawsonia 
inermis L. Henna is worldwide known as cosmetic agent with 
anticarcinogenic,anti- inflammatory, analagesic and antipyretic 
properties . Alcoholic extracts of henna leaves showed mild 
antibacterial activity against Micrococcus pyrogenes var Aureus 
and Eschericia coli. 

http://en.wikipedia.org/wiki/Cinchona
http://en.wikipedia.org/wiki/Gout
http://en.wikipedia.org/wiki/Dyspepsia
http://en.wikipedia.org/wiki/Flatulence
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JAMUN: Jamun is rich in compounds containing anthocyanins, glucoside, ellagic acid, isoquercetin, kaemferol 
and myrecetin. The seeds are claimed to contain alkaloid, jambosine, and glycoside jambolin or antimellin, 
which halts the diastatic conversion of starch into sugar and seed extract has lowered blood pressure by 
34.6% and this action is attributed to the ellagic acid content. The seeds have been reported to be rich in 
flavonoids, a well-known a ntioxidant, which accounts for the scavenging of free radicals and protective 
effect on antioxidant enzymes, and also found to have high total phenolics with significant antioxidant 
activity and are fairly rich in protein and calcium. Java plums are rich in sugar, mineral salts, vitamins C,  
which fortifies the beneficial effects of vitamin C, anthocyanins and 
flavonoid 

All parts of the jambolan can be used medicinally and it has a long tradition in alternative medicine. From all 
over the world, the fruits have been used for a wide variety of ailments, including cough, diabetes, dysentery, 
inflammation and ringworm. It is also an ancient medicinal plant with an illustrious medical history and has 
been the subject of classical reviews for over 100 years. It is widely distributed throughout India and 
ayurvedic medicine (Indian folk medicine) mentions its use for the treatment of diabetes mellitus. Various 
traditional practitioners in India use the different parts of the plant in the treatment of diabetes, blisters in 
mouth, cancer, colic, diarrhea, digestive complaints, dysentery, piles, pimples and stomachache. During last 
four decades, numerous folk medicinal reports on the antidiabetic effects of this plant have been cited in the 
literature. In Unani medicine various parts of jambolan act as liver tonic, enrich blood, strengthen teeth and 
gums and form good lotion for removing ringworm infection of the head. 
 
CONCLUSION 
Natural pigments are not only having dyeing property but also having the wide range of medicinal 
properties. Nowadays, fortunately, there is increasing awareness among people towards natural pigments, 
due to their non-toxic properties, fewer side effects, more medicinal values, and natural pigments are used 
in day-to-day food products and in pharmaceutical industry.  
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Advantages and scope of drip irrigation in INDIA 
Article id: 22080 
Raghvendra Singh,  
(Research Scholar) Department of Agronomy, ANDUA&T, Kumarganj, Ayodhya (U.P.) 

 
What is Drip Irrigation? 
Drip irrigation refers to application of water in small quantity at the rate of mostly less than 12 lph as drops 
to the zone of the plants through a network of plastic pipes fitted with emitters. Drip irrigation in its present 
form has become compatible with plastics that are durable and easily moulded into a variety and complexity 
of shapes required for pipe and emitters. 
  The drip irrigation is one of the micro irrigation methods. The micro irrigation method is the low 
pressure irrigation system that sprays, sprinkles, mists, delivers or drips the water frequently at low 
discharges onto or into the soil near the plant roots and causing only partial wetting of the soil surface. The 
other types of the micro irrigation methods are micro-sprinkler, micro-jet, bubbler. In micro irrigation 
methods water is conveyed through the network of the pipes directly in to the field and applied at or near 
the crop root zone. Micro irrigation defers from sprinkler irrigation by the fact the only part of the soil 
surface is wetted in micro irrigation methods and these methods operate on low pressure and deliver low 
discharge 
  Drip irrigation also called as trickle irrigation is the method of applying filtered water (and fertilizers 
soluble in water) at a low discharge through the emitters or drippers directly onto or in to the soil. The 
pressure that need to maintained at the emitters, also called as operating pressure, is usually small operating 
pressure (20 to 200 kPa or 1 to 2 kg/cm2) compared to the operating pressure required at the nozzle or 
sprinkler of the sprinkler irrigation system. The discharge of the emitter varies from 0.5 to 12 lph depending 
on the soil type, discharge available at the source and the area to be irrigated. The low discharge of the 
emitter results in partial wetting of soil root zone. 
  A precise amount of water equal to daily consumptive use or the depleted soil water that change with 
crop growth stages and weather conditions can be applied through drip irrigation methods. In this method 
the soil water can be maintained near to field capacity (or within allowable depletion range) or at low 
tensions during the entire crop growth period. Due to regulated flow in low volumes, deep percolation losses 
can be completely prevented and evaporation loss is also reduced. Therefore this method is preferable in 
arid regions where water is scarce compared to others methods. 
 
MERITS 
1) Increased water use efficiency 
2) Better crop yield 
3) Uniform and better quality of the produce 
4) Efficient and economic use or fertiliser through fertigation 
5) Less weed growth 
6) Minimum damage to the soil structure 
7) Avoidance of leaf burn due to saline soil 
8) Usage in undulating areas and slow permeable soil 
9) Low energy requirement (i.e.) labour saving 
10) High uniformity suitable for automization. 
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DEMERITS 
1) Clogging of drippers 
2) Chemical precipitation 
3) Salt accumulation at wetting front 
 
Advantages and of Drip Irrigation 
Water Savings: 
In drip irrigation system, the water is not moved over the soil surface or through the air. Therefore the 
conveyance losses are totally eliminated. As water does not come in contact with the foliage, the 
interception losses are also eliminated. In addition to this as this method can wet only the desired soil root 
zone keeping other portion of the soil dry, the losses in application are also reduced. 
 
Improved Plant Growth and Yield: 
           As this method allows the efficient application of water in low volumes frequently, it is possible to 
maintain the water content in the soil root zone near to the field capacity or within allowable depletion soil 
moisture. At this level the soil moisture tension is low and the plant need not to exert much to extract water 
from the soil. Therefore the plants are not subjected to water stress during the entire crop growth period. 
This also maintains the favorable air and water ratio in the soil root zone and thus improving the plant 
growth and in the process obtaining the higher crop yield compared to other methods. It has been reported 
that drip irrigation increases the yield from 10 to 60% depending upon soils and crops over conventional 
methods of irrigation (INCID, 1994). 
 
Energy Saving:  
Because of high irrigation efficiency, less amount of water is required to be applied and hence less time is 
required to supply the desired quantity of water and therefore this, method saves energy. In addition to this 
the low pressure is required to operate the emitters compared to sprinkler irrigation system, therefore there 
is a need of low horse power pump, further causing the saving in energy. 
 
Weed Control:  
             In drip method, due to partial wetting of soil, weed infestation is very less in comparison to other 
methods of irrigation. This reduces the need of expensive and environmentally hazardous chemicals and 
laborers for the application of these chemicals. 
 
Labour Saving:  
              There is considerable saving in labor, as the well-designed system needs labor only to start or stop 
the system. This method is also adaptable to automation of low to high level in water and fertilizer 
application. Therefore the expenses on the manual labourer can be reduced to a great extent. 
 
Energy Saving: 
              Because of high irrigation efficiency, less amount of water is required to be applied and hence less 
time is required to supply the desired quantity of water and therefore this, method saves energy. In addition 
to this the low pressure is required to operate the emitters compared to sprinkler irrigation system, 
therefore there is a need of low horse power pump, further causing the saving in energy. 
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Best for Poor Soils:  
       Very light soils are difficult to irrigate by conventional methods due to deep percolation of water. 
Like-wise, very heavy soils with low infiltration rates are difficult to irrigate even by sprinkler method. 
However, drip irrigation has been found successful in both types of soils. 
 
Adaptability to Application of Mulches:  
      In water scarce region, the mulching has been found very successful for saving water. The drip 
irrigation method wherein the drippers can be placed below the mulch cover is suitable for the situations 
where the mulches are required to be used. The drip irrigation method along with the mulching has been 
found a very formidable option in regions where water shortage is acute. 

No Soil Erosion:  
         As water is not moved over the land surface, there is no soil erosion due to drip irrigation. 

No Land Preparation:  
   Preparation of leveled bed, bund and channels is not necessary as water is not required to move on the 
land surface. Only land smoothening will suffice. 

Reduced Diseases and Pest Problems:  
         In drip system, because of less atmospheric humidity minimum diseases and pest problems are 
observed. 
 
Scope of Drip Irrigation in India 
                 The drip method is an acceptable system of irrigation to many crops, yet drip irrigation should not 
be expected to replace other irrigation methods or in some cases to even compete with conventional 
irrigation methods. The potential for using less water per unit of production may provide the motivation for 
changing irrigation methods whenever and wherever water costs have very significant effects on profit 
margins. The rapid expansion of drip irrigation in southern India such as Andhra Pradesh, Tamil Nadu, 
Karnataka and western part of country such as Maharashtra and Gujarat where water is scarce commodity 
and the costs are high illustrates this point. Since drip irrigation is not economical for some crops that are 
surface irrigated such as wheat and paddy in particular. Vast areas under these crops underestimate the 
acceptance of drip irrigation over the past decade. 
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Structural requirement & suitable plants for vertical gardening 
Article id: 22081 
1Khiromani Nag and 2Vivek Kumar Singh 
1Ph.D. Scholar, Deptt. of FLA, CoA, IGKV Raipur (C.G.) India, 492012 
2Sectional Officer (Horticulture) DDA, MUD Govt. of India, New Delhi 
 
INTRODUCTION 
     Vertical gardening is a special kind of urban gardening suitable to small spaces, particularly for decorating 
the wall and roofs in various styles. This is an alternative method for gardening by expanding the scope of 
growing plants in a vertical space. Intensive urbanization has left hardy any horizontal space for outdoor 
gardens. Green wall are not only spectacularly beautiful, but also helpful in enlivening the ambiance. Green 
walls can absorb heated gas in the air, lower both indoor and outdoor temperature, providing a healthier 
indoor air quality as well as a more beautiful space 

,  
Fig: 1 Vertical garden 

 
Fig: 2 The structural construction of a green wall as a building elements 

Benefits of Vertical Garden 
 Aesthetic effects 
 Acts as natural insulation for hot and cold air and a save energy for your building  
 Reduces CO2 levels, increases oxygen and improved air quality 
 Conserves water and watering takes less effort Sound absorption and noise absorption 
 Improves thermal insulation and energy efficiency 
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 Provides protection to buildings from adverse temperature  
 To improves the life expectancy of the buildings Mitigate urban island heat effect 
 It holds rain water, providing food and shelter for wildlife. 
 
Table: 1 Requirement of plants and media for different types of vertical garden 

 Sn. Vertical Garden Type Plants Growing Media Construction Type 

1. Wall climbing Climbing plants Soil on ground Minimum 
supporting 

2. Hanging Down Hanging down 
stem 

Soil in planted box Planter box 

3. Modular Short plant Artificial growing 
media 

Placing module 

 
Plants suitable for vertical garden  
(a) Indoor Green walls/ for shaded areas 
Herbaceous perennials             -    Philodendron, Begonia, Pepromia, Syngoniums,  Epipremnum, Rheo discolor, 
Pilea, Anthuriums, pathiphylum, Fittonia & Chlorophytum. 
 Shrubs                                      -    Schefflera, Ficusspp  
 Succulents                                -     Zebrinapendula, Rheo discolor & Setcreaseapurpurea 
 Ferns                                        -     Nephrolepis 
 (b) For Outdoors/Exterior Green walls 
Herbaceous perennials              -   Asparagus spp., Pileamicrophylla, Alternenthera & Mentha spp. 
Succulents                                  -    Jade plant, Portuluca & Sedum 
Shrubs                                       -    Dusty miller, Cuphea  
 Ground covers                          -     Baby’s tear, Callisarepens 
 Grass like foliage forms            -     Ophiophogon  & Dianellatasmanica 

Structural media 
     Structural media are growth medium "blocks" that are not loose, nor mats, but incorporate the best 
features of both into a block that can be manufactured into various sizes, shapes and thicknesses.  

Planning for Structural Requirement 
 Plant Material: Plants selections are site-specific and determined by light availability, location, size, color, 
texture, and growth habits.  
  Planting Matrix: Medium for the plants to root and anchor onto a vertical surface. These can be in the 
form of organics, such as soil, or inorganic like plastics or synthetic fibers. 
 Irrigation System: To supply the plants with water and nutrients for proper growth. 
 Waterproof Barrier: To protect the building’s façade from moisture. 
 Structural Support: For supporting, the structural load of the vertical garden system onto the building 
façade.  
 Lighting: To supply plants with sufficient lighting to photosynthesize and promote natural growth habits. 
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Design of vertical garden  
     Each vertical garden is given a unique design and selection of species.  The composition of plants takes in 
consideration the specific environment. It will be built, such as the local- and micro climate, sun exposure 
and the surrounding context. The aim is to create a one of a kind and site-specific garden that stands 
beautiful through all the seasons of the year. 
 
Preparation of vertical garden 
 The Vertical Garden is composed of three construction parts 
  A metal frame,   
  A PVC layer and  
  A layer of felt. 

The metal frame is hung on a wall or can be self-standing. PVC sheet of 1.00 cm thickness is riveted to the 
metal frame. This layer brings rigidity to the whole structure and makes it waterproof. A felt layer, made of 
polyamide, is stapled on the PVC. Its felt is rot proof.  Its high capillarity allows homogeneous water 
distribution and the plant roots grow well on felt. Slits are cut in the outer felt layer to create pockets into 
which the plants are placed. Plants are installed on this felt layer as seeds, cuttings or already grown plants. 
The density is about thirty plants per square meter. The watering is provided from the top supplemented 
with nutrients. Watering and fertilization are automated. 536 Commercial Horticulture. A pump and drip 
irrigation system supply nutrient-laden water, which slowly cascades down the wall through the felt material 
layers until reaching the bottom where a collector recovers the excess for reuse. The whole weight of the 
vertical garden including plants and metal frame is lower than 25 kg per square meter.  

 

 
Fig: 4 Structural design process of vertical garden 
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CONCLUSION 
     Vertical is all about indoor and outdoor upwards  and up stands design, which is grow in vertical straight 
surfaces. It can applicable on wall of any kind of building. Vertical garden help to cool the environment. It 
give fresh air and aesthetic look also insulate the building to and reduce the cost of air conditioning. Growing 
plant in the building can helps to save water by reducing the need for irrigation and watering. We 
understand about vertical green garden which is very widely spread all over the world which is very good 
symbol of sustainable life.  Today, with the rapid growth of industrial cities, where fifty percent of the world’s 
population dwell. Plants can provide better air quality, in the meantime sustaining the wellbeing of the 
environments and the psychological aspect 
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Economical importance and cultivation practices Spinach 
Article id: 22082 
Bahiram V. K., Virkar A. M. and Bhosale S.S. 

                           
Botanical Name:-Spinacia oleracea 
Family:-Amaranthaceae 
Origin:-Iran 
Chromosome No:-2n=12 
 
Origin and distribution:- 
              Spinach originated in Iran. The Arabs introduced spinach into North Africa, from where it was taken 
to Europe. It was first cultivated as a medicinal plant but was eaten by monks on feast days by 1551 
AD.Spinach is now widely grown in the temperate regions of the world and it is often confused with Swiss 
chard because there are slight similarities. 
 
Uses:- 
             Spinach is used raw in salads and cooked as a potherb.The leaves may also be canned or quick 
frozen.Spinach can be used as a source of vitamin A, B1, B2,niacin and calcium. The crop also has a 
hypoglycaemic effect that can be used in treating urinary calculi and lung inflammation. The seeds can be 
used as a laxative and for treating breathing difficulties and liver inflammation. 
 
Climatic and soil requirements:- 
               Spinach seeds germinate at 2 °C to 30 °C. However,7 °C to 24 °C is optimum. Seeds will not 
germinate well in warm weather. Although spinach will grow in temperatures ranging from 5 °C to 24 °C, 
growth is most rapid at 15 °C to 18 °C. The plant requires a constant and uniform supply of water in order to 
obtain a good crop of high quality. During spinach production,the soil should never be allowed to dry out. 
Spinach 
requires plenty of water, although the soil should have good drainage. 
Spinach grows well on a variety of soils, although fertile, sandy loams with a high organic matter content are 
preferred. Heavier soils can be quite productive if these are well drained and irrigated with care. Spinach is 
particularly sensitive to saturated soil conditionsand to acidity. The optimum soil pH is 6,2 to 6,9. 
 
Fertilisation:- 
             Preplant phosphorus (P) application ranges from 56 to 112 kg/ha. Some growers use broadcasting and 
others band-placing (5 to 7,5 cm to the side and below the seed row) after beds are listed but prior to 
planting. N quantities should range from 90 to 224 kg/ha, depending on the length of the growing season 
and market destination. Approximately 56 kg/ha is applied before planting, followed by one to three 
sidedressings or water-run applications. In commercial conditions, tissue analysis can be used to evaluate the 
fertilisation need and the quantities required. 
 
Cultural practices:- 
Planting:- 
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Spinach is propagated by seed that is found inside thefruit as a result of fertilisation. The soil will have to 
beploughed to a depth of at least 20 cm and then harrowed.Harrowing should be done very thoroughly 
forthe land to be flat, especially on irrigated land, so thatthe water can flow evenly. The seed is broadcast 
orsown in rows on wide beds. Spacing should be 50 to60 cm between the rows and 15 to 20 cm between 
theplants in a row. If the spinach crop is seeded directly,the planting depth should be about 20 mm. 
However,the depth of planting on heavy soils should be muchshallower than that of the light soil for ease of 
germinationand emergence. In South Africa, spinach canbe planted from August until April. Slight variations 
in planting date may exist because of the micro andmacroclimate variation and taking into account 
therainfall patterns and variation in this country. 
 
Irrigation:- 
              Spinach fields are sprinkler irrigated to ensure the germination of the seed. The very first irrigation is 
performed immediately after planting, and a second one can follow just before emergence. The first 
irrigation will be needed to germinate the crop, but several short sprinkler applications are often necessary 
to prevent soil crusting. Once a uniform stand is established,most growers switch to furrow irrigation. 
Continued use of sprinkler irrigation favours infection and the spread of leaf-spot diseases. 
 
Weed control:- 
                Hand-weeding is an expensive component of the crop production. A more economical alternative is 
to hoe the field when weeds are small and have not flowered yet. Sometimes two hand-hoeing methods may 
be necessary. Shallow cultivations are also used to control the weeds on spinach fields. Only registered 
herbicides can be used during the production of spinach.A typical weed control programme includes the use 
of 
apreplant incorporated or a pre-emergent herbicide.This herbicide is applied before the plants are planted 
and after planting but before emergence. The most effective and efficient control of weeds is by integrated 
pest management. 
 
Pest and disease control:- 
                  Spinach leafminer and aphids are the most frequent pests of spinach. Control can be done by 
destroying infected crop residue and weeds. Also use registeredpesticides. Apply management strategies for 
diseases and pests, including crop rotation and spraying with registered insecticide and fungicide. An 
integrated pest management programme can be followed.Diseases include downy mildew, furasium wiltand 
yellow rot, spinach blight or yellows and damping off. These can be controlled by treating the seeds with a 
registered chemical immediately before planting; by planting resistant cultivars; avoiding planting when the 
soil temperature is high; practising 3-year crop rotation;and considering hot water treatment of the seed. 
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Benefits of Snake gourd cultivation 
Article id: 22083 
1Jitendra Kumar ,  1Mohit Lal & 2Krishna Kumar 
Ph.D. Scholar, 1Department of Vegetable and 2Department of Plant pathology 
N.D.U.A. &T., Kumarganj, Ayodhya- 224229 
 
Botanical name - Trichosanthes cucumerina var. anguina ( L.) 
Family                -        Cucurbitaceae 
2n                        -        22 
Origin                 -        India 
Edible portion    -      Fruit 
 
This crop is mostly grown in northern and south India. It is grown in small gardens and in home gardens 
during the winter season. In the northern states of India, commercial farming is done during the rainy 
season. The fruits are used as food in the form of foliage colour. Small fruits are more specialized. 
                               
Fruits have many kinds of nutritional elements, Such as calcium, magnesium, sodium, minerals, 
carbohydrates, and vitamins are obtained. 
Climate - Snake Gourd grows very well in a hot and warm climate, the ideal temperature for Snake Gourd 
cultivation is  25° to 38°C.. 
Soil and field preparation- All types of land are preferable . The value of 6.0 to 6.5 is best. Chichida crops 
must be prepared by preparing the land in good order. 3-4 ploughing is sufficient for dormitory land. Soil 
should be mottled and mulched. 
Fertilizer - Apply 10 kg of FYM, 100 g of NPK 6:12:12 mixture as basal dose per pit and N @ 10 g pit 30 days 
after sowing. Apply Azospirillum and Phosphobacteria @ 2 kg/ha and Pseudomonas 2.5 kg/ha along with 
FYM 50 kg and neem cake @ 100 kg before last ploughing. 
Improved variety –  
MDU 1: It is F1  hybrid of Thaniyanmangalam selction and local short fruit type.  Fruits 60cm long with 
white  stripes under green backround. 
PKM 1: It is a induced mutant from H375 with in yield potential of 25t/ha in 135-140 days. The fruits are 
extra long (180-200cm). 
 
Time of sowing - The crop is sowing in the best time from June to July . After 50 days of sowing, the 
harvesting is done. The crop is also grown. Where the flood is very good.  
Methods of Sowing and Spacing -The Snake Gourd seeds are sown by dibbling method at  1.5 m to 2.0 m X 
1.0 m to 1.5 m. Sow 5 seeds in each pit. After germination, thin to 2 healthy seedlings after 2 weeks of 
sowing. The seeds also can be sown in poly bags. 4 seeds per bag are ideal and  15 days after germination, 
they can be planted at 4 seedlings per pit in the main field.  
Seed rate -  Snake Gourd farming is about  5.5 kg- 6.5 kg/ha.. The seedlings should also be grown with 
bounty. One should sow 2-3 seeds in the first place. 8-10 sqm 15-20g for Seeds of essential seeds. 
Irrigation - Initially, there is a need for irrigation as per the procedure. 8-10 days intermittently irrigated. 
Weed management -  After 3-4 days of irrigation one should dismantle which in addition to the crop all other 
grasses should be uprooted. 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

285 
 

Staking - When the crop is disturbed, it should be raised above the bounty of the stars or by pulling the bails 
of the plants above the bails. 
Harvesting - When 50-80 cm. The Snake Gourd become ready for harvest from  45 to 60 days of sowing 
depending on the Variety. Cut the full-grown Snake Gourd with a knife and this can be done weekly.  
Yield - The yield of this crop is high in rainfall. After proper care, the average yield is 200-250 quintal per 
hectare. 
Insect and disease control – Cichinda  crops are most likely to be taken from other types of cervicitis, but 
also should be cured by the same type of cocoon disease as other cucurbitic crops. 
Health Benefits of Snake Gourd: 
1. It is very rich in fiber to keep your digestive system healthy, it will be useful for aiding constipation. 
2. Snake gourd has a cooling effect on the body due to it’s high in water content, hence it aids in handling 
the summer heat.  
3. Snake gourd is good in the source of vitamins and minerals  contents like iron, calcium, phosphorus and a 
substantial amount of carotene, traces of riboflavin, thiamine, and niacin 
 
REFERENCES 
1. Robinson and Decker-Walters ( 1997 ) p. 203-206: "Snake gourd" preferred name for Trichosanthes 
cucumerina, and Trichosanthes cucumerina preferred definition for "snake gourd". 
2. Robinson RW and DS Decker-Walters. 1997. Appendix: Common Cucurbit Names and their Scientific 
Equivalents. in: Cucurbits. CAB International, USA. 
3.  Kew Gardens. Snake gourd Trichosanthes cucumerina var. anguina.  
4.  Vegetable tuber and spices crops. 
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Cultivation practices and economical importance Round Gourd 
Article id: 22083 
Khaire P. B.,  Virkar A. M. And Mahorkar K. D.  
  
Common names:-Indian Round Gourd or Apple Gourd 
Scientific Name:-Benincasa fistulosa 
Family:-Cucurbitaceae 
Chromosome No:-2n=22 
Name in Indian languages:- 
Tinda (Punjabi), Tindsi (Rajasthan), Dhemase (Marathi), Meha (Sindhi) 
Uses:- 
                  Tinda, which is also called Apple Gourd or Indian squash is a cucurbit with diameter of 
approximately 5–8 cm, appears spherical in shape and green in colour. It is a native of India, which is mainly 
cooked as vegetable in northern part of the country specially in states of Punjab and Uttar Pradesh. It is also 
used widely in Pakistan and many other South Asian Countries. It is basically a summer vegetable. It is widely 
used as vegetable due to its various use as health benefactor. It gives cooling effect to our body, is a rich 
source of Vitamin A and also has medicinal value as it is used for dry cough and for increasing blood 
circulation. The seeds of tinda can be roasted and used for consumption purpose. Tinda can also be used as 
fodder. In countries like Ghana and Kenya are generally cultivated in order to transport them to United 
Kingdom, also grown in United States in small scale. 
Area, Production and Productivity:- 
              Tinda is grown in very few countries and thus consumes very less area. It is primarily grown in India 
for various purposes. In Africa, it is generally cultivated for home purpose and thus grown in very small plots, 
enough for a family. As of now the total area under production as well as total production amount is not 
available in statistical basis. However in Africa, only 50 ha per year of land is approximately utilised for tinda 
Cultivation. In Pakistan and India both, approximately 75% of tinda production comes solely from the state of 
Punjab. 
Climate:- 
               Tinda requires very optimal and balance climatic condition for its cultivation and growth. It is mainly 
cultivated in lowlands, from sea level up to approximately 1000 m altitude. It is more a summer loving crop 
and thus doesn’t grow that well in cooler and humid areas. It grows fine at 25 to 30°C during daytime and at 
18°C during nights. It is cultivated between February to April during dry seasons and can also be grown in 
rainy season in the months of June to July. 
Soil:- 
         Tinda grows in soils which are light or sandy and the roots are able to penetrate properly in the sand. In 
order for early vegetative cover, moderately fertile to completely fertile soil is required. For the tinda to grow 
properly, sandy loamy soil rich in organic matter is the best. The soil should have a good drainage system and 
also the best pH range for tinda growth is 6.5 to 7.5. 
Varieties:- 
1. Punjab tinda 
It is developed in PAU, Ludhiana and is a medium sized fruit with shining appearance. The flesh is white in 
colour and seeds are less in number. It generally produces 8 to 10 fruits and can produce a yield of 4.5 
tonnes per hectare in 2 months. 
2. Arka tinda 
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It was developed by Indian Institute of Horticulture Research, Bangalore. It is an early variety and the 
vegetable is round in shape, skin is light green in colour and there are soft hairs present at the time of 
harvest. After pollination, the fruits can be harvested in 5 days. 
3. Anamalai tinda 
This tinda variety was developed in the Southern belt of the country and it has light green and comparatively 
smaller vegetable. 
4. Mahyco tinda 
This variety of tinda was developed by a private seed company in Jalna, India. 
5. Swati 
It is a F1 Hybrid tinda variety, which has vine length og 175 to 225 cm and has strong growth. The fruits can 
be harvested after almost 2 months of sowing and it is dark green in colour. 

Field Preparation:- 
            The field needs to be appropriately ploughed before cultivating tinda for its proper growth. The field 
needs to be ploughed till fine tilth and long channels needs to be formed which are 1.5cm apart. It is very 
important to ensure that the land is free of any voluntary plants. It is important to plough or harrow the land 
in order to rid the land from unwanted weeds and also enables to conserve rainwater. 

Propagation:- 
Seeds are generally sown in the month of January to February. 

Sowing, Nursery and Transplanting:- 
            After the soil has been efficiently prepared through ploughing, ridging or harrowing, the seeds can be 
directly sown on the flat land or ridges. For cultivation of tinda, hills or ridges are formed and 3 or 4 seeds are 
sown per hill at depth of 2-3 cm and an appropriate spacing should be ensured. In case of hill planting soil is 
formed in to a 1" diameter mound which is 3 to 4 inch tall. Other way to cultivate tinda is through row 
planting where seeds are planted in a row at appropriate spacing. After the seedlings are formed,1 or 2 
seedlings per hill can be planted and it generally takes 3 to 4 weeks for the seeds to form seedlings. 

Seed Rate:- 
          Seed rate is the basically the quantity of seeds required to sow a particular area acre or hectare and it 
depends on many different factors like seed viability, soil conditions etc. In case of tinda cultivation, seed 
rate is an average of 500 to 700 g of seeds per acre. 

Seed Treatment and Sowing:- 
            Seed treatment with biofungicides Trichoderma Viride 4g/kg or Pseudomonas fluroscens 10g/kg or 
fungicides like Carbendazim 2 g/kg or Thiram 2.5g/kg before sowing help get better productivity with 
minimal damage. 

Spacing:- 
             Beds are formed of width 1.5 m and the seeds are placed on both sides of the bed and the spacing 
between them is 45 cm. In order to ensure proper germination, the seeds can be soaked in water and it is 
advisable to sow two seeds at one spot. In case if the seeds are planted in row, an approximate spacing of 
120 to 180 cm should be maintained between them. 
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Water Management: 
             It is important to provide optimum water conditions during tinda cultivation and thus controlled 
irrigation is required for proper germination and maturation until proper fruits are produced. Although very 
limited irrigation is required for very this crop but irrigation at intervals in important. The furrows are pre-
irrigated and the seeds are sown on the top of the furrows and the furrows are irrigated subsequently on 
second or third day of sowing. Irrigation should be done according to the season as water requirement varies 
season to season. During summers, irrigation can be done after 4 to 5 days and during monsoon, irrigation 
depends on rainfall amount. Generally, for better productivity of the vegetable, light irrigation should be 
done immediately sowing of the seeds, which can be followed by 9 to 10 irrigations at interval of 8 to 10 
days. Various methods for irrigation like sprinkler, bubblers and drip can be used for proper watering. Drip 
irrigation is very important for arid regions and also ensures water saving. 

Nutrient Management:- 
                  Proper nutrition to the crop is essential for the plants to grow properly and give a good yield. 
Nutrients can be generally added in the form of organic manure and chemical fertilizers. Organic manure is 
made from natural materials and improves the soil texture and provide nutrients to the soil. Chemical 
fertilizers are used as nutrient release by organic manure is less and takes time. 
 Proper growth can be facilitated by addition of 50 to 60 kg/ha of nitrogen which helps in stimulation of 
early growth. We can apply one third of nitrogen along with full dose of phosphorus and potassium , while 
sowing the seeds. The rest of the nitrogen can be applied during early growth period. 
 In order to improve seed germination and proper growth, 30 to 60 kg/ha of phosphorus and 40 to 60 
kg/ha of potassium is used 
 10 t/ha of FYM can be applied for proper nutrient content after sowing. 
 Before the last ploughing, certain biofertilizers should be applied so that the soil get proper nutrient for 
content growth as they have the tendency to mobilise nutrients and are also able to fix nitrogen. 
Azospirillum, which can fix nitrogen and Phosphobacter, which can solubilise insoluble phosphorus at 2kg/ha 
and Pseudomonas at 2.5 kg/ha along with 50 kg of FYM and 100 kg of neem cake can be applied to prevent 
disease manifestation and proper growth. 
 Plant growth regulators also have a role on tinda cultivation. Gibberellins can be used to increase flower 
and vegetable size as it stimulates cell division and elongation. Ethylene generators can be used for ripening 
of vegetable. 

Weed Management:- 
            Weeds reduce growth, quality and yield of the plants and also since they invite more insects, rodents 
and disease, chance of the crop to be infected is more. Mulches both organic and inorganic can be used to 
check weeds, where organic mulches decompose in the soil naturally and inorganic mulches needs to be 
removed timely after proper moisture retention and soil warming. Weeds can also be checked by removing 
through mechanical methods like manual removal or removal by several small tools. Certain chemicals like 
Trifluralin, 2,4-D, Paraquat etc. can be used to control growth of weeds. 
Yield:- 
An average yield of 16-21 tonnes of fruit can be obtained with proper cultivation methods. The yield also 
depends on the variety. 
Harvesting:- 
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July- October is the time when the round gourds are ready to harvest. The fruits must not be allowed to ripe 
fully. The flesh becomes ripe and the seeds harden. This makes the fruit unsuitable for eating. A little bit 
immature and tender fruits must be picked for harvesting. 
 
Pests and Management:- 
Since tinda is cultivated in arid regions and is a summer crop, it has fair chances of infestation by various 
pests. 
 Red Pumpkin Beetle (Aulocophora faveicollis) 
It causes huge loss to the crop and infects at early stage when it is in cotyledon to one or two leaf stage. It 
can controlled by spraying dimethoate at 1ml/litre of water or can also be prevented by spray of 2g/L of 
water of Sevin. The beetles can also be controlled by spraying Malathion 50 EC 1ml/lit at weekly interval. 
 Epilachna beetle (Epilachna varivestis) 
This pest deposits yellow coloured egg on the leaf blade. The adults and the mites infest epidermis of the 
leaves and also damage the fruit. In order to control this pest, Triclorfon 500g/1 SL at concentration of 30 to 
40 ml/10L is sprinkled on leaves when damage is detected. It can also be controlled by spraying Dimethoate 
at 1ml/litre of water or Sevin at 2g/L of water. 
 Fruit fly (Bactrocera cucurbitae) 
 
The infection varies with population of flies and thus the fly population depends on season in return. During 
hot day conditions, the fly population is low and is high during rainy season. It inserts its egg 2 to 4 mm deep 
when the vegetable is in flowering stage leading the young fruit fly to grow inside the vegetable which eats 
the fleshy part causing premature rotting of the vegetable. There are various ways by which we can control 
them. The infected fruits needs to be destroyed and pupae needs to be exposed through ploughing. They can 
be controlled by using fish meal trap which includes 5 g of wet fish meal along with 1 g of Dichlorvos in 
cotton that traps the flies and kills them, and this needs to be used in a polythene to cover the fruit. The fish 
meal needs to be renewed in 20 days and Dichlorvos cotton needs to be renewed in every 7 days. On 
spraying neem oil at 3.0% rate on the crop it can be effectively curbed. 
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Subsurface drip irrigation for improving yields and water productivity of cucumber 
Article id: 22084 
1*Mali S. S., 1Jha B.K., 1Naik S.K., 1Singh A. K., 2Bhatt B.P. 
1ICAR-RCER, Farming System Research Centre for Hill and Plateau Region, Ranchi-834 010 
2ICAR-Research Complex for Eastern Region, Patna- 800 014 
 
INTRODUCTION 
Adoption of drip irrigation system is growing at an exponential rate. Continued research and recommendations 
emanated from research institutions all over the world have played a key role in wide scale acceptance of these 
systems to variety of crops, topographies and across the range of climatic conditions. Over the past decades the 
drip irrigation systems have been evaluated for different planting geometries of crops (Griesh and Yakout, 2001; 
Mali et al., 2019), fertigation levels (DeValerio, 2015) and in combination with much (Jha et al., 2019). Subsurface 
drip is a modified version of drip irrigation wherein the laterals are placed below the soil surface. The subsurface 
drip has potential for precise water and nutrient management to match the crop needs. Subsurface irrigation 
saves water and improves yields by eliminating surface water evaporation and reducing the incidence of weeds 
and disease. The subsurface drip reduces evaporation loss due to restricted upward capillary flow and applies 
nutrients directly in the active root zone of the crop (Solomon, 1993). This leads to improvement in water and 
nutrient use efficiency over surface drip irrigation system (Kong et al., 2012; Mali et al., 2017). The depth that the 
laterals (also used in conventional drip irrigation) are buried at depends mostly on the tillage practices and the 
crop to be irrigated. It is a costly system that needs expert design and maintenance.  
  Subsurface drip irrigation is a low-pressure, high efficiency irrigation system that uses buried drip tubes or 
drip tape to meet crop water needs. As like surface drip irrigation this system offers better control over water 
application with the potential for high uniformity of application. This is particularly advantageous in arid areas 
where surface evaporation losses are very high. Since, the system can be operated as per the will of the irrigator, 
the amount of water applied in each irrigation can be fine-tuned. This leads to reduction in water loss caused by 
run off and/or evaporation. Frequent irrigation under subsurface drip irrigation system allows optimum soil 
moisture content in the root zone and the system performance is unaffected by the windy and arid conditions. 
The system also allows use of pre-treated wastewater for irrigation. Since the lateral are place well below the soil 
surface, the risk of direct contact with crops and labourers is reduced.  
The subsurface drip system has certain disadvantages. Clogging of emitters by the soil particles and plant roots is 
the first and important limitation. Sometimes bacterial slimes and algae grow on the interior walls of the laterals 
and emitters combined with clay particles in the water can block the emitters. However, with the advent of 
technology, the non-clog type emitters are also available in the market, which reduces the risk of clogging 
considerably. Accumulation of salts at the periphery of the emitters placed below the soil surface becomes a 
serious concern if saline water is used for irrigation. Further, if the fields are infested by rodents, then there is 
chance that the laterals gets damaged by the rats or other types of rodents. Since, all the laterals are buried in the 
soil, sometimes it becomes difficult to assess the uniformity of the system or the damages to the lateral lines.  

 
Design of Subsurface Drip 
Varying soil wetting patterns to suit the crop can be obtained by adjusting the lateral depth and emitter 
discharge. The main design parameter in SDI system is depth of installation of drip line (Mali et al., 2016). 
Decision on depth of lateral placement is based on size and shape of wetting zone attained in soil, which is 
essentially a function of soil structure, texture, dripper discharge and spacing, and crop’s rooting 
characteristics. Site-wise and crop-wise variations of these parameters preclude the possibility of framing 
general recommendations for depth of lateral placement under SDI system (Patel and Rajput, 2007). Several 
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factors need to be considered in deciding the appropriate lateral depth. In order to achieve higher water and 
nutrient use efficiency, the crop and site-specific irrigation and fertigation management guidelines need to 
be formulated.  
 
Subsurface Drip Irrigation for Cucumber 
In India, cucumber is an important summer vegetable crop of Cucurbitaceae family with a production of 
607.16 thousand ton from 39.77 thousand ha area. In order to increase the production and productivity of 
cucumber through efficient water and nutrient management under subsurface drip, a study was conducted 
to study the effect of different nutrient levels and depths of lateral placement and their effect on crop yields. 
The present study was planned to assess the performance of cucumber crop in terms of yield and irrigation 
water use efficiency (IWUE), under different depths of lateral placement and four fertigation levels.  
The experimental plot of size 49 × 25 m was divided into four main plots of size 49 × 3 m leaving 1m isolation 
strip between each main plot as well as on both ends of the field. Each main plot was divided into sub plots 
of size 5 × 3 m leaving 1 m isolation strip between each sub plot and also at both ends of main plot. The 48 
sub plots were grouped into 3 blocks. Four depths of drip lateral placement, 0 cm (D00), 5 cm (D05), 10 cm 
(D10) and 15 cm (D15) and four fertiliser application levels with N, P and K in the ratio of 50:30:30 (F1), 
100:60:60 (F2), 120:90:90 (F3) and 150:120:120 (F4) kg/ha were considered in the study. The experiment was 
laid out in split plot arrangement with fertigation levels on main plots and treatments on depths of lateral 
placement in sub plots. Each treatment was replicated three times.  
 
Cucumber Yield 
Cucumber yield was significantly affected by the fertigation levels (F) and depths of lateral placement (D). 
Fertigation level F3 resulted in higher mean cucumber yields (29 t/ha) as compared to other fertigation levels 
(Table 1). The cucumber fruit yields (27.3 t/ha) obtained under higher fertilizer dose (F4) were lower than 
that under F3; however, the difference was not statistically significant. Placement of lateral on surface 
resulted in lower yields compared to all SDI treatments. Treatment D15 recorded highest yields (26.8 t/ha). 
Compared to surface drip irrigation (D00), the cucumber fruit yields under D05, D10 and D15 increased by 
9.1%, 19.5% and 20.3% respectively. This shows that altering the nutrient and moisture regimes in the soil 
through subsurface placement of laterals significantly affects the crop productivity. The higher yields under 
SDI can be attributed to uniform and comparatively higher soil moisture content and availability of fertilizer 
directly in the active crop root zone. 
Table1. Cucumber yield (t/ha) under different lateral depth and fertigation levels 

Lateral 
depth 

Fertigation level  

F1 F2 F3 F4 Mean 

D0 17.3 21.9 25.9 24.3 22.4 
D05 19.3 23.3 29.1 25.8 24.4 
D10 20.8 26.1 31.0 28.5 26.6 
D15 20.4 26.1 30.1 30.7 26.8 
Mean  19.5 24.4 29.0 27.3 25.0 

 
Irrigation Water Productivity of Cucumber 
Fertigation level as well as depth of lateral placement significantly affected cucumber yield and IWUE, 
however, the interaction effect was not significant (P<0.05). Fertigation level F3 showed highest mean IWUE 
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(0.60 t/ha/cm) during all the experimental years (Table 2). Subsurface placement of laterals showed higher 
IWUE. Lateral placement at 10 cm recorded highest mean IWUE (0.66 t/ha/cm) under fertigation level F3. 
With increasing depth of lateral the cucumber yields increased, reaching maximum value at 15 cm lateral 
depth. Mean cucumber yields and IWUE for two cropping seasons were significantly higher under F3 level of 
fertigation and drip lateral placed at 10 cm below soil surface.  
 

Table 2. Water productivity (t/ha/cm) under different lateral depth and fertigation levels 

Lateral depth 
Fertigation level  

F1 F2 F3 F4 Mean 

D0 0.37 0.42 0.52 0.49 0.45 
D05 0.41 0.44 0.62 0.52 0.50 

D10 0.44 0.49 0.62 0.57 0.53 
D15 0.43 0.50 0.66 0.49 0.52 
Mean  0.41 0.46 0.60 0.52 0.50 

 
CONCLUSIONS 
Cucumber plant was found to be responsive to fertigation level and lateral depth. Therefore, placing the drip 
lateral at 15 cm below the soil surface and fertigation level F3 is recommended as optimum practice for 
cucumber cultivation under SDI system in eastern plateau region of India. 
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Optimal seed depth is required for enhancing seed germination and emergence which ultimately increase 
production. Conventional traction type seed-drill and planter can’t maintain seed depth while operation. 
Automatic depth control system can maintain pre-specified depth within a range. It consists of contact or 
noncontact type sensors, microprocessor, setting unit and hydraulic unit connected in a sequence for 
maintaining depth. The maximum deviations seen are within 10 mm range which can be further managed 
in future by advancement in electronics. 
 
INTRODUCTION 
Tillage depth and seed depth placement from equipment influence germination and emergence of seeds 
(Ward and Holden, 2001).The seeding desired depth must be at the bottom of a shallow loose soil layer and 
above a more compacted tilled or no-tilled layer (Chang et al., 2004).When preparing seedbeds, the tillage 
operation is chosen relative to the soil condition. The seedbed structure prepared should be homogeneous 
and supports an adequate integration of moisture and heat for enhancing seed germination and emergence 
(Hakansson et al., 2002). A best seedbed minimizes evaporation, erosion and reduces possibilities of 
pesticide leaching (Petersen et al., 2016). However, it has been observed that the probability of poor 
emergence depends more on the seeding depth as compared to the aggregate size and distribution in the 
seedbed (Hakansson et al., 2002). A shallow sowing depth of soil doesn’t have enough moisture for sprouting 
and for higher sowing depth seed doesn’t have enough energy and oxygen for survival. Hence, proper sowing 
depth is required for maximum seed germination and emergence. Any delay in emergence will have 
considerable harmful effect on final crop yield (Depenthal, 2009). Therefore uniformly in depth with respect 
to seed is required. There are various methods of seed placement inside soil such as manual and with 
machinery. Manual placing of seed to desired depth is a tedious and labor consuming job. Conventional 
hanging type machinery such as seed drill and planter attached to three point linkage can maintain seed 
depth. But trailed or traction type seed drill and planter can’t maintain the seed depth.  In this article, recent 
methods for measurement and controlling the seed depth on trailed type machinery were discussed. 

Depth measurement 
Traditionally method involves manual measurement of depth with measuring tapes, which is labor intensive 
and time consuming. Modern methods use technologies employed to achieve automatic real-time 
measurements of depth, and can be classified into two main categories, Contact type (using physical 
element) and non-contact type (Ultrasonic sensor and electro-optical sensors).  

Depth control system 
For tractor implement two types of combination i.e. hanging device type and traction type is used 
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Hanging device type: - Hanging type devices are those which depends entirely on tractors 3 point hitch for 
controlling the depth. Depth control in hanging device type is achieved through position and draft control (PC 
and DC) lever where implement is attached to tractor through 3 point hitch. A  PC and DC lever in its 
quadrant had fixed depth and draft respectively for every raised or lowered position of 3 point lift linkage in 
it. PC lever will maintain the depth preset by operator on the quadrant irrespective of soil resistance while 
DC lever would follow the soil profile having similar soil resistance irrespective of depth variation. Sometimes 
a combination of automatic position and draft control is used in recent tractors for a mixed compromise in 
depth and draft.  
 
Traction type: - Traction type devices are those which are attach to tractors through single point hitch and 
support its own weight through wheels. In traction-tractor type combination external fluid connection from 
tractor is used and connected to the external hydraulic cylinder of implement. Gauge wheels were used for 
controlling the implement depth but it doesn’t maintain the desired depth. Tractor implement combination 
for traction type now used an automatic metering and controlling system in foreign countries which meters 
the depth automatically, controls and reduces depth fluctuation and enhance chances of germination and 
emergence of seed by controlling depth parameter. 
 
Generalized components for Automatic Depth Measurement and Control system for traction type 
implements  
It consisted of Control system (microcontroller circuit and hydraulic unit), detecting unit (ultrasonic sensor, 
optical sensor, an inclination angle sensor or a lift arm sensor), communication module, memory card, and 
hardware (seed and fertilizer drill, frame, supporting wheels, Coulters and soil wheels). 

Contact tillage depth measurements detecting unit 
In this method a physical element is utilized to make direct contact with ground. For measuring the tillage 
depth, a mechanical surface-fitting arm is suitable enough able to adapt terrain curvature. This arm has been 
mounted onto the implement. The mechanical measuring arm contains three main components: a ground 
wheel, a swing arm and a measuring module (Fig 1). The swing arm is connected to the beam of the 
implement (seed drill or planter). Ground wheel of the device is pulled by the implement to roll on the 
untilled land. When the tillage depth varied by an amount say (d), the distance between the joint and the 
ground will be changed by (d), which yields a simultaneous change in the angle between the swing arm and 
the vertical plane (the plane perpendicular to the ground).The angle change can be detected by the encoder 
and converted into tillage depth through a formula. On an irregular surface, the performance accuracy of the 
model will be affected in the case of slope changes. 

Depth control for 
tractor-implement 

combination 

Hanging device 
type 

Position Control/ 

Draft Control lever 

Traction type  External hydraulic 
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Fig 1 Contact type depth measurement system (Source: Guo et al., 2016) 

Non -contact type depth measurement detecting unit 
Ultrasonic and optical sensors are commonly used in non-contact measurements. The ultrasonic sensor 
sends a high-frequency sound pulse on a target and measure times taken for the echo of the sound to go and 
come back from the target point. The ultrasonic sensor converts this information along with the time 
difference into the distance from an object. Performance of this method is affected by trashes and stubbles 
on ground. 

 
Fig 2 Flow diagram of non –contact type automatic depth control system 

Working of automatic depth control system  
The setting unit of system set the required depth provided by operator on microprocessor for seeding 
operation. The detecting unit consists of sensors which will sense the displacement and with the help of 
control algorithm fitted on control unit it will convert sensor data to the depth. The depth control would be 
achieved with the help of electronic control unit and hydraulic unit. The electronic unit will provide the signal 
on basis of varied displacement obtained. On the basis of output signal obtained, solenoid valve will actuate 
and fluid pressure will push furrow opener via. hydraulic cylinder to the preset depth. 
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Challenges 
The maximum fluctuations in depth obtained were 10mm claimed by various researchers. Further works in 
this field can enhance the accuracy. Overall system cost is also higher which need to be further reduced by 
addressing new ways and for adapting these technologies in Indian market. 

CONCLUSION 
The negative effect of depth fluctuation can be compensated with automatic depth control system. Seeding 
depth regulation through the direct control of furrow opener actuated through electronic and hydraulic unit 
on traction type device can provide desired depth. Contact type systems were suitable for field coverage 
with trashes while non-contact types systems are suitable for relatively cleaner field. 
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“Agriculture is our wisest pursuit, because it will in the end contribute most to real wealth, 
good morals, and happiness” - Thomas Jefferson 
 
INTRODUCTION 
Traditional wisdom of managing natural resources on earth is categorically expressed by Mahatma Gandhi, 
he said, “the earth has enough resources to meet people’s need, but it will never have enough resources to 
satisfy people’s greed”. Human quest for rapid development has led the over exploitation of land and aquatic 
resources without due consideration of sustainability. This has led the deterioration of key natural resources 
particularly soil and water due to lack of proper management of wastes, which are indeed the by-products of 
development activities. Generally, it has been observed that waste materials are either dumped and/or burnt 
openly or left untreated, which leads to many environmental problems, and thereby affect human health. 
Surprisingly, this is prevailing in-spite of having eco-friendly alternative use and management options, which 
may materialize our plans to generate wealth from the waste. Rejuvenation of the waste products not only 
increases the useable life but also provides a viable option for earnings, which can be potential strategy to 
enhance employment opportunities. And such transformations of waste can help achieving social, 
economical and environmental development goals. 
 A comprehensive approach to develop the agriculture and its allied sectors had not been recognised 
during the past years. As a matter of concern, still agriculture is not able generate sufficient income for 
farmers, and agrarian distress is remain a reality.   Consequently, our country has been the victim of many 
cases of farmers’ suicides.  As evident in the annual report of ADSI (2015) that of the total suicides in India 
around 9.4% are farmers [3]. This problem has been indentified and initiatives were taken to improve the 
economic conditions of the farmers. Government has also realised that the growth of farmers are equally 
important along with the growth of food grain production. Therefore, a national agenda for ‘Doubling the 
Farmers’ income by 2022’ was implemented for inclusive development. 
According to the OECD, agricultural wastes include the waste products that are produced from both the 
primary agricultural practices (PAP) and the secondary allied practices (SAP). The PAP comprises on-farm 
activates, such as weeding, spraying, harvesting etc. SAP deals with rearing of animals, dairy, poultry, 
slaughtering etc. These practices, as per the Situation Assessment Survey of Agricultural Households, NSSO 
(2013), contributes around 60% and 40% of the total farm income is generated from PAP and SAP, 
respectively [1]. Crop residues, dung, litter, excreta, animal carcasses etc., are well known examples, 
generated from agriculture. 
 Agriculture and its allied sectors are one of the largest producers of waste products, which are often 
either ignored or misused by farmers due to lack of proper management strategies. By-products of the 
processing and packaging of food materials are some additional examples of agro-industrial waste. However, 
these wastes can be used to generate valuable products for sustainable production. Around 600 MMTs of 
agro-waste is being generated every year in India, which chiefly constitutes crop residues. More than 80% of 
51 MMTs of crop reside is burned in Punjab alone to clear agricultural fields for the pre-sowing of next crops 
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[2]. However, crop residue is a boon from the soil, if properly managed in terms of composting, mulching, 
manuring, animal fodder etc. Additionally, crop residue has an immense potential for generating clean bio-
energy.  
With this background, an attempt is made to examine the sources and potential, the better ways of 
utilisation and the effective management of the agro-based by-products. Apart from this, the Government 
policies and initiatives, role and importance of Panchayati Raj institutions and others groups have been 
highlighted to emphasise the importance of innovative approaches helping to convert ‘agricultural wastes to 
wealth’. 

Agro-Wastes: Sources and Potential 
The generation of agro-wastes can be categorised into three major sources, i.e., agricultural farms, food 
processing industries, animals and humans. In India as per NRMD (2014), of the total crop residue available 
per year, around 50 per cent is contributed by these seven states (Punjab, Haryana, Uttar Pradesh, West 
Bengal, Andhra Pradesh, Madhya Pradesh and Maharashtra). Energy generated from the biomass has the 
potential to replace about 218.5 MMTs of coal annually [5]. This has potential to achieve energy security as 
well as mitigate the adverse effects of climate change. The various sources of agro-wastes are portrayed in 
figure 1. 
  Among the different sources, source (A), (B) and (C), has been already discussed. Now, I want to 
highlight the fourth-one (D) i.e., wastes from offerings of devotees. I believe that the house of the God is one 
of the largest treasures of agro-based by-products which have been neglected by the stockholders to find 
their proper management strategies. Temples, Mosques, Gurudwaras and Church wherein devotees offer 
flowers, coconut, sweets etc. Surpassingly, it has been reported that nearly 2.0 MTs of flowers per day (roses, 
marigolds, leaves etc.) are offered in such places. 

 
Fig 1: Different sources of agro-wastes products 

Agro-wastes: Government policies and initiatives 
National agenda of “Doubling the Farmers’ Income”, Government of India (GoI) has taken this target to fill 
the gap of economic inequality in between agricultural and non-agricultural workers. In this regard, the 
objective of this scheme can be linked to manage the agro-wastes. Here, I earnestly believe that the farmers’ 
income can be supplemented by giving reasonable value to their wastes. For example, a certain percent of 
total energy requirement of a particular industry is to be made mandatory to be met by bio-energy. For 
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instance, it is workable option that let say 20 per cent of the total energy required by brick kilns. This will 
create a demand of crop residues and farmers will earn. 
Ministry of New and Renewable Energy (MNRE) has realized the potential of available biomass in India to 
generate 5000 million units of electricity and to provide employment of 10 million man-days. MNRE provides 
central financial assistance (CFA) in order to install small, medium and large biomass power generation plants 
under Biomass Power and Cogeneration Programme (BPCP). Many studies show that still level of production 
is far below than the potential. This implies that the demand for crop residues is not adequate to provide 
remunerative prices to farmers. Because of this, farmers generally prefer burning of crop residue, which is 
rampant in North-West India. Particularly in winter season, this aggravates the pollution level in Delhi – NCR. 
In-spite of intervention from NGT, still problem is increasing by leaps and bounds. In this regard, the proper 
management of agro-wastes is crucial to maintain the ecological health of the region. Among the available 
options, promotion of conservation agriculture seems worth implementing as maintaining crop residue in the 
field one of the pillars of conservation agriculture. 
  In 2015, the Government of India realised the problem relating to soil health and degradation and 
therefore a national Soil Health Cards (SHCs) initiative was taken. The major objective of this scheme is to 
optimise the use of fertilisers. My personal experience shows that this scheme has successfully created the 
awareness relating to soil health among the farmers. However, farmers are facing shortage of quality 
compost/FYM. Therefore it can be suggested that there is a potential market for quality compost and FYM. 
Here, I would like to submit my suggestion that the government should take initiative to impart trainings on 
preparing quality compost using agricultural wastes produced in villages. This will help government to 
achieve dual objectives of proper management of biomass and will advance Swachh Bharat Abhiyaan (clean 
India movement).  
  Similarly, in this regard, I appreciate the steps taken by the ‘Ministry of Agriculture’ for facilitating 
custom hiring of advanced agricultural machineries with straw management system (SMS) such as Combines 
with SMS, Turbo and happy seeders, rotavators, manure spreaders etc. [4]. However, the scale and level of 
finance is far below the requirement. Therefore, there is need to enhance the coverage and level of finance 
under this scheme so that the entire region facing problem of biomass burning can be equipped with 
required machineries to manage to menace of paddy straw burning.  
  Another appreciable step taken by the GoI is related to ‘Toilets for All’, under the Swachh Bharat 
Abhiyan, over 60 million toilets have been built across the rural India (PIB Report, 2018). The Twin-pit model 
ensures the safe decomposition of human excreta into septic tanks, which may be used as feed material in 
either composting or energy generation. Pradhan Mantri Kisan SAMPADA Yojana is an umbrella scheme with 
the objective to supplement agriculture, processing facilities and waste management techniques and 
infrastructures.  
  In the view of deteriorating soil health and increasing demand for organic produced in India, The GoI 
has initiated a full-fledged dedicated scheme for the promotion of organic farming. The model of 
‘Paramparagat Krishi Vikas Yojana’ has another potential area for utilising agro-waste in the form of 
vermicompost.  
  Forests are one of the important destinations in producing agro-wastes. A vast section of tribal folks is 
generally excluded from the society. They are the forest dwellers and adopt Taungya cultivation (shifting 
cultivation) which does not allow them a permanent shelter. Government has recently recognised the Minor 
Forest Produce (MFP), made from the by-products of the forests. MFP sector has a great potential of 
generating incomes to the forest dwellers. Fortunately, the plight of forest dwellers has been recognised and 
the platform of MSP has now extended for the MFP sector and given a hope of earning with ornaments, 
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furniture and other handicrafts, made from the forest resources. Some of the schemes sanctioned by 
National Scheduled Tribes Finance and Development Corporation (NSTFDC) provided financial assistance in 
the agricultural sector that includes – dairy, poultry, goat rearing, piggery, horticulture etc. Tenant cultivators 
are usually remain excluded from the crop loans by banks, which left them no choice other than taking credit 
from local money lenders at relatively higher interest rates. The Model Agricultural Land Leasing Act, 2016, 
yet to be approved by the Parliament of India, provides disaster relief and other benefits including financial 
supports, not only to the land owner but also lessee cultivators. 

CONCLUSIONS 
In this article, an attempt has been made to see the potential of agro-wastes in India. Now, it can be stated 
that there are many potential areas where agro-wastes can be converted into wealth. This not only helps 
improving socio-economic conditions of rural areas but also have immense potential to maintain ecological 
balance. Moreover, proper agro-wastes management also help achieving SDGs (Sustainable Development 
Goals). To sum-up, there is an opportunity to fulfil the dream of the father of the nation to have a clean 
India. In the view of increasing the impacts of climate change and deterioration of natural resources, the 
agro-waste management is going to play an important role. Let us join hands together to realise the dream of 
zero-waste and make efforts to give a bright, clean, healthy-wealthy planet to future generations. 
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INTRODUCTION 
Presently, arthropod pests of agricultural and health significance are controlled predominantly through the 
use of chemical insecticides. Unfortunately, the widespread use of these agrochemicals has resulted in 
genetic selection pressure that has led to the development of insecticide-resistant arthropods, as well as 
concerns over human health and the environment. 
  Bioinsecticides represent a new generation of insecticides that utilize organisms or their derivatives 
(e.g., transgenic plants, recombinant baculoviruses, toxin-fusion proteins and peptidomimetics) and show 
promise as environmentally-friendly alternatives to conventional agrochemicals. Spider-venom peptides are 
now being investigated as potential sources of bioinsecticides. With an estimated 100,000 species, spiders 
are one of the most successful arthropod predators. Their venom has proven to be a rich source of hyper 
stable insecticidal mini-proteins that cause insect paralysis or lethality through the modulation of ion 
channels, receptors an enzyme. Many newly characterized insecticidal spider toxins target novel sites in 
insects. 
  The use of classical chemical insecticides to control agricultural pests poses hazards to human health, 
other non-target species including beneficial insects such as pollinators, and the environment. Indiscriminate 
use of chemical insecticides can also select for pest populations with insecticide resistance. Even the newer 
insecticidal compounds with less-threatening toxicological profiles can have adverse ecological and 
environmental impacts. The development of insecticide resistance and the growing awareness of ecological 
and environmental problems caused by classical chemical insecticides have spurred research into 
biologically-based, environmentally benign alternatives. Among the compounds identified during the course 
of this research are proteins from microbes, predators, and plants that have toxicity that is specific to insects. 
Major problems with the use of agrochemicals have arisen including (i) a lack of phyletic specificity resulting 
in human health and environmental impacts, and (ii) a lack of diversity in the bioactivity of these compounds 
leading to insecticide resistance. 
   In recent years there has been renewed interest in natural products as a potential source of novel 
insecticides because many of the most successful second- and third-generation insecticides are natural 
products or their derivatives. For example, avermectin, spinosad, and the Bacillus thuringiensis δ-endotoxins 
are derived from bacteria, whereas pyrethroids are derived from natural pyrethrins found in certain species 
of chrysanthemum. In particular, there is growing interest in the potential of insecticidal peptides derived 
from the venom of insect predators such as scorpions and spiders. 
  Bioinsecticides are being investigated as potentially more efficacious and safer alternatives to 
chemical insecticides. Bioinsecticides are natural organisms, or their metabolic products, that can be 
employed for the control of insect pests. One aim is to develop bioinsecticides to help mitigate 
environmental concerns associated with persistent, broad-spectrum chemical insecticides and provide new 
control options for insecticide-resistant pest insects. Furthermore, bioinsecticides have the potential to 
improve the efficacy of current pest management programs, and in some cases exhibit synergism with 
existing integrated pest management techniques 
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Insecticidal Peptides: Source Predatory/parasitoid venom-derived toxins 
One source of biopesticide leads is venom-derived peptides that have evolved in predator/parasitoid 
arthropods such as spiders, scorpions, predacious mites, cone snails, marine cone snails, Sea anemone, and 
ants. 
Plant proteins 
Plant insecticidal products such as lectins, defensins, protease inhibitors can be expressed in transgenic 
plants. Lectins, defensin family of proteins, small molecular weight proteins that typically have antimicrobial 
activity, have also been identified with insecticidal activity. Plant-derived proteins have the advantage of 
good oral bioavailability in insect pests, but lack in the potency compare to venom derived toxins. Plant 
Source of insecticidal peptides are jack bean, pea, common bean, coffee, lentil. 
Chemical Composition of spider venom 
The venoms are a complex chemical cocktail of inorganic salts, small organic molecules, peptides, and 
proteins, linear cytolytic peptides, disulfide-rich peptide neurotoxins, large presynaptic neurotoxins. 

 Salts and Small Organic Compounds: -  

 Linear Cytolytic Peptides 

 Disulfide-Rich Peptide Neurotoxins 

 Enzyme 

 Large Presynaptic Neurotoxins 
Insecticidal Peptides: Molecular Target Sites 
To date, the most common identified targets of insecticidal spider-venom toxins are NaV channels, CaV 
channels, the lipid bilayer, calcium-activated potassium (KCa) channels, presynaptic nerve terminals and N-
methyl-D-aspartate (NMDA) receptors, nAChR receptors, GluR receptors. 
Insect control options available for insecticidal peptides  

 Sprays and baits 

 Enhanced entomopathogens 

 Insect-resistant GM crops 
 
Table 1. Spider peptide toxins suitable as insecticidal leads 

Toxin Name Source Insect Target Acute toxicity test species 

δ-CNTX-Pn1a Phoneutria nigriventer NaV channel Diptera, Orthoptera 

Γ-CNTX-Pn1a Phoneutria nigriventer GluR Diptera 

κ-HXTX-Hv1c Hadronyche versuta KV channel Lepidoptera, Diptera 

μ-AGTX-Aa1d Agelenopsis aperta NaV channel Lepidoptera, Diptera 

μ-DGTX-Dc1a Diguetia canities NaV channel Diptera, Orthoptera 

ω-HXTX-Hv1a Hadronyche versuta CaV channel Diptera 

 
Insecticidal Peptides: Advantages 

 Effective @ lower dose as compared to chemical insecticides 

 Low toxicity to non-target organisms 

 Different molecular target sites 

 Transgenes encoding these peptides as insect-resistant plant traits  

 Insecticidal peptides appear to have immense potential for the development of novel bioinsecticides 
  Desirable qualities of Insecticidal Peptides as Bioinsecticdes 
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 High potency 

 Selectivity 

 Novel target activity 

 Structural stability  

 Rapid speed to kill 

 Lack of vertebrate toxicity 

 Low production costs 

 Activity against pests and disease vectors 

Criteria to play competitive role in bioinsecticides market 
Have low toxicity to non-target organisms 
Should remain in the environment to be effective 
Be cheap to produce 
Easy to formulate and deliver 
Accessible to small farmers and agribusinesses 

CONCLUSIONS 

 Spiders venom a goldmine of natural insecticidal peptides  

 Disulfide rich venom peptides are promising insecticide leads due to their selectivity, stability  

 It should be possible to use transgenes encoding these peptides as insect-resistant plant traits  

 Insecticidal peptides might be insect-selective 

 Venom-derived insecticidal peptides appear to have immense potential for the development of novel 
bioinsecticides. 

 The major components of most spider venoms are small, disulfide-rich peptides. 

 In contrast with many other bioinsecticides, disulfide-rich spider-venom peptides are neurotoxins 
that kill insects on a timescale comparable to that of chemical insecticides. 

 Disulfide-rich spider-venom peptides are often resistant to chemical insults, high temperatures, 
extremes of pH, and proteases. 

 Disulfide-rich spider-venom peptides have low levels of oral activity that can be improved by covalent 
fusion to plant lectins that facilitate their transport across the insect gut. 

 Transgenes encoding disulfide-rich spider-venom peptides can be used to enhance the efficacy of 
viral and fungal entomopathogens. 

 Disulfide-rich spider-venom peptides lack vertebrate toxicity but are typically active 

 against a much wider range of insect pests, including sap-sucking insects such as aphids, than Bt. 
 
REFERENCES 
1. Devine, G. J. and Furlong, M. J. (2007). Insecticide use: contexts and ecological consequences. Agriculture 
and Human values, 24(3), 281-306. 
2. Bravo, A., Gill, S. S. and Soberon, M. (2007). Mode of action of Bacillus thuringiensis Cry and Cyt toxins and 
their potential for insect control. Toxicon, 49(4), 423-435. 
 

 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

304 
 

Recent trends in rollover protection structures for preventing rollover and overturn in 
tractors 
Article id: 22088 
1Pankaj Malkani, 2Abhinav Dubey, 3Atish Sagar and 4Prashant Singh 
PhD Scholar, Division of Agricultural Engineering 
ICAR-Indian Agricultural Research Institute, New Delhi-110012 
 

Tractor based industry in India are growing day by day and induced injuries related to it. Tractor 
overturning and rollover were among the common problems which sometimes caused fatalities. ROPS is 
one of the techniques for controlling the fatalities. ROPS such as fixed type, foldable type, manual and 
automatic type are quiet successful in foreign countries but had limitations in orchard and narrow 
clearance areas. AUTOROPS is one of the successful technologies which had greatest potential to prevent 
operator from incident of rollover and overturn. 
 

INTRODUCTION 
Production agriculture is considered to be one among the most hazardous industries. According to US 
Department of Labor’s Census of Fatal Occupational Injuries (CFOI), approximately 70.3% of 3299 work 
deaths were related to agriculture and its ancillary activities from 2003 to 2007. In India, tractor is most 
commonly used tractive power source for agricultural equipment’s (Jain, 2008). The tractor industry of India 
is one of the largest agricultural based industries in the world contributing about one third of the annual 
global production. More than 4.5 million farmer’s tractors are available in India (Jain, 2008). Increasing 
number of tractors has reported increased trends in tractor related accidents and fatalities. According to All 
India Coordinated Research Projects (AICRP) reports on Human Engineering and Safety in Agriculture (HESA) 
from 1995 – 99 in 44 sample villages of eastern, southern, central and northern regions of India. Tractor 
accidents rate were 55, 1.31, 25.83 and 14.33 per 1000 tractors per year in eastern, northern, central and 
southern part of India respectively. Common causes of these injuries reported were overturns, run-over, 
falls, collisions, power-take-off injuries and injuries experienced while mounting and dismounting (Nag and 
Nag, 2004). Indian accident scenario indicates an overall accident incidence rate per year of 333 accidents 
per 1,00,000 workers with fatality rate per year of 18.3 per 1,00,000 workers (Gite, 2010).  Further, 31% of 
accidents are due to tractors in which 44 % accidents included fatalities (Tiwari et al., 2002). The fatalities 
due to tractor accidents were 5.7 per lakh workers per year. In this article tractor related fatalities, probable 
causes, methods for prevention and future approach was discussed. 
 
Causes of tractor related fatalities 
Overturn, roll over, and fall from slope were among the top most common causes of tractor related fatalities 
after collision (Kumar, 1998). Overturning and rollover can be controllable if proper techniques and 
technologies to be used.  
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Fig 1: Contribution to tractor fatalities by different cause (Source: - Kumar, 1998) 

Role of center of gravity 
Center of gravity (CG) plays an important role, CG dislocation from its place causes overturning and rollover 
incidents. Overturning and rollover occurs when center of gravity is outside the base of stability which is 
formed by joining the tractor tires contact point. In sloppy areas, it is due to two reasons. The first one is due 
to stability loss, it occurs when the tractors tip angle directly exceeds natural gradient. Second one is the 
control loss, when the tractor runs away out of control before overturning. In flat land these incidences 
occurs when CG goes beyond the safety zone due to improper steering at higher speed and also due to 
incorrect hitching of heavy load. 

  
 
 
 
 
 
 
 
 
 

Fig 2 Effect of center of gravity for overturning and rollover 
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Methods for controlling the fatalities due to rollover and overturning in tractors 
1. Tractor safety education and training programs attempt to protect the operator from rollover by 
increasing operator knowledge and skill to prevent the rollover. 
2. Human factors engineering to reduce tractor overturn such as ROPS. 
 
Human Engineering Interventions 
The roll over protection structure is a system used to secure operators from injuries occurs because of 
vehicle overturns or rollovers. It comes in various designs, but commonly used are roll bars and cabs which 
are developed to create a protective zone for the tractor operator in the event of a tractor overturn. The 
tractor operator should use a seatbelt along with a ROPS in order to remain inside the shielded zone during 
an overturn. It doesn’t protect tractor rollover; it saves the operator from getting crushed. 
 
 
 
 
 
 
 
 
 
 
 

Fig 3 Operators safety using ROPS (Source: Damian, 2011) 
 
 
 
 
Types of ROPS 
ROPS are broadly classified into 3 types. 
1. On the basis of frame used (Single frame, two-post frame and four-post frame) ROPS. In this the single 
post and two post frames were attached to tractor rear axle. While four post surrounds the operator such as 
Cab. 
2. On the basis locations: - Internal ROPS and External ROPS depending upon ROPS will open inside the 
system such as in cars, or outside the system. 
3. On the basis of  movement: - Fixed type and Foldable type    

 Fixed type: - In this kind of ROPS entire unit is fixed nearby to tractor either in rear axle or near to front 
axle side and it is permanently pen. Limitation with these type ROPS is that they cannot be folded in low 
clearance situation like (Orchards or in animal confinement buildings). 

 Foldable type:-This kind of ROPS are mechanically deployable, the operator can retract and deploy the 
ROPS according to the situation .Operators can retract the ROPS in low clearance situation (Orchards or in 
animal confinement buildings). Foldable ROPS were created to address the problem of going in low clearance 
zone but protection is not afforded in this  if the operator does not raise and lock the foldable ROPS after use 
in a low-clearance situation 

Crush zone ROPS Survival zone 

Seatbelt 

Survivable 

Non Survivable 

https://en.wiktionary.org/wiki/overturn
https://en.wikipedia.org/wiki/Rollover
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Fig 4 Types of ROPS 

AUTOROPS (Automatically Deployable Rollover Protective Structure) 
For addressing the limitations of conventional ROPS in low-clearance areas and eventually opening and 
closing the ROPS manually, NIOSH begins the concept of AutoROPS. It is a passive device that is in the 
retracted (or armed) position until a rollover was detected and then deployed it to create protective 
environment. It is an electronically controlled device consisting of the stationary section having latching 
system, the crossbar (deployable) section, and the electronic control section. The system attains retracted 
position until the sensor sense rollover or overturns and control system initiates deployment of the 
AutoROPS. To avoid any back sight visibility problem, height of the AutoROPS was ergonomically designed in 
the retracted position. It was based upon the sitting mid-shoulder height for a 5th percentile female. This 
ensures that the AutoROPS operators can see over the crossbar. Autorops broadly categorized into 3 types 
such as Hydrorops, Airbag inflators and Spring–Action Telescoping Structure. All of these types in general 
contain an electronic control subsystem, stationary and deployable system (a hydraulic system with 
cylinders, pneumatic or spring subsystem) for deploying the ROPS. The working principle of all of these quiet 
similar that when tractor is heading towards steep or normal slopes, the inertial unit of electronic control 
system will sense the static and dynamic acceleration and computes the  pitch and roll angle. Than an index 
developed based upon roll angle and pitch angle will be computed and compared with a threshold value. 
When the index value surplus the threshold value microcontroller will give an ON signal, the relay module 
will becomes activate and open the deployable unit (Hydraulic power, pneumatic power or release the 
spring).   
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Components of AutoROPS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Way Forward 
ROPS and AUTOROPS can be a better solution for preventing overturn and side turn. The overturning time 
claimed by various researchers was 0.750 s (Hathaway and Kuhar (1994)), while the deployment timing of 
hydrorops is close to it 0.7333, air bag inflators (97-312 ms) (Ballesteros et al., 2015) and Spring action 
telescopic structure was 0.3s (Etherton JR et al.,2002). There is need of further modification in hydraulic type 
deployable unit. Also, the cost of AUTOROPS was more, a decreased in cost is required for adapting these 
technologies. The government role is also quiet crucial for implementing these techniques as in India none of 
the tractor company till yet is providing these technologies as a compulsory feature. 
 
CONCLUSION 
Tractor rollover and side turn are among the problem causing fatalities in tractor which could be controlled if 
proper human engineering intervention is accompanied. ROPS are widely accepted tool for controlling 
fatalities in foreign countries. AUTO ROPS (hydrorops, airbag rops and spring type) are quiet effective in 
orchard and low clearance area for preventing operators. Airbag and spring types ROPS had faster deploying 
time as compared to hydro-ROPS.  
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Leaf hopper  
A leafhopper is the common name for any species from the family Cicadellidae.These minute insects, 
colloquially known as hoppers, are plant feeders that suck plant sap from grass, shrubs, or trees. Their hind 
legs are modified for jumping, and are covered with hairs that facilitate the spreading of a secretion over 
their bodies that acts as a water repellent and carrier of pheromones. They undergo a 
partial metamorphosis, and have various host associations, varying from very generalized to very specific. 
Some species have a cosmopolitan distribution, or occur throughout the temperate and tropical regions. 
Some are pests or vectors of plant viruses and phytoplasmas. The family is distributed all over the world, and 
constitutes the second-largest hemipteran family, with at least 20,000 described species. 
                          Phytoplasmas can infect and cause various symptoms in more than 700 plant species. One 
characteristic symptom is abnormal floral organ development including phyllody, (i.e., the production of leaf-
like structures in place of flowers) and virescence (i.e., the development of green flowers attributable to a 
loss of pigment by petal cells). Phytoplasma-harboring flowering plants may nevertheless be sterile. The 
expression of genes involved in maintaining the apical meristem or in the development of floral organs is 
altered in the morphologically affected floral organs of phytoplasma-infected plants. 
 
Mode of action of Phytoplasma it triggers different type symptoms 
A phytoplasma infection often triggers leaf yellowing, probably due to the presence of phytoplasma cells in 
phloem, which can affect phloem function and carbohydrate transport inhibit chlorophyll biosynthesis, and 
trigger chlorophyll breakdown.These symptoms may be attributable to stress caused by the infection rather 
than a specific pathogenetic process. 

Leaf hoppers transmitted by diseases 
Sesamum Phyllody 
They exhibit  wide a range of symptoms as phyllody, floral virescence, sterility of flowers, proliferation of 
auxiliary shoot resulting in witches broom, generalized stunting, abnormal elongation of internodes resulting 
in slender shoots depend on varietes. Transmitted by the vector Orosius albicintus. 
Phyllody: Phyllody means abnormal development of floral parts turns into leafy structures. 
Floral Virescence: means abnormal development of green pigmentation in plant parts that are not normally 
green, like shoots or flowers.  
Witches broom: Natural structure of the plant is changed. A dense mass of shoots grows from a single point, 
with the resulting structure resembling a broom or a bird's nest.  
Pod breaking: Seed capsule cracking formation of dark exudates on foliage and floral parts and yellowing. 
Management of sesame Phyllody 
1. Tolerant varieties are TKG 21, RT-125 and RT-103. 
2. Intercropping of Sesame+Pigeonpea (1:1). 
3. Soil treatment with Thirnet 10G @ 10 kg/ha or Phorate 10 G @ 11 kg/ha at the time of sowing. 
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4. Dimethoate at 500ml/ha to control the jassids. 
5. Remove all the reservoir and weed hosts. 

Little leaf of brinjal 
1. Shortening of the petioles and production of leaves which are much smaller in size.  
2. Petioles are so short that leaves seem to be glued to the stem. 
3. It become soft and glabrous and somewhat yellow in colour.  
4. Affected plants do not bear any flowers or fruits if infection is in early stages of plant growth.  
5. In cases of late season infections fruits may remain small, become hard and unfit for consumption or 
marketing.  
6.  Transmitted by the insect vector, Hishimonus phycitis.  

Management of little leaf of Brinjal 
1. Effective control measure is found it is better to eradicate the weed host and remove the diseased Brinjal 
plants.  
2. Tetra-cycline has been reported to control the disease. 
3. Cultivars such as Pusa Purple Cluster, Arka Sheel, Aushy, Manjari Gota and Banaras Giant show moderate 
resistance to resistance in the field. 
4. Other cultivars found tolerant to the disease are Black Beauty, Brinjal Round and Surati. 

Rice yellow dwarf 
RYD phytoplasma, is transmitted by the leafhoppers Nephotettix cincticeps, Nephotettix virescens and 
Nephotettix nigropictus, and is present in most rice-growing countries in Asia. The insects remain infected 
until they die. A combination of low temperature and high humidity favours the leaf hopper population 
resulting in higher disease incidence. The ratoon plants growing from stubble may be diseased and act as 
inoculum sources for later infections. 
1. Rice yellow dwarf disease is characterized bygeneral chlorosis, with pronounced stunting andprofused 
tillering.  
2. The chlorotic leaves areuniformly pale yellow.  
3. The young infected plantsusually produce either no panicle at all or a fewsmall panicles with unfilled 
grains.  
4. Plants infectedduring later growth stages may not develop symptoms before harvest. 

Management of rice yellow dwarf 
1. Field sanitation 
2. Seed treatment with Carbofuran and subsequent soaking in Carbofuran solution (75% WP) for 36 hours 
prior to transplanting (by effectively controlling the vector). 
3. Spraying Dimecron (0.03%), Carbofuran (0.04%), Dimethoate (0.025%) and Methyl 
a. Dometion (0.025%) Spraying of chlortetracycline at 100 ppm. 
4. Deep ploughing durying summer and burning of stubbles. 
5. Avoiding early –planted rice will prevent an increase in vector density and proportion of infected vectors. 
6. Rice varieties like IR62 and IR64 are resistant to the disease. 
7. Planting fallow rice fields with non- vector host ploughing fallow paddy fields, and late – planting 
synchronous planting or avoiding an over- lap of early and late planted rice crops 

https://en.wikipedia.org/wiki/Petiole_(botany)
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Sugarcane grassy shoot disease  
Leaves of infected plants do not produce chlorophyll, and therefore appear white or creamy yellow. The leaf 
veins turn white first as the phytoplasma resides in leaf phloem tissue. Symptoms at the early stage of the 
plant life cycle include leaf chlorosis, mainly at the central leaf whorl. Infected plants do not have the 
capacity to produce food in the absence of chlorophyll, which results in no cane formation. These symptoms 
can be seen prominently in the stubble crop. 

Stage of Symptoms  
 Initial symptom appears in the young crop of 3 – 4 months age as thin papery white young leaves at the 
top of the cane. 
 Later, white or yellow tillers appear in large number below these leaves (profuse tillering). 
 The cane becomes stunted with reduced internodal length with axillary bud sprouting. 
 This disease appears in isolated clumps. 

Management Sugarcane grassy shoot disease 
1. Phytoplasma infection also spreads through insect vectors; it is therefore important to control them. 
Control vector by spraying Malathion or Dimethoate @ 2ml/lt. 
2. Plant disease free setts.  
3. Remove and burn the infected clumps periodically.  
4. Avoid ratooning in problem areas  
5. Hot Water Treatment (HWT) of setts at 52˚ C for 30min or Aerated Steam Therapy (AST) at 50˚ Cfor 1hr 
followed by steeping in fungicidal solution of carbendazim @ 0.05% for 15 minutes. 
6. Growing resistant varieties viz., Co 86249, CoG 93076 and CoC 22 
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Stream flow is serving as a runoff in hydrological cycle. Beside the all components of hydrological cycle stream 
flow is accurately measured. Measurement of stream flow data is important for the designing of hydraulic 
structure, estimating of extreme events such as flood and drought, water availability assessment etc.  Stream flow 
is a measurement of the amount of water flowing through a stream or river over a fixed period of time. Stream 
flow cannot be measured directly it is measured by use of an instrument. The flow rate of water is measured in 
cubic meters (m3) or liters on an electronic or mechanical register. The measurement of discharge in stream is 
important branch of Hydrometry. Stream flow is measured by the several techniques, which are listed below – 
1. Direct methods – 

 Area velocity methods – (i) Float method 
                                   (ii) Water meter 
                                   (iii) Current meter method 
                                   (iv) Co- ordinate method 
                                    (v) Dethridge method 

 Tracer methods – (i) Dilution method 
                         (ii) Radio isotropic method  

 Electromagnetic method 

 Ultrasonic method 
2. Indirect methods – 

 Hydraulic structure – (i) Weir 
                               (ii) Orifice 
                               (iii) Parshall flume 
                               (iv) Cut throat flume  
                               (v) Meter gate 

 Slope area method 
Stream flow measurement is time consuming and costly. So in this respect, stream flow is basically measured by 
the direct method which involves the two step procedure method.  
The two step procedure is very simple and easy to understand. This method is relatively inexpensive. In this firstly 
measured the discharge of a given stream related to the water surface elevation and formed the stage discharge 
relationship. In the second step, the stage of the stream is observed routinely and discharge is to be estimated by 
using the previous stage discharge relationship.  The observation of the stage is easy, inexpensive and if desired 
continuous readings can also be obtained. The two stage procedure for estimating the stream flow discharge is 
adopted universally. 
Firstly stage is defined as the water surface elevation above the datum or mean sea level. Stage is to be measured 
by the different method- 
1. Manual gauge –  

 Staff gauge – it is the simplest way to measure the stage. In this basically scale is used to measure the stage of 
water surface above the MSL. It is used in plain areas as well as in the sloping areas.  
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 Wire gauge – In this rotation of wire is counted and finds the stage. 

 
2. Automatic gauge –  

 Float gauge recorder  

 Bubble gauge 
Discharge (Q) at different stage (G) is estimated by the direct methods (current meter, float method etc.). Once 
the stage discharge (G-Q) relationship is established, the subsequent procedure consists of measuring the stage 
and reading the discharge from the (G-Q) relationship. The stage discharge relationship is also called as rating 
curve.  

 
 
Stage discharge Curve (rating curve) 
Once the rating curves are plotted it can be conveniently used at a later date to predict the discharge simply by 
noting the stage of the river. From the rating curve rating tables are generally prepared to facilitate quick 
calculations.  
So for measuring the stream flow discharge, direct methods is to be used which involve the two step procedure 
because of simplicity, easy, less time consuming and inexpensive in nature.  
 
REFERENCES –  
http://www.yourarticlelibrary.com/water/river-training/stage-discharge-curves-explained/60954 
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=125277 
https://www.stevenswater.com/news-and-articles/staff-gages-overview/ 

http://www.yourarticlelibrary.com/water/river-training/stage-discharge-curves-explained/60954
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=125277
https://www.stevenswater.com/news-and-articles/staff-gages-overview/
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INTRODUCTION 
 The increase of cereals and cash crops in modern cropping systems and full adoption of high-yielding 
cultivars have resulted in a dramatic reduction in food diversity and micronutrient intake. In developed 
market economies, this trend was caused by a combination of economic factors, which encouraged farmers 
to specialize on fewer crops and production technologies to maximize farm profits. In developing countries, 
the introduction of short-statured, input-responsive wheat and rice cultivars catalysed a “green revolution” 
with spectacular production increases. Farmers chose to grow more profitable, highly productive cereal 
crops, leading to a decline in the area under protein and micronutrient rich legumes. This tendency is evident 
in a proportional decrease in cereal prices and an increase in price for legumes, fruits, vegetables, and animal 
and fish protein. This has contributed significantly to a “hidden hunger” or micronutrient deficiency brought 
about by these less nutritious cereal crops becoming more affordable and available. 

Micronutrient malnutrition 
 Micronutrient malnutrition affects more than one half of the world’s population. The primary underlying 
cause of micronutrient malnutrition is poor quality diets, characterized by high intakes of food staples, but 
low consumption of animal and fish products, fruits, lentils, and vegetables, which are rich sources of 
bioavailable minerals and vitamins. Bioavailability refers to how much of a given substance is in a form that 
can be readily used by the body. So, it is not only important to have enough of a particular nutrient, but it 
must also be “available” to be used by the body. As such, most of the malnourished are those who cannot 
afford to purchase high-quality, micronutrient-rich foods or who cannot obtain these foods from their own 
production. 

Major micronutrient deficiencies in humans 
 Globally three major micronutrient deficiencies have been recognized in humans. These are: (i) vitamin A 
deficiency leading to blindness, about 57% of pre-school children in India have subclinical vitamin A 
deficiency (ii) iron deficiency leading to anaemia; about 79% of the kids between 6 and 35 months of age and 
56% of women between 15 and 49 years of age are anaemic in India and (iii) iodine deficiency leading to 
goitre and cretinism is endemic in 85% districts in India. Micronutrient deficiency of Zn has recently received 
global attention. Vitamin A deficiency was responsible for the maximum number of deaths followed by Zn 
and Fe deficiencies. 

Biofortification 
 Biofortification is the development of micronutrient dense staple crops using the best agronomic 
approaches, traditional breeding practices and modern biotechnology. Biofortification provides a truly 
feasible means of reaching malnourished populations in relatively remote rural areas, delivering naturally 
fortified foods to people with limited access commercially-marketed fortified foods, which are more readily 
available in urban areas. The ultimate goal of the biofortification strategy is to reduce mortality and 
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morbidity rates related to micronutrient malnutrition and to increase food security, productivity, and the 
quality of life for poor populations of developing countries by breeding staple crops that provide, at low cost, 
improved levels of bioavailable micronutrients in a fashion sustainable over time. There are two approaches 
for biofortification; i) Genetic Biofortification and ii) Agronomic Biofortification  

Genetic Biofortification 
 Genetic Biofortification involves plant breeding to develop a new cultivar capable of accumulating high 
concentration of micronutrient in the grain. In an effort coordinated by the Harvest Plus project, CGIAR (The 
Consultative Group on International Agricultural Research) Centres are taking a leading role in breeding for 
increasing concentration and bioavailable levels of Zn and Fe in seeds of major stable food crops. Plant 
breeding for micronutrient density began to gain legitimacy when deficiencies in micronutrients such as iron, 
iodine, zinc, and vitamins were recognized as an issue of overwhelming global public health significance and 
one of the major development challenges of the 21st century. In July of 2003, CGIAR established Harvest 
Plus, the Biofortification Challenge Program to add food nutritional quality to its agricultural production 
research paradigm and capitalize on agricultural research as a tool for public health interventions. It is co-
ordinated by the International Centre for Tropical Agriculture (CIAT) and the International Food Policy 
Research Institute (IFPRI). 

Limitations of Genetic Biofortification 
 Although it is a powerful and sustainable strategy, breeding approach has some limitations: it is a long 
term process requiring variety of breeding activities and huge resources. In addition, it is uncertain whether 
this strategy will effectively work after all the long-term efforts. The breeding steps include at least (1) 
identification of a useful genetic variation and the most promising parents, (2) long-term crossing and back-
crossing activities, (3) stability of the target traits (e.g., high grain Zn concentrations) across the different 
environments that feature huge variation in soil and climatic conditions, and finally (4) adaptation of the 
newly developed biofortified genotypes over a range of crop and soil management practices applied in the 
target regions or countries. The acceptance of biofortified crops by producers is a further issue that needs a 
special attention. Most importantly, newly developed genotypes should be able to extract sufficiently large 
amounts of that particular nutrient from the soil, and accumulate it in whole grain at sufficient levels for 
human nutrition. The soils widespread in major cereal-growing regions have several adverse soil chemical 
factors (i.e., high pH values and low soil moisture and organic matter) that could potentially diminish the 
expression of high grain micronutrient trait and limit the capacity of newly developed(biofortified) cultivars 
to absorb adequate amount of that particular micronutrient from soils to contribute to daily nutrient 
requirement of human beings. 

Agronomic Biofortification 
 Due to above mentioned problems, applying fertilizers to soil and/or to foliar appears to be important to 
ensure success of breeding efforts for increasing nutrient concentration in grain. Fertilizer strategy could be a 
rapid solution to the problem and can be considered an important complementary approach to the on-going 
breeding programs. Agronomic biofortification involves the application of fertilisers to seeds, soil and/or 
foliage, at rates greater than those required for maximum yield, to increase the uptake of nutrients into the 
plants and its translocation into seeds. Agronomic biofortification is of great importance in enriching seeds 
with micronutrients like Zn and Fe. 

http://www.ciat.cgiar.org/
http://www.ifpri.org/
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Agronomic benefits resulted from Zn fertilization 
 Increasing seed concentration of Zn by soil and/or foliar applications of Zn also brings several agronomic 
benefits for crop production. This agronomic side effect of Zn fertilization may result in better bioavailability 
of Zn in the human digestive system. In addition, seedlings from seeds containing high Zn have better ability 
to withstand adverse environmental conditions. 
 
 

 
 

Agronomic Biofortification with Fe  
 The Biofortification of bioavailable Fe in staple plants provides a sustainable and economical tool to use to 
rescue Fe deficiency in target populations globally.It has been reported that biofortification can be achieved 
by utilising crop and soil management practices to increase micronutrient concentrations in the edible crop 
parts.  

Soil management strategies 
 In alkali soil Fe availability is less because of its high pH and high bicarbonate concentration that lower the 
solubility of Fe and reduce its uptake by plant roots.Several studies have indicated that soil application of 
inorganic Fe fertilizers to Fe deficient soil is usually ineffective because the applied Fe is quickly converted to 
unavailable Fe (III) forms. In chinaFe deficiency is a serious nutritional problem in the production of fruits 
such as apples, peaches and oranges. Some simple and effective practices however are widely used by 
farmers including Fe2+ root feeding (placing the cut roots in Fe2+ fertilizer solution) and bagfertilization 
(placing the cut branches in a bag with Fe2+ fertilizer solution). These approaches make more Fe directly 
available for root uptake, consequently correcting Fe deficiency in fruit crops. These techniques are more 
suitable for labour intensive small-scale fruit crop production systems. 

Constraints in Agronomic Biofortification  

 They are expensive and have to apply regularly. 

 Their use involves recurrent costs 
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 They are heavy and bulky, making distribution difficult where roads are bad or non-existent 

 Resource-poor farmers cannot afford application of mineral fertilizers, especially micronutrient fertilizers. 

CONCLUSION  
 Micronutrient malnutrition is a growing global health problem caused mainly by low dietary intake of 
micronutrients, especially Zn and Fe. Agronomic biofortification is of great importance in enriching seeds and 
straw with micronutrients. Countries with high incidence of micronutrient deficiency fertilizer strategy 
should apply as a quick solution to the deficiency problems in soil, plants, animals and human. Selecting 
genotypes with higher grain protein concentrations and adapting appropriate N fertilization programs would 
be an effective strategy for maximizing the grain Zn accumulation in wheat. Fortification of fertilizers with Zn 
and Fe would be an excellent investment for crop production and humanity in India.For the long term, 
agronomic biofortification is a complimentary approach to plant breeding as well as modern biotechnology 
for increased micronutrients in the produce. 
 
REFERENCES: 

[1]. Prasad, R. 2010. Zinc biofortification of food grains in relation to food security and alleviation of zinc 
malnutrition. Current Science,98(10):1300-1304. 

[2]. Zhang, J., Wu, L. H. and Wang, M. Y.2008. Iron and zinc biofortification in polished rice and 
accumulation in rice plant (Oryza sativa L.) as affected by nitrogen fertilization. Soil and Plant Science 
58: 267-272. 
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Major problems of organic farming in INDIA 
Article id: 22092 
Raghvendra Singh, (Research Scholar) Department of Agronomy, ANDUA&T, Kumarganj, Ayodhya (U.P.) 

 
What is Organic Farming: 
"Organic Farming is agricultural production system which avoids or largely excludes the use of synthetically 
compounded fertilizers, pesticides, growth regulators and livestock feed additives. To the maximum extent 
feasible organic farming system rely upon crop rotation, crop residues, and animal manure, legumes, green 
manure, mineral-bearing rocks and aspects of biological pest control to maintain soil productivity and tilth to 
supply plant nutrients and to control insects, weeds and other pests”. 
Aims of Organic Farming: 
1. To produce crop with a high nutritional value 
2. To maintain and improve long term fertility and sustainability of farm land. 
Characteristics of Organic Farming include: 
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 microorganisms; 
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. 
6. Careful attention to the impact of the farming system on the wider environment and the conservation of 
wildlife and natural habitats. 
 
Problems of Organic Farming 
Lack of Awareness: 
The most important constraint felt in the progress of organic farming is the inability of the government policy 
making level to take a firm decision to promote organic agriculture. Unless such a clear and unambiguous 
direction is available in terms of both financial and technical supports, from the Centre to the Panchayat 
levels, mere regulation making will amount to nothing. Many farmers in the country have only vague ideas 
about organic farming and its advantages as against the conventional farming methods. 
Use of bio-fertilizers and bio pesticides requires awareness and willingness on the part of the farming 
community. Knowledge about the availability and usefulness of supplementary nutrients to enrich the soil is 
also vital to increase productivity. Attention on the application of composts/organic manure is also lacking. 
The organic matter is spread during the months when the right moisture level is absent on the soil. The 
whole manure turns into wastes in the process. The required operation is of course labour intensive and 
costly, but it is necessary to obtain the desired results. 
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Output Marketing Problems: 
It is found that before the beginning of the cultivation of organic crops, their marketability and that too at a 
premium over the conventional produce has to be assured. Inability to obtain a premium price, at least 
during the period required to achieve the productivity levels of the conventional crop will be a setback. 

Shortage of Bio-mass: 
Many experts and well informed farmers are not sure whether all the nutrients with the required quantities 
can be made available by the organic materials. Even if this problem can be surmounted, they are of the view 
that the available organic matter is not simply enough to meet the requirements. 

Inadequate Supporting Infrastructure: 
In spite of the adoption of the NPOP during 2000, the state governments are yet to formulate policies and a 
credible mechanism to implement them. There are only four agencies for accreditation and their expertise is 
limited to fruits and vegetables, tea, coffee and spices. The certifying agencies are inadequate. 

High Input Costs: 
The small and marginal farmers in India have been practicing a sort of organic farming in the form of the 
traditional farming system. They use local or own farm renewable resources and carry on the agricultural 
practices in an ecologically friendly environment. However, now the costs of the organic inputs are higher 
than those of industrially produced chemical fertilizers and pesticides including other inputs used in the 
conventional farming system. 

Marketing Problems of Organic Inputs: 
Bio-fertilizers and bio-pesticides are yet to become popular in the country. There is a lack of marketing and 
distribution network for them because the retailers are not interested to deal in these products, as the 
demand is low. The erratic supplies and the low level of awareness of the cultivators also add to the problem. 
Higher margins of profit for chemical fertilizers and pesticides for retailing, heavy advertisement campaigns 
by the manufacturers and dealers are other major problems affecting the markets for organic inputs in India. 

Low Yields: 
In many cases the farmers experience some loss in yields on discarding synthetic inputs on conversion of 
their farming method from conventional to organic. 
Restoration of full biological activity in terms of growth of beneficial insect populations, nitrogen fixation 
from legumes, pest suppression and fertility problems will take some time and the reduction in the yield 
rates is the result in the interregnum. It may also be possible that it will take years to make organic 
production possible on the farm. 
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Dynamics of Potassium in the soil-plant system 
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INTRODUCTION: 
Potassium (K) is the key element in plant nutrition and physiology. It activates over sixty (60) enzymes. It 
promotes photosynthesis, controls stomata opening, improves the utilization of N, promotes the transport of 
assimilates and consequently increases crop yields. Also, K influences the microbial population in the 
rhizosphere and plays key roles in the nutrition and health of man and livestock. Agricultural soils are nearly 
always in a state of disequilibrium with regard to K transformations. With periodic additions of fertilizers, the 
soil K equilibrium is been hampered. Potash fertilizers are not effective for all soils and therefore before their 
application it is necessary to assess the amount of potassium in the soils which is to be fertilized and the 
degree of availability to plant. 
 
Sources and status of potassium in soil: 
Of the major and secondary nutrient elements, K is usually the most abundant in soils. Igneous rocks of the 
Earth's crust have higher K contents than sedimentary rocks. Some of the potassium containing minerals are 
presented below (Table 1). 
Table 1. Potassium content of different minerals (Malavolta, 1985) 

Minerals K content (g kg- 1) 

Granites and Syenites 46-54 

Basalts 7 

Peridotites 2 

Clayey shales 30 

Limestones 6 

Muscovite 80 

Biotite 70 

Allophane 1.0-1.3 

Orthoclase ~110 

Mineral soils generally range between 0.04 and 3% K. Total K contents in soils range between 3000 and 
100,000 kg ha-1 in the upper 0.2 m of the soil profile. Of this total K content, 98% is bound in the mineral form 
whereas 2% is in soil solution and exchangeable pools. 

Potassium pools in soil: 
Based on the degree of availability to crops, soil K can be partitioned into four forms: 
a) Soil solution K (1-10 mg/kg) which is usually considered as the primary source of K absorbed by plant roots; 
and its concentration is a function of soil weathering, past cropping and K fertilization practices. It is 
subjected to leaching and is usually found in low quantities. The concentration of K in the soil solution is 
enigmatic. 
(b) Exchangeable K (40-600 mg/kg) which is held by the negative charges on soil clay and organic matter 
exchange sites. It is easily exchanged with other cations and is readily available to plants.  
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c) Non-exchangeable K (50-750 mg/kg) which is held as fixed ions in the lattice structure of clay minerals and 
forms a part of the structures of minerals. Non-exchangeable K is moderately to sparely available to plants, 
depending on various soil parameters. Release of non-exchangeable K to the exchangeable form occurs 
when levels of exchangeable and soil solution K are decreased by crop removal and/or leaching and perhaps 
by large increases in microbial activity. 
d) Mineral K (5000-25000 mg/kg) which is found in K-bearing minerals in soils depending primarily on the 
source of the parent material. The bulk of the total K is in the mineral form as feldspars. Mineral K is 
generally assumed to be slowly available to plants, however the availability is dependent on a number of 
factors including the level of K in the other phases viz., solution, exchangeable and non-exchangeable and 
the degree of weathering of the feldspars and micas making up the mineral K fraction. 
The first two forms of soil K are considered to be labile and meet the immediate requirements of growing 
plants, while the last two are considered non-labile and are responsible for the long-term supply of K to 
plants (Figure 1). 
 

 
 Figure 1: Interrelationships of various forms of soil K (Sparks and Huang, 1985). 
 
Dynamics of potassium in soil: 
  The interrelationship between the labile and non-labile K brings into view the dynamics of K in soils. 
The general aim of K-dynamics is to explain the movement of K in soil-solution-plant systems in relation to 
driving forces. Two key forces that drive K dynamics are gravitational force (which controls movements of 
water, solutes and particles in and on soils) and diffusion (which controls movements under concentration 
gradients).  
  In the case of K-ions in soil-solution-plant systems, two situations create concentration gradients. 
One, when the concentration of solution K decreases due to plant uptake, a positive gradient is created 
between soil particles and roots through the soil solution; and two,when water-soluble K fertilizers are 
applied, a positive gradient is established between the K fertilizer molecules and soil particles and/or plant 
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roots through the soil solution. These phenomena operate to achieve K balance between different forms and 
the rate of equilibration varies with soil. 
  The major natural source of soil potassium is the weathering of K+-containing minerals such as micas 
and alkali feldspars, which contain 6 - 9 and 3.5 - 12% K+, respectively. During K+ uptake, plants reduce its 
concentration in the immediate vicinity of roots which releases K+ from the minerals. The release of K+ 
converts micas to secondary 2:1 clay mineral illite and then to vermiculite (Figure 2). Application of K+ 
fertilizer to soils containing illite and vermiculite clay minerals often leads to fixation of some of its fraction 
by soil particles. This fraction then becomes unavailable or slowly available to the plants. The fixed K+ can be 
made available to plants by its release from soil particles into soil solution when the concentration of K+ is 
lowered in soil solution, but in many cases this release is too slow to meet the plants requirement. 

 
Figure 2. Properties of different types of clay minerals developed by weathering of mica. (Wakeel et al., 
2011). 
 Sometimes plants do not respond to the application of generally recommended levels of K+ fertilizer in the 
soils because of expandable clay minerals which may be due to richness of illite and vermiculite clay minerals 
with high CEC for which a major part of applied K+ is fixed immediately and becomes unavailable to the 
plants.  
CONCLUSION: 
To increase the efficiency of K fertilizer applications, and to predict the fate of applied K with time, 
understanding of the dynamic reactions between the different phases of soil K must be considered. This can 
be immensely helpful  in formulating a sound fertilizer program for soils and crop especially based on soil 
type rather than generalised method of plant uptake. 
 
REFERENCE: 
[1]. Malavolta, E. 1985. Potassium status of tropical and subtropical region soils. In: R.E. Munson (ed.) 

Potassium in Agriculture. American Society of Agronomy, Crop Science Society of America, and Soil 
Science Society of America, Madison, WI, pp. 163-200. 

[2]. Sparks, D.L., and P.M. Huang. 1985. Physical chemistry of soil potassium. In: R.D. Munson (ed.) Potassium 
in Agriculture. American Society of Agronomy,Crop Science Society of America, and Soil Science Society of 
America, Madison, WI, pp. 201-276. 

[3]. Wakeel, A., Farooq, M., Qadir, M. and Schubert, S. 2011. Potassium substitution by sodium in plants. 
Critical Reviews in Plant Science, 30:4, 401-413. 
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INTRODUCTION 
Heavy metal are those metals having density more than 5 mg/m3, atomic weight more than 20, group of 
toxic metals and metalloids and great capacity to form complex compounds. Heavy metals enter the soil 
through various sources which besides affecting plant growth also affect the micro-organisms and microbial 
processes responsible for nutrient cycling. Soil microbial properties can be used for monitoring heavy metal 
pollution. No single microbial parameter can be universally used as an indicator of soil pollution (Slavka et. 
al., 2014). Microbial activities such as respiration, C and N mineralization, biological N2 fixation and soil 
enzymes can be measured to monitor heavy metal pollution. Heavy metal such as Cu, Ni, Cd, Zn, Cr and Pb 
are important inorganic pollutants. These metals are found in low concentrations. Bioindicators are any 
species or group of species of known environmental requirements that respond to alterations of their 
habitats with changes in abundance, morphology, physiology or behavior in unnatural conditions. It may be 
either for heavy metal toxicity/ pollution or any changed alterations. The term bioindicator is used to refer to 
an organism, or a part of it that depicts the occurrence of pollutants on the basis of specific symptoms, 
reactions, morphological changes or concentrations (Iqra et. al., 2015). Bioindicator generally refers to all 
organisms that provide information on the environment or the quality of environmental changes. 
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Criteria for selecting bioindicators  
1) Sensitivity – responsiveness to specific stressors 
2) Specificity – respond to specific stressors 
3) Broad Applicability – over temporal and spatial scales 
4) Representativeness – role of surrogate for other response 
5) Variability – low variability relative to noise in system 
6) Cost – reasonable for available resource and purpose of study 
 
Role of soil microorganism/ bioindicators and degradation 
 Nutrient cycling within soil plant ecosystem 
 Decomposition of organic matter 
 Nitrogen fixation 
 Mineralization of N, P and S 
 Organic transformation 
 
Soil microbial properties indicates the heavy metal pollution  
1) Carbon and Nitrogen Mineralization 
2) Nitrogen fixation     
a) Symbiotic nitrogen fixation  
b) Asymbiotic nitrogen fixation 
3) Soil enzyme activities 
4)  Mycorrhizal association 
5) Respiratory activity 
 
Important groups of soil organisms 
 Macro flora -Vascular plants, mosses 
 Micro flora -Vascular plants (root hairs), algae, actinomycetes, bacteria, and fungi 
 Macro fauna- Vertebrates, arthropods, earthworms, snails 
 Meso fauna -Arthropods, worms 
 Micro fauna- Nematodes, protazoa  
 
Ideal bioindicator  
• Easy in taxonomical identification 
• World-wide distribution 
• Numerical abundances 
• Lower genetic and ecological variability 
• Long life cycle with minimum mortality 
• Known ecological characteristics 
• Easy in availability 
 
Toxic limits of heavy metals  

Elements Plant (mg /kg) Soil (mg /kg) 
Lead 30-300 600 

Cadmium 5-30 100 
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Heavy metal contents (mg /kg) in fertilizers 

Fertilizers Cu Zn Mn Mo Cd Pb 

Urea 0.4 0.5 0.5 0.2 1 4 

CAN 0.2 6 11 - 6 200 

MOP 0.3 3 8 0.2 14 88 

DAP - - - 109 188 - 

Complex fertilizer 22 276 - - 6 128 

SSP 16 155 150 3.3 187 603 

Rock phosphate 100 200 0.5 - 303 992 

     
EPA limit for heavy metal concentrations in plant  

Metals Plant foliage (mg /kg dry weight) 

Normal Phytotoxic 

Cadmium 0.1-1.0 5-700 

Cobalt 0.01-0.3 25-100 

Copper 3-20 25-40 

Iron 30-300 - 

Manganese 15-150 400-2000 

Molybdenum 0.1-3.0 100 

Nickel 0.1-5.0 50-100 

Lead 2-5 - 

Selenium 0.1-2.0 100 

Zinc 15-150 500-1500 

 
Uses of bioindicators  
 Indicate contaminant exposure 
 Help identify mechanisms of toxicity 
 Provide early warning of impending environmental damage 
 Provides early indications of environment remediation 
 Important in linking cause (stressor) to ecologically relevant effects 
 Can be incorporated into ecological risk assessment. 
 
Earthworm as a bioindicator           
 Accumulate heavy metals from soil and other pollution ways 
 Ingest large quantities of soil and are in full contact with the substrate they consume 
 Participate in many food chains 
 Constitute up to 92% of invertebrate   biomass in soils 

Arsenic >2.6 20 

Chromium 3-30 100 

Mercury 0.1-10 270 

Copper 100-200 600 

Zinc 100-400 1500 
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 Eisenia foetida species recognized for toxicity testing by several international organizations. 
 
Protozoa as a bioindicator  
 Delicate external membrane and extremely sensitive to wide range of heavy metal 
 Relatively easy to observe and enumeration in pure culture 
 Have short generation time (hours) as compared to another soil fauna 
 Respond rapidity to perturbation. 
 
Nematodes as bioindicator 

 Play a major role in decomposition of OM, N-mineralization and nutrient cycling 

 Diverse feeding behavior 

 Ranging from colonizer to persist 

 Respond to environmental change rapidly 

 Easy to identify because of its morphology, feeding behavior 

 Provide information about both functional and structural of soil ecosystem. 
 
Moss as a bioindicator 
 Loss of chlorophyll and N- content 
 Nitrate reductase activity is reduced 
 To endure metal toxicity, plant adopt 
 Metal accumulation in the cell wall 
  Reduced transport across the membrane Active efflux 
 Synthesis of metal binding peptides phyto-chelatin  
 
Lichen as a bioindicator  
 Lichens are excellent bioindicators of air pollution because they are very sensitive to dry and wet 
deposition of airborne pollutants 
 Lichens not only useful bioindicators but also very sensitive to change in air quality 
 Lichens typically are one of the most sensitive ecosystem component and thus can serve as early warning 
indicators in air quality and environment effects monitoring programmes.  
 
Plant species as a bioindicators  
 Wild plants, trees and cultivated plants are used for bioindictor of heavy metal 
 Plants absorb heavy metal through root from the soil 
 Heavy metals accumulate in the top soil and in the long term their contaminated increase in soil  then 
increase absorption and accumulation in plants 
 Heavy metals cause morphological, physical and biochemical changes in plants 
 Vascular plants are often used for biomonitoring of heavy metals 
 The implication of vascular plants for indication of soil pollution is based on their ability to absorb metals 
(especially heavy metal) 
 Toxic substances from the soil and transport them through their organism or to accumulate them in a 
specific part 
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 Plant species Danelion (Taraxacum officinale) and plantain (Plantage lanceolata) are hyper accumulators 
of lead in comparison to other analyzed plant species. 
 
Zea mays L. and Triticum  aestivum L.  
 Phytochelatin (PC) as  a bioindicator of heavy metal 
 Non protein thiols 
 Produced in plant upon exposure of heavy metals 
 Useful for early warning system 
  
BRYOPHYTES: A useful tool in heavy metal monitoring  
The bryophytes are autotrophic cryptogams and an important component of the flora. They occur 
throughout the globe in different habitats, particularly on moist and shady places. They grow on soil, rocks, 
tree trunks, branches, leaves, buildings, old monuments etc. and in wetlands.  
 
Bryophytes and heavy metal accumulation  

Bryophytes Heavy metals 

Philonotis Fontana Pb 

Pohlia nutans Cu 

Merceya ligulata Cu, Fe 

Merceya gedeana Cu, S 

Dicranella varia Pb, Zn 

Fontinalis antipyrietica Zn 

Hypnum cupressiforme Pb 

Plagiothecium denticulatum Pb, Cu, Zn 

Hydrogonium gracilentum Pb 

 
CONCLUSION 
Microbial mineralization activity and global structure of microbial communities can be applied to detect 
disturbance in soil ecosystem by heavy metals. Soil microbial biomass measurements can be considered to 
act as an early warning of changing soil conditions. There is, as yet, no single microbiological property that is 
universally ideal for monitoring soil pollution. There seems to be a great potential for remediation of heavy-
metal-polluted sites by growing hyper accumulator plants. Soil microbial biomass measurement can be 
considered to act as an early warning to changing soil condition.  
 
REFERENCES 
[1]. Slavka S., Predrag K., Ana R.S., (2014). Biota as toxic metal indicators. Environmental Chemistry Letters. 2:63-84 
[2]. Iqra A., Sumera A., Ahmed Z., Muqaddas J., Rashid S., Muhammad K.S. and Bushra M., (2015). Evaluating 
Insects as Bioindicators of Heavy Metal Contamination and Accumulation near Industrial Area of Gujrat, Pakistan. 
BioMed Research International. Article ID 942751, 1-11.  

  
 
 
 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

329 
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        Bitter gourds are very low in calories but dense with precious nutrients. It is an excellent source of 
vitamins B1, B2, and B3, C, magnesium, folic acid, zinc, phosphorus, manganese, and has high dietary fiber. It 
is rich in iron, contains twice the beta-carotene of broccoli, twice the calcium of spinach, and twice the 
potassium of a banana. Bitter melon contains a unique phyto-constituent that has been confirmed to have a 
hypoglycaemic effect called charantin. There is also another insulin-like compound known as polypeptide P 
which have been suggested as insulin replacement in some diabetic patients. 
 

The table below for in depth analysis of nutrients: 
Bitter gourd or Bitter melon (Momordica charantia), 

fresh, raw, Nutritive value per 100 g 
(Source: USDA National Nutrient data base) 

Energy 17 Kcal <1% 

Carbohydrates 3.70 g 3% 

Protein 1.00 g 2%  

Total Fat 0.17 g  0.5% 

Cholesterol 0 mg 0% 

Dietary Fiber 2.80 g 7% 

Folates 72 µg 18% 

Niacin 0.400 mg 2.5% 

Pantothenic acid 0.212 mg  4% 

Pyridoxine 0.043 mg 3% 

Riboflavin 0.040 mg  3% 

Thiamin 0.040 mg 3.5% 

Vitamin A 471 IU 16% 

Vitamin C 84 mg 140% 

Sodium 5 mg <1% 

Potassium 296 mg 6% 

Calcium 19 mg 2% 

Copper 0.034 mg 4% 

Iron 0.43 mg 5% 

Magnesium 17 mg 4% 

Manganese 0.089 mg 4% 

Zinc 0.80 mg 7% 

Carotene-ß 190 µg -- 

Carotene-α  185 µg  

Lutein-zeaxanthin 170 µg -- 
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Health Benefits 
Bitter Gourd offer high medicinal properties for these ailments like 
Blood disorders:  Bitter gourd juice is highly beneficial for treating blood disorders like blood boils and itching 
due to toxemia. Mix 2 ounces of fresh bitter gourd juice with some lime juice. Sip it slowly on an empty 
stomach daily for between four and six months and see improvement in your condition. 
Cholera: In early stages of cholera, take two teaspoonfuls juice of bitter gourd leaves, mix with two 
teaspoonfuls white onion juice and one teaspoonful lime juice. Sip this concoction daily till you get well. 
Diabetes mellitus: Bitter melon contains a hypoglycemic compound (a plant insulin) that is highly beneficial 
in lowering sugar levels in blood and urine. Bitter melon juice has been shown to significantly improve 
glucose tolerance without increasing blood insulin levels. 
Energy: Regular consumption of bitter gourd juice has been proven to improve energy and stamina level. 
Even sleeping patterns have been shown to be improved or stabilized. 
Eye problems: The high beta-carotene and other properties in bitter gourd makes it one of the finest 
vegetable-fruit that help alleviate eye problems and improving eyesight. 
Hangover: Bitter melon juice may be beneficial in the treatment of a hangover for its alcohol intoxication 
properties. It also help cleanse and repair and nourish liver problems due to alcohol consumption. 
Immune booster: This bitter juice can also help to build your immune system and increase your body's 
resistance against infection. 
Piles: Mix three teaspoonfuls of juice from bitter melon leaves with a glassful of buttermilk. Take this every 
morning on empty stomach for about a month and see an improvement to your condition. To hasten the 
healing, use the paste of the roots of bitter melon plant and apply over the piles. 
Psoriasis: Regular consumption of this bitter juice has also been known to improve psoriasis condition and 
other fungal infections like ring-worm and athletes feet. 
Respiratory disorders: Take two ounces of fresh bitter melon juice and mix with a cup of honey diluted in 
water Drink daily to improve asthma, bronchitis and pharyngitis. 
Toxemia: Bitter gourd contains beneficial properties that cleanses the blood from toxins. Sip two 
teaspoonfuls of the juice daily to help cleanse the liver. Also helpful in ridding jaundice. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

331 
 

Foliar fertilization; An emerging technique for agriculture 
Article id: 22096 
Anil Kumar Verma1*, Ganpat Louhar1, Dinesh Kumar Yadav3, Suresh Yadav2 and Poonam yadav4 

1Division of Soil Science and Agricultural Chemistry 
2Division of Genetics and 3Division of Agricultural Chemicals, IARI, New Delhi–110012 
4Department of Live Stock Production and Management, SKNAU, Jobner-303329 
 
INTRODUCTION 
Crop plants require 17 nutrients to complete their life cycle. Essential plant nutrients are divided into macro 
and micronutrient groups. Macro nutrients are carbon (C), hydrogen (H), oxygen (O), nitrogen (N), 
phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and sulphur (S). Micronutrients include zinc 
(Zn), copper (Cu), iron (Fe), manganese (Mn), boron (B), molybdenum (Mo), chlorine (Cl), and nickel (Ni). 
Further, the essentiality of silicon (Si), sodium (Na), vanadium (V), and cobalt (Co) has been considered, but is 
not yet proven. Macronutrients are required in higher amounts compared to micronutrients. However, from 
the plant essentiality point of view, all the nutrients are equally important for plant growth. First three macro 
nutrients (C, H, and O) are supplied to plants by air and water. Hence, their supply to plants is not a problem. 
Hence, the remaining 14 nutrients should be present in the plant growth medium in adequate amount and 
proportion for plant growth. Research on foliar fertilization was possibly started in the late 1940s and early 
1950s. Unlike many technologies, its pace followed an unpredictable sequence of events. In the early 1980s, 
studies on foliar application of fertilizers investigated for selected crops, including cereals. However, the 
research was limited to micronutrients in high-value horticultural crops such as potato (Solanum tuberosum 
L.) and tomato (Lycopersicon esculentum L). Soil application is most common method to supply essential 
nutrients to plants. In this case applied nutrients are absorbed by plant roots. However, higher plants can 
also absorb mineral nutrients when applied as foliar sprays in appropriate concentrations. However, in 
modern high yielding cultivars, nutritional requirements (macronutrients) are rarely met with foliar 
applications. Furthermore, foliar application of macronutrients requires several sprays, can also be washed 
off by rain, plant should have sufficient leaf area for absorption and leaf damage by high nutrient 
concentrations is a serious practical problem. Despite these drawbacks, under certain circumstances foliar 
application is most effective methods to correct nutritional disorder. For example, iron deficiency in 
calcareous soils can be corrected by foliar application of ferrous sulfate or iron chelates solution more 
efficiently than the soil application of iron sources. Other advocated foliar fertilization as a visible economic 
way to supplement the plants’ nutrients for more efficient fertilization. Furthermore, interest in foliar sprays 
increased because the development of high concentration soluble fertilizers and the increasing use of 
machinery for spraying fungicides, herbicides, and insecticides and overhead irrigation further facilitate the 
application of nutrients to crops in the form of sprays. Advances in agriculture include reducing the cost of 
crop production, maintaining soil quality, and potential increasing of agro-ecosystems, human, and animal 
health. Use of nutrients in adequate amounts and its methods of application associated with these 
objectives. The objective of this review is to discuss latest advances in foliar fertilization and reveal gaps in 
the existing knowledge and to reflect on both. 

Crop responses to foliar fertilization 
Much of the research work reported on crop responses to foliar fertilization was done on soybean and 
wheat. Crop responses to foliar fertilization have been mixed both positive, negative or no responses 
depending on crop species and nutrient applied. Extensive research conducted during the 170s and 1980 on 
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foliar fertilization of soybean during early vegetative growth stages or during late reproductive growth stages 
showed inconsistent grain yield increases.  A foliar N application applied as a liquid spray resulted in higher 
grain protein concentration levels than when it was broadcast as dry granular fertilizer at late growth stages 
on wheat. Iron deficiency chlorosis is a common problem when soybean is grown on calcareous soils. There 
are two most important management practices to reduce iron chlorosis in soybean grown on calcareous 
soils. One is use of iron efficient cultivars and second is application of iron as foliar sprays. Phosphorus is 
applied much less in foliar sprays compared to N. This may be because field crops require phosphorus early 
in the season when there is only a small leaf-area to retain spray, and because many phosphorus compounds 
have low water solubility. Foliar fertilization in corn during V4 (collar of fourth leaf visible), V8 (collar of eight 
leaf visible), and VT (last branch of the tassel completely visible but silks not yet emerged) growth stages. 
Foliar P applied at the VT growth stage improved grain and forage P concentration, which was reflected in 
increase grain yield in some experiments. These results concluded that foliar P could be used as an efficient P 
management tool in corn when applied at the appropriate growth stage and rate. 
The application of K through foliar sprays is much lower than N and P. The reasons may be that is required in 
very higher amount by most crop plants and K responses to field crops are limited. However, in Alaska potato 
yields were increased from weekly K sprays. Further, foliar application of P used less than N largely because 
most P compounds are damaging to leaves when sprayed on in quantities large enough to make the 
application beneficial. Application of micronutrients by foliar spray is more effective because of the small 
amounts required. 
 
Advantages and disadvantages of foliar fertilization 
Foliar fertilization provides more rapid utilization of nutrients and permits the correction of observed 
deficiencies in less time than would be required by soil application. According to authors experience crops 
respond to soil applied fertilizers in five to six days if climatic conditions are favourable. On the other hand, 
crop responses to foliar application of nutrients can be seen in 3 to 4 days. The soil applied nutrient has long 
influence on plant growth. However, plant response to foliar application is often only temporary. This means 
in case of severe nutrient deficiency several foliar applications are necessary. The foliar application is most 
successful for micronutrients, whereas soil application is effective for both macro and micronutrients. For 
some of the immobilized nutrients in the soils, such as iron, foliar application is more effective and 
economical compared to soil application. At early growth stage when plant roots are not well developed, 
foliar fertilization is more advantageous in absorption compared to soil application. However, for foliar 
application an appropriate leaf area index (LAI) for maximizing spray interception is a primary requisite. In 
wheat, it has been reported that a leaf LAI of 2–4 seems adequate. The possibility of foliage burning if salt 
solution concentration is higher than leaves can tolerate exists. Such chances are remote in case of soil 
application. In foliar fertilization, wind is a major cause of variability in spray deposition. Hence, on a windy 
day care should be taken to avoid non uniform distribution of the nutrient solution. Such problems did not 
occur with soil fertilization. There are several potential benefits of providing N to cereals via the foliage as 
urea solution. These include reduced N losses through denitrification and leaching compared with N fertilizer 
applications to the soil, the ability to provide N when root activity is impaired, e.g., in saline or dry conditions, 
and uptake late in the season to increase grain concentration. The importance of foliar fertilization may lie in 
the localization and regulation of the enzyme systems involved in nitrogen assimilation. It is known that 
molybdenum ions are important component of co-factor of the key enzymes of assimilatory nitrogen 
metabolism-nitrogen fixation, nitrate uptake, and reduction. Foliar sprays of urea have reduced the severity 
of certain diseases, which may result in yield benefit. Additionally, sprays of fertilizer provide opportunities 
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to apply other agrochemical in the same operation as tank mixes allowing saving in labour, machinery, and 
energy cost. It is widely assumed that high rates of foliar uptake are also dependent on high relative 
humidities, as rapid drying can lead to crystallization on the leaf surface. Foliar application, like soil 
application is also less effective when soil moisture is limited. Using present spraying technology, foliar 
application of N can have benefits over soil treatment in increasing grain protein content and the bread 
making quality of wheat when applied at an appropriate timing, like at and after antithesis. Foliar application 
of nutrients solution after flowering may result in severe discoloration spikelets in rice (author’s personal 
observation) and should not be recommended. Applications of fertilizer solution high in urea content to rice 
after flowering has resulted in severe discoloration of the lemma and paella and in desiccation of rice. Soil 
application of N after flowering may not create such problem. Foliar application will not only increase 
efficiency of nutrient uptake and decrease cost of production, but also reduce runoff of soil applied P that is 
responsible for eutrophication of many of lakes and streams. Micronutrients are required in small amounts 
and foliar application of these nutrients is more uniform compared to soil application. 

Principal source of macro and micronutrients for foliar fertilization 
To correct nutrient deficiencies by foliar fertilization soluble sources of these nutrients are more efficient 
compared to insoluble or slightly soluble sources. In addition, chelate sources of micronutrient are more 
efficient compared to non-chelated sources. However, chelated sources are very expensive and may not 
within the reach of farmers. The concentrations of macro and micronutrients major salts used for foliar spray 
are presented in Table 1. 

Table:1 Amount of fertilizer and water volume used in foliar spray of macro and micronutrients 

Nutrients   Formulation or salt  Kg per 500 liter of water  

N CO (NH2)2 3-5 

N (NH4)2SO4:NH4Cl :NH4NO3 2-3 

P H3PO4: Others 2-3 

K KCl : KNO3:K2SO4 1.5-2.5 

Ca CaCl2:CaNO3 1.5-2.5 

Mg MgSO4:Mg(NO3)2 3-10 

Fe FeSO4 3-6 

Mn MnSO4 1-2 

Zn ZnSO4 1.5-2.5 

Cu CuSO4 0.5-1 

B Sodium borate 0.25-0.5 

Mo Sodium molybdate 0.1-0.15 

 
Day timing of foliar fertilization 
Day timing of foliar fertilization is an important aspect for efficient absorption and also to avoid leaf injury of 
applied fertilizer materials. For efficient absorption of foliar fertilization, leaf stomata’s should be open and 
temperature should not be too high to cause burning of plant foliage. In the afternoon when air temperature 
is low (after 2–3 P. M.) is the best time for foliar fertilization. Another factor that may affect foliar fertilization 
is a windy day, which can drift the spray solution 
 Hence, windy days should be avoided for foliar spray. There should be at least 3 to 4 hours for the applied 
nutrient to be absorbed by plant foliage. Hence, there should not be rain for at least 3 to 4 hours after 
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application of the nutrient solution. When applying a nutrient solution as a spray, some sticking material 
should be added to the solution to stick the spray drops to plant foliage. 
 
CONCLUSION 
Foliar application of nutrients is an important crop management strategy in maximizing crop yields. It can 
supplement soil fertilization. When nutrients are applied to soils, they absorbed by plant roots and 
translocated to aerial parts. In case of foliar application, the nutrients penetrate the cuticle of the leaf or the 
stomata and then enter the cells. Hence, crop response occurs in short time in foliar application compared to 
soil application. Macronutrients, which are required in high amounts by crop plants are rarely met by foliar 
application. Hence, so far the most important use of foliar sprays has been in the application of 
micronutrients. In foliar sprays, macronutrient concentrations of generally less than 2% are used to avoid leaf 
burning. Macronutrient solution concentrations vary from 0.1 to 1.2% depending on the nutrient. Plant age 
should also be considered in selecting nutrient concentration. Older plants are more tolerant to higher 
concentrations of salts compared to younger plants. In foliar fertilization, droplet size and fertilizer solubility 
should be carefully controlled since it will affect crop response. Foliar fertilization in food crops may not 
increase yield but may increase protein content of grains, if applied during anthesis or flowering.  Foliar spray 
of nutrients should be avoided at high temperature during the day to avoid leaf burning. Similarly, windy 
days may drift the applied nutrient solution and rain immediately after application may washout the sprayed 
material and reduce its efficiency foliar fertilization cannot substitute for soil application. It is simply a 
nutrient corrective technique in crops during growth cycle when soil application is ineffective due to 
immobilization of soil applied nutrients or cost or methods of application are prohibitive. 
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INTRODUCTION  
  Historically, the importance of diet in maintenance of health has been known from time immemorial 
in some parts of the world. In Asia, the concept is rooted in a tradition, known as Ayurveda, “the science of 
life,” which had its origin some 5000 years ago. It recognized the importance of balanced diet that could 
contain some herbal products for therapeutic effects. In recent times, the application of science in nutrition 
started during the later parts of the last centaury. However, fish receives special attention as a food because 
of its content of first class animal proteins with high nutritive valve and rich in various essential amino acids. 
Its contribution of fair amounts of water-soluble vitamins and many of the minerals and micronutrients is 
also well recognized. New knowledge on the role of ω-3 fatty acids in human physiology and high contents of 
this group has been added a new dimension to the importance of fish in health and nutrition. 
  Malnutrition is still a problem in many countries. Micronutrient deficiencies of vitamin A, iron and 
iodine are also of public health concern in the whole world. Their consequences include nutritional blindness, 
poor learning capabilities, poor growth and increased morbidity and mortality rates. Development of 
agricultural programmes including fisheries and aquaculture which mainstream nutrition issues can go a long 
way in alleviating the problem of malnutrition in the world.  
 
Fish & Nutrition 
Fish are a rich source of protein, fatty acids, and essential vitamins and minerals such as vitamin A, calcium, 
iron, zinc, and iodine. The vitamin A, calcium and iron found in small fish species are particularly bioavailable 
that is, easily absorbed by the body. Rising incomes and high consumer preferences for fish, especially in 
Asia, have caused global fish consumption to double in the past 30 years to 15kilograms per person per year, 
according to the Food and Agriculture Organization of the United Nations (FAO). This trend is mainly 
attributable to demand from growing urban populations in China and other Asian countries.  
   Studies in rural Bangladesh and Cambodia show that small fish makeup between 50 to 80 percent of 
all fish eaten during the production season. Although they consumed in small quantities, these small fish, 
which are consumed whole, are particularly rich in micronutrients. Their bones are an excellent source of 
calcium, and in some species, vitamin A accumulates in their eyes and intestines. A study of poor, rural 
households in Bangladesh in 1997 revealed that small fish intake provided about 40 percent of the vitamin A 
and 32 percent of the calcium recommendations of an average household in the peak fish production season. 
The long-chained omega-3 polyunsaturated fatty acids (PUFA) found in marine fish has a range of health 
benefits.  
 
MACRONUTRIENTS  
Proteins  
Proteins are important for growth and development of the body, maintenance and repairing of worn out 
tissues and for production of enzymes and hormones required for many body processes. The importance of 
fish in providing easily digested protein of high biological value is well documented. In the past this has 
served as a justification for promoting fisheries and aquaculture activities in several countries. On a fresh 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

336 
 

weight basis, fish contains a good quantity of protein, about 18‐20%, and contains all the eight essential 
amino acids including the sulphur containing lysine, methionine, and cysteine.  
Fats  
The fat content of fish varies depending on the species as well as the season but, in general, fish have less fat 
than red meats. The fat content ranges from 0.2% to 25%. However, fats from fatty fish species contain the 
polyunsaturated fatty acids (PUFAs) namely EPA (eicosapentaenoic acid) and DHA (docosahexaenoic acid) 
(omega 3 fatty acids) which are essential for proper growth of children and are not associated with the 
occurrence of cardiovascular diseases such as coronary heart disease. The fat also contributes to energy 
supplies and assists in the proper absorption of fat soluble vitamins namely A, D, E, and K.  

MICRONUTRIENTS  
Vitamins  
Fish is a rich source of vitamins, particularly vitamins A and D from fatty species, as well as thiamin, riboflavin 
and niacin (vitamins B

1
, B

2 
and B

3
). Vitamin A from fish is more readily available to the body than from plant 

foods. Vitamin A is required for normal vision and for bone growth. Fatty fish contains more vitamin A than 
lean species. Studies have shown that mortality is reduced for children under five with a good vitamin A 
status. As sun drying destroys most of the available vitamin A better processing methods are required to 
preserve this vitamin.  
Vitamin D present in fish liver and oils is crucial for bone growth since it is essential for the absorption and 
metabolism of calcium. Thiamin, niacin and riboflavin are important for energy metabolism. If eaten fresh, 
fish also contains a little vitamin C which is important for proper healing of wounds, normal health of body 
tissues and aids in the absorption of iron in the human body.  
Minerals  
The minerals present in fish include iron, calcium, zinc, iodine (from marine fish), phosphorus, selenium and 
fluorine. These minerals are highly ‘bioavailable’ meaning that they are easily absorbed by the body. Iron is 
important in the synthesis of hemoglobin in red blood cells which is important for transporting oxygen to all 
parts of the body. Iron deficiency is associated with anemia, impaired brain function and in infants is 
associated with poor learning ability and poor behavior. Due to its role in the immune system, its deficiency 
may also be associated with increased risk of infection.  
  Calcium is required for strong bones (formation and mineralization) and for the normal functioning of 
muscles and the nervous system. It is also important in the blood clotting process. Vitamin D is required for 
its proper absorption. The intake of calcium, phosphorus and fluorine is higher when small fish are eaten 
with their bones rather than when the fish bones are discarded. Deficiency of calcium may be associated 
with rickets in young children and osteomalacia (softening of bones) in adults and older people. Fluorine is 
also important for strong bones and teeth.  
  Zinc is required for most body processes as it occurs together with proteins in essential enzymes 
required for metabolism. Zinc plays an important role in growth and development as well in the proper 
functioning of the immune system and for a healthy skin. Zinc deficiency is associated with poor growth, skin 
problems and loss of hair among other problems.  
Iodine, present in seafood, is important for hormones that regulate body metabolism and in children it is 
required for growth and normal mental development. A deficiency of iodine may lead to goiter (enlarged 
thyroid gland) and mental retardation in children.  
  Intake of antioxidants including vitamin C was considered to lower the risk of cancers, while the 
vitamin K was found to help bones retain calcium to control the onset of osteoporosis. Recognition of these 
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beneficial effects led to the dissemination of dietary guidelines, aimed to reduce the frequency of chronic 
nutrition related disease such as obesity, cardiovascular disease, hypertension, type II diabetes, osteoporosis 
and several forms of cancer. 
  It is evident that fish contribute more to people’s diets than just the high quality protein they are so 
well known for. Fish should therefore be an integral component of the diet, preventing malnutrition by 
making these macro‐ and micro‐nutrients readily available to the body.  

BENEFITS OF OMEGA-3 FATTY ACIDS  
The benefits of omega-3 fatty acids are widely documented. Increased consumption of finfish reduces the 
risk of sudden death from heart attacks, improves symptoms of rheumatoid arthritis, decreases the risk of 
bowel cancer, and reduces insulin resistance in skeletal muscles. DHA supplements promote brain cell and 
synapse growth, and improve disposition. In pregnant women, the presence of PUFAs in their diets has been 
associated with proper brain development among unborn babies. In other studies, omega 3 fatty acids have 
also been associated with reduced risk of preterm delivery and low birth weight. Recent findings showed that 
consuming two or more servings of fish with high omega-3 fatty acids may lower the risk of age-related 
macular degeneration, which may cause blindness or vision impairment. 

DHA IN NEURAL DEVELOPMENT 
Among PUFA, DHA is conspicuous inn neural and retinal development. During the period of the so-called 
“growth spurt”, the brain can become vulnerable to nutritional insult. A diet unbalanced in ω-3/ ω-6 fatty 
acids can be quite damaging to the PUFA composition of developing human central nervous system. Special 
attention is required to ensure the presence of long chain PUFA (mainly DHA) in all formulas devised for 
infant nutrition. At the same time it would be advisable not to provide excess of precursors, and to include in 
diet only a moderate balanced amount of long chain PUFA in a proportion not far from that found in normal 
composition of human tissue. 

OBESITY 
The prevalence of overweight and obesity has increased over the past few decades. Experimental evidence 
supports the role of ω-6 fatty acids as being potent promoters of both adipogenesis in vitro and adipose 
tissue development in vivo during the gestation/ lactation period. It was proposed that unnoticed changes in 
fatty acid composition of ingested fats over the last decades have been important determinants in the 
increasing prevalence of childhood overweight and obesity. Eating oily fish regularly could help fight obesity. 
Small doses of oil containing ω-3fatty acids, combined with moderate exercise, or exercising without taking 
oils, does not result in weight loss.   
 
DIABETES 
Epidemiologic studies have reported a lower prevalence of impaired glucose tolerance and type 2 diabetes in 
populations consuming large amounts of ω-3 PUFA. Preliminary evidence also suggests that increased 
consumption of ω-3 PUFAs with reduced intake of saturated fat may reduced the risk of conversion from 
impaired glucose tolerance to type 2 diabetes in obese persons. Expected health benefits and public health 
implications of consuming 1-2g ω-3 PUFA per day as part of lifestyle modification in insulin resistance and 
type 2 diabetes have been reported. 
 
FISH AND HIV/AIDS  
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The World Health Authority estimates that people living with HIV survive up to eight years longer if they have 
a good, varied diet. Not only is overall health improved, but the efficacy of antiretroviral drugs appears to be 
enhanced. Fish can contribute significantly to the nutritional regime of those living with HIV particularly in 
terms of the high quality protein and micronutrients that fish provide in a readily accessible form.  

Functions of various nutrients available from fish in human nutrition 

Nutrients  Functions 

Vitamin A Required for growth and differentiation of epithelial, nervous and bone 
tissues; 
11-Cis retinal is a constituent of rhodopsin and other light pigments 

Vitamin D 1,25-Dihydroxy-vitamin D3 is a major hormonal regulator of bone 
mineral (calcium and phosphorous) metabolism 

Phosphorus Constituent of bones, teeth, ATP, phosphorylated metabolic 
intermediates. 

Iron  Heme enzymes (hemoglobin cytochromes) 

Iodine  Involved in transport and metabolism of thyroid hormones 

Calcium  Constituent of bones teeth; regulation of nerve 

Selenium Plays a major role in enzyme systems (glutathione peroxidase) that 
control 
the accumulation of free radicals in the body 

Co enzyme Q10 Functions as an antioxidant at the sub-cellular level 

 
Taurine 

An amino acid which plays a role in the formation and excretion of bile 
salts, which are the breakdown products of cholesterol 

EPA Essential for structural integrity of mitochondrial membrane; involved in 
prostaglandin and leukotriene formation 

DHA Essential nutrient in the brain and retina for optimal neuronal functioning 
and visual performance 

Source: P.S. Choo and M.J. Williams 2003. 
 
Nutritive values of some tropical fish (data sourced from Choo et al. 2003) 

Species per 
100 g 

Atlanti
c 
salmon 

Asian 
carp 

Spanish 
mackerel 

Yellow  
fin tuna 

Rock 
cod 

Thread 
fin 

Barram
undi 

Sea 
perch 

Mullet 

Kilojoules 541 617 na 521 na na na na 549 

Protein (g) 18.4 16.4 na 23.8 na na na na 19.3 

Cholesterol 
(mg) 

18 24 36 30  27  39 45 21 28 

Sodium (mg) 44  57 na 37 na na na na 131 

Total fat (TF) 
(g) 

2.7  0.5  3.0 0.5  0.6  0.9  0.9  0.4  0.4 

Sat.fat/TF (%) 31  31  50  33  35  44  43  31  32 

Monounsat./T
F (%) 

34  18  30  13  16  27  32  16  15 
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Poly unsat./TF 
(%) 

35  51  20  54  49  29  26  53  53 

EPA (mg) 171  36  75  14  13  53  11  11  34 

DHA (mg) 378  101  281  100  152  119  50  117  87 

Arachidonic 
Acid (mg) 

71  29  66  15  25  46  57  38  26 

Note: Scientific names of fish: Atlantic salmon (Salmo salar); Asian carp (Cyprinus carpio); Spanish mackerel 
(Scomberomorus commerson); Yellowfin tuna (Thunnus albacares); Yellow-spotted rock cod (Epinephelus 
areolatus); Blue threadfin (Eleutheronema tetradactylum); Barramundi (Lates calcarifer); Saddletail 
seaperch(Lutjanus malabaricus); Yelloweye mullet (Aldrichetta forsteri). 
 
CONCLUSION 
Clinical and nutritional researchers continue to demonstrate the benefits of ω-3 long chain PUFAs. EPA and 
DHA lower elevated triglyceride levels, afford protection to the cardiovascular system, have anti-
inflammatory and immune- modulating properties and are beneficial for the musculoskeletal and 
gastrointestinal systems. Fish-derived PUFA, particularly DHA are beneficial in infant nutrition and 
development. Furthermore, beneficial effects of these fatty acids on obesity, kidney and liver function, 
diabetes, and asthma have been indicated. A number of international bodies have realized the importance of 
these fatty acids in health protection. This will ensure a greater impact by improving the nutritional status of 
households, particularly those with young children. Research will be undertaken to gain a better 
understanding of the role of fish in decreasing malnutrition and improving the health of the sick.  
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Enriched vermicompost - A Green and clean eco-friendly technology 
Article id: 22098 
Shreya Das and Samanyita Mohanty 
Ph.D. Research Scholar, Department of Agricultural Chemistry & Soil Science 
Bidhan Chandra Krishi Viswavidyalaya, BCKV, Nadia, West Bengal 
 
INTRODUCTION: 
  Vermicompost is the excreta of earthworm, which is capable of improving soil health and nutrient 
status. Vermiculture is a process by which all types of biodegradable wastes such as farm wastes, kitchen 
wastes, market wastes, bio-wastes of agro based industries, livestock wastes etc. are converted to nutrient 
rich vermicompost while passing through the worm gut. Vermiworms act as biological agents that consume 
these wastes and deposit excreta which is called vermicompost. Earthworms are well known natural 
machineries. Out of the thousands of species of earthworms, epigeic species of earthworms (Eisenia foetida, 
Eudrilus eugeniae etc) are widely used for vermicomposting of different organic wastes. Generally, they are 
voracious feeders and they excrete a large part of these consumed materials in a semi digested form. 
Vermicomposts contain plant growth hormones, plant growth regulating substances and humic acids which 
enhance plant growth and productivity. Hence, it could be used as an excellent soil amendment for main 
fields and nursery beds. One of the unique features of vermicompost is, during the conversion process by 
earthworms, many of the nutrients are changed to their available forms which is easily utilizable by plants. 
Hence, it effectively enhances the root formation, elongation of stem and production of biomass, vegetables, 
ornamental plants, etc.  
  Now-a-days, environmental and public health concern worldwide have led to increasing emphasis on 
beneficial uses of bio-solids as a replacement for incineration or landfill methods. Vermi-stabilization of a 
variety of organic materials with the amendment of microbial agents like Azotobacter chroococcum and 
Bacillus megaterium and phosphate solubilizing bacteria, Pseudomonas fluorescens  etc. are gaining 
importance apart from cattle dung for enriched vermicompost production.  
 
Biofertilizer: 
Biofertilizer is a natural product carrying living microorganisms derived from the root or cultivated soil. 
Besides their role in atmospheric nitrogen fixation and phosphorous solubilisation, these also help in 
stimulating the plant growth hormones providing better nutrient uptake and increased tolerance towards 
drought and moisture stress. A small dose of biofertilizer is sufficient to produce desirable results because 
each gram of carrier of biofertilizers contains at least 10 million viable cells of a specific strain. Azotobacter 
and Azospirillum are the two most important non-symbiotic N-fixing bacteria in non-leguminous crops. Their 
beneficial effects on plants are attributed mainly to an improvement in root development, an increase in the 
rate of water and mineral uptake by roots, displacement of fungi and plant pathogenic bacteria and, to a 
lesser extent, biological nitrogen fixation. All these factors combined together produce positive effects on 
crop yield.  Biofertilizers like Azotobacter chroococcum and Bacillus megaterium and phosphate solubilizing 
bacteria, Pseudomonas fluorescens etc. are also used for enriched vermicompost production. 
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Substrate and preparation: 
 Vegetable Wastes: Vegetable wastes collected from market shop can be subjected to initial 
decomposition in rectangular draining cement tanks of 75cm×60cm×45cm size by sprinkling water, regular 
mixing and turning of the substrates for 15 days. The cow dung collected from cattle sheds in fresh form are 
allowed to stabilize for one week. This stabilization of cow dung is done to make it acceptable by the worms. 
The earthworm collected from culture bank is mass multiplied in cow dung. This preparation has been 
carried out 3 months before start of the experiment. 
 Coconut Coir Waste: Coconut coir i.e. coir waste (Cocos nucifera L.) can be used as a main substrate and 
cow dung waste can be used as a waste material in different combinations for preparation of vermicompost. 
The earthworm species Eudrilus euginae and Eisenia foetida can be utilized for this purpose. 
Vermicomposting can be performed in plastic pots which are first thoroughly cleaned with water and two 
holes are kept at the bottom side of the pots for drainage purpose and then rinsed with distilled water 
before using for vermicomposting. 
 Municipal Waste Water Sludge: The municipal waste water sludge can be taken from effluent sludge of 
any waste water treatment plant. The sludge is a mixture of primary sludge and waste activated sludge with 
a moisture content of over 90%. Initially this should be dewatered by passing through sand beds for 24 hrs to 
increase its concentration and reduce its moisture to 80%. Next it can be mixed with carbon rich bulking 
materials like straw and decaying leaves in order to accelerate the decomposition process, to improve the 
C/N ratio and to cut down the N loss through volatilization. The common species of earthworm are then 
applied for vermicomposting. 
 Paper Mill Sludge (PMS): The biodegradable PMS generated by paper industries is an attractive and 
potential source for nutrient rich vermicompost production as a means of organic waste recycling. PMS 
generated from paper mill industries are required to be suitably amended with other organic materials, 
because of its poor nitrogen content and broad C/N ratio, for the production of vermicompost with desirable 
qualities. To make the PMS suitable for vermicomposting and to produce enriched vermicompost, 
researchers worldwide have used cattle dung, leaf litter, agricultural residues etc. 

Advantages over vermicompost: 
Vermicomposting is an effective biological process for conversion of organic wastes into a stable end 
product, where in microbial activity plays an essential role. Vermicompost produced by the joint action of 
earthworms and microbes contain nutrients in the available form with increased microbial activity. A diverse 
rhizobial population is found in the soil which can be isolated from the legume root nodules and rhizospheric 
soils. Phosphate solubilizing bacteria solubilize phosphate in the soil and render it available to crop plants. 
The use of biofertilizers brings out several benefits to soil: solubilisation of essential minerals, get hold of 
nutrients, offering micronutrients in more utilizable form for plants and taking part in biological nitrogen 
fixation. Microorganisms of this group are generally known as plant growth promoting microorganisms 
(PGPM) which include Azospirillum, Azotobacter, Phosphobacteria, Rhizobia and Cyanobacteria. The 
enrichment of vermicompost with nutrients and microorganisms using different organic and inorganic 
materials and microbial inoculants is now popularized, due to the advantage of using the ‘enriched 
vermicompost’. One of the possible ways of increasing the nutrient content of the final compost is microbial 
enrichment technique with nitrogen fixers, P solubilizers and cellulose decomposers. 
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CONCLUSION: 
Good soil health is the key factor that determines the sustainable crop production. Its maintenance warrants 
optimum combination of organic and inorganic components of soil. Basically there are a large number of 
beneficial microorganisms harboured in the soil which can help in the availability of essential nutrients to 
crops through the processes like biological nitrogen fixation, phosphorus solubilization and production of 
growth promoting substances. The present day agricultural practices considerably reduce these beneficial 
microbial populations in the soil by excessive application of chemical inputs in the form of fertilizers and 
pesticides. Hence, there is an urgent need to maintain their required population levels in soil in order to 
maintain good soil health. The biomass and renewable energy sources are now-a-days given much attention 
because of the concern towards the environment and cheaper utility of available resources and suitable 
alternate sources for energy generation in agriculture. The quantity and quality of waste materials produced 
by anthropogenic activities create waste disposal crisis which ultimately urges promising recycling or 
alternate ways for resource recovery. The appropriate sustainable method to utilize industrial sludge, 
compared to incineration and land filling, is the stabilization with earthworms and the biotransformed end 
material - vermicompost, which can be used as an agricultural soil conditioner.  
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Effect of Chemical Fertilizers on Soil, Water, Air and Living species 
Article id: 22099 
1Pankaj Malkani, 1Akshay K Singh, 1Atish Sagar, and 1Abhinav Dubey 
Ph.D. Scholar, Division of Agricultural Engineering 
ICAR-Indian Agricultural Research Institute, New Delhi-110012 
 
INTRODUCTION 
India is the second most populated country in the world after China with population about 1.21 billion 
(Census, 2011). Fertilizer is one of the essential important inputs applied to soil-plant in crop production 
system for supplying essential nutrients. It can be of natural or synthetic (Chemical) origin. Chemicals 
fertilizers are classified as Primary, Secondary and Micronutrients fertilizers on the basis of nutrients 
provided to the soil. Primary nutrients N, P, and K were supplied via nitrogen, phosphorous and potassium 
fertilizers. Secondary nutrients were provided by calcium, magnesium and sulfur based fertilizers while 
micronutrients were provided via iron, zinc, copper, boron and molybdenum based fertilizers (Anonyms, 
2017). The amount of fertilizers applied had direct positive relations with the crop yield. The most commonly 
used fertilizers product wise in India are Urea (Nitrogenous), Di ammonium phosphate (DAP) and Muriate of 
potash (MOP). These fertilizers are generally applied either in solid or liquid/aqueous form. Solid form of 
application had huge losses. Ammonia volatilization loss is greatest in urea during soil surface application of 
urea. It promotes rapid granular dissolution, but restricts its movement into the soil. The other form of 
fertilizer application is in aqueous or liquid form. These are applied as starter solutions, foliar application in 
plants, fertigation into soil surface, direct injection into soil and through aerial application over soil and 
plants. Fertilizers in liquid form are more stable as compared to solid form of application and have rapid 
effect with easier coverage of area. These liquid fertilizers include anhydrous ammonia, aqueous solutions of 
ammonia and aqueous solutions of ammonium nitrate or urea.  These highly dense products can be diluted 
with water to form a moderately concentrated liquid fertilizer such as Urea Ammonium Nitrate (UAN). The 
liquid or aqueous form of application of nitrogenous fertilizer has the advantage that they provide the 
nutrients within a short span and have rapid effect. On the darker side fertilizer is also considered to be 
source of heavy metals. It contains heavy metals like mercury, cadmium, arsenic, lead, copper, nickel etc. It 
may affect the accumulation of these metals in soil and plant system. This article provides the effect of 
chemical fertilizers on plant, soil, water, air and humans.  

Effect on plants 
Fertilizers such as Nitrogen help plants for chlorophyll synthesis and for preparation of amino acids which is 
the key component of protein. It helps in increasing the crop yield and protein content in grains. Maize grain 
yield significant increases due to balanced NPK fertilizer treatments. Application of nitrogen along with 
phosphorous fertilizers increase the plant height, chlorophyll content, root collar diameter, and root 
morphology (Razaq et al. (2017). Nitrogen insufficient quantity in plants causes change in productivity and 
quality which caused significant losses.  Foliar fertilization of Nitrogenous in direct seeded rice increased 
yield, number of panicles m-2, 1000 grain weight, and biological yield. Solid form of urea application in soil 
surface causes 50% loss while only 50% is utilized effectively through plants. High liquid concentration of 
fertilizers injured the plants and reduced their yield. It also causes leaf burn when applied during early 
morning in winter season when dew is present in the crop (Woolfolk et al. (2002). Ammonia emission 
because of excessive N application in fertilized lands resulted in deposition of it on ecosystems which causes 
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vegetation damage. Application of larger amount of potassium fertilizers along with Zinc in the soil having 
calcium and iron disturb the balance of nutrients required for the plants. Long term use of nitrogen fertilizers 
also declining efficiency of field crops 
 
Effect of chemical fertilizers on soil 
Heavy use of nitrogenous fertilizers acidifies the soil. It also creates adverse conditions for microorganisms, 
such as bacteria and actinomycetes (Savci, 2012). Urea application in solid form had 5-25 % loss in soil; which 
reacts with organic compounds in soil and changes its properties. Long term fertilization and excessive used 
of nitrogenous fertilizers reduces the total organic matter and turn the soil acidic (Belay et al, 2002). NPK 
fertilizers application causes significant changes in chemical, physical and biological properties of the soil. 
Long term application also results in deteriorating the quality and productivity of the soil (Acton and 
Gregorich 1995). Potassium and zinc applications in the soil having calcium and iron had devastating and 
lethal effect on the micro-organisms (worms and soil mite). Nitrogenous fertilizer applications in arid and 
semiarid regions increase the nitrate buildup in the soil as water evaporates. High quantity of sodium and 
potassium providing fertilizers, adversely impact the soil pH, destroy soil structure and increased chances for 
acid irrigation. Use of basic fertilizers increase the soil and plants pH 
 
Effects of chemical fertilizers on water  
Solid urea application had 2-10% loss in water through leaching which contaminates surface and ground 
water. Nitrate leaching is dependent on fertilizer application and cultivation. Fertilizers water when mix with 
surrounding water causes eutrophication which creates oxygen free environment in water and makes it unfit 
for drinking purpose and aquatic life. 

Effects of chemical fertilizers on air  
Urea application induced (2-20%) loss through evaporation. These excessive nitrogen causes air pollution by 
emitting nitrogen oxides (NO, N2O, NO2). These harmful gases contribute in the greenhouses effect. 
Agricultural gaseous emission along with other sources increases the atmospheric N2O from 0.2 to 0.3% each 
year.  Ammonia emission from fertilized lands because of urea application can cause ecosystem damage 
through the formation of acid rain.  

Effect on living species 
The concentration of nitrate may increase in drinking water and rivers due to application of high quantity of 
nitrogen fertilizer. Nitrogen in nitrate form exceeding, 50 mg /L concentrations in drinking water causes 
bowel in adults, digestive and urinary problem, disease in infants like methamoglobianemi which sometimes 
causes infants death etc. Plants (lettuce and spinach) grown in soils with significantly high level of nitrogen 
fertilizer consisted of carcinogenic substances like nitrosamines which can cause cancer. Also high nitrate 
content in plant risks human health that reaches to humans through the consumption of leafy vegetables. 
Acid rain obtained from NH3 emission cause severe damage to organisms living in lakes and reservoirs. 

CONCLUSION 
Fertilizers supplied essential nutrients for plant growth and increased the yield, quality protein content, root 
morphology etc. But on the another sides long term excessive and heavy used destroyed the soil, plants, 
water, air and had negative effect on human and other species. Balanced fertilizer treatments maintain soil 
quality, plants health and productive capacity of soil. Long term applications of fertilizers should be avoided 
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to prevent soil structure deterioration, diminishing productivity and crop yield. Excessive concentration of 
liquid fertilizers should also be avoided for avoiding plant leaf damage and yield reduction. Proper time of 
application should be chosen for preventing plant injury. 
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Maximum residue limit (MRL) is the maximum concentration for a pesticide residue on the crop or food 
commodity resulting from the use of pesticide according to good agricultural practices (GAPs). So, these are the 
legal safety limits that define the maximum expected level of a pesticide on a food commodity after its safe and 
authorised or recommended use. 

 These limits are food specific and serve as monitoring tool. 

 Act as enforcement tool to ensure compliance with its registered level. 

 However, the foods containing residues above MRLs are need not to be unsafe as long as any calculated acute 
reference dose (ARfD) has not been exceeded.  

MRL fixation procedure: 

 2 types of trials are undertaken. 
o 1. Toxicity trial 
o 2. Field trial 
1. Toxicity trial:  
a. Test animals taken, e.g., rat, monkey, guinea pig etc. 
b. Animals are fed with different concentrations of pesticide throughout their life time and observations are 
taken. 

i. External observations: by visual symptoms  
ii. Internal observations: seeing effect on internal organs by sacrificing the animal 

c. No Observered Adverse Effect Level (NOAEL): It is the highest administered dose which does not cause any 
detectable (usually adverse) effect in the studied animal. 

i. It is calculated from the chronic toxicity studies. 
ii. Unit: mg/kg of body weight/day of that test animal (mg/kg/day) 

d. Extrapolation for human being:  
i. For this Acceptable Daily Intake (ADI) is calculated and usually a safety factor of ‘100’ is considered for 

extrapolation. ADI is the amount of pesticide that can be ingested daily over a life time without any appreciable 
health risk to the consumer on the basis of all known facts at the time of evaluation.  

ii. It can be formulated as; ADI= NOAEL/100 (NOAEL divided by 100). 
iii. It is determined based on the results of long term toxicity studies. 

e. Conversion into MPI: 
i. Maximum permissible limit (MPI) is defined as the maximum intake of a pesticide allowed for an average 

weight human adult (50 kg for an Indian adult and 60 kg for international fixation). 
ii. MPI= ADI x average body weight of  human (i.e., 50 kg) 

iii. Unit: mg/person/day 
2. Supervised field trial:  
a. With good agricultural practices (GAPs), samples are collected and residues are checked under good laboratory 
practices (GLPs) at regular interval till harvest (0,1,2,3,4...days). 
b. TMRC (Theoretical maximum residue concentration) or TMDI (Theoretical maximum daily intake) calculation: 
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i. TMRC= Residue in commodity x Daily food intake x Food factor (provided by National Institute of Nutrition, 
Hyderabad, India) 

ii. Unit: mg/person/day 
iii. TMRC is calculated for each day harvested commodity (0, 1,2,3,4...days). 

c. Comparison between TMRC and MPI 
i. If TMRC >MPI, then pesticide level is considered safe. 

ii. If TMRC ≤ MPI, then pesticide level is not safe for that tested food commodity and now, the residue of the 
previous day which gives TMRC ≤ MPI is fixed as MRL. e.g., let TMRC of the 6th day is less than MPI, so the residue 
level of 5th day will be considered as MRL (Unit: mg/kg or ppm). 
MRL Fixation: 

 In India, MRL is fixed by Food Safety and Standards Authority of India under Ministry of Health & Family 
Welfare, Govt of ndia. 

 Global or internationally, MRL is fixed by CODEX Alimentarious Commission (est. in 1963-64) 

 Some other countries and MRL Fixation Authority:  
o Australia- APVMA 
o Canada- PMRA 
o France- INRA 
o Germany- BVL 
o UK- PSD 
o USA- U.S EPA 

 In fixing MRL, the effect of preparation and cooking (food processing) on levels of pesticide residues is taken 
into consideration. 

 Default MRL is considered as 0.01 mg/kg. 
MRLs serve both to prevent illegal and/or excessive use of a pesticide and act as enforcement tool to ensure 
compliance with its registered label. MRLs once fixed are not forever. Re-evaluation / resetting may be required 
based on availability of new toxicological / safety and monitoring data on pesticide residues. Government of India 
has established the All India Network Project on Pesticide Residues. Joint Parliamentary Committee (JPC) 
concluded that exact level of pesticides & its metabolites on food commodities and environmental samples need 
to be ascertained at the National level so that the risk involved in their use can be scientifically assessed. 
Collection of market sample (cereals, pulses, fruits, vegetables, dairy products, spices, meat, eggs, seafood, 
honey, ground and surface water) had been done and it was found that more than 30000 samples analyzed 
between 2008 and 2010 were exceeded MRL more than 1.6%. Use of non-recommended products on crop is 
major issue (lack of MRL). Many of the export products are being rejected due to this particular issue. So, it should 
be a prior concern for the healthy consumption of food and agricultural commodities.   
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INTRODUCTION 
Green manuring is a practice of ploughing or turning of undecompensed green plant material into the soil for 
improving the physical condition of the soil or adding nutrients (Loks et. al., 2016). It has been noticed that 
considerable loss of organic matter is occurring from the soil due to high temperature, high annual rainfall 
and poor aeration (Krishnaprabu, 2019). The choice of green manuring crops has to be made in relation to 
the soil, time available to raise the green manure crop and irrigation facility.  
 

 
Classification of green manure  
A. Legumes 
1) Green manures   

 Dhaincha (Sesbania aculeata)  

 Sunhemp (Crotalaria juncea) 

 Dhamasa (Theprosia purpuria)  
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2) Green leaf manures  

 Glyricidia (Glyricidia maculata)      

 Karanj (Pongamia glabra)  

 Subabul (Leucaena leucocephala)  
B. Non Legumes  
1) Green manures  

 Sunflower (Helianthus annus) 

 Buck wheat (fagopyrum esculentum)  
2) Green leaf manures 

 Calotropis spp. 

 Adapthoda   

TYPES OF GREEN MANURING  
A) In- situ green manuring: Any crop plant (generally leguminous) grown and incorporated in the same field 
is called as in-situ green manuring. 
B) Green leaf manuring: Turning of green leaves and tender green twigs into the soil collected from shrubs 
and trees grown on the bunds, wastelands and nearby forest areas. 

Common green manure crop and their nutrient potential 

Crop Sowing time Biomass 
(tones /ha) 

% of N on Green 
Weight. 

Available Nitrogen 
(kg /ha) 

Sunhemp April-july 18-20 0.43 60-100 

Dhaincha April- july 20-25 0.42 84-105 

Lobia April-july 15-18 0.41 74-88 

Urd April-july 10-12 0.48 40-49 

Mung April-july 8-10 0.34 38-48 

Guar April-july 20-25 0.34 68-65 

Senji Nov.-jan 26-29 0.51 120-135 

Berseem Nov.-jan 16 0.43 60 

 
Selection of green manuring crop 
Green manuring crops are chosen on the basis of climate, soil and crop rotation.  
1) Sunhemp : Good drainage and sufficient rainfall. 
2) Dhaincha  : Adverse conditions of water logging, drought, salinity and alkalinity. 
3) Guar   : Areas of low rainfall, poor fertility and sandy soil. 
4) Lobia    : Soils having good drainage sandy loam soils 
5) Moong, Urd: Grown in both Kharif and Rabi season, no water logging and used as green manure after pod 
harvested. 
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Criteria for selection of green manure plant 

Criteria Effects 

High biomass production Mobilization of nutrients from soil into vegetation and weed 
control. 

Deep rooting system Pumping up of nutrients from lower layers. 

Fast initial growth Quick soil covers for effective soil protection. 

More leaf than wood Easy decomposition of organic matter. 

Low C:N ratio Availability of nutrients to succeeding crop. 

Nitrogen fixing Increase nitrogen availability. 

Good affinity with mycorrhiza Mobilization of phosphorus leading to improved availability. 

Useful by-products Integration of animal husbandry and forestry. 

 
Process of decomposition  
1. Plant and animal tissue disappear under the influence of microbial enzyme and appear new biological 
tissue  
2. Break down of organic compound by different group of micro organism and release different essential 
plant nutrients 
3. Formation of resultant compound 
Simple product of decomposition 
Aerobic condition 
CO2, NH4

+, NO3
- , H2 PO4

- , SO4
2- , H2O , and various other essential plant nutrient  like, Ca2+ , Mg2+, Fe, Mn, Cu, 

Zn etc.  
Anaerobic condition 
           Swamp gas, some organic acids (R-COOH) i.e. lactic acid, propionic acid, butyric acid and toxic gases.  

Advantages of green manuring 
 Reduces in nitrogen loss 
 Nitrogen contribution 
 Contribution of  nutrients 
 Improvement in soil physico-chemical properties 
 Increases the water retention capacity into the soil 
 Increased microbial activities 
 Improved soil structure 
 Check soil erosion 
 Weed control 
 Helps in maintain the soil temperature 

Limitation of green manuring 
 Under rainfed condition it is not suitable practice 
 Cost of green manure is higher than commercial N fertilizers 
 This attracts the disease, insect and pest due to succulence nature and improper decomposition 
 Lack of rainfall causes poor stand and unsatisfactory growth of green manure crop 
 There is no scope of green manuring in the land under intensive crop cultivation 
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CONCLUSION 
From the foregoing discussion it is concluded that incorporation of green manure is an important component 
in crop production. Green manuring improves soil physical and chemical properties, increase nutrient 
uptake, microbial activities, suppress the growth of weeds, check soil erosion and increase the yield. The 
overall benefits from green manuring and increased costs of fertilizers make it economically viable. Green 
manuring represents a cheap and effective way of   improving the soil fertility. For a green manure crop, a 
legume is preferred as it adds atmospheric nitrogen to the soil. Green manure crops serves as a cover crop in 
the soil erosion areas and conservation of moisture. A considerable reduction in the investment on fertilizers.  
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Hyperspectral imaging or imaging spectroscopy is a novel technology for acquiring and analyzing an image 
of a real scene by computers and other devices in order to obtain quantitative information for quality 
evaluation and process control. With the continuous development in hardware and software for image 
processing and analysis, the application of hyperspectral imaging has been extended to the safety and 
quality evaluation of meat and produce. Especially in recent years, hyperspectral imaging has attracted 
much research and development attention; as a result rapid scientific and technological advances have 
increasingly taken place in food and agriculture, especially on safety and quality inspection, classification 
and evaluation of a wide range of food products.  
 
INTRODUCTION 
Hyperspectral imaging or imaging spectroscopy is a novel technology for acquiring and analyzing an image of 
a real scene by computers and other devices in order to obtain quantitative information for quality 
evaluation and process control. Image processing and analysis is the core technique in computer vision. With 
the continuous development in hardware and software for image processing and analysis, the application of 
hyperspectral imaging has been extended to the safety and quality evaluation of meat and produce. 
Especially in recent years, hyperspectral imaging has attracted much research and development attention, as 
a result rapid scientific and technological advances have increasingly taken place in food and agriculture, 
especially on safety and quality inspection, classification and evaluation of a wide range of food products, 
illustrating the great advantages of using the technology for objective, rapid, non-destructive and automated 
safety inspection as well as quality control.  
  Microbial contamination occurred in agricultural and food products (AFP) is a serious issue and always 
results in the adverse consumption and confidence effects. Microbial contamination as  
one of common cause mainly refers to the microbial spoilage caused by pathogenic microorganisms which 
includes bacteria and fungi. Spectroscopy offering only spectral 
information, hyperspectral imaging has emerged to provide not only spectral information but also spatial 
images as provided by the traditional computer vision technology, which enables 
hyperspectral imaging to characterize target AFP more objectively and reliably. A typical hyperspectral 
imaging system mainly consists of a spectrograph, a camera with lens, an illumination unit, a moving table 
driven by a motor and a computer installed with image acquisition software. By scanning with such system, a 
hyperspectral image of a food product is acquired and used as a basis for further product quality evaluation 
and assessment. The hyperspectral image is a three-dimensional (3-D) “hypercube” or “datacube” (x, y, l), in 
which (x, y) represents two-dimensional (2- D) spatial information and l represents one-dimensional spectral 
information. The 3-D “hypercube” can be described either as 2-D images (x, y) at each one-dimensional 
wavelength (l) or as spectra (l) at every image pixel (x, y) . As an example, a salmon fillet was first placed on 
the moving table of hyperspectral 
imaging system (900-1700 nm) to be scanned at a speed of 2.8 cm/ s line by line using 10 ms exposure time 
to create a hyperspectral image.  
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What is Hyperspectral Imaging? 
Hyperspectral imaging, or imaging spectroscopy, combines the power of digital imaging and spectroscopy. 
For each pixel in an image, a hyperspectral camera acquires the light intensity (radiance) for a large number 
(typically a few tens to several hundred) of contiguous spectral bands. Every pixel in the image thus contains 
a continuous spectrum (in radiance or reflectance) and can be used to characterize the objects in the scene 
with great precision and detail. 
  Hyperspectral images obviously provide much more detailed information about the scene than a 
normal color camera, which only acquires three different spectral channels corresponding to the visual 
primary colors red, green and blue. Hence, hyperspectral imaging leads to a vastly improved ability to classify 
the objects in the scene based on their spectral properties. 
  Recent advances in sensor design and processing speed has cleared the path for a wide range of 
applications employing hyperspectral imaging, ranging from satellite based/airborne remote sensing and 
military target detection to industrial quality control and lab applications in medicine and biophysics. Due to 
the rich information content in hyperspectral images, they are uniquely well suited for automated image 
processing, whether it is for online industrial monitoring or for remote sensing. 
 
Components of hyperspectral imaging system 
 A spectrograph  
 Charge coupled device (CCD) camera with lens, 
  An illumination system (halogen lights) 
  Frame grabber,  
  Filter,  
  Computer installed with image acquisition software, 
  A moving table driven by  a motor  
 
Basic principles of hyperspectral imaging 
Each pixel, which is otherwise a spatial resolution element, of a hyperspectral image cube has a spectrum 
(halogen lighting). Hyperspectral data are generally arranged as a three dimensional  
(3-D) cube, called a hypercube, with two spatial dimensions and one spectral dimension. A hypercube 
corresponds to a stack of images of samples where images are acquired at a regular interval in a wavelength 
region (e.g., 750-2500 nm). Hyperspectral data can be transformed into radiometric quantities such as 
reflectance, absorbance, and transmittance. These quantities can be further related to the physical 
characteristics or chemical composition of samples. Extrinsic characteristics, such as size, geometry, 
appearance, and colour of samples, can be obtained through hyperspectral image feature extraction 
procedures. Chemical constituents such as water, fat, protein and other carbon- hydrogen-oxygen bonded 
constituents of samples can be identified using hyperspectral image analyses. Each hyperspectral image cube 
consists of 50-300 images, which are acquired at different wavelengths, with a spectral resolution of 10 nm 
from a specific wavelength region. The basic approaches commonly used in spectral imaging are: 
 Sequential acquisition of two dimensional (2-D) images at different wavelengths in a specific wavelength 
region or obtaining a full spectrum for each pixel of a line or area of an 
image in a wavelength region The NIR region in hyperspectral imaging instruments has been 
widely used for studying the quality of diverse biological materials such as fruits, cereal crops, lambs  Diffuse 
reflectance spectra can be generated when the NIR radiation penetrates well into the samples. Production of 
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absorbance spectra can be possible while there is no reflection in the absorbed radiation of samples. 
Absorbance spectra can be directly related to sample characterization and concentration determination  
 
Imaging hardware 
The actual configuration depends on the type of approach used for the hyperspectral imaging system 
development. Common parts in all types of hyperspectral imaging systems include a charge coupled device 
(CCD) camera, a frame grabber, a detector, a filter, a computer, and an illumination system (halogen lights) 
(Fig. 1). In general, a highly sensitive CCD camera with a high signal-to-noise ratio is required to detect a 
limited amount of photons entering the 
detector. A higher power illumination system is often required to acquire hyperspectral images effectively. 
The size and space occupied by hypercube are crucial as the hyperspectral data are huge in size, the images 
are very difficult to view, manage, and interpret. A 
high-speed computer with a large capacity hard disk and memory is normally required for processing 
hyperspectral information. Shading correction is used when illumination is not uniform when looking at large 
areas. The use of reference standards offers effective shading corrections and true reflectance estimates. 

  
Figure 1: Schematic diagram of hyperspectral imaging system (Huang and Ngadi, 2014) 

 
Acquisition Techniques for Hyperspectral Imaging 
There are four basic techniques for acquiring the three-dimensional (x,y,λ) dataset of a hyperspectral cube. 
The choice of technique depends on the specific application, seeing that each technique has context-
dependent advantages and disadvantages. 
 
Spatial scanning 
In spatial scanning, each two-dimensional (2-D) sensor output represents a full slit spectrum (x,λ). 
Hyperspectral imaging (HSI) devices for spatial scanning obtain slit spectra by projecting a strip of the scene 
onto a slit and dispersing the slit image with a prism or a grating. These systems have the drawback of having 
the image analyzed per lines and also having some mechanical parts integrated into the optical train. With 
these line-scan systems, the spatial dimension is collected through platform movement or scanning. This 
requires stabilized mounts or accurate pointing information to ‘reconstruct’ the image. Nonetheless, line-
scan systems are particularly common in remote sensing, where it is sensible to use mobile platforms. Line-
scan systems are also used to scan materials moving by on a conveyor belt. A special case of line scanning 
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is point scanning, where a point-like aperture is used instead of a slit, and the sensor is essentially one-
dimensional instead of 2-D. 
 
Spectral scanning 
In spectral scanning, each 2-D sensor output represents a monochromatic ('single-colored'), spatial (x,y) map 
of the scene. HSI devices for spectral scanning are typically based on optical band-pass filters (either 
tuneable or fixed). The scene is spectrally scanned by exchanging one filter after another while the platform 
must be stationary. In such 'staring', wavelength scanning systems, spectral smearing can occur if there is 
movement within the scene, invalidating spectral correlation/detection. Nonetheless, there is the advantage 
of being able to pick and choose spectral bands, and having a direct representation of the two spatial 
dimensions of the scene. 
 
Non-scanning 
In non-scanning, a single 2-D sensor output contains all spatial (x,y) and spectral (λ) data. HSI devices for non-
scanning yield the full datacube at once, without any scanning. Figuratively speaking, a single snapshot 
represents a perspective projection of the datacube, from which its three-dimensional structure can be 
reconstructed.The most prominent benefits of these snapshot hyperspectral imaging systems are 
the snapshot advantage (higher light throughput) and shorter acquisition time. A number of systems have 
been designed, including computed tomographic imaging spectrometry (CTIS), fiber-reformatting imaging 
spectrometry (FRIS), integral field spectroscopy with lenslet arrays (IFS-L), multi-aperture integral field 
spectrometer (Hyperpixel Array), integral field spectroscopy with image slicing mirrors (IFS-S), image-
replicating imaging spectrometry (IRIS), filter stack spectral decomposition (FSSD), coded aperture snapshot 
spectral imaging (CASSI), image mapping spectrometry (IMS), and multispectral Sagnac interferometry 
(MSI). However, computational effort and manufacturing costs are high. 
 
Spatiospectral scanning 
In spatiospectral scanning, each 2-D sensor output represents a wavelength-coded ('rainbow-
colored', λ = λ(y)), spatial (x,y) map of the scene. A prototype for this technique, introduced in 2014, consists 
of a camera at some non-zero distance behind a basic slit spectroscope (slit + dispersive element).Advanced 
spatiospectral scanning systems can be obtained by placing a dispersive element before a spatial scanning 
system. Scanning can be achieved by moving the whole system relative to the scene, by moving the camera 
alone, or by moving the slit alone. Spatiospectral scanning unites some advantages of spatial and spectral 
scanning, thereby alleviating some of their disadvantages. 
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Source: https://www.wikiwand.com/en/Hyperspectral_imaging 

 
Advantages and disadvantages of hyperspectral imaging  
Advantages   
 No sample preparation is required  
 Be able to provides spectral and spatial information simultaneously 
 A chemical-free assessment technology  
 A non-invasive and non-destructive technology  
  Be able to determine several constituents simultaneously in the same sample  
 Be able to visualise the distribution of target microbial indicators  
 High spectral resolution enables qualitative and quantitative measurements  
Disadvantages  
 Hyperspectral images contains large amounts of data which pose a challenge for computation 
 Needs standardized calibration after image acquisition 
 Has a series of successive overlapping bands in images 
 Hyperspectral data suffer from  multicollinearity  
 Be not suitable in liquids or homogenous samples 
 A few effective wavebands needed for building a multispectral imaging system 
 Cannot acquire the deeper constituent information inside the sample  
Some Applications 
Hyperspectral imaging is a non-destructive, non-contact technology which makes it ideal for a wide range of 
applications. HSI has a wide range of applications in the field of remote sensing, identification of tumours in 
biomedical, target detection in military, process monitoring, food processing and so on. Let’s take a closer 
look at some of the applications. 
Food Processing 
HSI has been widely used in food quality assessment and safety control. The non destructive nature and 
rapid response of HSI aids the online quality control of food products. Researchers at Campden & 
Chorleywood Food Research Association (CCFRA) and Gilden Photonics Ltd. (GPL) developed a HSI system to 
determine the distribution of fat and moisture content in fried foods, distribution of fat in meat, freshness of 
fish and evaluation of baked goods. Conventional techniques such as NIR spectroscopy were able to provide 

https://www.wikiwand.com/en/Hyperspectral_imaging
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only the average fat content in food. HSI facilitated the analysis of non- uniform distribution of fat in 
doughnut. A doughnut has been measured in NIR region. The fat and moisture shows separate characteristic 
absorbance bands in NIR region  

Biotechnology 
Resonon's bench top hyperspectral scanning systems are specifically designed for easy and quick 
data acquisition in the laboratory. Our systems have been used extensively in biological and medical 
applications, including wound analysis, fluorescence microscopy, and cell biology. 

Remote Sensing 
Resonon provides the industry's most affordable airborne hyperspectral imaging solutions. Our airborne 
systems are compact, lightweight, easy to use, and can be fitted with any of our hyperspectral imaging 
cameras covering the entire VNIR (400 -1700 nm) spectral range. 

Security and Defense 
Hyperspectral imaging technology is ideally suited for defense applications and target identification, allowing 
identification of manmade materials, distinguishing 
them from natural surroundings. 

Environmental Monitoring 
Hyperspectral imaging is rapidly becoming an essential tool for tracking changes in the environment.  
Resonon's airborne hyperspectral imaging systems have been used worldwide to measure surface CO2 
emissions, map hydrological formations, track pollution 
levels, and more. 

Pharmaceuticals 
Resonon's hyperspectral imaging systems have been used throughout the pharmaceutical industry to 
improve quality control. Our systems have been designed to identify various drugs, detect counterfeit and 
foreign material, inspect packaging integrity, and analyze powder mixing. 

Thin Films 
Hyperspectral imaging is a noncontact measurement technique which provides excellent quality control for 
thin film manufacturing processes. 

CONCLUSION 
 It provides a rapid, real-time, non-destructive and efficient alternative for detecting microbial 
contaminants in raw and processed agricultural and food products. 
 It can be used for quantitative prediction of physicochemical compositions, microbial contamination of 
agricultural products. 
 The contamination degree cannot only be quantitatively determined but also visualized spatially, which 
enables hyperspectral imaging to potentially replace time-consuming manually inspectors or chemical-based 
methods to realize automatic and reagent less microbial detection of AFP. 
 Suitable for distinguishing the two types of grains.  
 
. 
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The machine vision is a rapid, economic, consistent and objective inspection technique, which has 
expanded into many diverse industries. Its speed and accuracy satisfy ever increasing production and 
quality requirements, hence aiding in the development of totally automated processes. Machine vision is 
an engineering technology that combines mechanics, optical instrumentation, electromagnetic sensing, 
digital video and image processing technology. This non-destructive method of inspection has found 
applications in the agricultural and food industry. It has been widely used for examining, monitoring, and 
controlling a very broad range of applications. 
 
1. INTRODUCTION 
Due to the ever-increasing population and the increased expectation of food products of high quality and 
safety standards, there is a need for the growth of accurate, fast and objective quality determination of food 
and agricultural products. However, ensuring product quality is one of the most important and challenging 
tasks of the industries before export of food and agricultural produce. The machine vision is a rapid, 
economic, consistent and objective inspection technique, which has expanded into many diverse industries.  
Its speed and accuracy satisfy ever increasing production and quality requirements, hence aiding in the 
development of totally automated processes. The terms, ‘digital image processing’ and ‘machine vision’, are 
sometimes used interchangeably. However, in strict sense, digital image processing is a pre-requisite for 
machine vision. A machine vision system encompasses, digital image processing and a decision support 
system to take an action such as, sorting of objects, movement control of a robots, etc. 
  This non-destructive method of inspection has found applications in the agricultural and food 
industry. At the current stage, the quality has been assessed traditionally by hand, inspecting the products 
individually or sampling large batches which is very time consuming and  inconsistent. The inspection is 
performed by personnel trained to detect defects, colors, sizes or strange features, and classify the product 
in its appropriate category. The enormous variability that can present this type of products in terms of colors, 
textures or different types of defects, hinders their classification, being machine vision, a valid alternative to 
automate this task. Automation means every action that is needed to control a process at optimum 
efficiency as controlled by a system that operates using instructions that have been programmed into it or 
response to some activities. Since automated systems are faster and more precise, the automatic qualitative 
inspections on food and agricultural products have been attracted much interest and reflected the progress 
of machine vision applications. Machine vision is an engineering technology that combines mechanics, 
optical instrumentation, electromagnetic sensing, digital video and image processing technology. As an 
integrated mechanical-optical-electronic-software system, machine vision has been widely used for 
examining, monitoring, and controlling a very broad range of applications. It is the construction of explicit 
and meaningful descriptions of physical objects from images and it encloses the capturing, processing and 
analysis of two-dimensional image. Nevertheless we can say that the computer vision technology not only 
provides a high level of flexibility and repeatability at a relatively low cost, but also, and more importantly, it 
permits fairly high plant throughput without compromising accuracy. Some important applications of 
machine vision have been given in the Table-1.  
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Table -1: Summary of machine/computer vision applications for different areas (Singh et al. (2004). 

Application areas Purpose 

Industrial automation 
and image processing 

Process control, quality control, geometrical measurement 

Barcode and package label reading, object sorting 

Parts identification on assembly lines, defect and fault inspection 

Inspection of printed circuit boards and  integrated circuits 

Medical image analysis Tumor detection, measurement of size and shape of internal organs, blood cell 
count 

X-ray inspection 

Robotics Obstacle avoidance by recognition and interpretation of objects in a scene 
Collision avoidance, machining monitoring 

Hazard determination 

Radar imaging Target detection and identification, guidance of helicopters and aircrafts in 
landing, guidance of remote piloted vehicles (RPV), guiding missiles and satellites 
from visual cues 

Food industry Sorting of vegetables and fruits, location of defects e.g. location of dark 
contaminants and insects in cereals 

Document analysis Handwritten character recognition, layout recognition, graphics recognition 

2. Components of computer vision 
A computer vision system generally consists of five basic components:  
1. Illumination 
2. Camera 
3. An image capture board (frame grabber or digitizer) 
4. Computer hardware  
5. Software  

 
Figure 1:  Block diagram of a machine vision system (Banga et al., 2018) 

Illumination is an important component of computer vision system. As with the human eyes, vision systems 
are affected by the level and quality of illumination. Illumination devices generate light that illuminates the 
inspected target objects, therefore the performance of the illumination system can greatly influence the 
quality of images and plays an important role in the overall efficiency and accuracy of the system (Brosnan & 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550871/#CR141


AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

361 
 

Sun, 2004). Good illumination can help to improve the success of the image processing and analysis by 
reducing noise, shadow, reflection, and enhancing image contrast. In the external quality inspection of fruits 
and vegetables, the illumination systems are mainly two different arrangements: front lighting and back 
lighting. Front lighting (electron projection lithography or reflective illumination) is mainly used in situations 
where the surface quality characteristics are to be inspected such as color, texture, as well as the skin 
defects. However, the back lighting is always used in situations where the edge or boundary quality 
characteristics are to be inspected such as size and shape.  
  The camera, which has the same functions as the human eyes, is the key component of computer 
vision systems. Charged coupled device (CCD) and complementary metal oxide semiconductor (CMOS) image 
sensors are two different means to generate the image digitally. A computer vision system consisting of a 
high resolution CCD camera and associated hardware is one of the most widely used inspection systems in 
the external quality inspection of food and agricultural products. Area and line scan modes are the most 
common scan mode of CCD cameras in inspection tasks.  
  The image capture board, or frame grabber, is an electronic device in computer vision system which is 
usually used to capture the individual, digital still frames from video cameras, and then displayed, stored in 
raw or compressed digital form. The process of converting pictorial images into numerical form is called 
digitization. In this process, an image is divided into a two dimensional grid of small regions containing 
picture elements defined as pixels by using a vision processor board called a digitizer or frame grabber. 
  The computer hardware and software, which imitates the human brain, is another key component of 
computer vision system. In the external quality of fruits and vegetables, the computer hardware and 
software processes and analyzes the image and gives the final inspection information about the object, and 
finally controls the whole inspection system to complete the grading and sorting tasks. 
3. Image Processing and Analysis 
The image processing and image analysis are the core of computer vision with numerous algorithms and 
methods available to achieve the required classification and measurements. However, image 
processing/analysis involves a series of steps, which can be broadly divided into three levels: low level 
processing (image acquisition and pre-processing), intermediate level processing (image segmentation and 
image representation and description) and high level processing (recognition and interpretation) 
(Gunasegaram and Ding 1994), as indicated in Fig.-2.  

 
Figure 2: Different levels of image processing 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550871/figure/Fig2/
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The machine vision system, basically, comprises two main processes:  
 (1) Image processing  
 (2) Image analysis  
3.1 Image processing 
Image processing operates on images and results in images, which can improve the visibility of features and 
facilitate subsequent analysis. Image processing involves image preprocessing, image segmentation, and 
feature extraction .Image processing is not meant for extracting information from the image but for removal 
of faults like noise, blurring of image etc. To enhance and improve the acquired image for further analysis, 
various processing algorithms are used. Suppose the image obtained becomes blurred due to motion of the 
object. This blurring needs to be removed by image processing tools, before extracting any information 
about this object. The various image processing techniques (Saeed et al. 2005) used for image enhancement 
are:-  
Dilation (to increase brightness of each pixel surrounded by neighbours with a higher intensity),  
Erosion (to reduce the brightness of pixels surrounded by neighbours with a lower intensity),  
Threshold (to convert the grey scale image into binary image),  
Close (to remove dark spots isolated in bright regions and smoothes boundaries) and  
Open  (to remove bright spots isolated in dark regions and smoothes boundaries), etc.  
 
Tools used to improve image include lookup tables (converts grayscale values in the source image into other 
grayscale values in the transformed image), spatial filters (improve the image quality by removing noise and 
smoothing, sharpening, and transforming the image), grayscale morphology (extract and alter the structure 
of particles in an image), and frequency-domain processing (remove unwanted frequency information), etc. 
Image preprocessing can improve the quality of the acquired images by increasing the contrast, removing the 
blur and noise, and correcting the distortion. The image contrast can be improved by increasing the 
brightness levels. The frequently used methods to increase the image contrast are basic point operations 
(intensity mappings) and histogram equalization. The basic point operations, such as brightness inversion and 
brightness scaling by multiplication, improve the image contrast by stretching the brightness levels as a 
mapping between the input levels and output levels. Histogram equalization is a non-linear technique aimed 
to highlight brightness of image by flatting the histogram.  
In the in-line inspection system, due to the rock of the system and some other uncontrollable reasons, the 
blur and noise are inevitable for the captured images. Some low pass filters, such as average filter, Gaussian 
filter, and median filter, are always used to remove the blur and noise of the captured images. Due to the 
images of inspection targets are captured while the targets are transported along with the conveyor belt or 
roller, image distortion always happens. Image distortion can be corrected with some geometric transforms, 
such as image translation, rotation, mirror, transpose, and scaling. 
 
In spite of above, the basic machine vision and image processing algorithms can be divided in five major 
groups as:  
(1) Segmentation and algorithm development 
(2) Edge-detection techniques  
(3) Digital morphology  
(4) Texture and  
(5) Thinning and skeletonization algorithms (Russ, 1992)  
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Image segmentation is a most important and challenging step aimed to divide the image into component 
areas or regions of interest. The subsequent image processing and analysis are highly dependent on the 
accuracy of image segmentation. Threshold-based segmentation, edge-based segmentation, region-based 
segmentation and classification-based segmentation are four major types of segmentation methods (Teena 
et al., 2013). Threshold-based segmentation is a simple, fast and frequently used technique to divide image 
into component parts by thresholding method based on important characteristics such as constant 
reflectivity or light absorption. Edge-based segmentation divides image into different regions based on edge 
or gradient detection by using edge operators. Edge-based segmentation technique is not commonly used in 
the fields of fruit and vegetable quality detection due to the undefined edge of most fruits or vegetables 
(Teena et al., 2013). Region-based segmentation technique divides the image into component regions based 
on the similarity of pixels grouping together in brightness, color or texture. 
  The segmented image divided by region-based segmentation technique can be represented as 
boundary or regions, which can be used to evaluate the size, shape, color, texture, and defects. 
Classification-based segmentation technique divides the image based on statistical methods.  
3.2 Feature extraction 
Feature extraction is a technical term for methods of constructing combined variables to describe the image 
data with sufficient accuracy. Feature extraction is a crucial step that connects the image processing and 
analysis, and this technique transforms the image data, or segmented regions, into a set of features (feature 
vector). When the image segmentation is successfully performed, the external quality can be measured and 
described based on the relevant features extracted from the segmented areas. Therefore feature extraction 
is vital to the accuracy and precision of the external quality inspection. Generally, color features, shape 
features, texture features and size features of targets or segmented regions are always extracted for specific 
inspection task in the external quality detection. 
3.3 Image analysis 
Image analysis is a nondestructive method of computing measurements and statistics based on the 
interesting values of images' pixels, and their respective spatial location with the image. Image analysis 
operates on the features extracted from images and results in interpretations. Image analysis uses intuitive 
interpretation to display images and to mathematically manipulate images to help solve a computer vision 
problem without human being in loop. The results of image analysis can offer us insight to objects that it 
might contain, and allow us to perform measurements on those objects, or verification on their presence.  
Measurement and pattern classification are the most important parts of image analysis. Measurement (or 
more accurately, vision measurement) is a method of quantitative analysis in the image analysis. Vision 
measurement refers to the process of measuring the interested parameters quantitatively based on the 
features extracted from the image. Different types of measurement can be made by using computer vision 
system. Typical measurements include the color, texture, and size. The measurements of color and texture 
can be obtained directly from pixels in the inspection images. However, for the size measurement obtained 
from the inspection image should be compared with the values that are specified in real-world unites. 
Therefore, calibration and verification are needed to convert the measurement from the digital image 
coordinate system to real-world coordinate system. In the external quality inspection of fruits and 
vegetables, some characteristics relative to the external quality, such as color, texture, areas, perimeters and 
lengths of the targets or segmented regions in the images, should be measured quantitatively. For example, 
the size can be evaluated by measuring the pixel number and perimeter of the segmented target area in the 
image, and the severity of the defects can be evaluated by measuring size and color of defect areas in the 
image. 
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3.4 Pattern classification 
Pattern classification, or pattern recognition, is a method of qualitative analysis in the image analysis. Pattern 
classification is the science of making inferences based on the measured features by using statistics, 
probability, multivariate analysis, computational geometry, and 
algorithm design techniques. As the classification methods described in the hyperspectral image processing 
and analysis section, the classification techniques can also be divided either supervised or unsupervised. The 
supervised methods are the most widely used in the image analysis. The objective of supervised learning 
methods is to construct models classifiers) of the distribution of class labels in terms of corresponding 
features. Unsupervised classification methods classify the image mainly by seeking out similarity between 
selected features and using clustering algorithm without knowing any a priori knowledge of the class. The 
unsupervised classification methods are also found to be used in the image analysis of external quality 
inspection, but not as popular as the supervised one due to their uncertain classification results. In the 
external quality inspection of fruits and vegetables, pattern classification technique is frequently used to 
recognize the shape, types of defects, stems and calyxes from the segmented regions or targets in the image 
analysis step. 
4. Applications of machine vision: 
• Inspection of manufactured goods such as: 
• semiconductor chips 
• automobiles 
• food  
• Pharmaceuticals 
• Checks for: 
– Gauging or measurement : Dimensions 
– Serial numbers 
– Presence of components 
– Pattern matching 
– Blob analysis or Edge detection 
– Optical character recognition (OCR) and barcode decoding 
– Surface inspection 
– Colour analysis  
 
5. Advantages and disadvantages 
Machine vision system is seen as an easy and quick way to acquire data that would be otherwise difficult to 
obtain manually. Since, the capabilities of digital image analysis technology to generate precise descriptive 
data on pictorial information have contributed to its more widespread and increased use. Quality control in 
combination with the increasing automation in all fields of production has led to the increased demand for 
automatic and objective evaluation of different products. Sistler (1991) confirm that computer vision meets 
these criteria and states that the technique provides a quick and objective means for measuring visual 
features of products. In agreement it found that a computer vision system with an automatic handling 
mechanism could perform inspections objectively and reduce tedious human involvement (Morrow et 
al. 1990).  
Another benefit of machine vision systems is the non-destructive and undisturbing manner in which 
information could be attained, making inspection unique with the potential to assist humans involving 
visually intensive work (Tao et al,. 1995).  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550871/#CR142
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Some advantages and disadvantages of computer vision to different sectors of the agricultural and 
horticultural industries have been summarized in Table- 2. 
 
Table-2 :- Advantages and disadvantages of machine vision 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Conclusion: Machine vision systems have been used increasingly in industry for inspection and evaluation 
purposes as they can provide rapid, economic, hygienic, consistent and objective assessment.  
  Machine vision technology is currently used in the food industry for detecting external and internal 
quality features such as size and volume, shape, color, texture, firmness, defects, and so on. However, with 
increasing concerns related to food security demanding lower food losses and greater awareness of 
consumers of food safety issues, more sophisticated uses are demanded. In spite of this, with the advent of 
machine vision technology, a revolution has come in the field of automation. 
  However, there are some difficulties still exist in the adaptation of machine vision system, evident 
from the relatively slow commercial uptake of machine vision technology in all sectors. Machine vision, 
however, is limited in some aspects: weak adaptability. Automating an operation in a manufacturing plant 
requires a high degree of pre-installation systems engineering and post-installation process integration. The 
use of machine vision technology in manufacturing can be as simple as producing an inspection quality 
report or as complex as total process automation. At the end, we can say that machine vision is a powerful 
tool of automation that includes both image processing and image analysis tools. 
 
Challenges and future trends: 
Computer vision systems have become a common and scientific tool in industrial and agricultural 
manufacturing automation due to superior performance, ongoing improvements in cost, ease of use, and 
algorithmic robustness. However, to realize the defect detection more rapidly and accurately in-line, there 
are still many challenges to be overcome. The challenges include stem–calyx recognition, the uneven 
distribution of lightness on curvature surface, whole surface inspection, long time consuming of acquisition 
and processing for spectral image, efficient wavelengths selection for different application, and different 
defects discrimination, etc. Also, major advances in 3D techniques, Terahertz imaging, X-ray, and Raman 
imaging can be expected to be used in the quality inspection of fruits and vegetables. 
 

Advantages 

Generation of precise descriptive data 

Quick and objective 

Reducing tedious human involvement 

Consistent, efficient and cost effective 

Automating many labour intensive process 

Easy and quick, consistent 

Non-destructive and undisturbing 

Robust and competitively priced sensing technique 

Disadvantages 

Object identification being considerably more difficult in unstructured scenes 

Artificial lighting needed for dim or dark conditions 
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INTRODUCTION 
Legumes are members of the Fabaceae or bean family include several important food crops such as peas, 
beans, soybeans, cowpea, chickpea, green gram, black gram, lentil, peanuts etc. (Thiyagarajan et. al., 2003). 
Nutritionally, legume seeds are two to three times richer in protein than cereal grains.  Some legumes, such 
as soybeans and groundnut are also the rich source of oil. The inadequate supply of protein is the major 
problem not only in India but in all the developing countries of world. The legumes are cheap and easily 
available sources of protein which compare very well in the nutritive values with other sources of proteins 
(Rahman et. al., 2013). Legumes occupy an extensive area in India but the yields are low compared to other 
countries. For increasing the production, productivity and protein content of legumes, an efficient and 
effective nutrient management is required.  

Source: 
Ministry of Agriculture, Government of India 

 
Importance of legume crops 
Important reasons for their cultivation include:  
 Suitability for human and animal consumption 
 Adaptability for inter or mixed cropping 
 Agronomic management of legumes is relatively easy 
 Input (especially nitrogen fertilizer) requirement is lower compared to other crops 
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 They produce substantial amounts of organic nitrogen increase soil organic matter, improve soil porosity 
and structure, recycle nutrients, maintain soil pH, and reduce soil compaction.  
 

 
 
 
Nutrient management 
It is a system used to manage the amount, form, placement and timing of the application of nutrients 
(whether as manure, commercial fertilizer or other form of nutrients) to plants. 

 
              Essential Plant Nutrients           Deficiency of nutrient in legume 
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Four R principles of nutrient management 
1. Right Source: Ensure a balanced supply of essential nutrients.  
2. Right Rate: Assess and make decisions based on soil nutrient supply and plant demand. 
3. Right Time: Assess and make decisions based on the dynamics of crop uptake, soil supply, and nutrient 
loss risks. 
4. Right place: manage spatial variability within the field to meet site-specific crop needs and limit potential 
losses from the field.  
 

Why Need Nutrient Management? 
 Decreasing total cultivated area and increase population. 
 To improve productivity. 
 To maintain the growth and vigor of the plant. 
 To increase the fertilizer use efficiency.  
 To obtain higher yield and higher return. 
 To reduce the cost of production.    
 Improve the quality of produce. 
 To earn the foreign exchange.   
 

CONCLUSION 
Application of required dose of nutrients through selection of proper sources i.e. organic, inorganic, 
biological and their combination at right time through appropriate methods can increase the production and 
improve nutritional quality of legume crops with sustaining the soil fertility status.  
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YVMV and ELCV, the limiting factor for okra production: Mutation breeding is a viable 
alternative for Resistance breeding 
Article id: 22105 
Soham Hazra and Shouvik Gorai 
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Abelmoschus esculentus (L.) Moench belonging to the Malvaceae family, is one of the Okra world’s oldest 
cultivated crops. Okra, also known as lady’s finger or bhendi, is one of the most common and principal 
vegetable crop  grown year round in the country. It is one of the most important green vegetable crop for 
export. In India, among fresh vegetables, 60% share of export goes to okra. Yellow vein mosaic virus 
(YVMV) disease is the major production constraint for okra causing losses with regard to quality and yield 
wherever the crop is grown. Now-a-days, enation leaf curl virus (ELCV) is becoming an emerging viral 
disease of Indian subcontinent. These two virus, YVMV and ELCV belongs to the genus Begomovirus, family 
Geminiviridae. Lack of sources of resistance to this virus in cultivated species has forced breeders to look 
into the wild species for resistance sources. However, the transfer of resistance from wild relatives has also 
been hampered by sterility problems and linkage drag. Keeping this problem in view and the rapid decline 
of the intergeneric and intrageneric variability of the crop in the current agricultural scenario, mutation 
breeding might be a viable alternative to breed for resistance for the above-mentioned virus diseases. 
 
The crop: Okra 
[Abelmoschus esculentus (L.) Moench] belonging to the Malvaceae family, is one of the Okra world’s oldest 
cultivated crops. Okra is a sexually propagated hot weather crop,  sensitive to frost, low temperature (below 
15°C), water-logging as well as drought conditions. The first recorded reference to okra was made by the 
Egyptians in 1216 A.D., although the plant explorer Vavilov indicated that there was strong evidence that the 
crop flourished even before that date in tropical climate of Ethiopia, while others have identified its origin as 
India. The genus Abelmoschus is accepted to be of Asiatic origin, though opinions differ for the origin of A. 
esculentus as India (Masters, 1875), Ethiopia (de Candolle, 1883; Vavilov, 1951), West Africa (Chevalier, 1940; 
Murdock, 1959), Tropical Asia (Grubben, 1977) and Hindustani centre of origin chiefly India, Pakistan, Burma 
(Zeven and Zukovsky, 1975). Okra, also known as lady’s finger or bhendi, is one of the most common and 
principal vegetable crop  grown year round in the country. It is one of the most important green vegetable 
crop for export. In India, among fresh vegetables, 60% share of export goes to okra.  

Virus disease: Limiting factor for okra production 
Even though okra is cultivated largely throughout the country, there is ample scope of enhancing its 
productivity further. Yellow vein mosaic virus (YVMV) disease is the major production constraint for okra 
causing losses with regard to quality and yield wherever the crop is grown. Production of okra is threatened 
quite a long time due to high incidence of yellow vein mosaic virus disease which infects crop at all growth 
stages (Verma, 1952). Most of the available varieties grown in India are highly susceptible to yellow vein 
mosaic virus (YVMV) disease which infects crop at all phenological stages in the Gangetic plains of eastern 
India (Das et al., 2012).  This virus disease inflicts yield loss that ranges between 50 and 94% depending on 
the stage of crop growth at which infection occurs in India (Sastry and Singh 1974). Now-a-days, enation leaf 
curl virus (ELCV) is becoming an emerging viral disease of Indian subcontinent. Lack of sources of resistance 
to this virus in cultivated species has forced breeders to look into the wild species for resistance sources. 
However, the transfer of resistance from wild relatives has also been hampered by sterility problems and 
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linkage drag. Hence, continuous search for new sources of resistance and development of varieties/hybrids 
with higher level of resistance against YVMV and ELCV should be the prime objective 
   These two virus, YVMV and ELCV belongs to the genus Begomovirus, family Geminiviridae. The YVMV 
disease is caused by a complex, consisting of the monopartite begomovirus BYVMV encapsulated within a 
typical geminated particle and a small satellite DNA b component (Jose and Usha 2003). Recently, it was 
found that at least 27 begomo viruses infect okra. Begomo viruses have high recombination rate and the 
emergence of ‘B’ biotype whiteflies is contributing to epidemics of begomo viruses in okra. 
The YVMV disease is characterized by a homogenous interwoven network of yellow vein enclosing islands of 
green tissues within the leaf. In extreme cases, infected leaves become completely yellowish or creamy. If 
plants are infected within 20 days after germination, their growth is retarded with few leaves and malformed 
fruits resulting in loss ranging from 94% to 100%. The extent of damage declines with delay in infection of the 
plants. A loss of 49–84% has been reported when infection occurred after 50–65 days of germination.   
  Most of the open pollinated varieties grown in India are very much susceptible and the growers face 
tremendous problem to raise a good crop in spite of their best efforts. On the other hand, the hybrids so far 
developed by the private sectors show variable YVMV disease tolerance level that have usually be broken 
within 2–3 years in the hot spot areas and sometimes they are having unacceptable fruit quality. Interspecific 
hybridization for YVMV disease resistance followed by selection in the segregating generations is an effective 
method for obtaining desirable recombinants. Several wild species of okra (Abelmoschus manihot ssp. 
manihot, Abelmoschus tetraphyllus, Abelmoschus caillei, Abelmoschus tuberculatus, Abelmoschus pungens, 
Abelmoschus crinitus, Abelmoschus panduraeformis, and Abelmoschus vitifolius) showed high degree of 
YVMV disease resistance (Thakur 1976; Sharma and Dhillon 1983; Sharma and Sharma 1984). However, these 
sources do not show consistent performance under different agro-climatic conditions of the country. On the 
other hand, resistant varieties developed by various research organizations by interspecific hybridization 
have started showing sign of susceptibility, probably due to pathogenic variability, use of symptomless 
carrier parents and B biotypes of whitefly, which has wide host range. Hence, it is imperative to find diverse 
source of resistance to YVMV disease and evolve resistant varieties by suitable gene introgression 
programme. 
  Okra Enation Leaf Curl Virus (OELCV) disease is serious in North India. Initial symptoms of this disease 
include small, pinheaded enations on leaves, leaf curling, followed by warty and rough texture of the leaves. 
The undersurface of the leaves is characterized by mild, bold and prominent enations. There is twisting of 
main stem, lateral branches and leaf petiole. The leaves become thick and leathery. Leaf curling and enations 
are more prominent in middle-aged leaves. In severe cases, there are enations, leaf thickening and curling 
even in the young leaves. At times, the twisting and bending of the stem are so severe that the entire plant 
seems spreading on the soil surface. The infected plants either do not produce fruits or produce few 
deformed and small fruits unfit for marketing and consumption. The yield loss varies from 30% to 100% 
depending upon the age of the plant at the time of infection.   
           These viruses are neither sap transmissible nor seed transmitted. An insect vector, whitefly (Bemisia 
tabaci Gen), tranmits yellow Vein Mosaic Virus and okra enation leaf curl virus in a semi persistent manner.  
  Inheritance pattern of resistance for both the diseases are rather complex and various authors have 
reported varied genetic control. These differences in opinion might be due to the stage of the host at the 
time of the incidence. Studies on the inheritance of resistance to YVMV by  Sharma and Sharma (1984) and 
Pullaiah et al. (1998) showed that the inheritance of the disease was controlled by two dominant 
complementary genes. Jambhale and Nerkar (1981) reported a single dominant gene responsible for the 
resistance of YVMV. Singh et al. (1962) reported the inheritance of YVMV to be governed by two recessive 
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genes where as the studies by Seth et al. (2017) showed the involvement of two duplicate dominant genes. 
On the other hand, Ali et al. (2000) observed that the tolerance to YVMV disease is quantitative, with 
possibly two major factors, and dependent on gene dosage with incompletely dominant gene action.  Arora 
et al. (2008) studied the genetics of resistance to YVMV in inter-varietal crosses of okra. The quantitative 
analysis of F2 and back cross generations revealed the presence of additive gene effects for three virus 
related traits, which implied that these effects could be accumulated in later generations through simple 
selection procedure. Presence of major gene(s) along with minor genes for resistance to YVMV reveals that 
the resistance mechanism to the virus is not as simple as reported by earlier workers. Boonsirichai et al. 
(2009) studied the genetics of the radiation induced yellow vein mosaic disease resistance in okra. Analysis of 
F1 and F2 progeny revealed the semi-dominant nature of the resistance, which appeared to be caused by a 
single-locus mutation.  
  Inheritance of okra enation leaf curl virus disease is still a dilemma among the plant researchers and 
till date, no comprehensive report was recorded about the inheritance of this disease resistance. The 
symptom of this disease is almost similar in magnitude as in case of cotton leaf curl virus. The viral resistance 
in cotton may be an unstable character (Tarr, 1951). The breeding for cotton leaf curl virus disease resistance 
has been achieved through the assemblage of minor genes by recurrent selection (Hutchinson and Knight, 
1950)  and according to Azhar et al. (2010)  resistance depends on major genes (dominant genes) which may 
lose quickly because of the evolution of pathogen for these genes. The concept of polygenic mode of 
inheritance of cotton leaf curl disease was changed into single dominant gene (with minor modifier genes) as 
determined by Siddig (1968) which was also clarified later Ahuja et al. (2007). 

Mutation breeding: A viable alternative 
Stable source of resistance to the above virus diseases in cultivated species has not yet been found. 
However, some wild species of okra have stable and reliable sources of resistance to YVMV and ELCV. 
However, the transfer of resistance from wild relatives has been hampered by sterility problems and it is 
difficult to produce subsequent generations or even carry out backcrosses. Keeping this problem in view and 
the rapid decline of the intergeneric and intrageneric variability of the crop in the current agricultural 
scenario, mutation breeding might be a viable alternative to breed for resistance for the above-mentioned 
virus diseases. Physical and chemical mutagens, offers a possibility for the induction of desirable changes in 
various traits, which can be exploited as such or through recombinant breeding and it is possible to change 
one or few undesirable traits without altering an otherwise superior agronomic base. Mutagenesis also 
enriches the germplasm with the newly arisen and hitherto unknown genotypes. Phadvibulya et al. (2009) 
reported seeds of two okra varieties, Annie and Okura, were irradiated with Gamma rays at doses of 400 and 
600Gy. One M4 plant of Okura (B-21) irradiated at 400Gy was found to be highly resistant, but none of Annie. 
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Nanocatalysts as fuel additives in neat diesel and diesel-biodiesel blends has shown significant 
improvement in CI test engines, in terms of both the engine performance and the emission characteristics. 
The use of pure diesel in CI engines produces harmful emissions, like HC, CO, Csoot etc., whereas pure 
biodiesel (B100) in CI engines results in considerable drop of power output which may alter current driving 
habits of consumers. Moreover, increased NOx emission in B100 is also a matter of concern. Nanocatalysts 
exhibit greater surface area-to-volume ratio due to their prominent tiny size particles, usually range from 1 
nm to 100 nm, which actively participate in combustion chain reactions during fuel explosion inside the 
engine cylinder. Improvements in performance and emission take place chiefly due to enhanced 
combustion efficiency of nanocatalysts assisted CI engine fuel/ fuel blends. In order to develop a modified 
CI engine fuel, the applications of nanoscinece may play a vital role in the years coming-up with more 
rigorous researches studies. 
 
INTRODUCTION 
  Diesel engines have gained popularity over the time due to their excellent performance with 
economical fuel consumption. Fossil fuels (particularly diesel) has demonstrated its importance in all the 
major sectors, such as transportation, power industries, agricultural tractors and machines etc., owing to 
their fuel economy, reliability, sturdiness and rigidity (Basha et al., 2014). As a matter of concern, the fossil 
fuel resources are exhaustible in nature on the planet. Therefore, our dependence on fossil sources will not 
be capable enough to meet future demand of diesel fuel. Moreover, the usage of diesel (a fossil product) has 
brought some devastating situation to our environment due to harmful exhaust emissions such as unburned 
hydrocarbon (HC), carbon-monoxide (CO), sulphur oxides (SOx) and soot carbon (Csoot), which have raised an 
urgent need of alternative fuels (Choi et al., 2006). 
  Production of biofuels and their proportionate blending with conventional diesel has drawn the 
attention in recent years (Hasheminejad et al., 2011). Liquid biofuels (e.g., bioethanol, biobuthanol and 
biodiesel) are capable of propelling both on-road and off-road transporting vehicles with considerable 
reduction of harmful emissions like HC, CO, SOx and Csoot (Mirzajanzadeh et al., 2015). Today, researchers are 
deliberately engaged in studies developing hybrids of diesel-biodiesel blends with catalysts as additives to 
explore the scope of further improvement in performance and emission characteristics of CI engines. 
Ambrozik et al. (2001) listed basic requirements for catalytic fuel additives for conventional fuel are as 
follows: (a) Catalysts added to fuels should reduce overall emission of harmful gases during the combustion. 
(b) Catalysts should maintain the chemical stability of fuel. (c) Catalysts use in fuel should not affect engine 
operating conditions. (d) Catalysts should improve specific fuel properties. 
  In the pace of developing efficient and eco-friendly fuels for CI engines, applications of nanoscale 
energy materials in diesel and diesel-biodiesel blends as catalytic agents have also emerged contemporarily. 
Use of nanoparticles as fuel additives are in-fact unexplored today. However, many researchers have 
investigated performance and emissions characteristics of diesel engines by using the inclusion of both 
individual nanoparticles and also with numerous combinations of more than one type of nanoparticles. In 
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addition to nanocatalysts based diesel fuel blends, researches have tested numerous combinations of hybrid 
fuels. 

Methods of preparing nanocatalysts mixed fuel blends: 
Generally, the preparation of nanocatalysts mixed fuel blends include two step process: (a) treatment of 
nanoparticles, and (b) their dispersion into fuel blends. Kao et al. (2008), at first step, made an attempt on 
nanoscaled (40-60 nm) aqueous alumina coated with thin oxide layer due to high oxidation activity of pure 
aluminum (Al). In second step, the oxide coated nanocatalysts were dispersed in the diesel fuel with the aid 
of ultrasonicator. Studies have shown that water can react with nanoscaled Al powder during combustion to 
generate hydrogen and hence increase aqueous Al fossil fuels combustion heat. Hydrogen is clearly a 
promising alternative to hydrocarbon fossil fuels since it has higher energy efficiencies with lower emissions 
(Grégoire-Padró et al., 2000). The catalytic activity of a metal-oxide catalyst Fe/Al2O3 can cause water to yield 
hydrogen through decomposition (Ichikawa, S. 1997). 
 Yang et al. (2013) prepared an emulsion fuel with diesel, water and water soluble oxygenated fuel additives, 
consisting glycerine and polyethoxy-ester, in the proportion of 82.5, 5 and 12.5%, respectively. In order to 
tranquilise oil-water surface tension, surfactant (LP-9) was also added. The addition of surfactants can reduce 
the pooling of nanoparticles and their accumulation in nanoparticles as demonstrated by many studies (Li, C. 
H., 2011). Chaichan et al. (2017) prepared a nano-soluble diesel emulsion by adding distilled water containing 
nanoparticles and mixed with diesel by using ultra sonic shaker one hour to ensure the complete mixing of 
water with diesel fuel. Shaffi et al. (2015) attempted two-step method to prepare modified fuel blends. First, 
100 mg of Al2O3 were mixed in 99.9% pure ethanol and then, mixed with the diesel-soybean biodiesel blend. 
The phase separation is prevented by the addition of iso-propanol as a surfactant. The fuel sample was 
transferred to the ultrasonicator to intensively disperse the particles and to reduce their agglomeration. 

Effects of nanocatalysts on specific fuel properties: 
Determination of fuel properties is a very important issue in order to evaluate availability of fuel in internal 
combustion engines (Özgür et al., 2017). Yang et al. (2013) reported that emulsion fuels 10 and 15 (water-in-
diesel, 10% and 15%, respectively) exhibit higher viscosity index of 8.8 cSt and 11.4 cSt at 40 oC, respectively. 
Due to the same, engine power drops down significantly and consequently affects customers’ driving habits. 
Use of nanocatalysts in emulsion fuel having 5% water displayed a significant decrease in kinematic viscosity 
of 7.6 cSt at 40 oC. Viscosity of emulsion fuels is higher than pure diesel but drops down faster with the 
increase of temperature as compared to that of diesel. Basha et al., 2013 observed an increase in viscosity of 
5.36 cSt in modified fuel blend consisting JBD, Al2O3 and CNT, as compared to pure JBD (5.25 cSt). 

Effects of Nano-additive mixed fuels on engine performance and emission: 
Inclusion of nanoparticles in diesel, biodiesel and diesel-biodiesel blends have influenced the overall engine 
performance. Basha et al. (2013) investigated performance of single cylinder 4.4 kW engine due to inclusion 
of nanocatalysts consisting both Al2O3 and CNT. Reduction in peak pressure, heat release rate and ignition 
delay was observed due to the inclusion of nanocatalysts (Al2O3 + CNT) in pure JBD. BTE and BSFC were found 
maximum and minimum, respectively, when both Al2O3 and CNT nanocatalysts were dispersed in JBD. 
Mirzajanzadeh et al., (2015) investigated the effects on engine power and torque due to inclusion of a hybrid 
nanocatalyst containing CeO2 on amide-functionalized MWNTs with two types of diesel biodiesel blends (B5 
and B20) at three concentrations (30, 60 and 90 ppm). Under constant speed and full load conditions, engine 
power and torque were increased with increasing the concentration of hybrid nanocatalysts in B5 and B20, 
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respectively. Prabu, A. (2017) reported a significant improvement of 12% in BTE of diesel engine for the 
nanoparticles dispersed test fuel (B20A30C30) as compared to B100. 

 
 

Fig.1 Formation of exhaust gases during combustion 
Generally, engine emissions are divided into two categories: emissions produced as results of high flame 
temperature in chamber like NOx and emissions produced resulting from incomplete combustion of fuel and 
lower flame temperature like HC and CO2. Simultaneous control of the pollutants is difficult since different 
pollutants form at different temperatures (Tock et al., 2013). CO is produced as a result of incomplete 
combustion of air–fuel mixture, low combustion cycle time in the engine or lower temperature of the 
combustion chamber (Mirzajanzadeh et al., 2015). Figure 1 has portrayed, which explains the formation of 
exhaust gases during the combustion process inside an engine cylinder. Fuel usually burns locally instead 
propagating uniformly into the cylinder, chiefly due to poor atomisation of fuel. Inclusion of nanoparticles in 
fuel spreads in the form of millions of clusters uniformly and facilitates more complete burning of fuel, hence 
reduces emission of harmful exhaust gases with improved combustion efficiency. 
 
CONCLUSION: 
So far the studies, done by many researchers, on the inclusion of nanoparticles as additives in diesel fuel and 
their blends have shown significant improvement in CI engine performance with overall reduced emissions.  
Figure 2 displays a generalised model that specify the best fuel/fuel-blends at which higher engine 
performance could be achieved with the reduction of overall exhaust gas emission. Today, it is expected that 
the expansion of nanotechnology may result to develop a modified fuel for CI engines. However, the 
development of new nanocatalyst(s) based diesel fuel blends is still a matter of concern due to limited and 
not fully explored R&D on the effects of inclusion of nanoparticles in diesel and diesel-biodiesel fuel blends. 
The following are the major challenges that are to be considered in future researches: (a) All studies have 
been confounded to testing modified nanocatalysts based fuels under the controlled environment at 
stationary engines. There is a need of on-road testing in ambient conditions. (b) Diesel engines of agricultural 
tractors and other heavy earth moving machines are manufactured with high load factors. The viability of 
nano-based fuels is yet to be studied. 
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INTRODUCTION  
The progress in science and technology with special reference to nuclear technology over the last few 
decades made significant contribution in the growth and development of the mankind around the world. The 
usefulness and application of nuclear and related techniques in facing the new challenges, has been 
convincingly demonstrated in developing and developed countries (Balwinder et al., 2013). The effectiveness 
and utility of nuclear and allied techniques are always essential for food security, sustainable agriculture, 
resources management, climate change and protection of environment. To face the new challenges in Indian 
agriculture radiation and isotope techniques are going to play a very important role in the development of 
new agro technology which are otherwise not possible by conventional techniques. Therefore, nuclear and 
allied techniques will be played a major role for sustaining Indian agriculture and environment in future. 
  
WHAT IS ISOTOPES, ISOBARS AND ISOMERS 
 Isotopes are defined as nuclides with the same number of protons but differing in the number of 
neutrons.  
 Isobars are defined as nuclides with the same atomic weight but with different numbers of protons and 
neutrons.  
 Isomers are defined as nuclides with the same A and Z but differing only in the amount of energy and in 
the radiation properties.  

What is radioactivity? 
When the binding energy is not strong enough to hold the nucleus of an atom together, the atom is said to 
be unstable. Atoms with unstable nuclei are constantly changing as a result of the imbalance of energy within 
the nucleus. When the nucleus loses a neutron, it gives off energy and is said to be radioactive. Radioactivity 
is the release of energy and matter that results from changes in the nucleus of an atom.  
 
What is Radioactive Decay? 
Radioactive decay is the spontaneous breakdown of an atomic nucleus. Radioisotope has an unstable nucleus 
that does not have enough binding energy to hold the nucleus together. Radioisotopes would like to be 
unstable isotopes so they are constantly changing and try to stabilize. In this process, they will release energy 
and matter from their nucleus and often transform into a new element.  
1) Alpha (α) Decay: Alpha decay occurs when the nucleus spontaneously ejects an α particle. An α particle is 
really 2 protons and 2 neutrons, or an He nucleus. So when an atom undergoes α decay, its atomic number 
decreases by 2 and its atomic mass decreases by 4.   
2) Beta (ß)- Decay: There are two types of ß decay; ß+ and ß- decay. An excess of neutrons in an atom's 
nucleus will make it unstable, and a neutron is converted into a proton to change this ratio. During this 
process, a ß particle is released, and it has the same mass and charge as an electron. 
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3) Gamma Decay: The nucleus breaks and rearranges itself  
into a tighter cluster sending out a wave of energy. 

CARBON-14 DATING  
Carbon dating uses the half-life of Carbon-14 to find the approximate age of an object that is 40,000 years 
old or younger. Radiocarbon dating is a method of estimating the age of organic material. The ratio of normal 
carbon (carbon-12) to carbon-14 in the air and in all living things at any given time is nearly constant (Bhat et 
al., 2010). However, at the moment of death, the amount of carbon-14 begins to decrease because it is 
unstable, while the amount of carbon-12 remains constant in the sample. Half of the carbon-14 degrades 
every 5,730 years as indicated by its half-life. By measuring the ratio of carbon-12 to carbon-14 in the sample 
and comparing it to the ratio in a living organism, it is possible to determine the age of the fossil. 

STABLE ISOTOPES 
The stable isotopes are of value as tracers occur naturally in small amounts. They are so called heavy 
isotopes that are they have atoms that are heavier than normal ones, although they are not radioactive. 
Advantages 
o The permanency of the stable isotopes 
o Adaptability to accurate quantitative work 
o The negligible physiological effects on the living organisms 
o Lacks of radiation hazard are distinct advantages they have over radio-isotopes.  
Use of stable isotopes are limited due to the  
 Limited availability 
 High cost of spectrometer or photo spectrometer required for their estimation 
 The sample has to be processed before estimation. 

RADIOACTIVE ISOTOPE  
Radio isotopes are unstable, that is, they undergo spontaneous disintegration and give off atomic particle, as 
a steam of radiation, which can be of different types.    
Advantages 
 Before decay the radioactive isotope acts in the same way as a estimate counterpart 
 Radioactivity could be detected directly   
 Unaffected by the physical or chemical treatments that are given.  
 Measurements are flexible. 

Difficulties in tracer methodology 

 Radiation effects 

 Exchange reactions  

 Isotopes effects  

 Radio chemical purity 

 Chemical effects  
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Stable and radioisotopes of elements essential to plant growth 

Element Radio Isotopes Half-life Stable 
Isotopes 

Natural abundance (%) 

Hydrogen 3
H 12.26 year 2

H 0.02 

Boron 12
B 0.02 sec 10

B 19.78 

Nitrogen 13
N 9.96min 15

N 0.37 

Carbon 14
C 5730 year 13

C 1.11 

Oxygen 15
O 124 sec 18

O 0.20 

Magnesium 27
Mg 9.5 min 26

Mg 11.17 

Phosphorus 32
P 14.3 days 31

P 100.00 

Sulphur 35
S 86.7 days 33

S 0.76 

Chlorine 36
Cl 3 X 10

5
 years 

37
Cl 24.47 

Potassium 42
K 12.4 hr 41

K 6.88 

Calcium 45
Ca 163 days 42

Ca 0.64 

Manganese 54
Mn 312 days 55

Mn 100.00 

Iron 55
Fe 

59
Fe 

2.4 years 
45 days 

58
Fe 0.33 

Copper 64
Cu 12.9 hr 65

Cu 30.91 

Zink 65
Zn 243 days 70

Zn 0.62 

Molybdenum 99
Mo 67 hr 94

Mo 9.04 

 
(1) “A” value concept: Fried and Dean (1952) have presented the concept that a plant having two 
sources of a nutrient will absorb its nutrients from each of these sources in direct proportion to the amount 
available. 
(2) “E” value concept: This was proposed by Russell (1954). The “E” value is considered to be the amount 
of phosphate in the soil i.e. exchangeable in a certain time with the element in solution to which phosphate 
has been added. 
(3) “L” value concept: This was proposed by Larsen (1952). The parameter is to be related to plant 
uptake of phosphorus, the “L” value is the more relevant measurement. 

Applications of radioisotopes in agricultural research 
(1) Inducing genetic variability in crop plants to develop improved varieties. 
(2) Improving fertilizer use efficiency and biological nitrogen fixation. 
(3) Monitoring the fate and persistence of pesticides in soil, groundwater and environment. 
(4) Reduction of post-harvest losses in agricultural products by extension of shelf life and preventing damage 
from insect and microbial contamination. 
(5) Rapid analysis with higher degree of accuracy. 
(6) Animal production and health 
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Point to be considered for planning a tracer experiment 
 Type of experiments  
 The nature of isotopes available  
 The radiations emitted by them 
 The availability of the detecting equipment  
 Half life of the radioisotopes 
 Dose at which they are to be administered without any harmful effects on the organisms  
 Dilution effects  
 Radiation hazards, 
 Counting efficiency 
 Purity of the isotopes  

WORKING RULES 
 Knowledge of the amount and nature of the radioactivity 
 Under-standing of the chemical and physical behavior of the  radioactive material 
 Repeated performance of “dummy runs” to eliminate unforeseen    difficulties   
 Forethought in planning of operations 
 Proper use of suitable instruments and  
 Common sense, vigilance, good housekeeping, and good work habits 

CONCLUSION 
The use of stable and radioisotopes was found effective in breeding, animal husbandry, plant protection 
measures, dynamics of nutrient in soil and plant, food preservation and fertilizer management i.e. correct 
dose, time and methods of application of fertilizer to the crops. Nuclear technology can also useful for rapid 
analysis of soil and plant with high degree of accuracy. At present scenario, radio tracer techniques are 
becomes essential alternate for agricultural scientists to improve and efficient utilization of agricultural 
inputs.  
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INTRODUCTION 
Now a day’s global food security considered to be great threat for the future sustainability of crop 
production on a global scale is major challenge in all around the world. Intensive farming uses more amount 
of agrochemicals, machinery and mismanagement of irrigation are enhanced agricultural production and 
productivity but at the same time it is dangerous for natural resources and has led to loss of natural soil 
fertility, soil erosion, loss of organic matter, diminishing underground water resources, pest resistance, 
emergence of new weeds, harmful insects, altering the environment for producers, workers as well as co 
consumers (Sartaj et. al., 2017). According to Food and Agricultural Organisation (FAO), organic farming is 
productive and sustainable can helpful to produce nutritious food and growing source of income for 
developed and developing countries. Codex Alimentarius Commission defines “organic agriculture as holistic 
food production management system, which promotes and enhances agro-ecosystem health, including 
biodiversity, biological cycles and soil biological activity. The main objective behind organic agriculture is to 
protect human and animal health without deteriorating natural sources like soil air and water. In organic 
farming more emphasizes on off-farm inputs, crop rotation, crop residues, animal manure, legumes, green 
manure, organic waste and aspects of biological pest control (Rajib et al., 2013). It also includes diverse crop 
and livestock rotations, encourages the integration of multiple farm enterprises; encourages the use of 
leguminous crops for biological nitrogen fixation. 
 
Current status 
Out of 38% earth’s land covered by agriculture, only 1% of global agricultural land falls under organic 
production. The area (%) under organic farming of the total cultivated area of different countries of the 
world maximum in Austria (8.40%) followed by Switzerland (7.94%) and UK (4.22%). The total area under 
organic certification is 5.71 million hectare. Organic trade is expanding at the rate of 15-20% per annum.                
 

S. No. Country Area under organic farming (%) 

1 USA 0.23 

2 UK 4.22 

3 Germany 4.10 

4 Argentina 1.70 

5 Austria 8.40 

6 Australia 2.20 

7 Japan 0.10 

8 Switzerland 7.94 

9 South Africa 0.05 

10 Italy 3.70 

11 India 0.03 
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Scope and prospects  
More than 65% of the country’s cultivated area is rainfed and agricultural farms in remote area and marginal 
areas are subsistence type. In India the scope and prospects of organic farming signified by farming sector 
has plentiful organic resources like livestock, residue of crop, water, aquatic weeds, forest litter, urban, rural 
solid wastes and agro industries, bio-products. Organic farming is growing rapidly among Indian farmers and 
entrepreneurs, especially in low productivity areas, rainfed areas, hilly areas and the northeastern states 
where fertilizer consumption is less than 25 kg/ha/year. Uttaranchal and North eastern states has been 
declared “organic farming states” where as Mizoram and Sikkim moved towards total organic farming. Sikkim 
has become India’s first fully organic state by implementing organic practices on approximately 75,000 ha of 
agricultural land. In Nagaland, 3000 ha area is under organic farming while as Meghalaya has committed to 
certifying 200,000 hectares of land as organic by 2020. These areas received high amount of rainfall and thus 
lead to abundant production of biomass including weeds, shrubs and herbs. Organic farming is good those 
areas having extreme rainfall because of the higher infiltartion rate of water and a lesser amount of amount 
of runoff in the field. The varied agro-climatic condition with promising of diversification makes possible 
them to convert at least these areas into organic farming effortlessly.  
 
CONSTRAINTS 
1. High C:N ratio and low amount of nutrients of different organic residues: Organic sources such as 
farmyard manure (FYM), compost, poultry manure, straw etc. contain very low amount of nutrients, doesn’t 
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meet the nutrient requirements of crops. Release of nutrients especially problem in low temperature areas 
due to low decomposition rate. As well as high C:N is also big problem in many organic residues such as 
paddy straw, wheat straw, sugarcane trash. It creates a problem when they are applied directly causes 
immobilization of nutrients. Therefore, it is not possible to meet the nutrient requirements of crops entirely 
from organic sources, if 100% cultivable land is converted to organic farming. 
2. Weed problem: Organic sources of nutrients helps in proliferation of weeds that compete with the plants 
for different nutrients, space, light, water, etc. On the other hand, herbicides cannot be used in organic 
farming, and thus economic weed control remains a challenge in organic farming. 
3.  Biomass problem: Higher amount of organic wastes and plant residues get lost in the fields either 
because of difficulty in collection or to handle or use properly. Also peoples of rural areas use plant residues 
such as straw, stubbles, pruned material and cow dung for producing charcoal as an energy source, because 
dependence on other energy sources like LPG, diesel, petroleum products etc. proves costly. 
4. High input costs: Local or farm renewable organic resources i.e. neem cakes, groundnut cakes, cow dung 
and earthworms are becoming costlier day by day than the conventional or industrially produced chemical 
fertilizers and pesticides. Chemical fertilizers are easier to purchase given the farmer has purchasing power. 
5. Low yielding of crops: With the use of organic sources of nutrients, the yield of the crop is very low 
especially during initial stages, although it may stabilize later, yet complete dependence on pure organic 
farming will not be sustainable in the long run. 
6. Small land holding and low financial budget: In India most farmers having small land holdings and poor. 
They are not directly connected to markets to buy or sell food.  
7. Infrastructural and Market problems: Development of market, especially domestic markets, is one of the 
biggest problems faced by organic farming. Closed corner location, remoteness and isolation from major 
markets are the principal constraints. Lack of supply and a narrow product variety leads to lack of interest by 
actors throughout the supply chain, inhibiting consumer demand and creating an obstacle to procurement by 
public and private institutions. High consumer prices may also limit consumer interest. There is tremendous 
lack of infrastructural facilities for processing, packing, storage etc. to meet the organic standards and to 
avoid contamination of organically produced food.  
8. Lack of awareness: There is lack of awareness and knowledge gap exist among the farmers and consumers 
from the point of view about both quality and efficacy. 
9. Benchmark survey: A great challenge in organic farming promotion is the benchmark survey for 
identifying the potential areas in the country. 
10. Certifying oriented problems: Before producing marketable products an organic farm having 
transition period of 1 to 3 years depending upon the certifying agency’s requirements and during this period 
the farmers have to grow the crops as per standards set for organic farming and thus produce about 3/4th of 
the normal yield. Small and marginal farmers can hardly afford to do so. Moreover, the farmers won’t opt for 
certification because of the costs involved as well as the extensive documentation that is required by 
certifiers. 
 
CONCLUSION 
Keeping in the mind the aforesaid advantages and limitations of organic farming in India, following 
generalizations can be made in the circumstance of organic farming. Wherever it possible, organic farming 
can be pessimistic especially in horticultural crops where its effects have been found better. For example in 
Kashmir, walnut cultivation is purely organic based horticultural crop and of high quality has tremendous 
export potential in the international market. Similarly, almond can be grown with no use of chemical 
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fertilizers. Himachal farmers so far benefit from, off season tag to vegetables; cash crops; niches based crops, 
such as peas and exotic vegetables grown in higher reaches of the State, the premium quality fruit of cold 
desert zone (apple of Kinnaur and spiti). North Eastern Region (NER) is house to some niche crops like Assam 
lemon, Joha rice, medicinal rice and passion fruits which have high market demands, accounts for 45 percent 
of total pineapple production in India. It is the fourth largest producer of oranges in India. One of the best 
quality gingers (low fiber content) produced in the North Eastern Region. Sikkim is the largest producer of 
large cardamom (54 per cent share) in the world and Agri-Export Zone (AEZ) for ginger. Flowers and some 
aromatic & medicinal plants like Lavender, Geranium, etc can be grown without even organic fertilizers and 
can generate employment through entrepreneurship, besides having good export potential for their quality. 
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Advanced food packaging approach by Active Biodegradable film 
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                In recent years, interest in biodegradable packaging as an alternative to synthetic packaging and 
non-biodegradable petroleum-based packages has increased in light of their promise to reduce the impact of 
packaging on the environment. The expansion in these bio-based materials has several potential benefits for 
greenhouse gas balances and other environmental impacts over whole life cycles (Leceta et al., 2014). 
Furthermore, consumers are demanding food-packaging materials that are more natural, disposable, 
potentially biodegradable, as well as, recyclable. For this reason, there is an urgent need to study and to 
develop biodegradable active packaging material. Different biopolymers can be used to produce films from 
waste such as grape seed extracts, lemon seed extracts, various fruits and tuberous root extract. Aline et al., 
(2016) have studied development of biodegradable films from industrial residues and investigate the effects 
of different concentrations of residues of gelatin capsules and minimally processed carrot waste fibre on the 
antioxidant, mechanical and optical properties of biodegradable films. Adilah et al., (2018) have developed 
packaging film by using food industries’ by-products such as soy protein isolate (SPI) and fish gelatin (FG) 
were used as the sources of biopolymers and different concentrations of mango kernel extracts (MKE).               
The term ‘‘biodegradable’’ materials is used to describe those materials which can be degraded by the 
enzymatic action of living organisms, such as bacteria, yeasts, fungi and the ultimate end products of the 
degradation process, these being CO2, H2O and biomass under aerobic conditions and hydrocarbons, 
methane and biomass under anaerobic conditions. 

Biodegradation process 
Step-1: The long polymer molecules are reduced to shorter and shorter lengths and undergo oxidation 
(oxygen groups attach themselves to the polymer molecules). This process is triggered by heat (elevated 
temperatures found in landfills), UV light (a component of sunlight) and mechanical stress (e.g. wind or 
compaction in a landfill). Oxidation causes the molecules to become hydrophilic (water- attracting) and small 
enough to be ingestible by micro-organisms, setting the stage for biodegradation to begin.  
Step-2: Biodegradation occurs in the presence of moisture and micro-organisms typically found in the 
environment. The plastic material is completely broken down into the residual products of the 
biodegradation process.  
Step-3: As micro-organisms consume the degraded plastic, carbon dioxide, water, and biomass are produced 
and returned to nature by way of the bio-cycle (Averous et al. 2012). 

Source of biodegradable polymer 

Polysaccharides Starches, Wheat, Potatoes, Maize, Cassava 

Ligno-cellose product Wood, Straws 

Others Pectin, Chitosan/chitin, Gums 

 
Active packaging systems are developed with the goal of extending shelf life for foods and increasing the 
period of time that the food is high quality. Active packaging technologies include some physical, chemical, or 
biological action which changes interactions between a package, product, and/or headspace of the package 
in order to get a desired outcome (Yam et al., 2005).  
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Bio-polymers Examples 

Biodegradable polymers obtained by chemical  
synthesis 

Polyglycolic acid, Polylactic acid, 
Polycaprolactone, Polyvinyl alcohol 

Biodegradable polymers produced through 
fermentation by microorganisms 

Polyesteres, Neutral polysaccharides 

Biodegradable polymers from chemically 
modified natural product 

Starch, Cellulose, Chitin and chitosan, Soy 
based plastic             

 

Sachets and pads  
For oxygen scavenging, the sachets essentially utilize the process of rusting, or the oxidation of iron 
compounds in the presence of oxygen and water. Oxygen scavengers can also be made based on enzyme 
technology. Oxygen absorbers are usually of powdered iron or ascorbic acid. Iron based scavengers typically 
do not pass the metal detector inspections on most packaging lines, and in these incidences ascorbic acid is 
advantageous. Oxygen absorbers in sachets are commonly found in meat and poultry products, coffee, 
pizzas, baked goods and dried foods. Sachets that absorb carbon dioxide along with oxygen are also available 
and are most commonly found in roasted or ground coffee packages. Some sachets are capable of emitting 
ethanol as an antimicrobial agent to extend the shelf life of high moisture bakery products 

Antimicrobial system  
Antimicrobials incorporated in packaging materials could extend shelf live by preventing bacterial growth 
and spoilage. In one system, known as “Bio-Switch” (de Jong et al., 2005), an antimicrobial is released on 
command when bacterial growth occurs. The basic concept is that a change in the environment such as pH, 
temperature, or UV light occurs and the antimicrobial responds accordingly. The external stimulus results in a 
release of the antimicrobial component of the package. In this system, the antimicrobial is released on 
command, and the system is active only at specific conditions. This system could potentially increase the 
stability and specificity of preservation and reduce the amount of chemicals needed in foods.  

Active EVOH films  
Active antioxidant food packaging films were produced by the incorporation of ascorbic acid, ferulic acid, 
quercetin, and green tea extract into an ethylene vinyl alcohol copolymer (EVOH) matrix. The 
characterization of the thermal and barrier properties of the developed film showed that the addition of 
these bioactive compounds did not greatly modify their properties but, the presence of ascorbic and ferulic 
acids resulted in a significant decrease in water-vapour permeability, possibly due to the high affinity for 
water of these substances. Exposure of the films to various food simulants showed that the release from the 
films was dependent on the type of food simulant and the antioxidant incorporated: in the aqueous food 
simulant, materials containing ascorbic acid produced the largest release; in the fatty food simulant, 
quercetin and green tea extract presented the best performance. The evolution of the peroxide index and 
the malondi-aldehyde content showed that, in general, the films improved sardine stability. Films with green 
tea extract offered the best protection against lipid oxidation (Dicastillo, 2012).  
The development of fully biodegradable films was successfully produced from food industrial waste and is an 
alternative to substitute synthetic and non-biodegradable plastics. The use of industrial waste as a material 
for the development of biodegradable and active packaging is economic and environmental friendly. Food 
industrial matter is a potential source of natural antioxidants and the incorporation of natural antioxidants in 
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biodegradable films represents a promising alternative for active packaging. These films are hence 
responsible for extension of food shelf life. Thus the use of food processing wastes is promising for the 
development of environment friendly packaging films.  
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INTRODUCTION 
Probiotic is derived from Greek and means pro-life. It is an opposite word of antibiotic and it means 
for “life or in support of life”. Any microorganism and or substance which improve health can be 
called as probiotic. The term probiotic was coined by Lilly and Still well in 1965 who terms probiotics 
for growth promoting factors produced by microorganisms. Later on parker in 1974 used the term for 
“organisms and substances” and Fuller in 1989 defined probiotic as a live microbial feed supplement 
which beneficially affects the host animal by improving its intestinal microbial balance. During the 
journey of science from 1965 to till date, probiotic‘s definition has been revised several times. But at 
present, the definition given by WHO/FAO (2002) has been universally accepted and as per that 
probiotic is defined as “Live microorganisms which when administered in adequate amount confer a 
health benefit on the host”. It is now well recognized that a healthy (balanced) microflora is pivotal to 
optimum health and that supplementation with probiotics could be used to shift the balance of the 
gut microflora away from potentially harmful/pathogenic bacteria towards a beneficial or health-
promoting microorganisms, like lactobacilli, bifidobacteria. Fermented foods, including milk and dairy 
products, have played important roles in the diet of humans worldwide for thousands of years. 
Fermented milk with health-promoting ―probioticǁ properties is one of the oldest functional foods. 
1. Probiotic Microorganisms 
There are several microorganism which has been used as probiotics (see Table 1), but lactic acid 
bacteria enjoying the GRAS (generally regarded as safe) status have been most frequently used. This 
status is based on their historic association with fermented foods, which have been found to be safe 
and healthy. Several non-GRAS status microbes are also being used, but they need to prove their 
safety by appropriate safety trials. 
Table-1:  Microbes Reported as Probiotics 

Lactobacillus Species Bifidobacterium 
Species 

Other Lactic Acid 
Bacteria 

Non Lactic Acid 
Bacteria 

Lb. casei 
Lb. bulgaricus 
Lb. acidophilus 
Lb. amylovorus 
Lb. gasseri 
Lb. johnsonii 
Lb. plantarum 
Lb. reuteri 

B. bifidum 
B. adolescentis 
B. breve 
B. animalis 
B. lomgum 

Leuconostoc 
mesenteroides 
Pediococcus acidilactici 
Sreptococcus 
thermophilus 

E.coli strain nislle 
Propionibacterium 
fredenreichii 
Sachharomyces 
cerevisiae 

2. Criteria for Selection of Probiotic Microbes to Use in Dairy Products 
The selection criteria for a probiotic strain are as follows; 
a) The source from where the culture is isolated. There is host specificity. 
b) The capability of persistence in live condition in gastro-intestinal tract like tolerance to bile salts, 
resistance to lower surface tension, tolerance to phenolic compounds and resistance to peristalsis 
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c) The ability of intestinal implantation of microbes by various mechanisms like production of 
exopolysaccharides, hydrogen bonding, surface structures, non-specific ionic bridges and surface 
hydrophobicity 
d) The ability to tolerate various processing conditions like resistance to temperature, resistance to 
salt, resistance to sugar etc. 
e) Capability of passage in live condition to gastro-intestinal tract. 
f) The ability to resist antibiotics 
g) The ability to produce antibiotic like substances 
h) Safety aspect of food 
As several probiotic cultures have come in market with several health claims, it has become important 
to protect the consumers from false claims and misleading information. Hence, FAO/WHO has given 
guidelines (see Figure 1) to explain that what can be called as probiotic? Only those cultures, which 
fulfills criteria for survival in GI-tract and which has clinically demonstrated some health benefit can 
be called as Probiotic. 
 

 
 
3. Health benefits of Probiotic Dairy Foods 
a) It have antimicrobial properties 
b) It shows anti-mutagenic effect 
c) Stimulation of immune mechanism of host 
d) Management of inflammatory bowel disease 
e) Lowering blood pressure 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

391 
 

f) It avoids various allergies 
g) It improves lactose digestion 
h) It controls the diarrhoea 
i) It lower serum cholesterol level 
j) It control of urinary tract infections 
 
4. Strategies Used to Developed Probiotic Dairy Food 
    The following approaches generally used to develop probiotic food in industries; 
a) Not to ferment- The growth and flavour problems were coming when the milk was allotted to 
ferment. This can be avoided by not fermenting milk. That led to development of non-fermented 
products that contained only viable cells of these organisms in chilled milk. 
b) Concentration and Drying – This changed the form of consumption and improved the shelf-life. 
c) Blending with other bacteria- To enhance the flavour it was thought to supplement additional 
microflora as starter culture that give good flavour. 
d) Carry acidophilus and bifidus in other popular productsto make probiotic foods. 

5. Types of Milk Based Probiotic Foods 
Based on these above mentioned concepts, a number of products has been developed, which can be 
grouped as under: 
a) Traditional fermented products: Acidohpilus Milk (sour), Bifidus Milk 
b) Non-fermented milks: Acidophilus sweet milk 
c) Blending with yoghurt cultures: Acidophilus yoghurt, ACO yoghurt, Acidohpilsbifidus yoghurt, Bioghurt, 
Bifighurt  
d) Concentrated products: Acidophilus cream, Acidophilus paste 
e) Blending in other products: Acidophilusice cream, Probiotic cheese, Probiotic fruit juices 
f) Blending with other cultures: Acidophilin, Acidophilus yeast milk 
g) Dried Products: Acidophilus powders, Infant/Baby foods, Tablets, Capsules 
6. Production Process of Probiotic Dairy Food 
The production technology is centered at the care of culture, the selection of raw material, processing 
conditions, environment, storage, etc. The production process should be design in such a way that the 
culture exhibits predictable behaviour and probiotics are available in maximum viable numbers. 
Following is the flow chart for the production method of probiotic product taking example of 
acidophilus milk. Each of the processing steps shown in Figure-2 affects the quality of the product and 
probiotic microbes in it. 
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Figure-2: Preparation of Acidophilus Milk 

7. Probiotic Dairy Foods Available in Market 
Several products containing live lactobacilli or bifidobacteria have been developed in various 
forms using milk as the base material or by supplementation of cereals, oats, fruits, vegetables 
and other juices. Certain products are strictly hygienically made and prescribed by medical 
professionals for specific ailments. The table-2 shows the examples of various milk based products 
available in market around the world. 

Table- 2: Milk Based Probiotic Products 
 
Table- 2: Milk Based Probiotic Products 

S.No. Name Country of 
Origin 

Strains Used 

1 Fermented 
acidophilus 

Most of 
World 

Lactobacillus acidophilus 

2 Nu Trish a/ B USA Lb. acidophilus + Bifidobacteria species 

 ACO-Yoghurt Switzerland Lb. acidophilus + S. thermophilus and 
Lb. bulgaricus 

3 Sweet 
acidophilus 

USA Lactobacillus acidophilus 

4. Big M (Cheese 
Whey) 

FRG  
Lb. acidophilus 

5. AB – Yoghurt Denmark Lb. acidophilus + B. bifidum + Yoghurt cultures 

6. Biogarde Ice 
Cream 

FRG  
Lb. acidophilus + B. bifidum 

 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

393 
 

Table-3: Probiotic Strain Suplliers and Product Manufacturing Industries 

S.No. Name of Strain  Supplier (Company) 

1 Lb. casei Shirota Yakult 

2 Lb. acidophilus NCFM Rhodia 

3 Lb. acidophilus La 5 Chr. Hansen 

4 Lb. acidophilus Johnsonii La1 Nestle 

5 B. lactis DR-10/Howaru Danisco 

6 Lb. reuteri MM2 Biogaia 

7 Lb. rhamnosus GG Valio 

8 B. lactis LaftiTM B94 DSM 

9 B. longum BB-536 Morinaga Milk Industry 

10 B. breve Yakult 

 
8. Summary and Considerations for the Future 
There has been increasing knowledge of the benefits of probiotic gut flora and their impact on 
human biological processes and, at the same time, of the identity of certain dairy or non-dairy 
components of fermented milks and their role in human health and body function. Indeed, 
probiotics are food components fulfilling particularly the term ―beyond nutritional or functional as 
bacteria have no nutrient character. The commercial use of probiotics, however, has proceeded 
because essentially no risk is associated with consumption of well-defined probiotics in foods and 
many benefits are possible. Probiotics could be combined with other healthful ingredients or simply 
used to complement the natural functional attributes of whole foods. The combination of probiotic 
bacteria with nutrient-dense foods, such as dairy products, will have the added benefit of enhancing 
consumer nutrition. The increased worldwide interest in probiotics has set the stage for expanded 
marketing of these products, even though much research remains to be done. The target research 
areas like to validate biomarkers used for assessing probiotic function, testing of predictions based 
on biomarker studies with actual results in human clinical evaluations is needed, Biomarker 
validation in the areas of immune system, cancer, and gut micro-ecology is especially important. 
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INTRODUCTION 
Farming with natural rocks and minerals was an ancient practice. Intensive cultivation of crops with 
imbalanced fertilizer usage has led to a decline in soil quality and so, restoring this soil degradation needs 
urgent attention. In this context, farming with natural minerals (zeolites) has drawn attention. Zeolites are 
crystalline, hydrated aluminosilicates of alkali and alkaline earth cation present as rocks in different parts of 
the world. However, they are also inherently present in Vertisols mixed with soils. Pioneering work on 
zeolitic farming was initiated in Japan during 1960s. Japanese farmers have used them over years to control 
the moisture content and to increase the pH of acidic volcanic soils. Their ion-exchange capacity is helpful 
for plant nutrition as well as soil amendment; besides the recent research on zeolite- herbicides 
interactions is encouraging. Although considerable research on zeolites in agriculture has been advanced, 
further research need to be carried out for their efficient utilization in farming. 

Origin, nature and properties 
Alex Fredrik Cronstedt (1756), a Swedish mineralogist, first identified zeolites in a copper mine in Sweden 
which refer to ‘boiling stones’ in Greek. Zeolites are three-dimensional, hydrated aluminosilicates, 
microporous, inorganic crystalline minerals which can accommodate neutral molecules in the pore spaces 
and mobile cations needed to balance the electrostatic charge of the framework of silica and alumina 
tetrahedra and containing water. The zeolites may be represented by the following general formula:- 
                                                    [Mx

+, My2+][{Al(x+2y) O2n}.mH2O] 
Where, M+ and M2+ are monovalent and divalent cations, respectively. Cations within square brackets are 
the exchangeable cations, and the others are known as structural cations because with oxygen they make 
up the framework of the structure. 
 Three-dimensional Bonding may be stronger in one or two directions than the third, so that zeolites may 
still be “platey” or “fibrous”, but the attached water lies in the channels and cavities, so that dimensions do 
not tend to change with dehydration and rehydration. 
Crystalline, but formation of crystals of significant size requires long periods under very specific conditions, 
so zeolites are usually micro-crystalline. 
Zeolites are the aluminosilicate members of the family of microporous solids known as "molecular sieves" 
mainly consisting of Si, Al, O, and metals including Ti, Sn, Zn, and so on. The term molecular sieve refers to a 
particular property of these materials, i.e., the ability to selectively sort molecules based primarily on a size 
exclusion process.  
Hydrated, so the structure incorporates water which results in the formation of uniformly sized channels 
and cavities of near-molecular size. 
Zeolites have a porous structure that can accommodate a wide variety of cations, such as Na+, K+, Ca2+, 
Mg2+ and others. These positive ions are rather loosely held and can readily be exchanged for others in a 
contact solution. Natural zeolites form where volcanic rocks and ash layers react with alkaline groundwater.  
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Zeolites of India 
Natural zeolite minerals in India were reported in amygdaloidal vesicles in the Deccan lava flows. Since the 
1970s, the state of Maharashtra has provided zeolites that have come out of the enormous lava flows 
called the Deccan Traps were reported way back in the 18th century itself (Dana, 1854), regarding their 
formation and distribution in the lava flows.  
 
Classification 
Zeolites have been classified on the basis of their morphological characteristics, crystal structure, chemical 
composition and effective pore diameter etc.  
According to silica: alumina ratio, 
They are classified into three categories which followed as  
          
   Categories                                                      Silica: alumina ratio 
Low                                                                    1-1.5 
Intermediate                                                     2-5 
High                                                                   >10 
 
Later,utilizing pore diameter made 4 groups, viz. small-pore (8-rings)  with free pore diameter of 0.3–0.45 
nm, medium-pore (10- rings) with free pore diameter 0.45–0.6 nm, large-pore (12-rings) with free pore 
diameter 0.6–0.8 nm and extra large- pore (14-rings) with free pore diameter of 0.8–1.0 nm. 
 
Applications 
Since in many parts of the world, zeolites are available at low cost and with evolution of new zeolites 
containing novel properties has provided new flexibility in the design of products and processes. This led to 
considerable rise in commercial utility. They are becoming the subject of interesting investigation in various 
agricultural issues particularly the ion-exchange properties, as they can serve the dual role of carrier and 
dispenser of plant nutrients. Among the natural zeolites, clinoptilolite is most commonly used in 
agriculture. As they play an important role in modifying the physics, chemistry and biology of soils, its 
application at Iran along with plant residues in soil have shown even positive effects on improving carbon 
pools and increasing carbon sequestration. They can capture zinc and ammonia diffused in wastewater too. 
 
Organic manure handling and management 
Handling organic and animal manure is a recurrent problem, besides severe loss of valuable nutrients 
through leaching and volatilization, particularly for nitrogen. Release of volatile compounds from various 
animal manures is a deterrent for their usage in farming. Zeolites could be used as an effective additive to 
control the odour), as they could absorb the volatile substances like acetic acid, butanoic acid, isovaleric 
acid, indole, and skatole and enhances effectiveness of the manure. Surface application of zeolite has 
potential for mitigating feedyard manure NH3 losses thereby reducing losses of nitrogen to the 
environment, but specific zeolite properties influenced its effectiveness. Nitrifying bacteria could not use 
the manure-ammonia in the zeolite due to small pore size. Mature compost with good agronomic 
properties was produced by co-composting chicken slurry and paddy husk using zeolite and urea as 
additives. 
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Slow release of nutrients 
When mixed with major nutrients, zeolites with their specific selectivity for ammonium, can take up this 
specific cation from ammonium-bearing sources and acted as a slow release fertilizer in several crops since 
the supply of bases from them could prevent the soils from losing their productivity. The adsorbed 
ammonium ion after the second and third year of zeolite application in the soil behaved as an effective 
nitrogenous fertilizer and improved crop growth. The main use of Zeolites is for nitrogen capture, storage 
and slow release, as they adsorb molecules at relatively low pressure and is considered as nano-enhanced 
green application. There is a new possibility, which is the addition of zeolite to the organic substrate. Zeolite 
as coating material has shown the potential to increase water absorption and water retention of NPK 
fertilizer and to retard N, P, and K release from the fertilizer in a sandy soil in Indonesia. Zeolites applied 
with urea reduced the ammonia volatilization by 8%. Concentrated zeolite used as a sand-soil amendment 
also increased at least 10% of soil-water retention and 15% of available water capacity. 
 
Nitrogen management 
Although nitrogen is regarded as kingpin in agriculture and widely used in all crops and cropping systems, 
its use efficiency is just 30–40% only. As surface and groundwater contamination have been reported in 
some countries, its rational use is necessary to enhance nitrogen- use efficiency and reducing 
environmental contamination noticed decreased nitrification and leaching losses by about 11% due to NH4-
clinoptilolite application. Free urease was found to be adsorbed on the outer surface of zeolite by cation-
exchange reaction, and more than 70% of urease was adsorbed within 30 min. Urea-impregnated zeolite 
chips have also been developed elsewhere. found increased nitrogen-use efficiency in rice owing to 
application of zeolites and ensured good retention of soil-exchangeable cations, available P, and NO3 - 
within the soil in maize at Malaysia. There is a possibility of surfactant-modified zeolite as a good sorbent 
for nitrate, besides retaining large quantities of ammonium ion, interfere with the process of nitrification. 
Zeolites with fertilizers in Cocoa enhanced fruiting reduced nitrate and ammonium leaching and so 
Clinoptilolite with 75% fertilizers to maize was equally good to that of 100% fertilizers alone at Malaysia. 
 
Phosphorus management  
Zeolites rock phosphate combination acted as an exchange-fertilizer, with Ca2+ exchanging onto the zeolite 
in response to plant uptake of nutrient cations (NH4 +or K+), enhancing the dissolution of the 
rockphosphate. Ammonium-charged zeolites have shown their ability to increase the solubilisation of 
phosphate minerals or animal bone ash and promoted the rockphosphate dissolution in all soil type and 
reduced fixation in soils. 
 
Soil amendment and improving soil water-holding capacity 
Zeolitic amendment is an effective way to improve soil condition in an arid and semi-arid environment 
(Yasuda et al., 1998) owing to its cage-like polyhedral unit and increased water-retention capacity of soils 
and so considered as soil activator. They are used extensively in Japan as amendments for sandy soils. It 
does not breakdown over time and could reduce water and fertilizer costs by retaining beneficial nutrients 
in the root zone. The higher the average ionic potential of the extra-framework cations, the larger would be 
the hydration capacity of the clinoptilolite. They may hold water more than half of their weight and 
hysteresis for water molecules could be observed without physical damage. This could assure a permanent 
water reservoir, providing prolonged moisture during dry periods. This results in a saving in the quantity of 
water needed for irrigation. Amendment of sand with zeolite increased the plant available water by 50% 
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and enhanced the yield in many crops including vegetables in Russia, field crops in Japan, as constituents of 
golf course greens and trees in order to improve drainage and aeration, and improve compaction 
resistance. This trend may be attributed to the small size as well as the efficient water-cation packing of 
high field strength cations in the zeolite structure as evident from successful canola production even under 
drought at Malaysia. 
 
Future implication 
The following issues have been identified for further research. 
1. Identification of natural zeolites niches and estimation of the potential for commercial exploitation. 
2. Characterization of the natural zeolite deposits for nutrient retention 
3. Quantification of zeolite-amendment on nitrate leaching 
4. Methodologies for organo-zeolitic manure/fertilizers and nutrient-release pattern 
5. Understanding their physical stability in different agroecosystems 
6. Ascertaining the long-term impact of zeolites on soil flora and fauna 
 
CONCLUSION 
Ion-exchange properties of zeolites are recognized as important character for soil and plant nutrition owing 
to their high cation-exchange capacity. In the recent past, appreciable research has been taken up in 
zeolite–herbicides interactions. While most calcium and potassium zeolites are beneficial for plant growth, 
some reports indicated that certain zeolites with sodium as the main exchangeable cation may hinder crop 
growth through soil alkalinsation. Also, the zeolite erionite is reported to be harmful to human health. 
Therefore, the proper selection of appropriate zeolites to suit their application is indeed very important. 
Few important directions of zeolites utilizations have been discussed above, but the possibilities of the use 
of these zeolites are much broader, particularly in the development of slow-release inputs, viz., fertilizers, 
herbicide etc. Thus, zeolites have a potential role in input management in cropping systems. The dual 
benefit of zeolites, viz. carrier and/or medium to free nutrients can be utilized in crop management 
practices. Considerable research has been advanced at global level because of its low-cost. Further research 
need to be carried out in future for their efficient utilization in farming. 
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INTRODUCTION 
In view of constant increase in the cost of concentrate feed ingredients and their limited availability, green 
fodder is considered an economical source of nutrients for the dairy animals. While increase in green 
fodder production per hectare of land has been emphasised, it is equally important to conserve green 
fodder to ensure regular supply for feeding animals, especially during the lean periods. Conserving green 
fodder in the form of silage is one of the best options available to ensure regular supply of quality fodder 
through different seasons of the year. 

What is Silage? 
Silage can be defined as a green fodder material produced by controlled anaerobic fermentation of green 
fodder crop retaining its moisture content. Silage can be called the fermented product of green forages 
where the acid produced by anaerobic fermentation of the sugars present in these forages preserve them. 
It is some thing like ‘pickle green fodder’ (aachaar). The process of conserving green fodder is called as 
ensilage. The container for the silage is known as a silo and it can be a pit or an elevated tower. The best 
silages are moist to the touch, soft but not slimy and fragrant in their own characteristic way. Green, fruity 
silage is the most palatable and nutritious. This can be produced only under careful management from 
crops that are cut at the right stage with a dry matter of 35%. A dark-brown colour indicates excessive 
heating. 

Advantages of Silage 

 It is less at risk from the weather than haymaking. 

 The ensiling process is the only means by which the entire forage plant can be preserved in a succulent 
form. 

 Silage retains higher proportion of nutrients than hay because losses due to shattering and bleaching are 
minimized. 

 Silage preserves 85% of feed energy. 

 Hay under best conditions preserves only 80% and under poor conditions 50-60% of feed energy. 

 Silage crops have more yield than other hay crops. 

 Silage requires less storage space than hay and fear of fire is avoided. 

 Silage is a better source of protein and carotene. 

 Less amount of vitamin D is available in silage than in hay. 

Crops suitable for silage making 
Crops rich in soluble sugars/ carbohydrates are most suitable for ensiling, e.g. maize, sorghum and bajra. 
Maize is popular crop for silage. The sweet sorghum (cut at the dough stage) is also better for silage than 
the grain sorghum. Cultivated and natural grasses can be ensiled with addition of molasses at 3-3.5% 
Mixture of grasses/ cereal fodders and legumes such as berseem and Lucerne in the ratio of 3:1. Unwilted 
leguminous leafy fodders and dry forage in the ratio of 4:1. Crop should be harvested between flowering 
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and milk stage. In general, crops with stems are conserved in the form of silage while thin stemmed crops 
are conserved as hay. 

Preparation of Silage under Field Conditions 
Silos: A silo is an air tight structure designed for the storage and perseveration of high moisture feed as 
silage. Pit silo are more common in India. The pits are dug 2.4-3.0 m deep, with variable size. The pit may 
me cylindrical and rectangular. One cubic meter of space is required for 400 kg fodder. Silo must be located 
on an elevated ground. 

Method of Preparing Silage 
Selected the crop that is to be ensiled when it has 30-35% dry matter. In case the crop has less than 30% 
dry matter, allow it to dry for 3-4 hours so that the dry matter content would increase to 30-35%. Generally 
the crops are harvested and ensiled when the ears start coming. Select the days of the week when the 
weather is fair and not rainy. The green fodder is chaffed into 5-10 cm pieces by a chaff cutter and 
uniformly laid in layers. After chaffing and ensuring that dry matter is around 35% the silo is filled with 
fodder. Each layer of green fodder may be about 30-60 cm thick. Before the next layer is laid, 0.5% salt and 
urea at 1% are added to cereal and grasses to improve the palatability and nitrogen content. In grasses 
silages, molasses is added at 3-3.5% to improve the sugar content and thus quality of silage. In more 
mature crops higher level of molasses (5%) may be added. At the top of the silo the fodder should be 
packed 3-4 feet (1 metre) above the ground level and the top must be dome shaped. The silo pit must be 
closed in about 10- 15 days after start. The product is ready in about 1 month time after the closure of the 
pit. The pit is usually opened in 6-9 Months. Good quality silage can be kept well as long as 7-10 years. One 
cubic foot of material contains about 20-30 kg wet silage. The layer of straw/ grasses (over the green 
fodder) may be about 4-5”. The final product must have an acid content of 2.4% with a pH ranging from 3.5-
4.2. In good quality silage, ammonia production never exceeds 10%. The temperature rise may go as high as 
30-350C. Butyric acid will not be produced in a good silage. Butyric acid will be the predominant acid in 
silage with pH 5 and above. If the fodder material is highly proteinacious, the fermentative process may be 
directed towards butyric acid production and poor quality silage may result. Brown colour (maillard 
reaction process) of the silage is due to a pigment phacophytin which is a magnesium free derivative of 
chlorophyll. 

Colour of the Silage 
When the temperature in the silo is moderate the silage tends to be yellowish or brownish green and 
sometimes even golden in colour. This is due to the action of the organic acids on the chlorophyll, and 
converts chlorophyll into brown magnesium-free pigment, phaeophytin. Silage is dark brown or black, 
when temperature in the silo is high. 

Feeding of silage 
Silo can be opened from one side as per need after 45 days and closed properly after taking out the silage. 
Silage can be taken out as per requirement. Initially, silage can be fed @ 5 kg/animal to adjust the animals 
on silage feeding. Silage is a substitute of green fodder and can be fed like green fodder. 
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Silage quality 

Very good silage Silage having acidic taste and odour, being free from butyric acid, moulds, 
sliminess. 
Showing a pH range of 3.5-4.2. 
Ammoniacal nitrogen less than 10% of the total nitrogen. 
Lactic acid content is 1-2%. 

Good silage Silage possessing acidic taste and odour and traces of butyric acid (less than 
0.2%). 
Showing a pH range of 4.2-4.5. 
Ammoniacal nitrogen 10-15% of the total nitrogen. 

Fair silage Ensiled material with some butyric acid, a slight proteolysis and some moulds. 
Showing a pH of 4.8 and above. 
Ammoniacal nitrogen 20% of the total nitrogen. 

 

 
Fig 1. Method of pit silo for silage making 

 
Fig 2. The best quality corn-silage 
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INTRODUCTION: 
The growing human population and a changing environment have raised significant concern for global food 
security, with the current improvement rate of several important crops inadequate to meet future demand. 
This slow improvement rate is attributed partly to the long generation times of crop plants. In agriculture, 
conventional breeding takes a longer time for the development of crop varieties with a minimum of 8– 10 
years of breeding cycles. In the context of breeding, rapid generation advancement of segregating 
populations towards reaching homozygosity will facilitate genetic gain for key traits and the rapid 
development of improved cultivars. World’s first speed breeding technique that can boost the production 
of the crop by up to three times. The NASA experiments involved using continuous light on wheat which 
triggered early reproduction in the plants. 
  Speed breeding is an indoor plant growing technique. It shortens harvest time (2-3x faster) of crops 
like wheat and barley. Plants need light to carry out photosynthesis and grow. Plants grown indoor are 
usually grown under inefficient lamps for 10h/day. But speed breeding exposes plants to optimal LED 
lights for 22h/day, sending plants into photosynthesis overdrive and maximising plant growth. Scientists 
hope speed breeding will accelerate agricultural research and increase food production to meet the 
demands of a rising population. The use of supplemental lighting in a glasshouse environment allows rapid 
generation cycling through single seed descent (SSD) and potential for adaptation to larger-scale crop 
improvement programs. Cost saving through light-emitting diode (LED) supplemental lighting is also 
outlined.  
  The speed-breeding experiments in wheat revealed that the quality and yield of the plants grown 
under controlled climate with extended daylight were the same as those of crops grown in regular 
glasshouse conditions. Farmers will have to produce 60–80% more food by 2050 to feed nine billion people 
and speed breeding is a potential technique in this regard. The biggest challenge of breeding higher yielding 
and more resilient crops is the inability to complete more generations in lesser time. 
  Speed breeding, greatly shortens generation time and accelerates breeding and research 
programmes. Plant–pathogen interactions, plant anatomy and flowering time can be studied in detail and 
repeated using the technology. It uses supplemental lighting to aid photosynthesis rate in intensive regimes 
of up to 22 h per day in a glasshouse environment that allows rapid generation cycling through single seed 
descent and potential for adaptation to larger-scale crop improvement programmes. 

Uses: 
Speed breeding can be used to achieve up to 6 generations per year for spring wheat (Triticum aestivum), 
durum wheat (T. durum), barley (Hordeum vulgare), chickpea (Cicer arietinum) and pea (Pisum sativum), 
and 4 generations for canola (Brassica napus), instead of 2–3 under normal glasshouse conditions. The 
technique has also been successfully adapted to oat, various Brassica species, grass pea, quinoa, Medicago 
truncatula and Brachypodium distachyon. 
  Speed breeding mentions that up to six generations per year could be achieved for bread wheat, 
durum wheat, barley, pea and chickpea, and four generations for canola. 
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Speed breeding as a platform can be combined with several other technologies such as marker-assisted 
selection, genomic selection, CRISPR gene editing, etc. to get to the end result faster. 
  The studied plants and whose results will likely be replicable in many other plants. They, cite 
sunflower, pepper and radish as plants that have shown similar response to being grown in extended 
daylight conditions. The ability quickly test, for example, the effect of knocking out or over-expressing a 
particular gene will certainly lead to more efficient test results and, hopefully will be another stepping 
stone to overcoming some of the limits to efficient research we currently endure.  
  The new technology could also have some great applications in future vertical farming systems, and 
some horticultural crops. The International Space Station (ISS) serve as a stepping stone to future 
exploration and the adaptation of space farming and space age plant breeding technologies will be the 
inspiration for many other new innovations in agriculture and it will light the way for future crops in the 
forthcoming years here on planet earth. 

CONCLUSION: 
To conclude, breeding programmes should be at par with the changing climate, and breeding for climate-
resilient crops is the immediate challenge which can be accomplished through new ideas like speed 
breeding. Speed breeding has largely been used for research purposes and is now being implemented by 
industry. State-of-the-art innovations in agriculture will light the way for the accelerating selection and 
establishment of future crops in the upcoming years here on planet Earth and will create a novel revolution 
in agriculture. 
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Speed breeding accelerates generation time of some major crop plants for research 

and breeding. Compared to a glasshouse with a natural photoperiod, where only 2-3 

generations of wheat, barley, chickpea and canola can be achieved per year (right), speed 

breeding enables 4-6 generations of these crops to be grown in a year (left). 
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The number of consumers paying close attention to their health, safety, and social impacts of food 
consumption has increased on a larger and is no longer a niche phenomenon. Food labelling is an important 
communication tool between consumers and food manufactures. Label is defined as a panel found on a 
package of food which contains a variety of information about the nutritional value of the food item. There 
are many pieces of information which are standard on most food labels, including serving size, number of 
calories, grams of fat, included nutrients, and a list of ingredients. To sell food and drink products, the label 
must be clear and easy to read, permanent, easy to understand, easily visible and not misleading. A number 
of major and minor details about the product need to be specified either at front or back of the package. 
The following information related to the name of the food, a ‘best before’ or ‘use by’ date (or instructions 
on where to find it), any necessary warnings and quantity information must be on the front of packaged 
food. Other secondary information such as a list of ingredients (if there are more than 2), the name and 
address of the manufacturer, packer or seller, the lot number (or use-by date if you wish), any special 
storage conditions and instructions for use or cooking, if necessary can be on the front, side or back of the 
packaging.  The label for beef, veal, fish and shellfish, honey, olive oil, wine, most fruit and vegetables and 
poultry imported from outside must show the country of origin. The country of origin is necessary as it 
might be misled without this information, e.g.  If the label for a pizza shows the leaning tower of Pisa but 
the pizza is made in the UK. In case the product has following ingredients, these necessary statements are 
used for showing their presence.  
 

Ingredient Wording that must be used 

Allura red (E129) ‘May have an adverse effect on activity and attention in children’ 

Aspartame ‘Contains a source of phenylalanine’ 

Caffeine over 150 mg/l ‘Not suitable for children, pregnant women and persons sensitive to caffeine’ 

Carmoisine (E122) ‘May have an adverse effect on activity and attention in children’ 

Liquorice ‘Contains liquorice’  

Polyols ‘Excessive consumption may cause a laxative effect’ 

Ponceau 4R (E124) ‘May have an adverse effect on activity and attention in children’ 

Quinoline yellow (E104) ‘May have an adverse effect on activity and attention in children’ 

Raw milk 
‘This milk has not been heat-treated and may therefore contain organisms 
harmful to health’ 

Skimmed milk with non-
milk fat 

There’s no fixed wording, but you must show a warning that the product is unfit 
or not to be used for babies. 

Sulphur dioxide over 
10mg/l 

‘Contains sulphur dioxide (or sulphites/sulfites)’ 

Sunset yellow (E110) ‘May have an adverse effect on activity and attention in children’ 
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Ingredient Wording that must be used 

Sweeteners ‘With sweetener(s)’ 

Sweeteners and sugar ‘With sugar and sweetener(s)’ 

Tartrazine (E102) ‘May have an adverse effect on activity and attention in children’ 

 
Every package of “Non Vegetarian” food shall bear a declaration to this effect made by a symbol and colour 
code as stipulated below to indicate that the product is Non-Vegetarian Food. The symbol shall consist of a 
brown colour filled circle having a diameter not less than the minimum size specified in the Table 
mentioned in the regulation inside a square with brown outline having sides double the diameter of the 
circle as indicated below : 
 

Brown colour 
 
Where any article of food contains egg only as Non-Vegetarian ingredient, the manufacturer, or packer or 
seller may give declaration to this effect in addition to the said symbol. 
Every package of Vegetarian Food shall bear a declaration to this effect by a symbol and colour code as 
stipulated below for this purpose to indicate that the product is Vegetarian Food. The symbol shall consist 
of a green colour filled circle inside the square with green outline having size double the diameter of the 
circle, as indicated below: 
                                                                

Green colour 
 
 
The label of a food, which has been treated with ionizing radiation, shall carry a written statement 
indicating the treatment in close proximity to the name of the food. 
In addition all packages of irradiated food shall bear the following declaration and logo, namely Radura.  

 
 
Food labelling is vital. Not only is it a legal requirement if you’re a food producer, it also helps consumers 
make informed decisions when purchasing food and helps them to store and use the food they’ve 
purchased safely. 
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INTRODUCTION  
Mustard oil being a widely consumed edible oil in India, it is a big challenge to meet the high demand and thus 
the growing tendency for adulteration. Adulteration of mustard oil can lead to severe health problems like the 
one in 1972 in which a large number of people including children were affected by a peculiar form of paralysis, 
which was later identified to be related to mustard oil adulterated with O-tricrecylphospate(Bhattacharyya et al. 
1974). Another form of mustard oil adulteration is withargemone oil. This is one of the major adulterant of 
mustard oil that had led to severe health issues. Presence of argenome seed along with mustard can be 
unintentional or for profit making. Argemome oil looks exactly like mustard oil with respect to colour, odour and 
specific gravity. Consumption of adulterated mustard oil with argemone oil even in small amount leads to a 
clinical condition referred as epidemic dropsy (Babu et al. 2007). The outbreaks have been reported in different 
countries, including Burma, Fiji Island, Nepal, and South Africa. From time to time a number of sporadic cases 
have been reported in different states of India, including Andhra Pradesh, Bihar, Delhi, Maharashtra, Madhya 
Pradesh, Rajasthan, Uttar Pradesh, and West Bengal. But the epidemic at New Delhi, India, in 1998 was the 
largest so far, affecting >3,000 people while >60 lost their lives (Babu et al. 2007).Here we briefly cite the 
different ways how mustard oil or its seed are adulterated and how it can be detected. 
 
Ways of Adulteration of mustard oil and its seed meal 
1) Blending of high erucic acid oil with low erucic acid oil: To compete with local market blending of high erucic 
with canola type low erucic oilcan be considered deceitful if both qualitative and quantitative properties are not 
properly labeled.  
2) Colouringof ground mustard with turmeric powder: This is still being practiced except where public 
havebeen educated to view the deep yellow colour of the product (Leach, Albert E, 1904). 
3) Adulteration of mustard oil with argemone (Argemone mexican) oil: The similarities between the argemone 
oil with that of mustard oil, makes it the most common type of adulterant of mustard oil, which has led to 
serious health problem likeepidemic dropsy(Babu et al. 2007). 
4) Adulteration of mustard oil with o-tricresyl phosphate: The presence of o-tricresyl phosphate in mustard oil 
has led to a serious kind of muscle weakening which eventually leads to paralysis (Bhattacharyya et al. 1974).    
5) Synthetic mustard oil: It is made by colouring some low quality vegetable oil with oil soluble colouring dye (p-
dimethylaminoazobenzene)and synthetic allylisothiocyanate, the synthetic oil looks and smell exactly like the 
natural mustard oil ((Martin et al. 1995; Shukla et. al.2005) 

Methods of Detection 
1. Physical properties of oil: Purity of edible oils is generally ascertained using its physical properties like 
saponification value, iodine value, acid value, specific gravity, refractive index etc. but these techniques are not 
sensitive enough to detect sophisticated adulterations thus advance techniques are required. 
2. Use of electronic nose:  electronic nose was used for detection of maize oil adulteration in camellia seed oil 
and sesame oil (Shrestha, 2014). Similarly, the same can be used for detection of pungent mustard oil from 
other mixtures of oil. 
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3. Spectroscopy: Dieclectricspectroscopy (Lizhi et. al.2010) and fourier transform infrared spectroscopy (Maggio 
et al. 2010)have been used widely to predict the adulteration of olive oil applying the partial least squares (PLS) 
method based on fatty acid composition. Similarly adulteration of mustard oil with other blends of oil can be 
detected. 
4. Isotopic method (13C, 2H, 14C): Flavour manufactures strive to put the natural flavours in food for their 
customers. However, there are cases where identical molecules (to the natural flavor) have been added as a 
cheaper source for added flavor. The most commonly used method for detection of adulterants is the isotopic 
method (13C, 2H, 14C).SNIF-NMR (Site-Specific Natural Isotope Fractionation measured by Nuclear Magnetic 
Resonance)providesthe isotopic ratios of each molecular position. This method gives a direct measurement of 
isotopic ratios at several positions of a given molecule making it more sensitive to prove the natural origin of a 
molecule. The use of SNIF-NMR to detectallylisothiocyanate can therefore provide that distinction of the natural 
and synthetic origins (Martin et al. 1995).  
5. Colour test (Sodium Azide test): This test is used for detection of synthetically made mustard oil. The 
presence of synthetic products is detected by the appearance of strongyellow colour upon reaction of 
allylisothiocyante with sodium azide. Natural mustard oil when tested the same way with sodium azide gives 
negative results. Thus the test give positive reactions with adulterated oil containing less than 0.1% artificially 
added allylisothiocyanate (Shukla et al. 2005). 
6. Colour test (Nitric acid test): This test is used for detecting the adulteration of oil with argemone oil. The 
presence of argemone is detected by the development of yellow to orange colour on reaction with concentrated 
nitric acid. However, this test was not sensitive as the formation of yellow to orange colour could be due to the 
formation of sanguinarine nitrate salt (Shukla et al. 2005(a)). 
7. Colour test (Salicylic acid test): This is a modification of the nitric acid test, where salicylic acid is added 
followed by concentrated sulfuric acid and nitric acid to oil. A crimson red or deep orange-red colour develops 
within 20-30 seconds if argemone oil is present. This is due to the formation of salicylate salt of 
hydrolysedsanguinarine.Oil containing less than 0.1%argemone can be detected (Shukla et al. 2005(a)). 
8. Colour test (Phenol test): In this test small quantity of  mustard oil is treated with phenol and sulphuric acid.  
Development of red colour indicates the presence of argemone oil. This is due to the formation of quinonoid 
and hydrolysis of sanguinarine salt. Upto 0.05% argemone oil can be detected (Shukla et al. 2005(b)). 
9. HPTC fingerprinting method: Argemone oil adulteration in mustard oil can be determined by HPTLC. 
10. Electrospray ionization mass spectrometry (ESI-MS): It can differentiate mixtures of oil, refine and even aged 
oil. ESI-MS is known to detect aging and adulteration of vegetable oils (Catharino et. al. 2005). 
11. Chromatograpy techniques: Paper chromatograpy, gas liquid chromatography and thin layer 
chromatography have always been the basis for detection of various fat adulterants (Mani and 
Lakshminarayana, 1968). 
 
Traces of argemone in oil can be detected by paper chromatograpy for upto 0.0025% in hydrochloric extract of 
the oil using butanol: acetic acid: water. The alkaloid present only in argemone gives an orange fluorescence 
under UV light (Mani and Lakshminarayana, 1968). 
Adulteration of mustard oil with groundnut oil can be detected by checking the presence of ricinoleic acid using 
Gas liquid chromatography. 
12. Non-destructive method using Planar RF Sensor: Planar resonant RF sensors are based on 
theelectromagnetic (EM) field perturbation approach. It is a non-destructive technique for detecting 
adulteration in common edible oils using the microwave planar resonant sensor. This technique can detect the 
percentage adulteration of contaminants in pure edible oil samples. Measured spectral complex values are 
compared with reference data available in the literature(KT, MuhammedShafi et al. 2016). 
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13. Molecular Fluorescence Spectroscopy: Fluorescence spectroscopy has become a popular spectroscopic 
technique due to its high sensitivity and selectivity. Although fluorescence measurements do not provide 
detailed structural information, fluorescence spectroscopy is gaining interest in many areas of science for 
quantitative analysis of complex mixtures with the help of advanced multivariate statistical tools (Öztürket 
al.2010). This adds benefit to double check the quality of edible oil. 

Awareness programme  
Adulteration of food cheats the consumer and poses health risk in many cases. Raisingawareness among 
consumers about the health hazards and the consumerprotection act is an most important step to be taken by 
the government and non-governmental organizations. Extension study by Niti Gupta and PritiPanchal (2006) 
showed knowledge to rights related to food adulteration is poor. However, education, family income and 
occupation, according to their findings, had an effect on the extent of awareness. Economic development 
cannot be separated from social development of a country. Thus legal and policy issues pertaining to food 
adulteration cannot be solved by the government alone;it requires collective effort from the side of 
manufactures and public distributors as well (DeviprasadGhosh, 2012). 
“knowledge and awareness about adulterated food, laws and its rights related to adulterated food are crucial in 
a society where technology heightens opportunities for perpetrators of fraud deception and misrepresentation” 
(Garman and Jonest,1992). 
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Climate change, which is largely a result of burning fossil fuels, is already affecting the Earth’s 
temperature, precipitation, and hydrological cycles. Continued changes in the frequency and intensity of 
precipitation, heat waves, and other extreme events are likely, all which will impact agricultural 
production along with human and animal health. Furthermore, compounded climate factors can decrease 
plant productivity, resulting in price increases for many important agricultural crops. 
 
INTRODUCTION: 
  Agriculture is the backbone of Indian economy which in turn relies on the monsoon season. Rising 
global temperature is not only causing climate change but also contributing to the irregular rainfall 
patterns. Uneven rainfall patterns, increased temperature, elevated CO2 content in the atmosphere are 
important climatic parameters which affects the crop production (Ruchita and Rohit 2017). 
  Climate change refers to changes beyond the average atmospheric condition that are caused both 
by natural factors such as the orbit of earth’s revolution, volcanic activities and crustal movements and by 
artificial factors such as the increase in the concentration of greenhouse gases and aerosol. Climate change 
by global warming, which refers to the average increase in global temperature, has become a megatrend 
that will lead to significant global changes in the future (IPCC 2007). According to the fourth report it is 
indisputable that global warming has serious impacts on the earth and it is very likely that the increase in 
greenhouse gas emission by anthropogenic activities has caused global warming since the mid-20th 
century.  

Main projections for climate change at global level: 
 The projections of future climate patterns are largely based on computer-based models of the climate 
system that incorporate the important factors and processes of the atmosphere and the oceans, including 
the expected growth in greenhouse gases from socio-economic scenarios for the coming decades. The IPCC 
(IPCC 2001) has examined the published results from many different models and on the basis of the 
evidence has estimated that by 2100- 

 The global average surface warming (surface air temperature change) will increase by 1.1 - 6.4 °C. 

  The sea level will rise between 18 and 59 cm. 

  The oceans will become more acidic. 

  It is very likely that hot extremes, heat waves and heavy precipitation events will continue to become 
more frequent. 

  It is very likely that there will be more precipitation at higher latitudes and it is likely that there will be 
less precipitation in most subtropical land areas. 
It is likely that tropical cyclones (typhoons and hurricanes) will become more intense, with larger peak wind 
speeds and heavier precipitation associated with ongoing increases of tropical sea surface temperatures. 
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Impacts of climate change in agriculture: 
  Negative impacts of global warming include reduced crop quantity and quality due to the reduced 
growth period following high levels of temperature rise; reduced sugar content, bad coloration, and 
reduced storage stability in fruits; increase of weeds, blights, and harmful insects in agricultural crops; 
reduced land fertility due to the accelerated decomposition of organic substances; and increased soil 
erosion due the increased rainfall. 
  In addition, each crop requires different climate and environmental conditions to grow. So, if 
climate change like temperature rise occurs, the boundary and suitable areas for cultivation move north 
and thus the main areas of production also change. The change in the main areas of production might be as 
a crisis for certain areas but might be an opportunity for other areas, so it cannot be classified either as a 
positive or as a negative impact. In sum, the impacts of climate change on the agricultural sector have 
ambivalent characteristics of positive impacts creating opportunities and of negative impacts with costs. 
Therefore, it is very important to formulate adaptation strategies that can maximize the opportunities and 
minimize the costs that will lead to sustainable agriculture development. 

Effect of climate change on agricultural production: 
For rice, the cultivation period is the basic condition for planning its production, which is decided by the 
climate conditions and the rice variety. Among several agricultural climate conditions, temperature is the 
critical factor in deciding the rice cultivation period. In general, rice is a summer crop and when the 
temperature rises, the area available for cultivating rice extends north and the variety and cultivation 
method also changes for adapting to the temperature change. For rice varieties for transplantation, the 
cultivation regions suitable for early-maturing variety rice will become suitable for medium-maturing 
variety rice and those for medium-maturing variety will become suitable for late-maturing variety. It is 
reported that even the mountain areas at an altitude of 600 m or higher, where rice cultivation has not 
been possible due to low temperature, may also become suitable for cultivating some early-maturing 
varieties of rice. The average temperature of 21-23℃ during the ripening period is favorable for the 
production of high-quality rice (Kim 2004). If the average temperature during this period is higher than this 
range, rice cannot ripen fully. As a result, grains weigh less, contain more protein, and become less tasty 
and nutritious. Temperature higher than the average temperature during the ripening period results in the 
production of poor-quality rice. 
  Suitable areas for cultivating barley have been selected so as to avoid damages by severe cold 
during the cultivation period, rarely cultivated in midland areas. The reason for such a shift in the suitable 
cultivation region for barley is because the coastal areas are less cold than the midland areas in winter, the 
temperature during the ripening period for barley is lower than the midland, and thus grains can ripen to 
their full weight. It is analyzed that, as ‘mild winter’ continued from 1987 to 2000 in which temperatures 
remained within the range between 1.5-2.50C, the limit line for cultivating winter barley has been 
readjusted.  
  Hot-temperature fruits and vegetables that require hot temperatures to grow such as watermelons, 
peppers and tomatoes, grow faster and have better quality including higher sugar content, as temperatures 
rise until it reaches the growth inhibition limit (35℃ ). On the contrary, for open-field vegetables that favor 
cool temperatures such as radish and Korean cabbage, high temperatures may result in lowered quality. 
With regards hot peppers, at temperature below 15℃ or above 30℃, the plant pollens are not properly set 
to the fruit, many of the fruits drop despite being set. Strawberries also have flowering problems at high 
temperatures. Some vegetables like onions, green onions and lettuce may have problems at high 
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temperatures, as it causes flowers to split. When the temperature rises, it is possible to save energy for 
heating greenhouses in winter. Also, it becomes possible to cultivate winter cabbages, which have been 
cultivated in greenhouses in the subtropical island of Jeju and in the fields of the southern coastal areas. 
Climate change not only affects the growth of fruit trees but also their quality, harvest time and storage. 
Apple trees are perennials that can produce fruits for a long period of time over 10 years in the same place 
once they are planted. Therefore the change in climatic conditions significantly affects the productivity and 
quality of apples. The average annual temperature in the areas where apples are cultivated is lower than 
13.5℃. It is known that if the temperature goes higher than this temperature it is hard to produce good-
quality apples. The regions suitable for cultivating apples should have an average annual temperature of 
13℃ or less and the winter temperature characteristics of midlands or basins. Due to global warming, the 
regions suitable for apple cultivation have shifted north and/or to the highlands. The cultivation regions for 
pears, peaches, grapes, and sweet persimmons have also shifted north and some areas in the south region 
have become unsuitable for cultivating those fruits due to high temperatures.  

Effect of increasing temperature in Indian agriculture: 
Research studies shows that rise in global surface temperature would effects Indian agriculture. Several 
climatic factors which effect agriculture productivity are heat waves, high temperature (Ciais et al., 2005 
and Van der velde et al., 2012), heavy and prolonged precipitation (Rosenzweig et al., 2002 and Thakur et 
al., 2010) and excess cold. These factors have positive as well as negative effects on crop production. 
Almost every year India faces several weather events due to changes in such climatic parameters in various 
regions which reduces crop yield. Varied nature of such weather events tends to effect the crop growth 
cycle and plant physiological processes (Mahdi et al., 2015). 

Effect of climate change on kharif crop production in India: 
During the year 1991-1992, production fell by 5.3% compared to the previous year due to unpredictable 
behavior of south-west monsoon. Several depressions arose during the year 1995 which caused heavy to 
very heavy rainfall over Bihar plateau and Gangetic West Bengal. Such situation leads to flood and damage 
to crops was also reported (IMD 1995). The year 2002 was declared as one of the severe drought in India 
(Mahdi et al., 2015). Due to this drought, production especially kharif crops got badly affected at large 
extent (The planning commission 1991-92). Overall deficit of 23% rainfall during the south west monsoon, 
in the year 2009-2010, adversely effected kharif production (Aggarwal 2010). Hence due to such weather 
events, kharif production gets effected in India. 
 
Effect of climate change on rabi crop production in India: 
During the year 1995, cyclonic storm at various places has reported loss of huge crop yield. Hence, overall 
rabi production in this year was effected (IMD 1995). Moreover, the year 2007 was declared as flood year 
because series of floods hit India and hence production gets effected (Mahdi et al., 2015). 

Counter measures for climate change: 
Mitigation measures for the agricultural sector include the improvement of cultivation methods through 
improved irrigation and fertilization control for the arable sector to suppress major greenhouse gases such 
as methane (CH4) and nitrous oxide (N2O), improvement of animal excretion treatment technologies in the 
livestock sector, and carbon fixing for the farmland soil. In relation to the counter measures against climate 
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change for the agricultural sector, this study focuses on the adaptation plans based on the analysis of the 
impacts of climate change. 
 
CONCLUSION: 
As the acceleration of global warming affects not only ecological systems but also human life, it has become 
an important issue both nationally and internationally. Approaches to deal with the issue of global warming 
are divided largely into mitigation measures, focusing on reduction and absorption of greenhouse gases, 
the causative factors, and adaptation measures to minimize the damages by climate change.  
Scientific diagnosis and assessment of the impact of climate change on the agricultural sector is essential 
for formulating the vision of future agriculture and the direction of agricultural administration. Specifically, 
it can provide useful information for formulating the long-term agricultural development plan for each 
region and the adaptive measures for farming households. 
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INTRODUCTION: 
Garlic (Allium sativum L.) is one of the most important vegetables throughout the world with a total 
harvested area of 1.437.690 ha and an annual production of 24.255.303 tons of dry bulbs. The importance 
of garlic is due to its use not only for culinary but also for therapeutic and medicinal purposes in both 
traditional and modern medicine. It is consumed either as raw vegetable (fresh leaves or dried cloves), or 
after processing in the form of garlic oil, garlic extracts and garlic powder with differences in chemical 
composition and bioactive compounds content between the various forms. 
  Garlic has been used by man in different cultures for hundreds of years as foodstuffs, condiments, 
as flavorings and in folk medicine. It has numerous biological activities that are attributed to its rich content 
of different volatile organosulphur compound (OSC) and other phytochemicals that work in synergy by 
combination of mechanisms for substance acting on various molecular targets. 
  The health benefits of garlic likely arise from a wide variety of components, possibly working 
synergistically. Moreso, it is proposed that the prediction of potential health benefit(s) from garlic is largely 
dependent on the efficacy and safety of the garlic preparations, which are also contingent on the 
processing methods employed. The complex chemistry of garlic makes it plausible that variations in 
processing can yield quite different preparations. Highly unstable thiosulphinates, such as allicin, disappear 
during processing and are quickly transformed into a variety of organosulphur components. Although there 
are many garlic supplements commercially available, they fall into one of four categories, which are 
dehydrated garlic powder, garlic oil, garlic oil macerate and aged garlic extract (AGE). 
 
Components of Garlic:  
 Aminoacids: Glutaminicacid, arginine, asparticacid, leucine, lysine, valineetc. 
    Minerals: Mainly: manganese, potassium, calcium, phosphorus and in minorquantities: 
magnesium, selenium, Sodium, iron, zinc and copper. 
    Vitamins: Mainly vitamin B6, also Vitamin C and in minor quantities, folic acid, panthotenic acid and 
niacin. 
 Essential oil with many sulphur-containg components: allyldisulfide, allyltrisulfide etc. 
 Alliin, which by means of enzyme alliinase, is converted into allicin. 

 Ajoene, produced by allicin condensation. 
 Quercetin. 
 Sugars: fructose and glucose. 
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Nutritional composition: 

Nutritional Composition of Garlic per 100 gm 

 Lipid (g) 0.5 

Carbohydrates (g) 33.07 

Fiber (g) 2.1 

Calcium (mg) 181 

Vitamin B6 (mg) 1235 

Vitamin C (mg) 31 

Potassium (mg) 401 

Sulphur (mg) 70 

Phosphorus (mg) 153 

Magnesium (mg) 25 

Sodium (mg) 17 

 
Garlic contains compounds with potent medicinal properties 
Garlic is a plant in the Allium (onion) family. It is closely related to onions, shallots and leeks. Each segment 
of a garlic bulb is called a clove. There are about 10–20 cloves in a single bulb, give or take. Garlic grows in 
many parts of the world and is a popular ingredient in cooking due to its strong smell and delicious taste. 
However, throughout ancient history, the main use of garlic was for its health and medicinal properties. Its 
use was well documented by many major civilizations, including the Egyptians, Babylonians, Greeks, 
Romans and Chinese. Scientists now know that most of its health benefits are caused by sulfur compounds 
formed when a garlic clove is chopped, crushed or chewed. Perhaps the most famous of those is known as 
allicin. However, allicin is an unstable compound that is only briefly present in fresh garlic after it’s been cut 
or crushed. Other compounds that may play a role in garlic’s health benefits include diallyl disulfide and s-
allyl cysteine. The sulfur compounds from garlic enter the body from the digestive tract and travel all over 
the body, where it exerts its potent biological effects. 
 
Garlic is highly nutritious but has very few calories: 
Calorie for calorie, garlic is incredibly nutritious. One clove (3 grams) of raw garlic contains: 
Manganese: 2% of the Daily Value (DV) Vitamin B6: 2% of the DV Vitamin C: 1% of the DV Selenium: 1% of 
the DV Fiber: 0.6 grams 
Decent amounts of calcium, copper, potassium, phosphorus, iron and vitamin B1. This comes with 4.5 
calories, 0.2 grams of protein and 1 gram of carbs.Garlic also contains trace amounts of various other 
nutrients. In fact, it contains a little bit of almost everything you need. 

Garlic Can Combat Sickness, Including the Common Cold 
Garlic supplements are known to boost the function of the immune system. One large, 12-week study 
found that a daily garlic supplement reduced the number of colds by 63% compared to a placebo. The 
average length of cold symptoms was also reduced by 70%, from 5 days in the placebo group to just 1.5 
days in the garlic group. Another study found that a high dose of aged garlic extract (2.56 grams per day) 
reduced the number of days sick with cold or flu by 61%. 
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The Active Compounds in Garlic Can Reduce Blood Pressure 
Cardiovascular diseases like heart attacks and strokes are the world's biggest killers. High blood pressure, or 
hypertension, is one of the most important drivers of these diseases. Human studies have found garlic 
supplements to have a significant impact on reducing blood pressure in people with high blood pressure. In 
one study, 600–1,500 mg of aged garlic extract was just as effective as the drug Atenolol at reducing blood 
pressure over a 24-week period. Supplement doses must be fairly high to have the desired effects. The 
amount needed is equivalent to about four cloves of garlic per day. 

Garlic Improves Cholesterol Levels, Which May Lower the Risk of Heart Disease 
Garlic can lower total and LDL cholesterol. For those with high cholesterol, garlic supplements appear to 
reduce total and/or LDL cholesterol by about 10–15%.Looking at LDL (the "bad") and HDL (the "good") 
cholesterol specifically, garlic appears to lower LDL but has no reliable effect on HDL.High triglyceride levels 
are another known risk factor for heart disease, but garlic seems to have no significant effects on 
triglyceride levels. 

Garlic Contains Antioxidants That May Help Prevent Alzheimer's disease and Dementia 
Oxidative damage from free radicals contributes to the aging process. Garlic contains antioxidants that 
support the body's protective mechanisms against oxidative damage. High doses of garlic supplements have 
been shown to increase antioxidant enzymes in humans, as well as significantly reduce oxidative stress in 
those with high blood pressure. The combined effects on reducing cholesterol and blood pressure, as well 
as the antioxidant properties, may reduce the risk of common brain diseases like Alzheimer's disease and 
dementia. 

Athletic Performance Might Be Improved With Garlic Supplements 
Garlic was one of the earliest "performance enhancing" substances. It was traditionally used in ancient 
cultures to reduce fatigue and enhance the work capacity of laborers.Most notably, it was given to Olympic 
athletes in ancient Greece. Rodent studies have shown that garlic helps with exercise performance, but 
very few human studies have been done. 
People with heart disease who took garlic oil for 6 weeks had a 12% reduction in peak heart rate and better 
exercise capacity. However, a study on nine competitive cyclists found no performance benefits. Other 
studies suggest that exercise-induced fatigue may be reduced with garlic. 

Eating Garlic May Help Detoxify Heavy Metals in the Body 
At high doses, the sulphur compounds in garlic have been shown to protect against organ damage from 
heavy metal toxicity. A four-week study in employees of a car battery plant (excessive exposure to lead) 
found that garlic reduced lead levels in the blood by 19%. It also reduced many clinical signs of toxicity, 
including headaches and blood pressure. Three doses of garlic each day even outperformed the drug D-
penicillamine in reducing symptoms. 

Garlic May Improve Bone Health 
No human studies have measured the effects of garlic on bone loss. However, rodent studies have shown 
that it can minimize bone loss by increasing estrogen in females. One study in menopausal women found 
that a daily dose of dry garlic extract (equal to 2 grams of raw garlic) significantly decreased a marker of 
estrogen deficiency. 
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SUMMARY: 
Garlic is a plant in the onion family that’s grown for its distinctive taste and health benefits. It contains 
sulphur compounds, which are believed to bring some of the health benefits. Garlic is low in calories and 
rich in vitamin C, vitamin B6 and manganese. It also contains trace amounts of various other nutrients. 
Garlic supplements help prevent and reduce the severity of common illnesses like the flu and common cold. 
High doses of garlic appear to improve blood pressure for those with known high blood pressure 
(hypertension). In some instances, supplements may be as effective as regular medications. Garlic 
supplements seem to reduce total and LDL cholesterol, particularly in those who have high cholesterol. HDL 
cholesterol and triglycerides do not seem to be affected. 
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An article on non fermented milk products and their making methods with chemical 
composition 
Article id: 22118 
Brahmanand Bairwa and Monika karnawat 
Department of Dairy Science) School of Agriculture, Career Point University, Kota, Rajasthan, India 
 
INTRODUCTION:-Fermented milk products, also known as cultured dairy foods, cultured dairy products, 
or cultured milk products, are dairy foods that have been fermented with lactic acid and some related 
bacteria such as Lactococcus, lactobacillus , and Leuconostoc. The fermentation process increases the shelf 
life of the product, while enhancing the taste and improving the digestible ability of milk. Milk and other 
dairy products constitute important sources of energy as well as macro-nutrients and micro-nutrients in 
most Western countries, but intakes vary largely between populations. Associations between dairy intake 
and different disease outcomes have been evaluated in several studies, but reported associations remain 
contradictory. 
 
Definition of Non-Fermented Milk Product: Dairy products, milk products are a type of Food produced 
from or containing the milk. A facility that produces dairy products is known as a dairy or dairy factory.  
 
Name of Non-Fermented Milk Product:- Skim Milk, Evaporated Milk, Condensed milk, Khoa, etc. 
 
1. Skim Milk: -Skimmed milk or skim milk is made when all the milk fat is removed from whole milk. It tends 
to contain around 0.1% fat. 
 
Making Process: - Skim milk or skimmed milk powder is just more of milk without fat. It is made by 
adding milk that is fortified with synthetic vitamins to replace with the one that are lost in fat removal 
and milk solids are added to replace proteins and calcium that are lost in processing.Skimmed milk is 
sometimes consumed with the intention of reducing or limiting calorie consumption. It has been argued 
that the reduction in calories keeps the body further from satiety, causing it to ultimately seek out the 
missed calories, possibly from sources less beneficial. 
 
2. Evaporated Milk: - Evaporated milk is a milk product, usually sold in cans, that is made by removing about 
60 percent of the water from ordinary milk.Evaporated milk can be made from whole milk or skim milk. In 
either case, the milk is homogenized and then the water is removed by gently heating it. The evaporated milk 
product is sealed in cans which are then heated to kill any bacteria in the milk. Thus evaporated milk is 
actually sterile, which, combined with the fact that it is stored in airtight cans, gives it an extremely long shelf 
life. 
 

 
 
 
 
 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

419 
 

Received Milk(Mixed Milk) 
↓ 

Filtration/ Clarification 
↓ 

Standardisation 
(Fat- 9%, SNF- 22.0%) 

↓ 
Preheating 

(95-100°C for 5 minutes or at 140-145°C for few Seconds) 
↓ 

Concentration 
↓ 

Homogenization 
(50°C with a pressure of 175kg/sq/cm at Ist stage & 35kg/sq/cm at IInd stage) 

↓ 
Cooling(At 5°C) 

↓ 
Sterilization 

↓ 
Packing 

↓ 
Sterilization 

↓ 
Cooling (0-40C) 

↓ 
Shaking 

↓ 
Storage 

 
Chemical Composition:- 
 

S.N. Contents Value in % 

1 Water 31.00 

2 Fat 9.00-11.00 

3 SNF 22.0 

4 TS 69 

5 Lactose 12.20 

6 Portion 8.5 

7 Ash 1.5 
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3. Condensed Milk: -Condensed milkare the products obtained by evaporating part of the water of whole 
milk, or fully or partly skimmed milk, with or without the addition of sugar.Milk and other dairy products 
constitute important sources of energy as well as macronutrients and micronutrients in most Western 
countries, but intakes vary largely between populations. Associations between dairy intake and different 
disease outcomes have been evaluated in several studies, but reported associations remain contradictory. 
 
Chemical Composition:-  

Type of Milk Fat % Dry Matter % Milk Protein % 

Full Fat Condensed milk 15 11.5 34 

Sweetened Condensed milk 8 28 34 

Sweetened full fat Condensed milk 16 14 34 

Sweetened skimmed Condensed milk 1 24 34 

 
Method of Manufacturing, and packing, Storage of condensed Milk flow Chart:- 

Receiving milks 
↓ 

Clarification (38-400C) 
↓ 

Standardisation 
↓ 

Pre- heating (115-1180C) 
↓ 

Adding sugar (5-25%) 
↓ 

Condensing 2.5:1) 
↓ 

Homogenisation 
↓ 

Cooling (360C) 
↓ 

Storage (00C) 
 

4. Khoa 
Definition :- Khoa is a Partially dried milk product make by rapid evaporation or water content available in 
milk, until total solids content in it is between 70-75 %. 
Khoa Making Method:-Usefresh and clean milk have acidity level 0.12-0.14 %. First of all boil milk in 
required size bottom pan over the fire and stove to reduce water (moisture) rapidly from milk. Stir the milk 
by wood scraper continuously while boiling to avoid burning of milk on surface of pan. When milk becomes 
viscous it is stirred vigorously to move it continuously off the surface withhard metal spatula. 
Heating and stirring continued until the resulting mass is dough like which is about 1/6 used total volume of 
milk in final stage the pan is removed from source of heat (fire, stove etc.)  
Packing: -it should be packed in clean waxed paper or clean polythene for some time. Khoa was packed in 
parchment paper (PP) 300, high density polyethylene (HDP) 40 gm/sq mt (GSM) poster paper/100gm low 
density polyethylne 10.01 mm aluminium foil/150g low density polyethylene (4pp(GSM) and 5pp (GSM). 
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The initial acidity 0.432 increased to 0.582, 0.560, 0.590, 0.570, 0.54 in pp MSDAT, HDP, 4pp (GSM) and 5 
pp(GSM) respectively. 
Keeping Quality of Khoa: - The keeping quality of khoa at room temperature is about 6 days and 9 weeks at 
the refrigeration temperature. Storage of khoa at low temperature (5°C) though enhances the keeping 
quality, it adversely affects the body and texture and its portability for sweet making. 
 
Method of Manufacturing, and packing, Storage of khoa flow Chart:- 

Receiving milks (clean and fresh milk of cow and buffalo or Mixed Milk) 
↓ 

Clarification (38-400C) 
↓ 

Homogenisation 
↓ 

Heating (At Semi solid Stage) 
↓ 

Cooling (360C) 
↓ 

Storage (50C) 
 

CONCLUSION: -In the present short study intake of non fermented milk and butter are associated with 
higher all causes mortality, and fermented milk and chees intake are associated with lower all causes 
mortality. Milk and other dairy products constitute important sources of energy as well as macronutrients 
and micronutrients in most Western countries, but intakes vary largely between populations. Associations 
between dairy intake and different disease outcomes have been evaluated in several studies, but reported 
associations remain contradictory. 
 
REFERENCES- 
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2013 
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The benefits of Kudzu Root 
Article id: 22119 
Smita Tiwari, Hradesh Rajput, & Shraddha Gabel 

Department of Food Technology, 
ITM, University, Gwalior-474001, Madhya Pradesh 
 
The kudzu root is one of the earliest medicinal plants listed in traditional Chinese medicine. In this paper, 
chemical compositions changes of kudzu roots from one year old to five years old were analyzed with 
respect to puerarin, acid-insoluble polysaccharides, acid-soluble polysaccharides, reducing sugar, protein, 
free amino acids, and lipid. In addition, the puerarin content was determined by high performance liquid 
chromatography (HPLC) method. The results showed that acid-soluble polysaccharides content of kudzu 
root increased with each growth period. In contrast, the acid-insoluble polysaccharides decreased 
significantly. The contents of reducing sugar and puerarin in kudzu root decreased significantly during its 
growth. Beyond that, the contents of protein, free amino acids, and lipid in kudzu root, respectively. The 
trend of protein content coincided with the total content of free amino acids, in contrast to lipid. This 
paper provides a set of data and the select of kudzu root for the processing and development of new 
products of kudzu root. 
 
INTRODUCTION  
Kudzu was the first introduce to the United State in 1876 and rapidly became a popular garden plant owing to its 
large leaves and fragrant flowers. Pueraria montana var lobata (formerly P.lobata), along with related species 
(kudzu), was one of first plants mentioned in Traditional Chinese Medicine (TCM) (1). Gegen is the root of Pueraia 
lobata, also known as the root of kudzu, which has been widely used in traditional Chinese medicine for promoting 
circulation and increasing blood flow (2). Radix Pueraiae, also called Kudzu, is the dried root of leguminous Pueraria 
lobata   plants.  As early as 1000 years ago, Radix Pueraiae was used to treat alcohol-related problems, such as 
alcohol intoxication and alcohol abuse. Radix Pueraiae has been used in tradition Chinese medicine for the treatment 
of fevers, gastrointestinal disorders, muscle aches, allergies, skin problems, high blood pressure, and 
chronic alcoholism. Increasing evidence shows that Radix Pueraiae may be beneficial for the treatment of alcohol 
abuse (3). Kudzu (Pueraria montana, formerly lobata) is an invasive leguminous vine native to Asia. Promotion of the 
vine as a forage crop and soil stabilization agent during the early 20th century helped it become firmly established 
across the southeastern part of the United States (4). There are 17 recognized types of kudzu root derived from 
perennial leguminous plants, which originate from China and have been a part of Chinese culture for bimillennium. 
Lately, it is common that the kudzu root was used to cure various ailments and disorders from 1600 AD to 1867 AD. 
Due to the fact that the puerarin products belong to healthy organic food, the research of kudzu root is meaningful. 
Recently, it is known that kudzu root has a lot of nutritional values. And kudzu root contains 14∼35% starch content. . 
Puerarin and daidzein are two major bioactive isoflavones constituents of kudzu root. Most studies have shown that 
isoflavones can cure hypertension, angina pectoris, cardiovascular diseases, anoxia, and cerebral ischemia and 
control alcoholism and alcohol abuse (5). Kudzu Pueraria lobata (Pueraria montana var. lobata, Pueraria 
thunbergiana, Pueraria lobata wild.) is one of the species of Pueraria in the pea family Fabaceae. It is a plant from 
southern Japan and southeast China. Kuzu root starch is a traditional natural starch widely used in Japan for its 
superior thickening properties (6). Both English and Chinese literatures on the traditional applications, 
phytochemistry, pharmacological activities, toxicology, quality control and potential interactions with conventional 
drugs of both species have been included in the present review.  Isoflavonoids, in particular puerarin, have been used 
in most of the pharmacological studies. Animal and cellular studies have provided support for the traditional uses of 
kudzu root on cardiovascular, cerebrovascular and endocrine systems, including diabetes and its complications 
(7). Kudzu’s rapid growth and perennial habit allow it to displace native vegetation. Vines compete with surrounding 
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plants for light, ultimately killing tree and herbs (8). A member of the legume family, the kudzu root produces a 
starch-like powder that can be used as a thickening agent in place of cornstarch or arrowroot powder. Clinical 
studies, done in China, have shown that kudzu root preparations can reduce high blood pressure, relieve 
chronic migraines and ease aches in the shoulder and neck (9). Introduced from Asia in the late 19th century as a 
garden novelty, but not widely planted until the 1930s, kudzu is now America’s most infamous weed. In a few 
decades, a conspicuously Japanese name has come to sound like something straight from the mouth of the South, a 
natural complement to inscrutable words like Yazoo, gumbo and bayou. In the decades that followed kudzu’s formal 
introduction at the 1876 World’s Fair Centennial Exhibition in Philadelphia, farmers found little use for a vine that 
could take years to establish, was nearly impossible to harvest and coullerate sustained grazing by horses or cattle.  
More than 70 million kudzu seedlings were grown in nurseries by the newly created Soil Conservation Service. To 
overcome the lingering suspicions of farmers, the service offered as much as $8 per acre to anyone willing to plant 
the vine (10). Kudzu was introduced to the southern United States in the 1930s to help restore the soil and reduce 
erosion (11). Kudzu (Pueraria montana var. lobata) is an invasive vine from eastern Asia which has colonized much of 
the southeastern United States. Kudzu currently infests approximately 30,000 km2 and is increasing its areal coverage 
by over 500 km2 per year. Kudzu costs the US economy over $500 million per year as lost crop and forest 
productivity, expenditures for control, and damage to property (12). Kudzu (Pueraria montana var. lobata [Wild] 
Maesen & S. Almeida) is a large, trifoliate-leaved, semi-woody, trailing or climbing perennial vine in the Fabaceae 
(legume or pea) family. Up close, kudzu might at first be confused with a vigorous poison ivy plant. But kudzu 
stems are distinctly hairy, and the vines twine rather than use hairy rootlets to climb as poison. Kudzu blooms from 
July through September. The fragrant, pea like purple flowers are typically produced on plants that are climbing or 
draped over vegetation or other objects, as vines rarely flower when trailing on the ground. Flowers are followed by 
flat, hairy seed pods; however, seed production and viability are highly variable. Seeds mature on the vines in 
October and November. Longevity of seeds in the soil is not known. Because the seeds have very hard coats, it is 
thought that those that don’t succumb to predation may lie dormant in the soil for several years before they 
germinate.  Climbing vines can reach 10 inches and greater in diameter, putting on what appear to be annual growth 
rings and developing rough, dark brown bark (13). As kudzu plant contain high quality starch in its roots, many 
farmers used to planted kudzu plants around their homes in case of famine in the Edo period (1603-1868). 4 Also 
kudzu roots, called kakkonto in Japanese, have an anti-febrile effect for cold. Kudzu, perennial plant belonging to the 
leguminous family, is a plant flourishing along the forest edges, on the river bank, and slopes of a highway. It prefers 
sunny deserted fields and florishes from spring to autumn. Its crimson red flowers bloom in autumn. The dried kudzu 
flower has the miraculous power to cure hangovers. In winter, its foliage withers, but its roots still remain alive under 
the ground ready to sprout new shoots in the spring (14).  

Benefits of Kudzu Roots 
If you struggle with metabolic syndrome (which incorporates a bunch of health problems like high blood 
pressure, high cholesterol, and insulin resistance), kudzu might be worth looking into. “kudzu root extract 
contains isoflavones, which appear to lower cholesterol, blood sugar, blood pressure, and insulin levels,” 
Beckerman says. However, more humans trials need to be conducted to know for sure. When kudzu is 
taken orally, it can improves vasomotor symptom scores (i.e. hot flashes and night sweats) in peri-
menopause, and menopause (15). Kudzu root has been given the honor of helping reduce the painful 
effects of hangover; through it seems that if overused, it could be more harmful than good. However, 
studies have shown that it may help reduce alcoholism. It does this by raising the alcohol levels so the 
person using it gets the effects of alcohol without drinking as much. The preventative medicine center 
(PMC) suggest as a remedy for an upset stomach caused by digestive issues. Kudzu helps improves bowel 
movements and can ease digestion (16). Alcoholic liver damage is an important cause of death in more 
affluent countries. The first stage of liver damage is “fatty liver,” or steatosis with further damage, hepatitis 
and scarring (fibrosis) can develop to the point of cirrhosis. Preventing fatty liver may block the progression 
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of cirrhosis. Tectoridin, when given to acutely alcohol-intoxicated mice, was shown to “dramatically” 
protect the livers from the steatosis. Tectoridin reduce the elevation of blood, ethanol and metabolic 
products after the alcohol load (17). In 2009 study of 16 people who had reported using kudzu to treat 
cluster headache, researchers determined that kudzu may help decrease the frequency, duration, and 
intensity of attacks, with minimal side effects (18). Kudzu root may be traditional Chinese medicine’s best 
kept secret. This plant from the pea family is also known as Japanese arrowroot thickening powders (19). 
 
Chemical Analysis of Kudzu Root (20) 

Trehalose is a non-reducing disaccharide in which the 
two glucose unites are linked through an α,α-(1,1)-
glycosidic bond. Production of this disaccharide is of 
commercial importance and opens a new field for its 
application in foods, cosmetics, and medicines, 
ranging from serving as a sweetener to a biomaterial 
stabilizer. Except for the above two-enzyme system, 
four other main enzymatic routes are involved in 
trehalose biosynthesis: (1) maltooligosyltrehalose 
trehalohydrolase and maltooligosyltrehalose synthase; 
(2) trehalose phosphorylase; (3) trehalose 
glycosyltransferring synthase (TreT), and (4) trehalose 

synthase (21). Glyphosate, chlopyralid (Transline), metsulfuron (Escort) and aminopyralid (Milestone VM) 
can be used to control kudzu. Follow label directions and precautions. Glyphosate (5% solution) can be an 
effective option for small stands growing up poles or fences in residential areas. However, glyphosate is 
weak on kudzu and repeat applications will be necessary. Likewise, clopyralid (Transline) is effective on 
young stands were kudzu is not well established. Clopyralid (21 fl. oz/A or 0.5% solution) is more effective 
than glyphosate and is safe to apply near trees, but can only be used in selected north Florida counties (see 
Transline label for specifications). Metsulfuron (Escort 4 oz/A) and aminopyralid (Milestone VM 7 fl. oz/A) 
are highly effective on kudzu and commonly 
approach 100% control. Metsulfuron may cause damage to selected hardwoods if applied over the 
rootzone (22). 
CONCLUSION 
The content of reducing sugar in kudzu root decreases significantly during its growth. The puerarin 
concentration of kudzu root decreases from 72.07 to 20.90 g/kg during the growth process. . In contrast, 
the acid-insoluble polysaccharides decrease significantly. The production of yogurt with kudzu starch, which 
may be consumed because of the availability of kudzu starch in commercial quantities, is another way of 
increasing the food value of the crop. 
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Nutritional Value Per 100gm/ % 

Calories  113 

Moisture 68.6 

Protein 2.1 

Fat 0.1 

Carbohydrates 27.8 

Fiber 0.7 

Ash 14 

Calcium 15 

Phosphorus 18 

Iron  0.6 
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Salt affected Soil in India and their reclamation 
Article id: 22120 
Bhavik J. Prajapati, Rajal P. Patel, Vimal N. Patel 
Department of Soil Science and Agricultural Chemistry, B. A. College of Agriculture, 
Anand Agricultural University, Anand-388110 
 
INTRODUCTION  
Soil is a marvelous gift of nature to mankind. Healthy soils provide us with a range of ecosystem services. 
Soils have undergone unabated degradation at an alarming rate by wind and water erosion, desertification 
and salinization resulting from misuse and improper farming practices. All soil and natural waters contain 
soluble salts. The amount of salts in the root zone (or the salt concentration in the soil solution) determines 
whether the soil is “normal” or “salt-affected” when an “excessive” amount or concentration of soluble 
salts occurs in the soil and it adversely affects crop growth. 
  In irrigated areas, the formation of salt-affected soils is the most important process of land 
degradation. Salt-affected soils exist mostly under arid and semi-arid climates, in more than 100 countries. 
Annual rainfall in arid and semi-arid regions is not sufficient to leach down salts to the deeper layers of soil. 
Coupled with it, high evaporation in these areas results in the accumulation of large amount of salts in the 
root zone. Magnitude of accumulation of salts (soil salinization) has been found to increase with increase in 
dryness of the area. The salt-affected soils are also encountered in humid regions, in areas subjected to sea 
water intrusions in deltaic regions and other low-lying areas, which occasionally get inundated by sea 
water. 
  Accumulation of the salts in the crop root zone which hamper the normal crop production because 
plant are unable to extract water due to high osmotic pressure outside (Richards, 1954). Other than this soil 
pH goes high that’s why imbalance in the availability of the nutrient like as nitrogen, zinc, iron and copper. 
Salt affected soil mainly developed in the arid and semi-arid region because rainfall is not sufficient to wash 
out the salt below root zone but salt affected also found in the humid and sub humid region in coastal belt 
due to the inundation of salty sea water. At present in India total 6.74 million hectare comes under salt 
affected soil out of this 3.79 million hectare (56%) fall under alkali soil and remaining 2.95 million hectare 
(44%) come under the saline soil. Higher area under Gujarat 2.22 million ha followed by Uttar Pradesh (1.37 
million ha) and Maharastra (0.61 million ha) (CSSRI, n. d.). 

Soil degradation  
Soils have undergone unabated degradation at an alarming rate by wind and water erosion, desertification 
and salinization. As per available estimates, nearly 50 percent of the irrigated land in the arid and semi- arid   
regions   has some degree of soil salinization problems. The phenomenon of accumulation of excess 
salt/acid in the root zone, results in a partial or complete loss of soil productivity and such soil is defined as 
‘Problem (alkali, saline & acid) Soils’ and exist mainly in arid and semi-arid regions.  
  Salt affected soils are also found extensively in sub-humid and humid climates, particularly in the 
coastal regions. 
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What is salt affected soil?  
        Defined as soils with high concentrations of dissolved mineral salts in their profiles such that these 
dissolved salts adversely affect crop production. The salts are primarily composed of carbonates, chlorides, 
sulphates, and bicarbonates of calcium (Ca), magnesium (Mg ), and sodium (Na ). 
Effect of Salts on Crop Growth 

 Osmotic stress  

 Toxic effect of some ions  

 Nutritional Imbalance 
Distribution of salt-affected Soils 
Globally, more than 800 million hectares (Mha) of land are estimated to be salt-affected (FAO 2008). These 
soils cover a range of soils defined as saline, saline-sodic and sodic. According to one estimate (Mandal et 
al. 2010), an area of 6.74 Mha  
 
Extent and Distribution 
Table 01. Extent and distribution of salt affected soils in India  [Mandal et al. (2010)] 

Sr. No State 
Saline soils 

(ha) 
Alkali soils 

(ha) 
Coastal saline soil 

(ha) 
Total 
(ha) 

1  Andhra Pradesh  0  196609  77598  274207  

2  A & N islands  0  0  77000  77000  

3  Bihar  47301  105852  0  153153  

4  Gujarat  1218255  541430  462315  2222000  

5  Haryana  49157  183399  0  232556  

6  J & K*  0  17500  0  17500  

7  Karnataka  1307  148136  586  150029  

8  Kerala  0  0  20000  20000  

9  Maharashtra  177093  422670  6996  606759  

10  Madhya Pradesh  0  139720  0  139720  

 Soil salinity is also a serious problem in areas where 

groundwater with high salinity is used for irrigation. 

Most serious salinity problem is being faced in those 

arid and semi-arid regions of the country, where canal 

irrigation is major source of irrigation.  

 The problems of salt-affected soils are old but 

magnitude and intensity of such soil is increasing. 

  Some amounts of salts are always present in soils. 

When the concentrations of these salts are low, they are 

not harmful to crops but presence of salts at high 

concentrations adversely affects soil health and the crop 

growth and production. 
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11  Orissa  0  0  147138  147138  

12  Punjab  0  151717  0  151717  

13  Rajasthan  195571  179371  0  374942  

14  Tamil Nadu  0  354784  13231  368015  

15  Uttar Pradesh  21989  1346971  0  1368960  

16  West Bengal  0  0  441272  441272  

   Total  1710673  3788159  1246136  6744968  

     
Source:  CSSRI, Karnal, Haryana, 2012. (http://www.cssri.org/index) 
                                         
Mechanism of salt accumulation in soils 
Decreasing precipitation                         :  Limited leaching 
Increasing evaporation                            :   Upward movement of water and salts 
Increasing climatic water shortage        : Upward movement of water and salts 
Decreasing ground water level              :  Limited capillary rise  
Increasing need of irrigation                  : Danger of secondary salinization 

Causes of development of salt affected Soils   
 
 
 
 
 
 
 
 
Sources of salinity and Alkalinity   
• The main sources and causes of salt accumulation include : 
 Geo – chemical weathering of rocks and parent materials 
 Sea water  

TYPES OF SALINITY  

 

PRIMARY 

 

SECONDARY  
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 Salt – laden sand blow by sea winds 
 Indiscriminate and injudicious use of irrigation water of different qualities 
 Subsoil salt beds 
 Shallow brackish ground water 
 Lack of natural leaching in arid and semi – arid regions.  
 
Sources of Salts 

 Parent material: At the process of soil formation with weathering of parent rock they contribute in salt 
accumulation in high rainfall area they leached out with rain water and disposed in the sea but in arid and 
semi-arid region not sufficient rain that salts leached out. 

 Surface and groundwater: All the surface and ground water contain some amount of soluble salt which 
gradually added in soil year after year and raise the soil pH. 

 Ocean: In the coastal area like as the Gujarat low laying soils get inundated with sea water which make 
them salty other than this sea wind also bring salt with it and deposit in coastal belt this phenomena also 
called as cyclic salt. 

 Shallow groundwater table: Shallow ground water table in directly contribute in development of salty 
soil. Due to shallow water table unable to reach out the salts below the root in place ground water salts 
comes up through capillary action and accumulate in the root zone. 

 Use of salty groundwater for irrigation: In the arid and semi-arid area water quality is very poor and not 
suitable to use for crop production but in the absence of any other alternative farmers forced to use salty 
water to save their crop from wilting which gradually add salts in soil with each irrigation. 

Classification of Salt Affected Soils  
Salt Affected Soils (SASs) 
 Saline soil  
 Sodic soil  
 Saline- Sodic soil 

Table 02. Characteristics of Salt Affected Soils (SASs) 

 Properties Saline soil Sodic Soil Saline-Sodic Soil 

pH  <8.5 8.5-10 >8.5 

EC (dS/m)
 

 > 4 < 4 > 4 

ESP (%)  < 15 > 15 > 15 

Salts  
Chlorides and 

sulphates of Ca or Mg 
Carbonates and bicarbonates of 

Na 
Both 

Total soluble salts  More  than 0.1 % Less than 0.1 % More than 0.1 % 

Colour of soil  White Black - 

Organic matter  Less Very less Variable 
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Physical condition  Flocculated , 
permeable to air and 

water 

Deflocculated , very poor 
permeability 

Depends on presence salts 
of  Ca or Na 

Other names  White alkali, Solon 
chack 

Black alkali , Typical usar,  
Solonetz 

Usar soil 

    Soil Science - An Introduction (ISSS) 
Physico-chemical characteristics of salt affected soil 

                                                                                                                                                 

 
                                                                                                                                                

 

                                                                                                                                                                                                         

1. Saline soil 

 a) Chemical Characteristics  

i) EC of the Soil is more than 4 dS m
-1 

(>4) 

  ii) pH of the soil is less than 8.5 (< 8.5) 

   iii) ESP is less than 15 (<15) 

 b) Physical Characteristics  

 i) Soil Structure- Usually good 

 ii) Infiltration rate- High 

 iii) Soil Aeration- Good 

 c) Colour- Usually white 

2. Sodic Soil (Black-alkali soil)  

 a) Chemical Characteristics 

 i) EC of the Soil is less than 4 dS m
-1 

(<4) 
  

ii) pH of the soil is more than 8.5 (> 8.5) 

  iii) ESP is higher than 15 (>15) 

b) Physical Characteristics 

i) Soil Structure   - very poor                                                                      

(soil is in highly dispersed condition ) 

ii) Infiltration rate - very poor 

iii) Soil Aeration   - very poor 

c) Colour- Usually black                                                                   

       (Due to O.M dissolves at high pH)  
 

3. Saline - Sodic Soil  

 a) Chemical Characteristics 

  i) EC of soil is higher than 4 dS m
-1

(>4) 

 ii) pH of the soil is higher than 8.5 (> 8.5) 

 iii) ESP is higher than 15 (>15) 

 b) Physical Characteristics 

  i) Soil Structure   - good    

  ii) Infiltration rate – good 

iii) Soil Aeration   - good 

c) Colour- Usually white                             
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Classification of Salt Affected Soils 
On the basis if the type of the salt in soils it is classified in the category saline, saline sodic and alkali soil for this 
there are parameter used are soil pH, ECe (Electric conductivity), ESP (Exchangeable sodium percentage) as 
shown in Table 02.  

 Saline Soil 
Soils in which plant growth is impaired due to excessive soluble salt in root zone termed as the saline soil. They 
also called “Solonchaks” and in this soil surface and plant groeth hamper because high osmotic pressure also 
plant unable extract water and show sporadic wilting, Seed germination and initial stage of crop are more 
sensitive to salt affected soil. 

 Sodic Soil:- 
Soils in which plant growth is impaired due to excessive exchangeable sodium in root zone termed as the sodic 
soil. They also called “Solonets” and in this soil black crust developed on the soil surface get dispersed by the 
excessive sodium water can’t penetrate in soil and anaerobic condition developed in the root zone. 

 Saline-Sodic Soil :- 
By the combined effect of the excessive salt and exchangeable sodium in the root zone gave birth to saline-Sodic 
soil. In these if salts are leached by applying excess water they converted to sodic soils. Such soils are difficult to 
reclaim. 
Reclamation and management of salt – affected soils  
  Primary Objective :- To reduce soluble salts and  exchangeable Na 
 For the reclamtion of salt-affected soils, physical, chemical and biological method have been developed. 

Reclamation of salt affected soils  
 Physical :-  
 Deep - ploughing  
 Sub - soiling  
 Profile inversion  
 flushing  
 Scrapping  
 Chemical :-   
 Use of chemical Amendment  
 Biological :-  
 Use of Organic Amendment  
Saline Soil:- 
For the reclamation of saline soil application of the fresh water required in field, so the excess salt wash out 
from the root zone. How much water depth required it’s depending on initial salinity level and permissible 
salinity level for the crop growth. Selection of variety and crop cultivar also decide the water required for 
reclamation. 
Factor which Hinder the Reclamation Process 
1. Hardpan below soil profile not allow to leach out the water  
2. Shallow water table not allows downward movement and contributes in secondary salinization  
3. Bowl shape topography support to poor drainage mechanism 
4. Not availability of good quality surface water 
5. Poor quality ground water. 
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Sodic Soil 
For the reclamation of sodic soil it is desired to lower down the sodium in the soil solution and exchangeable 
cites. Replacement of the sodium with calcium followed for this and its achived by application of amendments. 
Following practices are followed 
Chemical Amendments 
The most commonly used soluble salts and acids or acid forming materials are gypsum, calcium chloride, 
sulphur, sulphuric acid, lime sulphur, pyrite and iron sulphate. Chemical amendments either directly provides 
the soluble calcium to replace the exchangeable sodium or they produce acid which help in dissolving the native 
calcite and release calcium for replacement  
In above chemical amendments most commonly used amendments is gypsum due to following reason 
 It’s freely available in many arid and semi arid as natural deposit 
 Its handling and application are very easy  
 It’s the cheapest among all other chemical amendments so reduce the reclamation cost 
 Gypsum can be stored in open without much loss by rain due to low solubility 
Organic Amendments 
Any organic source adding in the soil improve salt affected soil health in two way first supplying organic matter 
and second generate acid which help to dissolve native calcite and lower down the soil pH and many nutrient 
which formally unviable become available to plant. Commonly used organic amendments are rice straw, 
groundnuts and sunflower hulls, farm manure, compost, poultry manure, green manure and tree leave. All 
above organic amendments farmers should give preference to those, who easily available and decompose in soil 
in a time limit. 
Industrial By Products 
Industrial by product like as press mud, phosphogypsum, molasses and effluent of milk plants all of this provide 
calcium directly soil but be careful that these material free from toxic elements like fluoride. Otherwise 
secondary problem get start by adding these material. 
 
CONCLUSION 
Salt affected soils are poor in productivity but it is not indicate that they are poor in fertility but due to excessive 
salt and sodium content they can’t support higher crop production. But by adopting the reclamation strategy we 
can convert them from barren to productive land for all these farmers need to put four to five years effort in 
these directions. 
Future thrust   
• Effective prevention strategies for arresting the further spread of soil salinity and waterlogging.  
• Low-cost drainage technology for saline and waterlogged soils for implementation in participatory mode.  
• Methods for eco-friendly use of saline effluents/waste waters, assess impacts on soil quality and human 
health.  
• Salt tolerant, high yielding varieties of crop plants and assess salinity effects on plant quality.  
• Technologies for salt and water management, and alternate cropping systems in coastal saline soils.  
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Health benefits of turmeric (Curcuma longa) 
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The beneficial effects of turmeric are traditionally achieved through dietary consumption, even at low 
levels, over long periods of time. A precise understanding of effective dose, safety, and mechanism of 
action is required for the rational use of turmeric in the treatment of human diseases. Further clinical 
studies are warranted if turmeric is to be employed in meeting human needs and improving human 
welfare. The activities of turmeric include antibacterial, antiviral, anti-inflammatory, antitumor, 
antioxidant, antiseptic, cardioprotective, hepatoprotective, nephroprotective, radioprotective, and 
digestive activities. Phytochemical analysis of turmeric has revealed a large number of compounds, 
including curcumin, volatile oil, and curcuminoids, which have been found to have potent 
pharmacological properties. 
 
INTRODUCTION 
Turmeric’s botanical name is Curcuma longa. The plant reaches barely three feet in height and produces 
both a flower and a rhizome, or stem that is found underground. The rhizome has an appearance similar to 
ginger; it is this root-like stem that produces the yellow turmeric spice. Though it can now be found 
throughout the tropics, India has been the largest producer of turmeric since ancient times. 
  In recent years turmeric has attracted quite a bit of interest for its natural healing properties, but it 
has actually been used medicinally for over 4,500 years. Analyses of pots discovered near New Delhi 
uncovered residue from turmeric, ginger and garlic that dates back as early as 2500 BCE. It was around 500 
BCE that turmeric emerged as an important part of Ayurvedic medicine. Ayurveda is an ancient Indian 
system of natural healing that is still practiced today. Ayurveda translates to “science of life”– ayur meaning 
“life” and vedameaning “science or knowledge.” Inhaling fumes from burning turmeric was said to alleviate 
congestion, turmeric juice aided with the healing of wounds and bruises, and turmeric paste was applied to 
all sorts of skin conditions – from smallpox and chicken pox to blemishes and shingles. Ayurvedic literature 
contains over 100 different terms for turmeric, including jayanti, meaning “one who is victorious over 
diseases,” and matrimanika, meaning “as beautiful as moonlight” (1). 
  In Indian culture, the importance of turmeric goes far beyond medicine. The Hindu religion sees 
turmeric as auspicious and sacred. There is a wedding day tradition in which a string, dyed yellow with 
turmeric paste, is tied around the bride’s neck by her groom. This necklace, known as a mangala sutra, 
indicates that the woman is married and capable of running a household. The tradition still continues in 
Hindu communities and has been compared to the Western exchange of wedding rings. In parts of 
southern India, a piece of the turmeric rhizome is worn as an amulet for protection against evil spirits. 

  Turmeric is a plant that has a very long history of medicinal use, dating back nearly 4000 years. In 
Southeast Asia, turmeric is used not only as a principal spice but also as a component in religious 
ceremonies. Because of its brilliant yellow color, turmeric is also known as “Indian saffron.” Modern 
medicine has begun to recognize its importance, as indicated by the over 3000 publications dealing with 
turmeric that came out within the last 25 years. This review first discusses in vitro studies with turmeric, 
followed by animal studies, and finally studies carried out on humans; the safety and efficacy of turmeric 
are further addressed(2). 
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Composition of turmeric 

More than 100 components have been isolated from turmeric. The main component of the root is a volatile 
oil, containing turmerone, and there are other coloring agents called curcuminoids in turmeric. 
Curcuminoids consist of curcumin demethoxycurcumin, 5’-methoxycurcumin, and dihydrocurcumin, which 
are found to be natural antioxidants (3). In a standard form, turmeric contains moisture (>9%), curcumin 
(5–6.6%), extraneous matter (<0.5% by weight), mould (<3%), and volatile oils (<3.5%). Volatile oils include 
d-α-phellandrene, d-sabinene, cinol, borneol, zingiberene, and sesquiterpenes (4). There are a variety of 
sesquiterpenes, like germacrone; termerone; ar-(+)-, α-, and β-termerones; β-bisabolene; α-curcumene; 
zingiberene; β-sesquiphellanderene; bisacurone; curcumenone; dehydrocurdione; procurcumadiol; bis-
acumol; curcumenol; isoprocurcumenol; epiprocurcumenol; procurcumenol; zedoaronediol; and curlone, 
many of which are specific for a species. The components responsible for the aroma of turmeric are 
turmerone, arturmerone, and zingiberene. The rhizomes are also reported to contain four new 
polysaccharides-ukonans along with stigmasterole, β-sitosterole, cholesterol, and 2-hydroxymethyl 
anthraquinone (5). Nutritional analysis showed that 100 g of turmeric contains390 kcal, 10 g total fat, 3 g 
saturated fat, 0 mg cholesterol, 0.2 g calcium, 0.26 g phosphorous, 10 mg sodium, 2500 mg potassium, 47.5 
mg iron, 0.9 mg thiamine, 0.19 mg riboflavin, 4.8 mg niacin, 50 mg ascorbic acid, 69.9 g total carbohydrates, 
21 g dietary fiber, 3 g sugars, and 8 g protein (6). Turmeric is also a good source of the ω-3 fatty acid and α-
linolenic acid (2.5% (7). 
 

Nutrition of turmeric 

 
Turmeric is available as a powder and packs a  powerful nutritional punch. 
According to the United States Department of Agriculture (USDA) National Nutrient Database, one 
tablespoon (tbsp) of turmeric powder contains: 
Table 1: Nutrition value of turmeric. 

S.NO. Component Value 

1. Protein 0.91gram 

2. Fat 0.31gram 

3. Calories 29callories 

4. Carbohydrates 6.31gram 

5. Fiber 2.1gram 

6. Sugar 0.3gram 
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POSITIVE SIDE EFFECTS 
While turmeric is a flavorsome spice that is nutritious to consume, it has also traditionally been used in 
Ayurvedic and Chinese medicine to treat inflammatory conditions, skin diseases, wounds, digestive 
ailments, and liver conditions. 
 Anti-inflammatory properties 
The Arthritis Foundation cites several studies in which turmeric has reduced inflammation. This anti-
inflammatory ability might reduce the aggravation that people with arthritis feel in their joints. The 
foundation suggests taking turmeric capsules of 400 to 600 milligrams (mg) up to three times per day for 
inflammation relief. 
 Pain relief 
Turmeric is thought of as a pain reliever. The spice is reputed to relieve arthritis pain as well. 
Studies seem to support turmeric for pain relief, with one study nothing that it seemed to work as well as 
ibuprofen (Advil) in people with arthritis in their knees. 
Though dosing recommendations seem to vary, those who participated in the study took 800 mg of 
turmeric in capsule form each day. 
 Improving liver function 
Turmeric has been getting attention recently because of its antioxidant abilities. 
The antioxidant effect of turmeric appears to be so powerful that it may stop your liver from being 
damaged by toxins. This could be good news for people who take strong drugs for diabetes or other health 
conditions that might hurt their liver with long-term use. 
Possibly of reducing the risk of cancer: Curcumin shows in promise as a cancer treatment. Studies suggest it 
has protective effects against pancreatic cancer, prostate cancer, and multiple myeloma. 
 Digestion 
Turmeric can help digestion. 
Turmeric adds flavor to food, which explains its presence in curry powder. However, turmeric can also play 
an important role in digesting that food. 
The spice can contribute to healthy digestion as a result of its antioxidant and anti-inflammatory properties. 
Turmeric is used in Ayurvedic medicine as a digestive healing agent. Western medicine has now begun to 
study how turmeric can help with gut inflammation and gut permeability, two measures of digestive 
efficiency (13). 
Side effects of turmeric  
While turmeric does provide potential health benefits, it creates some risks that are worth considering 
before consuming large amounts. 
 Upsetting the stomach 
The same agents in turmeric that support digestive health can irritate when taken in large amounts. Some 
participants in studies looking at the use of turmeric for cancer treatment had to drop out because their 
digestion was so negatively affected. Turmeric stimulates the stomach to produce more gastric acid. While 
this helps some people's digestion, it can negatively affect others. 
 Blood-thinning properties 
The purifying properties of turmeric may also lead to easier bleeding more easily. The reason for this is 
unclear. Other suggested benefits, such as lowered cholesterol and lowered blood pressure, might have 
something to do with the way turmeric functions in your blood people who take blood-thinning drugs, such 
as warfarin (Coumadin),  should The purifying properties of turmeric may also lead to easier bleeding more 
easily. The reason for this is unclear. Other suggested benefits, such as lowered cholesterol and 

https://www.medicalnewstoday.com/articles/301506.php
https://www.ncbi.nlm.nih.gov/pubmed/27561811
https://www.medicalnewstoday.com/info/cancer-oncology/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3288651/
https://www.medicalnewstoday.com/info/pancreatic-cancer/
https://www.medicalnewstoday.com/articles/150086.php
https://www.medicalnewstoday.com/articles/161727.php
https://www.ncbi.nlm.nih.gov/pubmed/27261998
https://www.ncbi.nlm.nih.gov/pubmed/27261998
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3288651/
https://www.ncbi.nlm.nih.gov/pubmed/10902065
https://www.ncbi.nlm.nih.gov/pubmed/10902065
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lowered blood pressure, might have something to do with the way turmeric functions in your blood. People 
who avoid consuming large doses of turmeric.  
 Stimulating contractions 
You may have heard that eating foods seasoned with curry can stimulate labor. Although there exists little 
clinical data to back up this claim, studies suggest turmeric can ease symptoms of PMS. 
Pregnant women should avoid taking turmeric supplements because of its blood-thinning effects. Adding 
small amounts of turmeric to food as a spice should not cause health problems (8). 
REFERENCES 

[1]. (Newman, Cragg, and Sander 2003; Butler 2004; Balunas and Kinghorn 2005; Gurib-Fakim 2006; Newman and 
Cragg 2007) 
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Major physiological disorders of Litchi (Litchi chinensis Sonn.) 
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INTRODUCTION 
Physiological or a-biotic disorders are mainly caused by changing environmental conditions such as 
temperature, moisture, unbalanced soil moisture, inadequate or excess of certain soil minerals, extremes of 
soil pH and poor drainage. The distinction between physiological or abiotic disorders from other disorders is 
that they are not caused by living organisms (viruses, bacteria, fungi, insects, etc.), but they are the result of 
abiotic situations (inanimate)i.e. their agents are non living in nature which causes deviation from normal 
growth. They results in physical or chemical changes in a plant which is far away from what is normal and is 
generally caused by an external factor. Non-infectious disorders in some cases are easy to identify, but 
others are difficult or even impossible to recognize. Most of them are non reversible once they have 
occurred. For the identification of physiological disorders it is important that one must know that: 
 
 Physiological disorders are often caused by the deficiency or excess of something that supports life or by 
the presence of something that interferes with life. 
 Physiological disorders can affect plants in all stages of their development. 
 They are non transmissible because they occur without or in absence of infectious agents. 
 Plant reacts differently to the same agent and sometimes response in seen as a little reaction to death. 
 
1. Fruit cracking: The splitting or cracking of fruits is quite common in almost all the litchi growing areas of 
India, particularly under dry conditions. In severe cases; the drop losses due to this malady may be as high 
as 50% or even more. Skin cracking of developing fruit is a serious problem in litchi which results in 
impaired quality fruits unfit for consumption. 
Causes: Splitting of fruits has been generally attributed to abrupt changes in atmospheric temperature, 
relative humidity and soil moisture conditions, following rain or heavy irrigations. The disorder is noted 
shortly before maturity when prolonged period of drought during which the fruit growth is checked, is 
followed by excessive moisture supply. Excessive soil moisture aided by fluctuations in temperature and 
humidity may aggravate fruit splitting. Temperature higher than 38°C in combination with relative humidity 
lower than 60% are very favourable for cracking of litchi fruits. 
Control 

 Regular irrigation in the orchard helps in maintaining growth and expression in the fruit. 

 Frequent irrigation during the critical period of aril growth, spraying of zinc sulphate (1.5%) at weekly 
intervals, starting from pea stage of fruit to harvest reduces the incidence of fruit cracking. 

 In the absence of rains during summer months, water spray may prove useful in keeping the ambient 
atmosphere of the fruit humid, as moisture has a good local effect on the fruit against splitting. 

 The litchi plants should be trained to keep low headed. Such trained plants having dense foliage can 
withstand more hot and desiccating winds as compared to tall trees reducing the fruit cracking. 

 Windbreak with one or two rows of tall trees e.g. Safeda alternating with small sized trees having dense 
foliage (mulberry, jamun etc) may be planted around the orchard. 
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 Early varieties like Dehradun and Saharanpur split more than mid season or late varieties. Hence, the 
varieties which are less prone to splitting should be planted. 

 Apply some mulch to the tree basins during hot summer months to conserve soil moisture. 

 Spray of NAA and 2, 4, 5-T @ 35-100 ppm has been found effective in checking fruit splitting and 
increasing fruit size. 

 Spray of Borax (0.8%) during the fruit growth period is useful to control fruit cracking. 
 
 

 
 

Fruit cracking      Fruit drop 
 
2. Fruit drop: Fruit drop is considered one of the major bottlenecks in the expansion of litchi cultivation in 
our country. The initial fruit set in litchi is very high but a very small proportion finally matures. The 
premature fruit drop commences soon after fruit set and continues till fruit maturity, with most fruit 
abscising in the 2-4 weeks. 
Causes: High incidence of fruit drop in litchi is mainly stated as physiological rather than a genetic problem. 

 Competition among fruits for water and nutrients. 

 Strong desiccating winds. 

 Failure of fertilization. 

 Embryo abortion. 

 Internal nutrition. 

 Hormonal imbalance. 

 External factors like high temperature and low humidity. 
Control 

 Grow varieties like Seedless Late and Calcuttia which are less prone to fruit drop than Dehradun and 
Muzzafarpur which are more prone to fruit drop. 

 Irrigation to bearing litchi trees twice a week from April onwards and good wind break minimize fruit 
drop to a great extent. 

 Foliar spray with zinc sulphate at 0.5-1.0 and 1.5% considerably increase the zinc content of the leaves 
and effectively reduce fruit drop. 

 Spray of NAA and 2, 4-D @ 15 ppm in combination with 1% zinc sulphate results in more fruit retention 
till harvest. 
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3. Sunburn: It is a major issue in litchi production in India which poses a threat to growers almost every 
year. The time of fruit colour change (about 1 month before harvest) is the most vulnerable stage for 
sunburn. ‘Sunburn’ means a condition on the surface of the skin of a litchi giving it a yellow, brown or black 
colour and which is caused by excessive exposure to the sun. Sunburn of the fruits can be minimized with 
proper water management and protecting the fruits with shade nets at least 30 days before harvesting. 
 
CONCLUSION: 
Factors responsible for physiological disorders such as relative humidity, atmospheric conditions, cold 
injure and frost, wind injury, chemical injury, physical soil pr
 Physiological disorders are often caused by the deficiency or excess of something that supports life or by 
the presence of something that interferes with life. 
 
REFERENCES: 
[1]. Bhat, S.K., Raina, B.L., Chogtu, S.K. and Muthoo, M.K. (1997). Effect of exogenous auxin application 
on fruit drop and cracking in litchi. (Litchi Chinensis Sonn) cv. Dehradun. Adv. Plant Sci., 10 (1): 83-86. 
[2]. K.K. Singh. (2018). Physiological disorders in fruit crops. in Chauhan. A., Bharti, P.K. Plant Disease 
Management Control and Elimination Strategies. pp. 156-181. Discovery publication house delhi, india. 
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Impact of precision agriculture on soil quality 
Article id: 22123 
Md. Basit Raza*, Jyotirmaya Sahoo, Ajin S Anil 
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ICAR-Indian Agricultural Research Institute, New Delhi-110012 
 
With the evolution of precision agriculture concept in the 1980s, the importance of spatial and temporal 
variability of soil properties gained importance in order to strengthen its backbone i.e. right dose of right input 
at right time at right place and by apt method (Mulla, 2015). A precision agriculture approach is required to 
insure that the requisite resources for crop growth are available and crop protection needs are met without 
deficiency or excess at each point in time during the growing season. For this it uses the help of various modern 
tools like remote sensing, geographic information system (GIS), global positioning system (GPS).  
  So as to shorten the gap between average farm yields and potential yields, apart from considering the 
concept of variable nutrient management soil quality also plays a major role. It is a very elusive concept which 
difficult to measure and define. Doran and Safley (1997) defined soil quality as the continued capacity of soil to 
function as a vital living system, within ecosystem and land use boundaries, sustain biological productivity, to 
promote the quality of air and water environments, and to maintain plant, animal and human health. It can be 
represented by various soil functions (physical, chemical and biological) and measured by analysing their 
respective indicators. Cassman (1999) proposed a theory showing the relationship between crop yields and 
input requirements as influenced by soil quality. A decrease in soil quality from original state can result in the 
need for greater inputs of energy, nutrients, water, seed, and pest control measures to achieve the same yield. 
So here precision farming concept can intervene and provide a need based management to the soil so as to 
satisfy their differential variability with respect to space. Jarecki and Lal (2003) discussed more elaborately on 
the effect of precision farming on soil quality. They proposed that with adoption of precision farming the inputs 
will be optimised and synchronised which will lead to prevention of unnecessary application of inputs in areas of 
its sufficiency. This will increase the overall yield and increase residue return leading to enhancement of soil 
organic carbon through sequestration. Application of optical sensing technique to assess the spatial variability of 
N in soil to improve nitrogen use efficiency (NUE) in wheat crop was studied by Raun (2002). He developed an 
algorithm which considered the uptake of N by plant and could calculate the required amount of fertilizer N for 
giving required yield. He found that application of fertilizer calculated through the algorithm resulted in an 
increase in NUE to the extent of 40-50%. In spite of all the efforts, due to several limitations regarding adoption 
of precision farming, the greater objective of improving soil and environment quality is slowed down.  

 
REFERENCES: 
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C., Doube, B.M., Gupta, V. (Eds.), Biological Indicators of Soil Health. CAB International, Wallingford, pp. 1–28. 
[3]. Jarecki, M. K. and Lal, R. (2003) Crop management for soil carbon sequestration. Critical Reviews in Plant 
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Rain Garden-A novel garden for future 
Article id: 22124 
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INTRODUCTION 
 Urbanization is a global trend with adverse effects on water resources will lead to increase of surface 
runoff, resulting in higher flood risk, in particular for lower altitude areas and underground constructions. 
Reduction of aquifer replenishment. Degradation of the quality of water bodies that receive surface rain 
run-off, due to the pollution load picked by rainwater run-off. These effects are due mainly to the dramatic 
increase of impervious ground surface, but also to trespassing of stream areas and to appearance of 
additional pollution sources. Urbanization affects water resources indirectly, too, since it aggravates urban 
thermal island phenomena. To mitigate the aforementioned adverse effects, ecological rain water 
management techniques can be used. The most prominent among them is construction of rain gardens.  
   Rain gardens are usually built close to cemented areas such as roads and parking lots to 
reduce peak runoff flow and improve water quality. A rain garden is a small depression constructed in 
residential lawn to temporarily hold and soak rainwater coming from a house roof, driveway or other open 
area. The collected rainwater allows groundwater to replenish and the plants to retain some of the storm 
water. Rain gardens are typically planted with ornamental grass, perennial flowers and woody shrubs that 
are well adapted to wet and dry conditions. The rain garden aims at recovery of water quality in nearby 
water bodies and storage of rainwater for plant use which is otherwise sent through drains straight into 
sea. 
 Rain gardens are a key piece of green infrastructure, an infrastructure that simulates natural processes 
to vaporize, reuse, or return storm water to groundwater. Rain gardens are the most commonly used GIs 
(Green infrastructures) because of their versatile nature and better performance capability. Rain gardens 
make use of evapotranspiration and infiltration processes to restore natural hydrology of the site. A rain 
garden is a depression of depth of about 0.8–0.9 m and backfilled with highly pervious medium to increase 
infiltration. The filling media comprised of sand, top soil, organic matter. 
 The first rain gardens were constructed primarily to impersonate the natural water retention areas that 
occurred before development of an area. The rain gardens for residential use were firstly developed by Dick 
Brinker in 1990 in Prince George’s County, Maryland, when he had the idea to replace the traditional pond 
with a bio retention area. He discussed his idea with Larry Coffman, an environmental engineer and the 
county’s Associate Director for Programs and Planning in the Department of Environmental Resources. That 
idea resulted in the construction of rain gardens on each house’s property in Somerset, a residential 
subdivision. This way, concept of rain gardens came into practical utilisation and quiet common nowadays. 

Structures of Rain Garden 
   Rain gardens normally look like common gardens but there are some specific features that 
distinguish them from ordinary gardens. These specific features favour increased runoff infiltration and 
short-time storage to underlying soil layers and contribute to total runoff reduction as well as its peak. A 
typical rain garden mainly consists of the three parts; ponding area, inflow and overflow structures  

Ponding area 
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  It is a naturally occurring or artificially constructed depression in the ground. Bottom of the ponding 
area is filled with mulch layer and then the top soil is added. Gravel layer needs to be constructed on 
bottom, in case the water infiltration rate in the underlying strata is not adequate. A punctured under-drain 
pipe can also be used in same situation. Surfaces with large slope are not much suitable for rain garden 
construction, therefore, at such landscapes, it is formed by soil excavation and building an earth berm at 
the downslope side. 

Inflow structure 
  Runoff from downspouts or surrounding impermeable areas (streets, sidewalks) is directed by inflow 
structure into the ponding area. 

Overflow structure 
  When the ponding area is full, collected water leaves the rain garden through overflow structure and is 
directed towards the desired place (usually the sewer network). This structure helps to reduce erosion risk. 
 
Benefits of Planting Rain Gardens 
   Rain gardens have a number of benefits associated with them like they reduce total runoff, 
store water for future use, replenish groundwater recharge, mitigate pollution, etc. Various advantages of 
rain gardens are given below. 
• Reduces total stormwater runoff and peak flow. 
• Stores rainwater which can be used for irrigation of gardens. 
• Increases groundwater recharge and helps in local aquifer replenishment. 
• Reduces property loss and activity disruption that is caused by excessive runoff. 

• Make use of processes like pollutant retention, 
filtration, decomposition, plant uptake, etc. to 
improve the quality of urban runoff. 
• Reduces pollutant load of runoff receiving water 
bodies. 
• Plantings of flowers, grasses and ornamental 
plants, berms adding height, contrast, and texture to 
level areas adds to the beauty of place and provides 
a pleasing garden view. 
• Used as a storm water retrofit by altering existing 
landscaped areas or resurfacing parking lot. 
 

Fig. 1 Rain garden with ponding area, inflow and underdrain structure, berm, garden bed and plants growing in it. 

 
Drawbacks of Rain Gardens 
  Although rain gardens have a number of advantages but few drawbacks are also associated with 
them like stagnant water in them may attract pests, can pose accidental drowning, contaminate 
groundwater in case they are not isolated from ground water table, etc. 
• Rodents, raccoons, opossums, insects and many other pests are attracted towards the rain gardens. 
• If not drained properly, they create stagnant pools of water that act as breeding grounds for pests. 
• There is also the possibility of drowning hazard in rain garden when it is amply pooled. 
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• They can be placed over utility crossings only if the trench dams are installed. 
• The ground water table can intersect with the bed of the bio retention facility, if rain garden is not 
isolated from it. 
 
CONSTRUCTION AND DESIGN CONSIDERATIONS 
Design Considerations  

   Before designing rain gardens, various important factors should be kept in mind like type of 
soil and plants, location where it is to be constructed, appropriate depth, size and shape of garden, etc.  
• A rain garden should be kept at least 10 feet downslope from a house. 
• Depth of rain garden should be 2–6 inch and approximately 18 inches, if standing water is not desired 
and desired, respectively. 
• Size of rain garden should be 70 square feet approximately. Shape or design should follow the drainage 
system of the landscape. 
• Water mains, electrical lines and all other utilities should be well marked to avoid digging up or over 
them during rain garden construction. 
• Rain gardens should be built away from the septic drain fields. 
• Construction of gardens should be avoided in right of way areas (e.g. phone lines, adjacent public roads) 
unless specific permission is granted by the utility that owns the right of way. 
• Plants adaptable to rain garden conditions, regionally native or adapted plants found in natural 
landscapes should be planted in rain gardens. 
• Soils with infiltration rate >0.25 inches/h are believed to be effective for rain gardens. 
• Insolation should be adequately available for rain garden plants. 
Construction 
    Selection of location, size and depth of rain gardens are foremost points that are to be kept 
in mind before designing rain gardens. After that garden bed is prepared to grow and support suitable 
plants. Timely maintenance is also needed for long life of rain gardens. Following steps are involved in 
constructing rain garden. 
• Appropriate location of rain garden is selected. Garden is located near downspouts and/or in a low spot 
where water collects. 
• After the location has been decided, next step is to determine the proper size of rain garden. Size is not a 
critical factor for a residential rain garden. Rain gardens are typically 100 square-feet or less in size and 6–8 
inch deep. 
• For preparation of garden bed, ditch is dug out and bottom of the bed is levelled to the depth of 6–8 
inch. A berm (mound) is built at the low end of the garden. If soil is clayey or compacted, the garden is 
over-dug 12 inch below the calculated rain garden depth, removing some soil and replacing with a mix of 
sand and compost. A path from the downspout to the garden is constructed using a grass swale, gravel, or 
plastic pipe/extension. Stones are arranged at the inlet of water to the garden to slow the flow and prevent 
erosion. 
• Selection of the plants which are to be grown in the rain garden is made. Native plants are best suited. 
Soil type (sand, silt, loam or clay) is also taken into consideration during plant selection. Taller plants are 
planted in the middle or back of the garden and drier species on the berm and perimeter of the garden. 
• Care and maintenance is necessarily required for efficient construction and working of rain gardens. 
Plants are watered regularly until they become e stablished. Mulching with hardwood and removal of 
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weeds is done. It is advisable to prune and remove dead vegetation in spring. Plants can also be moved 
around if it appears that they would do better in drier or wetter part of the garden. 
 
Plants Used for Rain Garden  
   Plants are integral part of rain gardens. Plants remove nutrients and pollutants from 
stormwater through vegetative uptake and microbial community support. Plants remove surplus water 
through evapotranspiration and also create pathways for infiltration through root development. Different 
types of trees, shrubs, perennials, ferns, grasses and groundcover species can be used in rain gardens but 
preferably native plants are used in rain gardens. Plants that are tolerant to periodic inundation are most 
suitable. Different plants which are suitable for rain gardens are listed below with their common as well as 
scientific names.  
 

Trees Shrubs Perrenials 

Common 
Name 

Botanical Name Common 
Name 

Botanical Name Common 
Name 

Botanical Name 

Bald Cypress Taxodium 
distichum 

Arrowwood Viburnum 
dentatum 

Arrowhead Sagittaria latifola 

Black Gum Nyssa sylvatica Buttonbush Cephalanthus 
occidentalis 

Beardtongue Penstemon 
digitalis 

Green Ash Fraxinus 
pennsylvanica 

Chokeberry Aronia arbutifolia Beebalm Monarda didyma 

Hackberry Celtis 
occidentalis 

Devilwood Osmanthus 
americana 

Calla Lily Zantedeschia spp. 

Katsura Tree Cercidiphyllum 
japonicum 

False Indigo Amorpha 
fruticosa 

Canna Lily Canna spp. 

Lacebark 
Elm 

Ulmus parvifolia Inkberry Ilex glabra Crinum Lily Crinum spp. 

Red Maple Acer rubrum Spicebush Lindera benzoin Daylilies Hemerocallis spp. 

River Birch Betula nigra Steeplebush Spiraea 
tomentosa 

Gingers Hedychium spp. 

Sweetgum Liquidambar 
styraciflua 

Swamp Rose Rosa palustris Lizard Tail Saururus cernuus 

Water Oak Quercus nigra Winter berry Ilex verticillata Lungwort Pulmonaria spp. 

 
CONCLUSION 
 Urbanization has resulted in reduction of green grounds. Due to the replacement of urban permeable 
land surfaces with impermeable concrete made surfaces, soil layers have been completely sealed and 
blocked the way of groundwater recharge and infiltration of surface runoff. This has resulted in higher flood 
peaks in urban streams and rivers, pollution, reduced ground water table, etc. The implementation of rain 
gardens would reduce the volume of runoff, reduce the pollution load in the storm water and increases the 
ground water recharge. 
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Neem is a natural herb that comes from the neem tree, other names for which include Azadirachta 
indica and Indian lilac. Neem leaf is used for leprosy, eye disorders, bloody nose, intestinal worms, 
stomach upset, loss of appetite, skin ulcers, diseases of the heart and blood vessels (cardiovascular 
disease), fever, diabetes, gum disease (gingivitis), and liver problems. The leaf is also used for birth 
control and to cause abortions. 
  
Benefits of Azadirachta indica 
There are many benefits and all parts of neem is very useful of human body like. 
 Neem leafs 
 Neem oil 
 Neem fruits 
 Neem juices 
 Neem flower 
 Neem twigs &bark  
Neem leafs 
Neem leaf is used for leprosy, eye disorders, bloody nose, intestinal worms, stomach upset, loss of appetite, 
skin ulcers, diseases of the heart and blood vessels (cardiovascular disease), fever, diabetes, gum disease 
(gingivitis), and liver problems. The leaf is also used for birth control and to cause abortions.  

 
Some excellent use neem leaves: 
 Wound healer 
 Goodbye dandruff  
 Eye Trouble 
 Treat that zit  
 Ear ailments 
 
Neem oil 
 The bitter taste of the neem might not appeal to people, but it has amazing benefits. There are many 
nutrients in neem that help in protecting the body from many problems. Neem has anti-bacterial and anti-
fungal properties as well as it contains antioxidants which are beneficial for all kind of skin and hair. Like 
Neem, its powder has many advantages. 
 

 

https://food.ndtv.com/health/healing-the-hurt-natural-ways-to-treat-pain-742500
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 Protect Your Skin and Fight Aging 
 Heal & Moisturize    
 Assist Dry Itchy skin and rashes 
 Effective Antifungal Agents 
 Neem Oil Tames And Conditions Your Hair 
 Assist Dry Flaky Skin 
 Neem Oil Assist With Head Lice or Head Louse 
 Hot Oil For Dry Hair  
 Neem Oil Use In The Garden An Excellent All-Natural  
Neem powder  
 Mixing it with toothpaste 
 Prevents hair fall 
 Controls diabetes 
 To remove the pimples 
 Controls burning sensation and itchiness 

 
Neem juices 
Helps you lose weight: Drinking neem juice on a regular basis will help you achieve a clean stomach and will 
improve your metabolism. Neem aids in the breakdown of body fat, which helps keep your weight in check. 
You can also make a concoction using neem, lemon and honey to further boost your metabolism. 

 
Neem fruits 
Its anti-fungal and anti-bacterial properties keep the harmful bacteria and fungi at bay. Thus, it protects the 
skin and keeps the skin related diseases away. Ayurveda, which follows the natural ways for treatment and 
medicine, has been using extracts of neem tree as a key ingredient, for good health and well being. 

 

https://www.nakedsupplements.com/search?q=hair
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 ssFirst and foremost let us discuss the main byproduct of the neem fruit which is the seeds. The seeds 
are crushed and the fruit pulp is used to make neem oil. There are a lot of medicinal and healthcare 
benefits. The application of this oil is in producing face creams and foot creams. 
 Another best health benefits of neem fruit is it can gives you a healthy kidney and prostrate. If you drink 
tea made from the crushed powder of neem seeds you will have a healthy kidney and prostrate.  
 Neem oil that is prepared from crushed neem seeds is good birth control agent. Women who are 
planning for a family control and do not want children any time soon can use this oil. 
Neem Flowers 
Most parts of the neem tree are awfully bitter, with the exception of its flowers. White and delicate, neem 
flowers with their off-white buds are almost too pretty to be eaten and unbelievably therapeutic. The 
flowers have a sweet, almost mystical jasmine like scent at night and blossom once in the afternoon and 
then again in the evening 
Neem flowers can be used to treat anorexia, nausea, belching and intestinal worms. Ayurveda 
suggests neem leaves are good for the eyes and useful in treating skin disease and headaches. They’re used 
in aromatherapy because of their calming effect. A 2008 study also found the alcoholic extract of the neem 
flowers to be an effective contraceptive. 

   

Neem Twigs & Bark 
If you were born in India, you would have seen people chew away at a neem twig. For many years now, a 
neem twig is what people used as a make-do toothbrush. It fights germs, maintains the alkaline levels in 
your saliva, keeps bacteria at bay, treats swollen gums and also gives you whiter teeth. The twig also shreds 
into threads, almost like bristles that also destroy and prevent plaque. 
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ARJUNA (Terminalia arjuna): Boon to agricultural science 
Article id: 22126 
Shraddha Gabel, Smita Tiwari, Hradesh Rajput 
Department of Food Technology, ITM University, Gwalior-474001, Madhya Pradesh 
  
INTRODUCTION 
Terminalia arjuna is a miracle herb which was used during ancient times to cure heart problems. In ancient 
Ayurvedic literature, Vagbhata and others have described the juice of Arjuna bark as a tonic and astringent. 
They have recommended it for the treatment of heart diseases. Arjuna is reported to be a beneficial herb in 
treating heart problems since 1200 B.C. Vagbhatta was the first to cite this in his book Astang Hridayam‘ 
written some 1200 years ago. Subsequently, Chakradutta and also Bhawa Mishra, described its use in chest 
pain. Ancient medical scientists have mentioned the properties of Terminalia arjuna herb.  
                                A deciduous tree found abundantly in the Indian subcontinent, Terminalia arjuna is a 
heart stimulant that can prove effective in the treatment of a number of heart conditions. T.arjuna helps to 
maintain a healthy heart and decrease the effects of stress and anxiety.It has antibacterial, antimutagenic, 
hypolipidemic, antioxidant and hypocholesterolaemic and anti-inflammatory effects. T. arjuna have the 
capability to protect the liver and kidney tissues against CCl4- induced oxidative stress by increasing 
antioxidative defense activities. Its chemical constituents act as a gastro-protective agent [1]. Natural 
products due to their chemical diversity are receiving increased attention from scientific and 
pharmaceutical communities. The newer work on medicinal plants is mostly the rediscovery of traditional 
effects at cellular and molecular levels. It is used in traditional medicine for treating ulcers, wound healing, 
and also for antibacterial, antimutagenic/anticarcinogenic, antioxidant and hypocholesterolemic activities. 
The use of T. arjuna bark in the management of cardiovascular diseases has been widely reported [2]. 
                 Arjuna is a good source of phytosterol, namely, -sitosterol which lowers down the cholesterol in 
blood serum mediated through inhibition of cholesterol absorption resulting from the higher solubility of 
phytosterols than of cholesterol in bile salt micelles. It has been observed that Arjuna bark decreases the 
level of serum triglycerides and cholesterol, recovers the level of high density lipoprotein (HDL), acts as an 
anti-ischemic agent, relieves myocardial necrosis, modulates platelet aggre-gation and also acts as an 
effective antioxidant [3].The active compounds of TA extract are sensitive and may undergo degradation 
upon exposure to environmental conditions such as temperature, oxygen, light, and moisture. In 
addition,[4]. Arjuna is one of the species whose leaves are fed by the Anthrerae mylitta, which produces the 
tasar silk, a wild silk of commercial importance. It is one of the most versatile medicinal plants having a 
wide spectrum of biological activity. The thick white to pinkish grey bark has been used in India’s native 
Ayurvedic medicine for over three centuries primarily as a cardiac tonic [5]. As a part of drug discovery 
program for cytotoxic agents from Indian medicinal plants, four novel cytotoxic agents arjunic acid, 
arjungenin, arjunetin and arjunoglucoside I have been isolated from the bark of T.arjuna by different group 
of scientist. Out of the four compounds, arjunic acid was significantly found active against the human oral, 
ovarian and liver cancer cell lines [6] 
 
Habitat and physiology 
Terminalia arjuna is a deciduous and evergreen tree, standing 20–30 m above ground level. It belongs to 
Combretaceae family. It is found in abundance throughout Indo-sub-Himalayan tracts of Uttar Pradesh, 
South Bihar, Madhya Pradesh, Delhi and Deccan region near ponds and rivers. It is also found in forests of 
Sri Lanka, Burma and Mauritius [2]. It has oblong, conical leaves which are green on the top and brown 
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below; smooth, grey bark; it has pale yellow flowers which appear between March and June; its glabrous, 
2.5 to 5 cm fibrous woody fruit, divided into five wings, appears between September and November. It has 
huge, often buttressed trunk and horizontally spreading branches. Among different species of Terminalia 
the bark of Terminalia arjuna has its own characteristic features . In a comparative study of the barks of 
Terminalia arjuna and Terminalia tomentosa, it was found that the bark of Terminalia arjuna is smooth, 
pinkish-grey from outside and flakes off in large, curved and rather flat pieces. The size of each piece may 
vary up to 15 cm or more in length, 10 cm in width and 3–10mm in thickness. Sapwood is reddish white and 
heartwood is brown and variegated with dark coloured streaks. The histology of Terminalia arjuna bark 
reveals the presence of single layered epidermis with hair like projections and few scattered lenticels. 
Underlying the epidermis is a thin layer of cortex. Periderm and secondary phloem are present in the old 
bark . Cork consists of few layers of tangentially running and radially elongated cells;phellogen,2 to 4 celled 
thick, phelloderm narrow, consisting of 4 to 6 rows of tangentially elongated and radially arranged cells, 
Phloem, very broad, traversed by uniserriate medullary rays running straight and parallel occasionally 
becoming slightly curved near the rosette crystal; groups of phloem fibres, lignified, thin-walled, 
tangentially arranged, associated with idioblasts containing clusters and rossetes of calcium oxalate [1]. 

                    
                              (a)                                                                            (b) 

                                          
                                                                     (c) 
Figure: (a) Rind; (b) Bark; (c) Flowers; of Arjuna tree. 
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Major compounds 
Table 1: Major compounds present in different parts of Arjuna tree. 
 

 
[Revisiting Terminalia arjuna- An Ancient Cardiovascular Drug accessed 21 Aug, 2019] 
 
Terpenoids and glycosides  
T. arjuna bark contain large amount of triterpenoids. Triterpenoids isolated from its bark are mailny arjunin, 
arjunetin, arjunic acid, arjugenin. Arjunoglycoside are also reported in stem bark. Triterpane, terminoside A 
and two more glycosides namely Termiarjunoside 1, Termiarjunoside 2 has found from bark. Arjunglucoside 
IV and V, Arjunasides A-E were isolated from the ethanolic extract of the stem bark of T. arjuna . 
Flavonoids  
T. arjuna bark contains a very high level of flavonoids compared to other commonly used plant item. 
Flavonoids detected from its bark are namely arjunolone, flavones, bicalein, quercetin, kempferol and 
pelorgonidin. The aqueous extract of T. arjuna contains 70% polyphenols having a molecular weight greater 
than 3.5 kDa . Flavonoids are very important because of its anti mutagenic and antibacterial property. It is 
also act as strong anti- proliferative and antioxidant agents due to presence of free radical scavenging 
action of various phenolic contents. 
Tannins  
Various constituent of tannins are found in bark of T. arjuna. The constituent are Pyrocatechols, Punicallin, 
Castalagin, Casuariin, Punicalagin, Terchebulin, Terflavin C.Tannins are speculated to have astringent, 
hypotensive, wound- healing, antioxidant as well as antimicrobial effects. They have multiple biological 
effects and also act as antioxidants by preventing the oxidation of Low-Density Lipoproteins (LDL), platelet 
aggregation and damage of red blood cells. Some of these substances have anti-fungal, anti-bacterial, 
antioxidant, anti-cancer, wound healing and hepato-protective effects. 
Minerals and amino acids  
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The bark of T. arjuna contains large amount of various minerals and trace elements such as magnesium 
(4000 mg/g), calcium (3133 mg/g), zinc (119 mg/g) and copper (19 mg/g). It contains some amino acids 
such as tryptophan, tyrosine, histidine and cysteine. 
 
Effects of terminalia arjuna 
Cardiovascular effects 
The body needs constant nourishment to ensure that the cardiovascular system operates efficiently.Many 
herbal drugs are used to cure cardiovascular disorders the most common one of which is T. arjuna. The 
oleanane triterpenoids (arjunic acid, arjunoglycosides, arjunone, arjunolic acid etc.) present in this plant are 
mainly responsible for the cardio protective effect. This plant is effective in many cardiac disorders like 
angina, myocardial infraction, hypertension, hypercholesteremia, cardiac arrest etc. Experimental studies 
have revealed that its bark possesses significant inotropic and hypotensive effect, increasing coronary 
artery flow and protecting myocardium against ischemic damage. 
Anti ischemic effect 
Ischemic mitral regurgitation (IMR) is a frequent complication of acute myocardial infraction and a progress 
factor for morbidity and mortality. The powder of the bark given to healthy volunteers less than 70 years 
old have shown to reduce IMR and there was improvement in E/A ratio (E: Early Echocardiographic phases 
and A: Late Atrial Phase of ventricular filling) and reduction in angina frequency. Oral administration of T. 
arjuna for 12 weeks in rabbits have shown to cause augmentation of myocardial antioxidants, superoxide 
dismutases, catalyze and glutathione along with induction of heat shock protein 72.T. arjuna bark extract at 
the dose of 500 mg, given 8 h to patients with stable angina with approvocable ischemia on tread mill 
exercise, led to improvement in clinical and treadmill exercise parameters as compared to placebo therapy. 
These benefits were comparable to isosorbidate mononitrate (40 mg/day) therapy and the extract was well 
tolerated. 
Lipid lowering effect 
High level of low density lipoproteins (LDL) and low levels of high density lipoproteins (HDL) cholesterol are 
important coronary risk factors. The ethanol extract of the bark was found to be very effective in lowering 
LDL cholesterol levels at the dose of 100 mg/kg body weight. The total cholesterol level was also reduced at 
the dose of 500 mg/kg body weight. 
Antihypertensive effect 
The hypotensive effect was observed with the aqueous extract of T. arjuna fraction containing tannin 
related compounds in rats. The hypotensive effect of this fraction was not affected by pretreatment of rats 
with propranolol but was attenuated by pretreatment with atropine. Thus, cholinergic mechanism may be 
involved in a decrease of blood pressure. 
Anticancer effect 
There are some chemical substances present in plants that may act as anticarcinogens or antimutagens by 
blocking or trapping ultimate carcinogen electrophile in a nucleophilic chemical reaction to form innocuous 
products. A study done was found that the acetone and methanol fractions of T. arjuna also possesses 
antimutagenic effects. The bark of T. arjuna is rich in polyphenols (60–70%) including flavones, flavanols 
and tannins. The high content of tannins and polyphenols are mainly responsible for anticancer activity. The 
antimutagenic effect of benzene, chloroform, acetone and methanol fractions from T. arjuna was 
determined against Acid Black Dye, 2 aminofluorene (2AF) and 4-nitro-O-phenylenediamine (NPD) in TA98 
frame shift mutagen tester strain of Salmonella typhimurium. Among the different fractions the 
antimutagenic effect was more in the methanol and acetone fractions. The inhibitory effect at different 
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concentrations of the fractions was found to be more or less the same in pre-incubation as well as co-
incubation mode of experiments. Both fractions inhibited 2 AF induced revertants more significantly then 
those induced by direct acting mutagens. Acetone and methanol fractions exhibited maximum inhibition of 
99.49 and 99.80%, respectively, in the preincubation mode of experiment against the mutagens induced by 
2 AF.   
Antioxidant effect 
T. arjuna bark extract have shown antioxidant effect on N-nitrosodiethylamine (DEN) induced 
hepatocellular carcinoma in rats induced by a single intraperitonial injection of DEN (200 mg/kg). Significant 
increases in lipid peroxidases were observed while the levels of enzymatic and non-enzymatic antioxidants 
were decreased when subjected to DEN induction. The enzyme levels were ameliorated significantly by 
administration of ethanolic extract of T. arjuna bark at a concentration of 400 mg/kg in drug treated 
animals. The protective effect of the extract is against DEN induced liver cancer. 
Antibacterial effect 
T. arjuna bark extract exhibited antibacterial activity against Escherichia coli, Plasmodium vulgaris and 
Plasmodium aerogenes. The bark of T. arjuna shows activity in dichloromethane and aqueous fraction 
against the bacteria tested at 1,000–5,000 ppm dosage. High activity was observed at 4,000 and 5,000 ppm 
against Plasmodium aerogenes. 
Antifungal effect 
A pentacyclic triterpenoid (2a19a-dihydroxy3-oxoolean-12ene-28oicacid-28-O-b-D glucopyranoside) 
isolated from the root of T. arjuna showed potent antifungal property. The antifungal activity is against 
fungi Aspergillus niger, Candida albicans and Bacillus oryzae at 25 and 50 ppm concentrations by filter 
paper disk method. The activity was comparable with Griseofulvin [8]. 
 
Uses of terminalia arjuna 

 Terminalia arjuna is a wide spread medicinal plant. The different parts of Terminalia arjuna like bark, 
leaves and fruits etc., have different medicinal values and are used to cure various diseases. 

 The bark is the main part used in ayurveda as well as in Allopathy for curing various diseases. 

 The bark of arjuna tree contains calcium salts, magnesium salts and glucosides have been used in 
traditional ayurvedic herbalism.  

 In Ayurveda, bark powder is used as cardio protective and it is known as a tonic to heart diseases. Its 
ksheerpaka is highly effective to normalize high blood pressure and in many rural areas. 

 Cardiomyopathy like myocardial infraction, Angina, coronary artery diseases, heart failure, 
hypercholesterolemia, and hypertension are cured by arjuna bark powder. 

 Used as an ischemic and cardio protective agent in hypertension and ischemic heart diseases. 

 Arjuna improves pumping capacity of heart by strengthening muscles and vascular system and also be 
useful in treating excess of cholesterol in blood. The anticoagulant and antiplatelet aggregation action of 
arjuna keeps the blood thin and lowers the bad cholesterol while increasing the good cholesterol. 

 Although many ayurvedic plants have shown to help coronary artery diseases, Arjuna by far seems to be 
the best plant for heart health. 

 It works as a wonderful antioxidant so it helps in stopping early aging and help in maintaining youth. 

 Bark powder of arjuna has diuretic properties that cure cirrhosis 

 Arjuna is diuretic taken to flush out the small stones formed in the kidneys. If bark is boiled in water and 
taken as a drink it is known to break the kidney stones into smaller pieces and expel out of the body. 
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 Terminalia arjuna reversing the damage by chronic smoking. Smoking causes endothelial dysfunction an 
early event of Antherosclerosis. It is mediated through mainly oxidative stress process. Two weeks of 
therapy with this medicinal herb leads to reversal of impaired function in endothelium of smokers. 

 Juice of leaves is used in earache (otalgia). 

 Leaves are used to cure ulcers and sores externally [5]. 

 Arjuna is a good hepatitis reliever and gives heart strength for human. Leaves of arjuna are best for 
recovery from hepatitis C. Arjuna bark is described as heart tonic and herbal preparations is used for 
treatment of cardiac disorders. World Health Organization, stated that the medicinal plants are best source 
of variety of drug [7]. 

 The leaves of Arjuna tree constitute the primary food for the kosi silkworm Antheraea mylitta along with 
those of Asan (T. tomentosa) and Sal (Shorea robusta).Temperate tasar (or Oak tasar) is produced by 
Antheraea proylei silk moths that feed on the leaves of certain species of oak (Quercus spp.), and is 
practised largely in the sub-Himalayan. Tasar silk is mainly used for furnishing, dress materials and sarees. 
Bomkai. Paithani, Ikkat and Katki are some of the popular fabrics using tasar silks. It is ideal for both 
traditional costumes such as salwar-kurta and trendy new items such as dresses, stoles and scarves [9]. 

 The bark powder of Terminalia arjuna, an indigenous plant has been found to have antianginal, 
decongestive and hypolipidemic effect. Terminalia arjuna showed significant decrease in mitral 
regurgitation (IMR), improvement in E/A ratio and considerable reduction in anginal frequency [10]. 

 Terminalia arjuna can have immense potential in preventing the oxidative damage to the heart caused 
by anthracycline anticancer drugs such as Doxorubicin (Dox). Dox is effective against malignancies such as 
leukemias, lymphomas and several solid tumors. However, dose-dependent cardiotoxic effects limit its 
practical therapeutic use.In the present study butanolic fraction of Terminalia arjuna was extracted and its 
efficacy to prevent Dox-induced cardiotoxicity was studied [11]. 
 
SUMMARY 
Herbs and their extracts have long been used for curing health related components and metabolic disorders 
as natural remedies. T. arjuna, the versatile traditional medicinal plant of India, is the rich source of 
bioactive compounds with diverse chemical structure. Functional components present in them aids in 
performing a wide range of biological functionalities. A considerbale portion’s functional food market 
consists of herbal supplemented functional foods. Research should be focused in development of food 
products enriched with medicinal plant. Scientific community must apply modern techniques to assure the 
efficacy and safety of herbs and their bioactive components for their use in food formulations. A vast scope 
exists for undertaking well planned multi-disciplinary studies in this field in which at most importance 
should be given to the concepts behind Ayurvedic formulations. 
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Basella (vine spinach) nutrition facts 
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Basella or vine spinach is a popular tropical leafy-green vegetable, commonly grown as backyard herb in the 
home gardens. Vine-spinach belongs to the Basellaceae family and has two chief cultivars, Basella alba, 
which features green- stems and deep-green leaves, and Basella rubra with purplish stems and dark green 
leaves with pink veins. 
It is native to South Asia, probably originated in the monsoon fed tropical regions of Malabar Coast of India 
and Sri Lanka. In Asia, basella identified by different names in countries. Some of the common names for 
this herb are Ceylon spinach, Malabar spinach, saan choy (Chinese), mong toi (Vietnamese), alugbati 
(Philippines), pui saag (Bengali), remayong (Malay), etc. 
It is different from English spinach (Spinacea oleracea) in that the vine spinach is a creeping vine with 
bright, broad, dark green, thick, and mucilaginous leaves. Although commonly featuring in many backyards 
across South Asian families, it slowly gaining popularity in some of the tropical and temperate climates of 
America, Australia, and Europe for its lush, nutritious greens, and tender stems. 
Malabar spinach is a perennial vine and grown as annual or biennial pot-herb. It prefers hot, humid climate 
and moist, fertile, well-drained soil to flourish. Stem cuttings about the length of 20 cm preferred over 
seeds for natural propagation, and faster growth. Being a vine, it requires trellising for its spread. It bears 
white or white-pink color tiny flowers depending upon the species and purple to black color berries. 
Basella-alba features thick, fleshy, broad, oval to heart-shaped leaves all along its vine length. Basella rubra 
has pink or purplish stems and pink color veins running across its leaves. In either case, fleshy greens and 
terminal, tender 8-12 inches stem harvested about 35 to 45 days after planting (about 50 days after 
seedling). 
 
Health benefits of Basella (vine spinach) 

 Basella is one of versatile leafy green vegetable and revered in some East Asian cultures for its 
wholesome phytonutrient profile. 

 Basella is very low in calories and fats (100 grams of raw leaves provide just 19 calories). Nonetheless, it 
holds an incredibly good amount of vitamins, minerals, and antioxidants. 

 Fresh leaves, particularly of basella rubra, are rich sources of several vital carotenoid pigment anti-
oxidants such as ß-carotene, lutein, zeaxanthin. Together, these compounds help act as protective 
scavengers against oxygen-derived free radicals and reactive oxygen species (ROS) that play a healing role 
in aging and various disease processes. 

 Its thick, fleshy leaves are an excellent source of non-starch polysaccharide, mucilage. In addition to 
natural fiber (roughage) that found in the stem and leaves, its mucilaginous leaves facilitate in smooth 
digestion. Fiber diet brings a reduction in cholesterol absorption, and helps prevent bowel problems. 

 Vine spinach leaves and stem are incredibly rich sources of vitamin A. 100 g fresh leaves provide 8000 IU 
or 267% of recommended daily allowance (RDA) of this vitamin. Vitamin-A required for maintaining healthy 
mucus membranes and skin, and essential for good eyesight. Consumption of natural vegetables and fruits 
rich in vitamin-A and flavonoids has been thought to offer protection from the lung and oral cavity cancers. 
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 Basella has more vitamin C content than English spinach. 100 g of fresh greens contains 102 mg or 102% 
of daily recommended levels of vitamin-C. Vitamin-C is a powerful antioxidant, which helps the human body 
develop resistance against infectious agents and scavenge harmful oxygen-free radicals. 

 Likewise in spinach, basella too is an excellent source of iron. 100 g fresh leaves contain about 1.20 mg or 
15% of daily intake of iron. Iron is an essential trace element required by the human body for red blood cell 
(RBC's) production. Additionally, this element acts as a co-factor for the oxidation-reduction enzyme, 
cytochrome oxidase, during the cellular metabolism. 

 It also contains good amounts of many B-complex vitamins such as folate, vitamin-B6 (pyridoxine), and 
riboflavin. 100 g fresh leaves provide 140 µg or 35% of folates. This vitamin is one of the essential 
compounds for DNA production and growth. Folate deficiency in during very early stages of pregnancy 
might results in the neural tube defects in the newborn baby. Anticipating and pregnant women are, 
therefore, advised to include a lot of fresh greens in their diet to help prevent neural tube defects in the 
offspring. 

 Further, basella leaves are good sources of minerals like potassium (11% of RDA/100 g), manganese (32% 
of RDA/100 g), calcium, magnesium, and copper. Potassium is an important component of cell and body 
fluids that helps controlling heart rate and blood pressure. Manganese and copper used by the human body 
as a co-factor for the antioxidant enzyme, superoxide dismutase. 
 
Selection and storage 

 Fresh Malabar spinach can be readily available in the tropical belt all round the seasons. However, in the 
US and European markets only selected groceries, specializing in selling Asian vegetables and herbs, sell 
fresh basella greens (green and purple). In the stores, look for fresh harvest featuring shiny, succulent 
leaves, and firm stems. The green has no distinctive flavor of its own, however, once cooked, it mixes well 
with other ingredients in the food, in addition to conferring gel-like consistency to the food. 

 Avoid sunken, dry, bruised, and discolored leaves. 

 Basella has a relatively good shelf life. At home, untie the bushel, wrap the leaves in a damp cloth and 
place in air-tight zip-pouch or plastic bag and store in the refrigerator set at high relative humidity. 

 Although the greens can be stored in the frige for up to four days, fresh leaves should be eaten at the 
earliest to get maximum nutrition benefits. 
 
Preparation and serving methods 

 Wash leaves in cold running water to remove any surface grit/sand. Mop dry using paper towel or soft 
cotton cloth. Trim away tough stems. Chop the leaves and stem for the desired length to add in the recipes. 

 Vines spinach employed in the same way as other seasonal greens like spinach, watercress, and 
purslane. However, being more mucilaginous, it adds thick, glue-like consistency to the recipes. 

Here are some serving tips: 

 Thegreens are mixed with other popular greens to prepare "saag" in India and Bangladesh (pui shaak), 
with added lentils or seafood. Its flower and seed heads (pui seeds) are also edible, and being used to 
prepare recipes with seasonal seafood. 
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 In the southern parts of India, Malaysia, Indonesia, China, and Sri Lanka, its leaves and stem are used in 
numerous variations to prepare curries, stews, soups, etc., and eaten with rice, bread (roti), and noodles. 

 In the Philippines where the greens known as alugbati, are being used to prepare mouth-watering stir-
fries, with meat, and vegetables. 

 Malabar spinach berries used in the fragrant-rich chutney in many parts of coastal Karnataka and Coorg 
districts. The berries are also employed in jam and jelly in Sri Lanka. 
 
Safety profile 

 Phytates and dietary fiber present in the leaves may interfere with the bioavailability of iron, calcium, 
and magnesium. 

 Like in spinach, basella too contains oxalic acid, a naturally-occurring substance found in some 
vegetables, which may crystallize as oxalate stones in the urinary tract in some people. Individuals with 
known oxalate urinary tract stones are advised to avoid eating them. Adequate intake of water is, 
therefore, encouraged to maintain normal urine output. (Medical disclaimer). 
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Global macronutrient demand over time 

Phosphorus availability and Its Implications for future crop production & food supply 
Article id: 22128 
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Phosphorus is important for agricultural production and also having experienced significant price instability 
and its future availability have drawn growing attention from both academics and the public over the last 
years. Phosphorus is an essential nutrient for plant growth, but uptake from soil can be difficult and an 
important limiting factor in achieving optimal yields in agriculture. 
The efficient use of fertilizer phosphorus (P) is important for three 
main reasons. First, phosphate rock, from which P fertilizers are 
manufactured, is a finite, non-renewable resource, and it must be 
used efficiently in order to maximize its life span. A single country, 
Morocco, possesses 85 % of known remaining reserves. Though 
estimated amounts are not likely running out in the short term, 
rock Pi will become scarce, at least in terms of pricing due to 
increased demand. Analogous to developments in another non-renewable resource, oil, researchers have 
indicated ‘‘peak-phosphorus’’, which is expected to occur as early as around 2030. Rock Pi can contain 
heavy metals such as cadmium that may accumulate in arable soils as a result of the addition of rock Pi. It 
indirectly effect the soil health by inhibiting the favourable microbial interaction in arable soils.                                                                                                            
Second, there is a need to maintain and improve the P status of many soils for the growth of crops for food, 
fibre and bioenergy. This is particularly important in under-developed countries (UDCs) that need to 
increase food production and improve rural 
livelihoods. Expected future scarcity is already 
reflected in that the US and China have stopped 
export for strategic reasons. China is presently the 
largest producer of P with 37.5 % of world production 
in 2010.Phosphorus (P) deficiency is one of the major 
limiting factors to crop production in most of the soils 
throughout the world. About 49.3 % of Indian soils are 
in low-P category, 48.8 % in medium and only 1.9 % 
are in high-P category. The use of phosphate fertilizer 
in India has increased from 0.009 million tons (Mt) in 
1950–1951 to 8.05 Mt in 2010–2011 and with the 
current rate of P fertilization, the projected demand 
would be 9–12 Mt by 2020. According to the demand for diammonium phosphate(DAP) and single super 
phosphate(SSP) during the year 2011–2012, and considering P-use efficiency as 10 %, the monetary loss of 
P2O5 was calculated to the of INR 7.81 billion. Phosphorus plays a critical role in many vital processes of 
plants like seed germination, flowering, fruit formation and biological N fixation.  It is involved in multitude 
of functions including energy transfer, photosynthesis, gene replication and expression. 
It is also constituent of high energy intermediates like ATP, nucleic acids, phospholipids in membranes. 
Deficiency of   Phosphorous leads to stunted growth, discoloration of foliage, high root/shoot ratio delayed 
maturity of plants.  
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Third, the transfer of soil P (derived from fertilizers and organic manures) is a major cause of P-induced 
eutrophication in surface waters. This causes undesirable changes in their ecology, resulting in a decline in 
the provision of eco-services, often with serious economic consequences. Present intensive agriculture, the 
copious use of Pi, partly derived from local surpluses of manure from intensive livestock production 
presents a major environmental problem. It has led to emissions of phosphate to surface waters, including 
seas and oceans, resulting in harmful algal blooms. This problem has been tackled with some success, but 
for instance in the Netherlands, still half of the monitored sites show values not in line with recent EU 
standards. Moreover, in bringing down P supply, levels where P again may become limiting for yields may 
soon be reached in some crops. 

Strategies for improving the efficiency of use of soil and fertilizer P include: (i) modifying surface soil 
properties; (ii) managing surface soil; (iii) managing P sources; (iv) optimizing P use through economically 
appropriate rates and timing. Some of these strategies are site-specific and cropping system specific. 
Although they may have only a small impact individually, in combination their benefits may be significant. 
However, their costs and benefits will largely determine their adoption. 

Plant mechanisms for improving Phosphorus Use Efficiency (PUE)  
Plants exposed to P deficiency activate a range of mechanisms that either result in increased acquisition of 
P from soil or in more efficient use of internal Phosphorus. Modifications of root morphology, Changes in 
root physiology (organic acid and enzyme exudation), increased expression of high affinity P-transporters, 
Increase root to shoot ratio and Root microbial association - Association with mycorrhiza.  
 The importance of soil-based microorganisms in the mobilisation of tightly bound P in the soil, making it 
available to plants   
 Example:   
Root-associated:  Piriformospora indica  
Shoot-associated: Clavicipitaceous Neotyphodium in 
grasses 
 The mycorrhizal root interaction with AM fungi 
can improve P uptake capacity of plants. 
 The P absorbed by the fungal hyphae is relatively 
quickly transported to the root cortical cells and the 
fungus obtains carbon from the plant, which in 
principle makes this a mutualistic interaction 
(symbiosis). 
 But members of the Brassicaceae and 
Chenopodiaceae do not form mycorrhizae. 
 
Genetics and breeding for PUE 
PUE shows large variation between species. For instance, barley is generally less P efficient than maize and 
rice. Most importantly, it also shows considerable genetic variation within species which is the basis for 
further improvement by breeding. However, breeding for PUE is likely to be a complicated process due to 
the complexity of this trait and the influence of the environment. Classical breeding research has been 
greatly enhanced by recent developments in molecular techniques, such as marker-assisted selection (MAS) 
and genomics. This enables to also dissect complex quantitative traits into underlying genetic factors that 
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can be localized on the genome, i.e. by utilizing genetic linkage maps based on DNA markers and 
statistically locating sites on these maps linked to desirable traits, quantitative trait loci (QTL). 
 
CONCLUSION: 
PUE is complex trait for plant breeding, with many potential interactions and trade off with other factors 
affecting crop yields. Recurrent selection to improve the frequency of favorable alleles for PUE in breeding 
populations. A comprehensive understanding of P starvation signaling would facilitate the design of plants 
with improved Pi acquisition and use efficiency. 
 
Future directions 
• Despite numerous reports on the different responses of plants respond to varying phosphorous supplies, 
systemic and detailed mechanisms have yet to be elicited 
• Although, QTLs are known, challenge still lies in utilizing these QTLs in MAS 
 Combining fine mapping and transcriptome analysis may facilitate earlier gene identification for 
development of P stress tolerant cultivars. 
 Transporter characterization in major gene. 
 Large scale metabolome profiling regard to P. 
 Integration of information on regulating networks with hormone signaling and microRNAs. 
 Investigation of phosphorous uptake and translocation via symbiotic mycorrhiza. 
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1.0 Introduction 
Farmers store grain in bulk and bags, using different types of storage structures made from locally available 
materials. Bamboo bin, earthen pots, Kuthla etc. are the examples of some storage structures of locally 
available low-cost materials (Sharon et al., 2014). In these storage structures, grains suffer quantitative as 
well as qualitative losses due to insects, rodents, and micro-organisms (Banga et al., 2018). Post-harvest 
losses due to storage are in between 0.75-1.21% of total due to storage only (Jha et al., 2015). In India, 
farmers keep about 70% of the total food grains for the food, seed and other purposes (Sharon et al., 2014). 
Therefore, awareness among the farmers is required about the available new storage techniques and 
improvements for efficient storage.  
 
2.0 Requirements of an ideal storage structures (Kumar et al., 2017; Manandhar et al., 2018) 
1. Provide protection from the rain, moisture, insect, pest, birds, rodents etc. 
2. Provision of inspection, loading, unloading, cleaning, disinfection and enough space  
3. Keep grains cool and dry to avoid proliferation of insects and mold 
4. Low cost and suitable for the stored material 
5. Smooth, crack free internal surfaces without unnecessary cavities and projections  
6. Easy to aerate and fumigate with minimum forces and installation 
7. Facilitate its sealing to increase the effectiveness of the fumigation  
8. Use of hygienic and non-hygroscopic construction material to control attack of moisture and insects 
9. Material of construction should be reflective and have insulation to keep grain cool 
10. Orientation of storage structure to cool, dry and shaded are 
 
3.0 Hermetic Storage (Kumar et al., 2017) 
Since the consumer of the 21st century is very concern about the health and ready to pay the price of 
quality products. Therefore, now is the time to modify our traditional storage techniques to the newer or 
modified one. Hermetic storage is increasing popularity among the farmers of developed countries to keep 
durable commodities without use of any fumigants. There are three variants of the hermetic storage i.e. 
organic hermetic storage, vacuum hermetic fumigation and the gas hermetic fumigation. The organic 
hermetic storage is about the keeping food grains in airtight containers in which the level of the oxygen will 
reduce to less than 2% due to biological respiration. The carbon dioxide rich environment inside storage 
bags kills all the insects outside as well as inside the stored commodity. The vacuum hermetic fumigation is 
almost same techniques but with vacuum inside the storage structure. The vacuum removes the air that 
causes hypoxia and the dehydration in the insects and results death. This technique even kills the eggs of 
insects. Gas hermetic fumigation is an airtight structure with any insecticidal or inert gas. Biogas, high 
concentration of the carbon dioxide etc. are filled inside the structure that killed the insects. All variants of 
the hermetic storage are passive method of storage. The organic storage takes longer time to modify the 
atmosphere whereas the gas and vacuum hermetic fumigation works immediately after the gas filling or 
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vacuum. There is lot of research are conducted in India and abroad that proves efficacy of the hermetic 
bags for durable commodities.  

3.1 Advantages of hermetic bags (Kumar et al., 2017) 
1. Hermetic bag can be used for every food grains. 
2. Suitable for on farms or indoor storage 
3. No use of pesticides and insecticides  
4. No need of regular inspection if sealed properly 
5. Maintenance free 
6. Preserves original moisture content  
7. Negligible pilferage loss. 
8. Better utilization of the space 
 
4.0 Recommended maximum moisture content for safe storage (Kaleta & Górnicki, 2013) 
In food grains there is a fairly well-defined relationship between moisture content of grain and relative 
humidity of the environment. The food grain moisture is due course tends to come in equilibrium with the 
humidity of the air. Thus, the amount of moisture fluctuates according to the temperature and relative 
humidity of the surrounding air. The rate at which the grain will lose or gain the moisture generally depends 
upon its condition, type of grain and extent to which it is exposed. However, the moisture keeps varying 
according to the changes in the environment. Since hermetic bag is the airtight technology which protects 
grains from insects, rodents and birds, re-wetting by rain or imbibing moisture from the surrounding air. 
The longer the grain needs to be stored, the lower the required moisture content will need to be. A rule of 
thumb for seed is that the life of the seed will be halved for every 1% increase in moisture content or a 5˚C 
increase in storage temperature. The length of time, temperature and quality of grain determines the 
moisture content of the commodity.  
Table 1: Grain Max. Safe Moisture Content 

Shelled Corn & Sorghum  

To be stored up to 1 year  14% 

To be stored more than 1 year 13% 

Soybeans  

To be stored up to 1 year 14% 

Wheat 13% 

Small Grains (oats, barley, etc.) 13% 

Rice  12-12.5% 

5.0 Protocol for safe storage of food grains (Jayas, 2012; Kaleta & Górnicki, 2013; Sharon et al., 2015) 
An effort for safe grain storage starts right from the field and continues till the consumption. Monitoring 
during storage and timely application of corrective action will save the grains from the deterioration. 
Following guidelines are required to follow for safe grain storage  

 Check the quality of harvested grains in the field, grains with chaff, broken, immature grain etc. 
deteriorate the stored grains. 

 Cleaning of harvesting, transporting equipment and threshing yards used for new crop 

 Use of new gunny bags or storage structure or disinfect them before use for new crop 

 Clean and grade the grains before storage to remove all the foreign material 
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 Dry moist grains to safe moisture content to 12% in cereals, 10% for  legumes and 8% for oilseeds 

 Keep traps for the rodents and insect for early detection of infestation and timely action 

 Monitor storage structures at an interval of two weeks for timely corrective actions in case of any 
infestation 

 Keep plinth or plastic sheets under the gunny bags or other storage structure to save grains from the 
ground moisture/dampness 

 Construct the storage structure in the coolest and the elevated site with proper drainage 

 Clean, disinfect and repair (if required) storage structure before storage of new crop 

 Keep fire fighting equipment at the grain storage site 

 Provide leak proof roofs and sufficient projection of roof all round. 

 Provide the minimum fire fighting equipment. 

 Fumigate the stacks at the required intervals and keep record of fumigation. 

 Maintain cleanliness, hygiene and sanitation at grain storage sites 

 Keep stock of older crop away from the new crop to avoid infestation 

 Follow standards for stacking, fumigation and construction of the grains storage structures 

 Maintain airtightness in the fumigated stock or the storage structures to enhance the effectiveness of 
fumigation 
 
6.0 Conclusion        
Chemical residues and insect resistance are the emerging problem in the storage of food grains with 
chemical fumigants. Therefore it is imperative to find new organic way to store food grains. Hermetic 
technology has potential to meet the requirement of the consumer of 21st century. More than 40 countries 
have started the use of hermetic bags for storage of agricultural commodities. As per the conducted 
research in India, it is concluded that hermetic bags performed well in typical Indian weather. Lot of start-
ups has been started that starts manufacturing, testing and  marketing of the hermetic bags that reduced 
the cost of the bags which was an issue in the last decades to adopt this technology. It is the time to switch 
to organic way to store food grains and enjoy a high level of consumer acceptance. 
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INTRODUCTION 

Now a days due to chemicals fungicides and pesticides caused by environmental pollution. Present need there is to 
adopt biological control in disease management programme. Among various types of species being use as bio-control 
agent, including fungi and bacteria, are able to manage so many diseases effectively among all the Trichoderma spp. 
widely use as bio-agent and reported to be quite effective, inexpensive and eco-friendly. 

The novel technologies in all areas of agriculture have improved agricultural production, but some modern 
practices affect the environment. The recent challenge faced by advanced farming is to achieve higher yields in 
environment-friendly manner. Thus, there is an immediate need to find eco-friendly solutions such as wider 
application of biocontrol agents. Among various types of species being used as biocontrol agents, including fungi and 
bacteria, fungal genus Trichoderma produces different kinds of enzymes which play a major role in biocontrol activity 
like degradation of cell wall, tolerance to biotic or abiotic stresses, hyphal growth etc. The understanding of 
filamentous fungi belonging to the genus Trichoderma has continuously evolved since last two decades, from the 
simple concepts of biocontrol agents to their recently established role as symbionts with different beneficial effects 
to the plants. Recent findings from structural and functional genomics approaches suggest the additional use of these 
microbes as model to study mechanisms involved in multiple player interactions that is microbe-plant-environment 
(Mahajan K.N., 2018) 

Plant diseases have been with mankind since agriculture began and play a direct role in the destruction of 
natural resources and contributing around 20 to 30 per cent losses in crop production worldwide (Anonymous, 1993 
and Cucuk, 2003). In particular, soil-borne pathogens cause important losses, fungi being the 
aggressive. The distribution of several phytopathogenic fungi, such as Pythium, Phytophthora, Botrytis, Rhizoctonia, 
Macrophomina, Alternaria and Fusarium spp. have widely spreaded during the last few years due to changes 
introduced in farming with detrimental effects on crops of economic importance.  

Chemical control of plant diseases can be impressive but this is comparatively a short term measure and 
additionally, the accumulation of harmful chemical residues sometimes causes serious ecological problems and 
decreasing the effect through genetic shift in the population (Kumar 2013). 

Trichoderma species are excellent producers of lytic enzymes like chitinase, glucanase, cellulases and 
xylanase, which lyase the fungal cell wall. Besides being attacking directly it promotes plant growth and induce plant 
resistance. Trichoderma species produce a variety of secondary metabolites. The Trichoderma species release 
antibiotics and other chemicals that are harmful to pathogens and inhibit growth (antibiosis).The potential use of the 
Trichoderma species as a biocontrol agent was suggested more than 70 years ago by (Weindling 1932) who was first 
to demonstrate the parasitic activity of a member of this genus against soil borne fungal or bacterial pathogens. 
There are many other crops for which Trichoderma is used (Shrivastava 2015). 

Use of Trichoderma spp. as a potential biocontrol agent 

Fruit crops: Mango is leading fruit in India. It suffers from great economic loss due to many pathogens like F. 
moniliforme var. subglutinans causing mango malformation, R. solani and S. rolfsii. guava is infected by some pre-
harvest diseases like, die back, decline, affect the plant growth and production, while post-harvest diseases such as 
Phytophthora, Macrophomina and several other fungi that spoil the fruits in field, storage and in transit. These 
pathogens are effectively controlled by using Trichoderma spp as antagonistic fungi 
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Vegetable crops: Combination of Trichoderma spp. and P. fluorescens when used with seed and root application, was 
found effective in management of diseases. Applying a multicomponent formulation consisting of a number of 
species of Trichoderma viz, T. harzianum, T. polysporum, T. virens and T. viride not only reduced the disease 
incidence but also increased the yield of vegetable crops. 
Cash crops: Sugarcane, Tea, Coffee, Tobacco, Saffron, are important cash, commercial and beverage crops that are 
growing many developing and developed countries. The most destructive diseases that are effectively managed by 
using of potential species of Trichoderma. 
Cereal crops: Rice, wheat, maize are widely cultivated cereals crop in the world, and their production is constrained 
due to various endemic, epidemic and pandemic fungal, bacterial and viral diseases. This cereal crops suffers from 
several seed, soil and foliar diseases that have devastating effect on crop yield and food quality. The unleashed 
potential of Trichoderma spp. is effective against different cereal crops pathogens. The combination of T. harzianum 
and Pseudomonas fluorescens are effective against brown leaf spot disease of paddy and with FYM is supporting 
maximum growth against fungus. For instance, 10g of Trichoderma formulation mixed with cow dung slurry when 
used as seed treatment viz., 1kg of seed, before sowing was found effective in management of all disease of cereal 
crops. Likewise, seed treatment alone or in combination with other bioagents like T. viride, T. harzianum, P. 
fluorescence and fungicide vitavax was found successful in combating loose smut of wheat and increased the yield. 
Trichoderma spp. when used with other bio-pesticides enhanced seed germination in various crops. 
Oilseed crops: Mustard, soybean, groundnut, linseed, sesame and sunflower are important oil seed crops grown in 
India and elsewhere. These crops are infected by several pathogens that not only reduce the yield of crops but also 
deteriorate the oil quality 
Pulse crops: Mungbean, chickpea, cowpea, pea and pigeon pea are the important pulse crops gaining importance 
globally in the present day scenario. In India chickpea is most popular pulse crop grown in large scale. It is frequently 
infected by several diseases like, Wilt, Stem rot, Damping off, Dry root etc. caused When formulation of Trichoderma 
spp mixed with farmyard manure in a polythene bag and leaving it in sealed condition for about a span of seven days, 
the resultant powder was found effective against all the fungal pathogens proving that Trichoderma have potential to 
suppress all the fungal pathogens of pulse crops. 
Fibre crops: Jute, mesta, cotton, flax are commercial and valuable crop that is providing employment and generates 
revenue worldwide. These crops also infected by several destructive diseases that reduce the fibre quality. When 
Trichoderma applied through the seed &soil application, are best in controlling seedling blight, collor rot, stem rot 
and root rot disease of cotton. 
Spice crops: Ginger, cumin, black pepper, cardamom are important spices growing almost in all state. These spices 
are attacked by various pathogens. The above said diseases are effectively managed by Trichoderma spp. when it is 
used with seed and soil application. 

CONCLUSION 

Though Trichoderma spp. has been proved successful in combatting several phytopathogens in cereal, pulses, 
oilseeds, vegetable, commercial and horticultural crops still many new strains are to be explored from different 
sources for an effective management of new races of pathogens that are evolving in the present agricultural scenario. 
Another avenue of futuristic research relies on exploiting native strains of Trichoderma spp. of a particular geographic 
location against pathogenic fungi of other location. Research pertaining to transgenic Trichoderma is still at infancy, 
the potential of this transgenic Trichoderma under field condition is still questionable or wanting. 

Benefits of Trichoderma  

 Trichoderma is extensively used for post-harvest disease control. It has been found effective against Fusarium, 
Phytopthara, Scelerotium etc.  

 There are many biocontrol genes are present in Trichoderma. Introduction of endochitinase gene from 
Trichoderma into plants such as tobacco and potato plants have increased their resistance to fungal growth.  
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 Trichoderma strains also play an important role in the bioremediation of soil that are contaminated with 
pesticides and herbicides. They have the ability to degrade a wide range of insecticides, organochlorines, 
organophosphates and carbonates.  

 Trichoderma is environmentally friendly.  

 The extracellular enzymes obtained from Trichoderma are also used to increase the digestibility hemicelluloses 
used in poultry feed.  

 Trichoderma is compatible with organic manures and with other biofertilizers like Rhizobium, Azospirilium, 
Bacillus subtilis etc. It can be easily applied to seeds treated with metalaxyl and thiram but not with mercurials 
(Gangwar and Sharma, 2013) 
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Climate Smart Agriculture Is a relatively new approach to developing the technical, political and financial 
conditions for the achievement of sustainable development goals. - FAO 2015 
Concept -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. 
Three pillars -1. Sustainably increasing agricultural productivity and incomes. 2. Adapting and building 
resilience to climate change. 3. Reducing and/or eliminating GHG emissions. 
 
 Objectives of “Climate-Smart” -Agriculture 
• 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. 
 
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. 
Climate-smart practices- 
 Crop management, Livestock management, Soil and water management ,Agroforestry Integrated food 
energy Systems 

Crop management - Intercropping with legumes. Crop rotations. New crop varieties. (e.g. drought resistant) 
Improved storage and processing techniques. Greater crop diversity. 
Livestock management  
• Improved feeding strategies (e.g. cut ’n carry)  
• Rotational grazing  
• Fodder crops  
• Grassland restoration and conservation  
• Manure treatment  
• Improved livestock Health  
• Animal husbandry improvements 
Soil and water management  
• Conservation agriculture (e.g. minimum tillage)  
• Contour planting  
• Terraces and bunds  
• Planting pits  
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• Water storage (e.g. water pans)  
• Alternate wetting and drying (SRI rice)  
• Dams, pits, ridges  
• Improved irrigation (e.g. drip) 
Agroforestry  
• Boundary trees and Hedgerows  
• Nitrogen-fixing trees on farms 
• Multipurpose trees  
• Woodlots  
• Fruit orchards 

Integrated food energy Systems  
Biogas  Production of energy Plants Improved stoves 
Dimension - Climate Smart Agriculture Water smart Weather smart Nutrient smart Carbon smart Energy 
smart Knowledge smart 
Water smart  Direct seeded rice  Raised bed Maize bed SRI technology Drip Irrigation 
Weather smart  -Weather forecast  Index based insurance  Seeds 
Nutrient smart- Nutrient expert decision support tool for agriculture. 
Carbon smart & Energy smart-  Residue management No tillage or zero tillage 
Knowledge smart -ICTs Gender empowerment Capacity 
Ex- Knowledge Smart Mobile APP for Pest and Disease Management of crops (PEAT) – ICRISAT (ICM) 
 
Examples – 
Climate smart production systems -The production, processing and marketing of agricultural goods are 
central to food security and economic growth. Products derived from plants and animals include foods . 
Fibers Fuels 
Ex- Soil and nutrient management -This can be done through composting manure and crop residues, more 
precise matching of nutrients with plant needs, controlled release and deep placement technologies or 
using legumes for natural nitrogen fixation. 
Ex- Improving soil nutrient content - This can be partially resolved by the use of legumes as green manures, 
planted in intercropping systems, as part of a scheme of crop rotation or in agro-forestry systems. 
Ex- Water harvesting and use - Improved water harvesting and retention & water-use efficiency are 
fundamental for increasing production and addressing increasing irregularity of rainfall patterns.  Today, 
irrigation is practiced on 20 percent of the agricultural land in developing countries but can generate 130 
percent more yields than rain-fed systems.  The expansion of efficient management technologies and 
methods, especially those relevant to smallholders is fundamental. 
Ex- Resilient Ecosystems - Sustainable systems that may also contribute to reducing or removing 
greenhouse gases.  Services include, control of pests and disease, regulation of microclimate, 
decomposition of wastes, regulating nutrient cycles and crop pollination. Enabling and enhancing the 
provision of such services can be achieved through the adoption of different natural resource management 
and production practices. 
Ex- Harvesting, processing and supply chains - Reduce post-harvest losses and preserve food quantity, 
quality and nutritional value of the product. It also ensures better use of co-products and by-products, to 
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produce renewable energy in integrated systems or to improve soil fertility. To ensure increased shelf life, 
retain quality and reduce carbon footprints. 
CSA - Conservation agriculture - Minimum soil disturbance  Retention of crop residues or other soil surface 
cover  Use of crop rotations 
Minimum soil disturbance - Zero tillage is ideal, but the system may involve controlled tillage in which no 
more than 20 to 25% of the soil surface is disturbed. 
Retention of crop residues or other soil surface cover - CA use 30% permanent organic soil cover as the 
minimum, but the ideal level of soil cover is site-specific. 
Use of crop rotations - Reduce build-up of weeds, pests and diseases. Where farmers do not have enough 
land to rotate crops, intercropping can be used. Legumes are recommended as rotational crops for their 
nitrogen-fixing functions. 
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Bamboo shoots: A novel source of nutrition 
Article id: 22132 

Shikha   
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G.B.P.U.A & T Pantnagar Uttarakhand  

 
The bamboo plant is a member of the grass family. After about 3-4 years of implantation, a new shoot 
arises from the underneath root system which is then gathered, and eaten as a vegetable. Some of the 
important edible species widely prevalent are Bambusa bambos, Bambusa tulda, B. polymorpha, B. 
balcooa, Dendrocalamus hemiltonii, D. gigentius, and Melocanna baccifera. 
Bamboo is intricately associated with humans from times immemorial. Popularly known for their industrial 
uses, a lesser known fact of bamboos is the usage of its young shoots as a food that can be consumed fresh, 
fermented, or canned. The juvenile shoots are not only delicious but are rich in nutrient components, 
mainly proteins, carbohydrates, minerals, and fiber and are low in fat and sugars. In addition, they contain 
phytosterols and a high amount of fiber that can be labeled as nutraceuticals or natural medicines that are 
attracting the attention of health advocates and scientists alike. The shoots are free from residual toxicity 
and grow without the application of fertilizers. Modern research has revealed that bamboo shoots have a 
number of health benefits: improving appetite and digestion, weight loss, and curing cardiovascular 
diseases and cancer. The shoots are reported to have anticancer, antibacterial, and antiviral activity. Shoots 
have antioxidant capacity due to the presence of phenolic compounds. The increasing trends of health 
consciousness among consumers have stimulated the field of functional foods and bamboo shoots can be 
one of them. Bamboo fiber is now a common ingredient in breakfast cereals, fruit juices, bakery and meat 
products, sauces, shredded cheeses, cookies, pastas, snacks, frozen desserts, and many other food 
products.  
 
How are bamboo shoots healthy? 
 Bamboo shoots are one of the very low-calorie vegetables. 100 grams of fresh cane holds just only 27 
calories. 
 Bamboo shoots compose of moderate levels of soluble and non-soluble (NSP- non-starch carbohydrates) 
dietary fiber. 100 g of fresh shoots provide 2.2 grams of roughage. Dietary fiber helps control constipation 
conditions, decrease bad (LDL) cholesterol levels by binding to it in the intestines. Studies suggest that high-
fiber diet can help cut down colon-rectal cancer risk by protecting digestive organs from the toxic 
compounds in the food. 
 Bamboo shoots are also rich in the B-complex group of vitamins such as thiamin, riboflavin, niacin, 
vitamin B-6 (pyridoxine), and pantothenic acid those are essential for optimum cellular enzymatic and 
metabolic functions. 
 Bamboo shoots are rich in minerals, especially manganese and copper. Also, it has small amounts of 
some essential minerals and electrolytes such as calcium, iron, and phosphorus. Manganese utilized by the 
human body as a co-factor for the antioxidant enzyme, superoxide dismutase. Copper employed in the 
production of red blood cells. Iron is essential for cellular respiration and red blood cell formation. 
 Bamboo shoots compose excellent levels of potassium. 100 grams of fresh shoot holds 533 mg or 11% of 
daily required levels of potassium. Potassium is an important component of cell and body fluids that helps 
controlling heart rate and blood pressure by countering effects of sodium. 
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 Regular intake of bamboo shoots was found to reduce problems related to reproductive health in 
women. The shoots are used by various local tribes to treat irregular menstrual cycle and infertility issues 
and reduce heavy bleeding post delivery and labor pain 
 One good reason to start eating bamboo shoots is that it prevents diabetes. The extract from bamboo is 
believed to lower chronic high glucose found in the blood stream. It likewise prevents lipotoxicity, which is 
closely associated with type 2 diabetes. This occurs when by the accumulation of lipid around liver, heart, 
and kidney, the cells overeat. In this situation, bamboo extract helps with lipo detoxification in order to 
further prevent other risks like obesity and heart failure. 
 If you want to achieve the natural glow of the skin, which implies its good health, bamboo shoots may be 
of help. In one study, it was found out that bamboo may help suppress the development of atopic 
dermatitis or otherwise known as atopic eczema characterized by the itching of the skin. As bamboo shoots 
possess a good substantial amount of vitamin E, an antioxidant that averts the harmful effects of free 
radicals to the skin. Free radicals cause skin aging. Hence, consumption of bamboo shoots will help you 
achieve a healthy and young-looking skin. 
 Bamboo shoots are found to effectively reduce anxiety and depression, while increasing mental 
alertness. The bamboo plant itself has long been considered to have spiritual healing activities that get rid 
negative energy and channel positive energy and mood. Moreover, they promote focus and increase 
alertness, which is beneficial when working or studying. The anti-fatigue effect of bamboo shoots helps 
sustain energy to stay active for a longer period. 

 
FIG.1. bamboo shoots 

 
Bamboo Shoot Recipe 
1. Spinach With Bamboo Shoots 
What You Need 
 1 lb. of fresh spinach 
 ¼ cup of bamboo shoots, finely shredded 
 ½ cup of peanut or vegetable oil 
 1 ½ teaspoons of salt 
 2 teaspoons of sugar 
 
Directions 
1. Wash the spinach leaves thoroughly under cold water and drain properly. 
2. Heat the oil on a skillet on medium-high flame. Cook the bamboo shoots for about 45 minutes, stirring 
constantly. 
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3. Add spinach and stir until they are wilted. 
4. Add the salt and sugar. Cook and stir for 2 more minutes. 
5. Transfer to a hot platter. Don’t add the liquid from the pan. 
 
Side Effects of Bamboo Shoots 
Bamboo shoots have to be peeled properly. It is highly recommended to boil for at least half an hour in salt 
water. This is to remove toxins and bacteria from the same. Some varieties of bamboo shoots are believed 
to have abortive properties. Seeking medical advice for pregnant women is required. While allergic reaction 
to bamboo shoots is rare, it is still important to take caution. 
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Nutrition Sensitive Agriculture 
Article id: 22133 
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After more than seventy years of independence, though India has achieved sufficiency in food production, 
the nutritional aspect has always been in debate. However sadly, less than 2 percent of India’s children 
have the three basic requirements in sufficient measure in their most critical years - the right food, proper 
health care, early learning opportunities, and safe environment.  With nearly 195 million undernourished 
people, India shares a quarter of the global hunger burden. Nearly 47 million or in other words 4 out of 10 
children in India are not meeting their full human potential because of chronic under-nutrition or stunting 
(UN, 2019). Stunting has consequences such as diminished learning capacity, poor school performance, 
reduced earnings and increased risks of chronic diseases. The impacts are multi-generational as 
malnourished girls and women often give birth to low birth-weight infants. There has also been an increase 
in the prevalence of overweight and obesity in children and adolescents in India, which has life-long 
consequences of non-communicable diseases in adulthood. 
  Over the past two decades, the government of India has taken significant steps to combat under- 
and malnutrition through the introduction of a number of schemes such as mid-day meals at 
schools, anganwadi systems to provide rations, food and medicines to pregnant and lactating mothers and 
children and subsidised grain for those living below the poverty line through public distribution system. 
Other schemes such as Janani Suraksha Yojana, Pradhan Mantri Matru Vandana Yojana, project Dhoop and 
the latest being National Nutrition Mission in March 2018 are few of those interventions, have been 
introduced for this novel purpose. The National Food Security Act (NFSA), 2013, has been enacted to ensure 
food and nutrition security by making access to food a legal right for the most vulnerable through its 
associated schemes and programmes. ICAR has launched new initiative in the form of Nutri-Sensitive 
Agricultural Resources and Innovations (NARI) for making the evolving new extension methodologies and 
approaches for long lasting effect of the efforts towards nutrition sensitive agriculture. Other projects of 
ICAR includes: Knowledge Systems and Homestead Agriculture Management in Tribal Areas (KSHMTA), and 
Value-addition and Technology Incubation Centres in Agriculture (VATICA), etc. to make the society 
nutritionally sound, healthy and educated so that the development efforts could be ensured. 
  The recent past has witnessed a growing number of governments, NGOs and private agencies in the 
field of nutrition-sensitive agriculture (NSA) to achieve the development goals. Agriculture and nutrition 
hold a single point, that is food. Hence, agriculture holds enormous potential to improve the nutritional 
related problems, including quality food availability, micro-nutrient rich food, food security, dietary pattern 
and also the income of farmer. Considering this fact, to achieve its 2030 Agenda for Sustainable 
Development, the United Nation has taken up a number of initiatives for integrating nutrition in the 
agricultural policies and has highlighted the need for nutrition sensitive agriculture in the changing global 
scenario. Nutrition-sensitive agriculture is a food-based approach to agricultural development that puts 
nutritionally rich foods, dietary diversity, and food fortification at the heart of overcoming malnutrition and 
micronutrient deficiencies. This approach stresses the multiple benefits derived from enjoying a variety of 
foods, recognizing the nutritional value of food for good nutrition, and the importance and social 
significance of the food and agricultural sector for supporting rural livelihoods (FAO,2014). The FAO’s 
strategy for combating malnutrition advocates for a holistic approach, incorporating explicit nutrition 
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objectives into agriculture, health, education, economic and social protection policies in developing 
countries. FAO’s role in achieving this vision is to support Member Nations in their efforts to increase the 
effectiveness of food systems in improving nutrition for their populations. 
  While a traditional agricultural sector encompasses the production, distribution, and consumption 
of food, a nutrition-sensitive one also addresses intra-household distribution of food and individuals’ 
absorption and intake of micronutrients (Pingali and Sunder, 2017).  The nutritionally rich food not only 
should be available and affordable but it must be accessible to improve the dietary pattern and economic 
status of the community. Promotion of sustainable conservation practices like integrated nutrient, pest, 
disease management, organic farming, conservation agriculture will help in reducing the depletion of 
natural resources and encouragement of family farming and homestead agriculture will ensure 
diversification in food availability. 
  Apart from all these, fortification of crops is a suitable alternative to make food more nutritious by 
plant breeding methods. Fortification can help in bridging the gap in micro-nutrient deficiency of food crops 
and can improve the health status of people. Incorporating the nutrition concept in the policies ad schemes 
of health, agriculture, education is the need of this time. Sensitising and educating the citizens about 
nutrition sensitive agriculture and making them aware about its need in this changing global food 
consumption scenario is of utmost priority. Capacity building of farmers about the improve agricultural 
practices and demonstrating new technologies along with incentives can be a fruitful step in changing the 
faults in current production practices.  
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INTRODUCTION 
      Rainwater harvesting is an age old practice and has been practiced for more than 4000 years by our 
ancestors in many parts of the world (Goyal, 2009). It is because on-farm rainwater harvesting can provide 
supplemental source of water to moisture stressed crops when needed along with meeting the water 
needs of livestock populations. The importance of rainwater harvesting has increased very much with ever 
increasing demand for water among different competing sectors of agriculture, domestic, industry and 
energy in the face of climate change. Depletion of ground water due to over exploitation and bad monsoon 
are other reasons attributed to this. In India, 75-80% of annual rainfall is received in a short span of 3-4 
months (June-September) during South West Monsoon (SWM) season with little or no rain during the rest 
of eight months period (Deopura and Chahar, 2009). Spatial and temporal variations break in monsoon and 
wide range in the amount of rainfall received (100 mm to 2500 mm) in different parts of the country is 
another problem that Indian Agriculture faces. 
        Farm pond is a dug out structure with definite shape and size having proper inlet and outlet 
structures for collecting surface runoff flowing from catchment area.  It is an ex-situ method of water 
conservation. It is also called as on farm reservoir (Reddy et al., 2017). They are constructed to collect 
excess water after the rainwater is conserved through different in-situ measures.   
     Types of farm ponds 
      According to Adhikari et al. (2009), there are three types of farm ponds based on method of 
construction and their suitability to different topographic conditions, viz., Excavated farm ponds for flat 
topography, Excavated cum-embankment ponds in mild sloping topography and Embankment farm ponds 
for hilly and rugged terrain. Generally, excavated types of farm ponds are suitable for black soil regions with 
flat to mild sloping topography. But, based on source of water and their location, there are four types of 
farm ponds as detailed below (Reddy et al., 2012).  
      1. Excavated or dug out pond: Farm pond is dug out at a suitable site based on the direction of slope 
and ease of excavation and cost of digging. If the slope is towards left bottom corner of the field, farm pond 
has to be constructed at left bottom corner of the field. If the slope is towards bottom right corner of the 
field, farm pond has to be constructed at right hand corner of the field. If the slope is towards bottom of 
the field, the farm pond must be constructed to the corner of either side with proper feeder channel 
connecting to the inlet of the pond. If the field has slope in multiple directions, farm pond can be 
constructed at centre of the farm with proper feeder channels.   
      2. Surface pond: These will collect surface run-off from farm area into a local depression or lowest 
portion of the farm so that excavation is low. These are considered in highly eroded areas with undulating 
topography. They require only safe outlet to remove excess water flow.   
       3. Spring or creek fed pond: If there is a perennial source of water in the farm especially in hilly 
catchments, there will be subsurface flow (base flow) into the farm pond, after saturation of the soil.   
     4. Off stream storage pond: When a stream is a source of water for farm pond, it has to be constructed 
off the stream instead of across the stream, with proper diversion of water through pipe or channel.   
Rainwater can also be harvested even from roof a building or polyhouse in an Agricultural farm. In a given 
location, if there is a polyhouse or series of polyhouses, rainwater falling on their roof can be channelled to 
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a common feeder channel connecting it to the inlet of a excavated farm pond nearby. Thus, the collected 
and stored rainwater can again be utilized for irrigation through drip method to vegetables and flower 
crops grown inside the polyhouse(s).  

Criteria for selection of site 

 It should have large contributing surface run-off land and catchment area should be free from excess 
acidity/alkalinity. 

 It should not be located on very sandy or shallow soils, minimum slope of >1-2% in the catchment area is 
required and should have safe spill way preferably a vegetative one for channeling excess water at a safe 
velocity. 

 It should preferably be in the permanent grass or tree areas rather than cultivable lands prone to soil 
erosion and away from septic tanks, house drains as there are possibilities of unsanitary conditions. 

Dimensions and shape of farm ponds 
      Small farm ponds of size 100-300 m3 can be dug for storing runoff water. Farm ponds having a capacity 
of 250-300 m3 for each hectare of catchment area is ideal to collect the run-off. For a four-hectare farm, the 
size of farm pond may be 20mx20mx3m in clay soils (Govindan and Thirumurugan, 2003). However, the size 
of the farm pond depends on rainfall events, slope of the soil and catchment area. The side slope of 1.5:1 is 
considered sufficient. But, it varies with soil type. For eg. 1-2:1 in clay soils; 1.5-2:1 clay loam soils, 2.0-2.5:1 
in sandy loam soils and 3:1 in sandy soils. A silt trap has to be constructed with a width of slightly higher 
than the water course and depth of 0.5 to 1 m and with side slope of 1:1 or 1.5:1. The top width of the 
pond should at least be 1.8 m for ponds up to 3.5 m height (for each additional 1 m height the width 
increase should at least be 0.3 m) (Govindan and Thirumurugan, 2003).  The depth of farm pond is the most 
important one. More is the depth, more is the water storage and less is the evaporation, but, more is the 
seepage loss in unlined ponds. If the depth is less, water storage will storage will be less. Hence, 2.5-3.5 m is 
the ideal depth. If it is more than that, it requires more energy for lifting the water to the surface thus 
becomes uneconomical. Besides, maintenance of farm pond in terms of lining and repairs is difficult in 
deeper ponds. Though farm ponds can be constructed in different shapes, trapezium and square shapes are 
the best due to ease of operation and maintenance besides cost effectiveness. It is difficult to construct line 
and manage curved and inverted cone shaped ponds. They also require more material due to which they 
are costlier. Square ponds are more economical than rectangular ones (Reddy et al., 2012).   

Benefits due to farm ponds 

 Farm pond is a practical method of supplying water in many dry land or rain fed regions. It can provide 
water for a part or full of the year depending on its size and volume of water stored. Thus, the farm pond 
technology reduces the yield gap between irrigated and rainfed crops. 

 Controls loss of soil and nutrients from the farmers fields (Reddy et al., 2017).   

 If the farm pond is filled in summer and there is a late onset of monsoon in June, harvested water can be 
utilized for sowing and establishment of rain fed crops like cotton, maize and Jowar etc., which need to be 
planted in June itself (Ramanjaneyulu and Venkata Ramana, 2017). 

 If the farm pond is filled before or during monsoon season, this water can be used for life 
saving/supplemental irrigation to rain fed crops to break the early/mid/terminal dry spell. In the Indian rain 
fed agriculture context, supplemental irrigation holds promise.  
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 If it is filled at the end of monsoon season and there is no terminal dry spell for long duration crops, the 
water can be used for meeting part of water irrigation requirement of short duration field or vegetable 
crops in rabi season. The water can also be utilized for horticultural plantations. Thus, this technology 
provides regional water and food security by enhancing the crop productivity. 

 If water is there in farm ponds for longer period of ≥6 months due to good rains, pisciculture can be 
taken up for additional income.  

 Cultivation of vegetables on bunds is possible for additional income and drinking water for cattle.  

 Augments groundwater recharge in case of unlined farm ponds to improve moisture status of the soil 
profile.  

 It helps to avoid water logging through water harvesting thus minimizes the risk due to natural 
calamities. Reduce run-off and soils erosion thus conserve the natural resources like soil and nutrients 
besides acting as flood control structure by reducing peak flows in the watersheds or given area of 
catchment. 

Rainwater harvesting in high rainfall areas  
     Though high rainfall is received in some parts of the country viz., North Eastern states, Kerala, Goa and 
other Coastal areas in a short span of four months, these areas also face dry spell after monsoon season. 
Further, they also experience the problem of water shortage during summer season. Thus, even in high 
rainfall regions too, agriculture is not sustainable in the absence of proper water storage structures. Farm 
pond technology can be adopted in such areas, so that, stored water can utilized during rabi and summer 
season. Likewise, run-off water from excess rainfall can be collected and stored in farm ponds in North 
eastern states and Kerala/Goa for its utilization to grow paddy and plantation crops, respectively. 

Maintenance of Farm Ponds  

 Desilting has to be done once in 5 to 10 years, depending on the volume of silt accumulation and 
decrease in the storage capacity. The silt accumulated in the silt trap should be removed periodically, 
especially after intense rainfall events and spread in the cultivated area.  

 Lining of the farm pond should be monitored regularly, especially at joints and sealing. Defects, if any, 
should be rectified. 

 Downstream of the pond should be protected with gravel or vegetative barrier to avoid erosion. A spill 
way must be provided for emergency purposes. 

 A permanent fence of suitable height with barbed wire or bio-fencing around the farm pond is essential 
to prevent human beings and animals accidentally falling into the pond. 

 Feeder channels and spoil bank breaches and rill formations in the spoil bank and shoulder bunds should 
be attended to and plugged promptly.  
 
Reasons for low adoption rate 

 Losses of land to the extent of 5-10% as farm ponds are constructed at the cost of productive land. Small 
and marginal farmers with small land holdings are skeptical of sparing 400-500 m3 of their land for farm 
ponds.  

 Cost involved in construction, lining, maintenance and siltation in improperly managed ponds. 

 Absence of sufficient slope and depth of soil in dry areas or presence of hard rock in excavation or non-
availability of recharge strata. 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

479 
 

Conclusions and future prospects 
      Farm ponds have been proved as a viable technology to collect, store and reuse harvest rainwater in 
either low or high rainfall areas. Farm pond can also be used for water harvesting in dry land areas for 
providing life saving irrigation. Many studies have proved that life saving irrigation coupled with micro-
irrigation at critical stages helped to enhance economic yield. Besides, government is also encouraging 
through various agencies, institutes and NGOs to support the farmer in the form of subsidy and technicality 
thus promoting the technology. But farmers are afraid of 5-10% loss of their farm land. Further lack of 
awareness, problems involved in maintenance, technological and financial constraints on the part of the 
farmers are other reasons. Hence, we have to continue our efforts to improve the awareness of farmers 
besides transferring technical knowledge as evidences showed that farm ponds help to improve their 
livelihoods by providing water security to crops and livestocks. 
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INTRODUCTION 
Insect vectors of plant viruses are found in 7 of the 32 orders of the class Insecta. There are four major 
transmission modes for plant viruses and a number of viral and insect proteins have been found to control 
virus–vector association. Interference with vector landing and/or with the transmission process and/or with 
virus replication and movement is used to control plant virus epidemics.Most plant viruses depend on 
vectors for their survival and spread out of which piercing-sucking insects are most common that transmit 
plant viruses in either the circulative virus (CV) or non-circulative virus (NCV). NCV are carried on the lining 
cuticle of vectors stylets. CVs cross the vectors’ gut, move internally to the salivary glands (SG), cross the SG 
membranes to be ejected upon feeding. Their transmission depends on motifs of coat protein and helper 
proteins (encoded by the virus) for Potyviruses and Caulimoviruses. NCV proteins were found to associate 
with vectors’ cuticle proteins. Transmissibility of CVs depends on proteins comprising the virus capsid (the 
coat protein and the read-through protein) and on symbionin (produced by vectors’ symbionts). The 
passage of CV through gut has been also associated with vectors’ proteins. 

Modes of transmission 
Watson and Roberts (1930s) proposed modes of virus transmission by insects. The basis for their assigning 
viruses to these modes was the duration of virus retention in the vector. Originally, they proposed two 
modes: nonpersistent for short retention or for ‘less than the time the virus survives in leaf extracts’; and 
persistent for extended retention, often for life. However, several viruses showed an intermediate 
retention in their vector. This led Sylvester to designate the term semi-persistent viruses. In time, a 
different terminology was proposed for modes of transmission, based on the site at which the virus is 
carried in the insect.Thus, nonpersistent viruses were termed stylet-borne, whereas persistent viruses were 
termed circulative. In time, additional parameters were attached to each of the modes of transmission. 
Nonpersistent viruses are acquired and inoculated during brief probing times, do not require a latent period 
in the vector, and are transmitted by many aphid species. Semipersistent viruses need longer periods 
(hours) for acquisition and transmission than do nonpersistent viruses. They have a narrower range of 
vector species. However, they too need no latent period and are lost when the vector moults. In persistent 
viruses, the longer the acquisition and inoculation times the higher is the rate of transmission. 

Role of the capsid protein in the transmission of viruses  

 Cucumoviruses 
In-vitro encapsidation of a poorly transmissible strain with CP of highly transmissible strain has been 
evidenced by Gera and coworkers (cited in Perry, 2001) in Cucumber mosaic virus (CMV). A follow-up of 
these studies was achieved by Perry et al. (1998) (cited in Perry, 2001 who designed chimaeric RNA 3 cDNA 
(complimentary DNA) constructs to introduce mutations in the CP. As a result of these studies, three amino 
acid mutations in the CP were found to affect transmission of CMV by Aphis gossypii. In a recent study, 
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these authors discovered that the transmissibility of CMV by Myzus persicae requires two mutations in the 
CP (in position 25 and 214) in addition to the mutations in position 129, 162 and 168 that were reported. 

 Potyvirus 
To identify the determinants of a potyvirus transmission by aphids, the amino acid sequences of the CP of 
aphid transmissible (AT) and nonaphid-transmissible (NAT) virus strains were compared. The comparison 
revealed a conserved amino acid triplet, Asp-Ala-Gly (DAG) within the highly nonconserved and exposed N-
terminal end of the CP. The NAT strains were found to have a mutated triplet. A mutation from Gly to Glu 
(DAG to DAE) was introduced in the CP of an AT strain of Tobacco vein mottling virus (TVMV), rendering it 
nontransmissible. The changing of Thr to Ala (DTG to DAG) in NAT strain of Zucchini yellow mosaic virus 
(ZYMV) restored transmissibility which indicated the role of the DAG motif of the CP in aphid transmission.  

 Caulimoviruses 
Caulimoviruses have also adopted a helper-dependent transmission strategy, but in a rather more complex 
manner than potyviruses. CaMV (cauliflower mosaic viris) requires two viral-encoded nonstructural 
proteins, P2 and P3. A P2-P3-virion complex is formed, with P2 binding to the aphid whereas P3 binding to 
the virions. Interestingly, aphids may first acquire P2 from infected mesophyll cells, and P3-virion 
complexes can subsequently be taken up from other mesophyll or phloem cells. Furthermore, the HC motif 
directly involved in specific vector recognition was identified at position 6 of the N-terminus of P2. A single 
mutation of one may appear spontaneously changes the spectrum of vectors transmitting CaMV. 
  
References 
[1]. Plant Virus Transmission by Insects, B Raccah, Department of Plant Pathology, The Volcani Center, Bet Dagan, 

Israel 
[2]. A Fereres, Instituto de Ciencias Agrarias, Centro de Ciencias Medioambientales, CSIC, Madrid, Spain Based in part 
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RECYCLED GYPSUM – for agricultural use 
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Gypsum is a great way to stimulate root growth for plants. It’s a great option for farmers or even those who 
just casually gardens. Gypsum is worth getting whether you’re having a hard time to get your plants to 
grow or you just want to help them thrive. “Gypsum is a good source of both calcium and sulfur, which 
crops need for good yields .Several researchers, also found that it improves many other soil characteristics. 
Gypsum helps soil better absorb water and reduces erosion. It also cuts down on phosphorus movement 
from soils to lakes and streams and improves the quality of various fruits and vegetables, among other 
benefits.” 
 
Sources of gypsum 
In India, gypsum mining is mainly carried out in the state of Rajasthan, which contributes about 99% of the 
total production; the remaining 1% is contributed by Jammu and Kashmir and Gujarat. These include mined 
gypsum from geologic deposits, phosphor gypsum from wet-acid production of phosphoric acid from rock 
phosphate, recycled casting gypsum from various manufacturing processes, recycled wall-board gypsum, 
and flue gas desulfurization (FGD) gypsum from power plants. FGD gypsum represents a new and large 
volume source and is produced when coal is burned to produce electricity, heat, or other forms of energy 
Combustion of coal produces 52% of our national need for electricity. During combustion, fly ash and 
bottom mash are produced. If the coal contains appreciable amounts of sulfur, sulfur dioxide is also 
produced, and the Clean Air Act Amendments of 1990 restrict sulfur dioxide emissions into the atmosphere 
from coal-fired facilities. This has spurred the development of flue gas desulfurization (FGD) systems that 
scrub the sulfur dioxide out of the flue gases and successfully bring utilities into regulatory compliance. 
These FGD systems can generate large quantities of products, including gypsum, which must be placed in 
landfills, deposited in surface impoundments, or beneficially recycled. 
Flue gas desulfurization (FGD) gypsum is created in limestone-forced oxidation scrubbers that remove 
sulfur dioxide from the flue gas stream after coal combustion. In general, a wet scrubbing process first 
exposes the flue gases to slurry of hydrated lime. Capture of SO₂ by the lime slurry initially forms calcium 
sulfite (CaSO₃•0.5H₂O). Forcing additional air into the system oxidizes the calcium sulfite and converts it 
into gypsum, i.e., CaSO₄•2H₂O. During and after the oxidation process, washing of the by-product can 
remove some water-soluble elements such as boron (B). Also, in some cases, removal of fines can decrease 
mercury (Hg) concentrations. The final step of the process involves partial removal of water by a 
combination of centrifugation and vacuum filtration. The gypsum that is recovered is high quality and 
suitable for agricultural uses. 

Properties of gypsum that provide benefits for agricultural Uses 
To make recommendations for gypsum use in agriculture, it is important that we have a good 
understanding of its composition and properties. Composition of pure gypsum (CaSO₄•2H₂O) is 79% 
calcium sulfate (CaSO₄) and 21% water (H₂O). Pure gypsum contains 23.3% calcium (Ca) and 18.6% sulfur 
(S). Gypsum is moderately soluble in water (2.5 g per L) or approximately 200 times greater than lime 
(CaCO₃).This makes the calcium in gypsum more mobile than the calcium in lime and allows it to more 
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easily move through the soil profile even during the drier periods of a growing season. Gypsum as a sulfur 
fertilizer has benefitted corn, soybean, canola, and alfalfa. 

 
Fig 1. Gypsum as a sulfur fertilizer to enhance alfalfa production. 

 
Importnace of recycled gypsum in agriculture 
1. A Great Source of Valuable Plant Nutrients 

 Gypsum has been used as a fertilizer to improve agricultural soil for more than 250 years, providing a 
moderately soluble source of calcium and sulfur that are essential to overall plant growth and increased 
crop yield. Now, with the availability of recycled gypsum, it’s less expensive and more environmentally 
friendly than ever to use this valuable, naturally occurring mineral. 

 Gypsum also provides beneficial calcium that improves crop production and prevents disease in many 
plants such as peanuts, watermelon, tomatoes and apples. 
“Because gypsum solubilizes rather slowly, gypsum can provide continual release of sulfur to the soil for 
more than just the year it is applied. Use of gypsum as a sulfur fertilizer to enhance crop production in sulfur 
deficient soils has been proved for many crops such as corn, soybean, canola, and alfalfa.” – Gypsum as an 
Agricultural Amendment – Bulletin 945 
2. Improve Soil Properties 
In addition to improving plant growth and increasing crop yields, recycled gypsum can also be used to 
condition the soil to improve conditions for optimal growth. 
For example, sub-soil acidity can prevent plant roots from utilizing available nutrients and water in the soil, 
adversely affecting plant growth. Agricultural lime is often used to correct soil acidity and lower soil pH. But 
calcitic lime’s effectiveness is limited to the zone of incorporation. 
Gypsum is often a better alternative to calcitic lime, since its solubility promotes greater penetration of the 
calcium throughout the soil, controlling acidic soil more effectively. 
“Soil scientists note that this material [gypsum] is not only important as a source of sulfur and calcium, but it 
also may promote changes in soil structure that facilitates better water management and plant growth.” –
 2015 Journal of ASFMRA 
3. Reduce Toxins in Agricultural Runoff 
One of the biggest sources of pollution to our waterways and critical drinking water resources is nutrient 
runoff from agricultural fields. Nitrogen and phosphorous, commonly found in fertilizers and animal 
manure used to supply vital nutrients to crops, adversely affect the environment and threaten wildlife 
when they enter rivers, lakes and streams. 
While it is necessary to sustain fruitful and reliable agriculture, the need to safeguard our water resources is 
also a pressing problem that threatens our future. Fortunately, promising research is underway that could 

http://www.usagypsum.com/wp-content/uploads/2016/04/Gypsum-as-an-Agricultural-Amendment.pdf
http://www.usagypsum.com/wp-content/uploads/2016/04/Gypsum-as-an-Agricultural-Amendment.pdf
http://www.usagypsum.com/wp-content/uploads/2016/04/Economics-of-Agricultural-Gypsum-Use.pdf
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turn the tide, allowing farmers to continue supporting their livelihoods, while acting as responsible 
stewards of the land and the water. 
A study conducted at Ohio State University found the effects of using recycled gypsum as a soil amendment 
in the Maumee River watershed area in an effort to reduce the levels soluble reactive phosphorus (SRP) in 
the runoff water that enters area waterways. 
While recycled gypsum is already being used to improve soil quality on many farms, this research 
demonstrates the added environmental benefits of using gypsum to reduce SRP levels and preserve 
waterways and aquatic life, as well. 
4. Compost Additive 
Recycled gypsum is an all-natural way to enhance compost, whether you’re a backyard gardener or a 
commercial composter. Gypsum naturally reduces nitrogen losses which improves compost aeration, 
increases heat, enhances microbial growth and reduces unpleasant odors. The addition of a gypsum 
additive also provides calcium, sulfur, nitrogen and trace minerals to the basic compost, making it more 
valuable. 

 
Fig.2. Gypsum as a component of synthetic soils for nursery and greenhouse use tomato seedlings in the left pot 
were growing in a commercial medium and those in the right pot were growing in the medium containing FGD 
gypsum. 
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INTRODUCTION: 
A large number of insect pests have to be associated with stored grains. Almost all species have significantly 
high rates of multiplication and within one season, may infest 10-15 per cent of the grain and contaminate 
the rest with undesirable odours and flavours. The adverse effects of pesticides enforced the scientists and 
chemists throughout world to search for safer pesticides. Throughout history, plant products have been 
successfully exploited as insecticides, repellents and antifeedents. Integrated pest management is now a 
wide range accepted strategy in pest control including postharvest infestation control which involves the 
use of chemical (contact/residual) insecticides. The use of synthetic chemicals is not encouraged because of 
the residue problem and health risks to consumers. Keeping in mind of the above, there is a need for plants 
that may provide potential alternatives to the currently used insect control agents as they constitute a rich 
source of bioactive molecules. Botanicals are the best alternative to Synthetic Pesticides. Phytochemical 
products can increase income of rural farmers and promote safety and quality of food and life in general. he 
successful utilization of botanicals can help to control many of the world’s destructive pests and diseases, 
as well as reduce erosion, desertification, deforestation,  Some of the bioinsecticide compounds were listed 
in the following table. 

Active principle Plant species Insect toxicity Insect species References 
Azadirachtin Azadirachta indica Contact: IGR Stored grain pests,  

 
E. D. Morgan 2009 

Camphor Ocimum 
kilimands charicum 

Contact Sitophilus oryzae D. Obeng-Ofori 
etal 1998 

Spinosyn A and D Saccharopolyspora 
spinosa 

Stomach poison Stored grain pests T. C. Sparks et al 
(2001) 

1,8 Cineole Eucalyptus Contact; 
fumigant  

 

Rhyzopertha dominica H. T. Prates et al 
(1998) 

β-caryophyllene, 
protocatechuic acid 
and oleanolic acid 

Vitex negundo Repellent, 
fumigant 

S. oryzae Rana et al. (2005) 

Asarone, saponin, 
tannic acid 

Acorus calamus L. ovicide sitophilus 
oryzae, Tribolium 
castaneum 

Chander et al. 
(1990) 

Trigonelline,steroidal 
sapogenin and 
diosgenin 

Trigonella foenum-
graecum L 

Repellent S. oryzae, R. dominica Matter et al. 
(2008) 

dichloromethane 
and alcoholic 
fractions 

Annona mucosa insecticide S. zeamais Ribeiro et al. 
(2013) 
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Carvone  
 Limonene 

A. polystachya Repellent Tribolium 
castaneum and Tribolium 
confusum  
 

Veronica 
benzi(2014) 

Citronella, Sabinene 
,𝛼curcumene  
Caryophyllene 

A. citriodora Repellent Tribolium 
castaneum and Tribolium 
confusum  
 

Veronicabenzi 
(2014) 

N-octadecane, 
nonadecane,butyl 
hexadecyl ester, 
Eicosanen, 
tetratetracontane  
and Octadecann 

Allium sativum Repellent C. maculatus, T. 
granarium (Khapra 
beetle) and T. 
castaneum. 

Ibrahim and sahar 
( 2011) 

sesquiterpene 
hydrocarbons, 
mainly β-
caryophyllene 

Lantana camera Fumigant Sitophilus granarius Safia Zoubiri  
&Aoumeur 
Baaliouamer 2012 
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INTRODUCTION 
Human mind is dynamic. Brain is the gift of god and millions of nerve cells work continuously and leads to 
development of thought process. This thought process helps us to identify knowledge gaps, the problem 
areas that require the solutions. We are in the quest to discover edges of nature. This quest for knowledge 
is the mother of all discoveries and innovations. A discovery paves way for further research and 
development. We are living in the world which is so dynamic that any particular finding is incomplete in 
itself. Innovations or ideas originate in mind when we are exposed to problem solving situation. Innovations 
are those which are novel and never seen before. Ultimate aim of innovation is to benefit mankind. 
Innovations in any field deals with finding, discovering, presenting, developing, communicating and 
harnessing those features or attributes which have potential to solve a specific problem like reducing 
human suffering, conserving resources, increasing productivity, promoting human health, enhancing human 
potential and development. All we have in our surrounding, clothes we wear, food we eat, gadgets we use, 
vehicles in which we travel and even these typed letters are mainly the result of some innovations. These 
innovations provide us potential to survive and to harness the gifts of nature. Novel ideas and discoveries 
are responsible for the development of human civilization.  

Horticulture: art and science 
Horticulture is the branch of agriculture science that deals with the cultivation of fruits, nuts, vegetables, 
ornamental plants, and flowers. Thus, for a layman, horticulture is something which deals with fruits and 
vegetables we eat. Horticulture is both science and art. It involves production, use, and marketing of high-
value, intensively cultivated plants. Innovations in horticulture lead to remarkable progress in terms of 
increase in productivity, crop diversification, value addition, technological interventions for reducing post-
harvest losses. India is the second-largest producer of fruit and vegetable, accounting for 10.9% and 8.6% of 
the world fruit and vegetable production, respectively. Production of horticulture crops like vegetables and 
fruits touched a record 305.4 million tonnes (mt) in 2017-18 (First Adv. Est. 2017-18). Fruits, vegetables, 
and nuts contribute to dietary diversity. Fruits and vegetables are reservoirs of vitamin, minerals, 
phytonutrients, and antioxidants. It is always recommended to have plenty of fruits and vegetables in our 
diet. Nuts are the sources of essential oils and vitamins. Horticulture has an aesthetic role in beautifying our 
surrounding. Horticulture forms an integral part of the food, nutrition security, poverty alleviation, and 
economic development.  

Current Indian scenario 
India is the second-most populous country of the world with a population of 1.37 billion. Majority of Indian 
population is rural. Agriculture and its allied sectors are the largest sources of livelihoods in India. Green 
revolution contributed towards attaining self-sufficiency in food production. But still, our country is unable 
to meet the requirements of its citizens. As per FAO, 194.4 million people in India are undernourished 
(2016-2018). According to NFHS-4, 38 % and 21 % of children under age five years are stunted and wasted, 
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respectively. Anemia continues to affect 53% of women and 58% of children aged 6-59 months in our 
country (NFHS-4). These wide spectrum problems require an effective solution. Indian Council of Medical 
Research and National Institute of Nutrition Hyderabad recommended 300 g of vegetables and 100 g of 
fruits per day. But the per capita consumption of fruits and vegetables in India is only around 46 g and 100 
g, respectively (NNMB, 2011-12).  

Horticulture to achieve nutritional security 
Horticulture has potential to promote nutrition and well-being of society as a whole. Investment in this field 
can provide rewarding outcomes. Availability, accessibility, and utilization of essential nutrients are an 
integral component of nutritional security. Cereals are the main staple food which lacks in various vitamins 
and minerals. Fruits and vegetables are rich in vitamins and minerals and referred to as protective foods 
Horticulture crops add variety and contribute to a well-balanced diet. Horticultural crops like potato, 
banana, tubers, and vegetables are complementary as foods. Innovations like germplasm enhancement and 
high yielding varieties and hybrids can enhance the productivity and resilience of crops and thus increasing 
the availability. Post-harvest technologies reduce wastage of perishable fruits and vegetables. Food 
processing techniques make possible the all-round availability of seasonal crops. The technology of freeze-
drying is very effective in preserving the commodity with a minimum loss of nutrients. Biofortification of 
horticultural crops can be used as an effective technique to enhance the nutritional profile of the 
commodity. This will contribute to nutritional security. Numbers of researches were undertaken to 
biofortify horticultural crops like banana, tomato, onion, cabbage, cauliflower, brinjal, lettuce, sweet 
potato, potato, and cassava. Modified atmospheric packaging is an innovative technology to enhance the 
shelf life of perishable fruits and vegetable and thereby increasing availability and reducing post-harvest 
losses. Mushrooms are also known as vegetable meat as they are rich in protein and are highly nutritious. 
Underutilized horticultural crops posses’ immense nutritional potential but their consumption level is less 
due to lack of awareness. The popularization of neglected and underutilized horticultural crops can be an 
effective approach towards nutrition security of masses.  
 
Horticulture for health care 
Increasing prevalence of degenerative diseases is a threat to mankind. Diseases like cancer, cardiovascular 
disease, diabetes, arthritis, Alzheimer, metabolic syndromes and asthma are responsible for the number of 
deaths worldwide. Fruits and vegetables which are packed with bioactive phytonutrients occupy an 
important place in prevention, treatment, and cure of these diseases. Fruits and vegetable therapy are now 
in trend to provide specific protection. Vitamin C from citrus fruits, β-carotene from yellow and dark green 
fruits and vegetables, lycopene from tomato, folic acid and vitamin K from green leafy vegetables, 
glucosinolates from Brassica vegetables, organosulfides from garlic and onion, phytoestrogen from 
Dioscorea species, phenolics and antioxidants from variety of fruits and vegetables possess tremendous 
potential to protect body from degenerative diseases. Besides these, spices like turmeric, cumin, black 
pepper, ginger, ajwain, have been recognized to protect against cancer. Fruits are a rich source of organic 
acids like citric acid in citrus fruits and tartaric acid in grapes, which stimulate appetite and helping 
digestion.  
  Fruits and vegetables are also a good source of dietary fiber which has hypoglycemic effects and 
beneficial for gut microflora thus promoting overall health. Iron and folic acid from green leafy vegetables 
protect against anemia. Folic acid is also required for fetal brain development during pregnancy. Essential 

fatty acids, -3 fatty acids obtained from nuts have a protective role against heart diseases. As fruits and 
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vegetables are rich in vitamins and minerals can help to overcome the micronutrient deficiencies especially 
iron, folate and vitamin A, which are major public health problems in India. Noni (Morinda citrifolia) with 
unique characteristics is recognized as best for health care, as it provides protection against various 
diseases including HIV. Virgin coconut oil protects from HIV and coconut water provides all nutrients to 
child apparently. Mushrooms are the leading source of antioxidant mineral selenium which protects from 
free radical damage. Potato, cassava, and yams are highly productive crops that generate considerable 
biomass within a short period. Researches have been carried out to develop the transgenic varieties of 
these crops which can be used for the production of proteins, cytokines, hormones, monoclonal antibodies, 
vaccines and enzymes at commercial level. A new approach to increase the bioactive components of 
horticultural crops will boost the immune system of the body.  
 
Horticulture for economic development 
 Horticulture has wider adaptability and provides a wider choice to farmers, for growing a wide range of 
crops in different environments, soil and climate conditions. Horticultural crops can be grown even in 
marginal and degraded soils and have enriched the farmers having degraded land by having the choice of 
crops and practices. Horticulture crops contribute 30.4% to GDP of agriculture (Horticultural Division, ICAR). 
Export growth of fresh fruits and vegetables in term of value is 14% and of processed fruits and vegetables 
is 16.27%. Globally, India is the second-largest producer of fruits and vegetables. Production of mango, 
banana, coconut, cashew, papaya, and pomegranate were highest in the country.  India is also the largest 
producer and exporter of spices and ranks first in productivity of grapes, banana, cassava, peas, papaya 
(Horticultural Division, ICAR). The varieties developed for processing purpose in different fruits and 
vegetables have a various economic advantage. Value-added horticulture products are a viable enterprise. 
Development of new products like juice punches, banana chips, and fingers, mango nectar, essential oils 
from citrus, dehydrated products from grape, pomegranate, mango, apricot and coconut, grape and fruit 
wines are getting popular day by day. High-density planting technology gives higher yield and economic 
returns for many horticulture crops. In recent decades, cultivation of mushroom has improved socio-
economic conditions of farmers and entrepreneurs. The production technologies of high yielding oyster and 
blue oyster mushroom species have been standardized.  
In order to envisage the desired acceleration in nutrition security, health, and economic development, the 
horticulture sector have to play a key role in potential research thrust areas. Field of horticulture holds 
great opportunity to improve the wellbeing of people, livelihood security, economic productivity, and 
sustainable development. 
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INTRODUCTION 
Pesticides are widely used in fruit and vegetables because of their susceptibility to insect and diseases. They 
have been widely used throughout the world since the middle of the last century for their various benefits. 
Pesticides have been applied in agriculture and animal production to eliminate pests. In this way, to 
increase both animals and crops outputs, improve quality of products, and decrease the incidence of 
illnesses propagated by insects .In fruits and vegetables production, insecticides are used to control pests 
and fungicides to control diseases. They are directly applied to the crops and some may still be present as 
residues in the fruits and vegetables after their harvest. It is true that that most insecticides and fungicides 
are toxic substances, but when used properly they constitute an important input in fruits and vegetable 
production in order to produce economically marketable products. However such improper usage has 
occasionally been accompanied by hazards to man and the environment.  
  Residues of most pesticides are present in all compartments of agro-ecosystems, but perhaps the 
most real risk of human is through consumption of residues in food as vegetables and fruit. Some of these 
pesticides in particular are persistent and very resistant to microbial degradation. The high toxicity of most 
pesticides has made their use very restrictive and currently forbidden in most developed countries since 
1970s. The organophosphate, organochlorine and related pesticides act by binding to the enzyme acetyl 
cholinesterase, disrupting nerve function, resulting in paralysis and may cause death. They may produce 
acute effects manifesting as meiosis, urination, diarrhea, diaphoreses, lacrimation, excitation of central 
nervous system and salivation. The chronic exposure involves neurotic and behavioral effects. Specific 
effects of pesticides can include cancer, allergies and hypersensitivities, damage to the central and 
peripheral nervous systems, reproductive disorders and disruption of the immune system whereas many of 
the banned pesticides are no longer in use in the developed world, they are still used in many developing 
countries including India. Other legitimate pesticides are also used in variety of applications. Additionally, 
there are indications of widespread contamination of various components of the environment with 
dichlorodiphenyltrichloroethane and their hexachlorocyclohexane (BHC) residues. The problems of 
environmental pollution in developing countries are not well documented, because of potential toxic and 
persistent nature of some pesticides, developed nations like United States, Japan, and European Union 
have put in place measures for pesticides control and monitoring in the environment. Consequently, regular 
survey studies and monitoring programs of pesticides residues have been carried out 
  Another residual effect is on beneficial micro-organism, beneficial insects and an important 
organism honey bee (Apis mellifera L.) which contributes to crop pollination. Honey bee visits to plants 
facilitate good pollination and thereby improve crop growth and yield. Insect pollination is an important 
part in crop growth cycle and around 90% crops requires insect pollination. But now-a-days pesticides are 
becoming a big threat to honey bees.  
  Pesticides are the compounds used for control of different pests and they are categorized into 
insecticides, fungicides, herbicides, etc. Pesticides are most economical, result oriented approach in 
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agriculture but, if used in the proper amount, with proper care and by conserving other environmental 
factors too. With the benefits, pesticides have some drawbacks such as toxicity to non-target species and 
residue problems. After application, some part of pesticide may remain in or on the product which is 
referred as pesticide residue. Pesticides are toxic to organisms and acts as a contact poison or stomach 
poison. 
 
Effect on human health 
Exposure to pesticides can occur in many ways. Farmers and farm workers can be exposed to pesticides in 
agriculture through the treatment of crops, plants and grain stores. Rural residents living next door to farms 
can be exposed to pesticide drift. Exposure can also occur in forestry, professional and domestic pest 
control and the treatment of livestock with anti-parasitic preparations. And finally, pesticide residues found 
on, and in, our food also puts us at higher risk. 
Endocrine disruptors 
The term endocrine disruptor refers to substances that interfere with hormones and hormone balance. 
Hormones are the chemical messengers of the body. They are necessary to regulate different functions, in 
particular growth and reproductive functions. 
The endocrine effects can be activated by very low concentrations of chemicals. They can manifest as:  

 Reduced semen quality with consequent decreased fertility, genital malformations, testicular and 
prostate cancer 

 Early puberty, appearance of cysts in the ovaries, uterus anomalies, breast cancer, pregnancy 
complications with early abortions, decreased fertility 

 Diabetes and obesity 

 Neurological disorders, especially disorders in brain development, and degenerative diseases in the 
brain, such as Parkinson’s disease 

 Hyper and hypo thyroidism and thyroid tumours. 
Carcinogenic substances 
A substance is considered carcinogenic when there is evidence that it can cause cancer. There are many 
different types of cancer, but all of them can be characterised by the development of abnormal cells that 
begin to divide without control and spread into surrounding tissues. Single exposure events rarely cause 
cancer but repeated contact (whether through ingestion or the eyes, skin or lungs) with the carcinogenic 
substance, even at very low doses, can lead to cancer. 
 
Effect on honeybees and beneficial organisms 
Both contact and systemic pesticides are detrimental to honey bees in different ways. Contact poison affect 
the bees when they come in contact with different plant parts sprayed with pesticides. If pesticides are 
sprayed during the time of bee foraging, the contact poison affects bees in two ways. First, the bee dies 
because of contact poison; second, if the infected bee returns back to the hive it may affect the whole 
colony with contact poison.  
While, systemic insecticides used for soil incorporation or other ways, move up to different plant parts such 
as leaves, flowers and finally reach to pollen and nectar. When bees feed on this pollen or nectar, the 
poison enters into the digestive system of bees and acts as a stomach poison. Some pesticides sprayed on 
flowers during foraging time may also act as a stomach poison, which directly kills the bees. Mainly the 
neonicotinoid groups of pesticides which are widely used acts as a systemic poison are highly toxic to bees 
and other beneficial organisms. Even after spray the residue of Neonicotinoid pesticides remain in the 
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pollen or anther.  In December 2013, the European Union significantly limited the use of neonicotinoids like 
Clothionidin, Imidacloprid, and Thiamethoxam on bee-attractive crops during the flowering period. 
Pesticides also affect other beneficial organisms by affecting different life stages of insects, survival, 
development, reduced fecundity and affect mortality, affect emergence of parasitoids from eggs and 
behavior of insect which includes movement, orientation, feeding, oviposition. This will cause a bad impact 
on predators and parasitoids. Due to the reduced population of these predators and parasitoids, the pest 
problem is becoming a major threat to crop production. 
 
Mitigating the residual effect of pesticides 
To avoid the harmful effects of pesticide on human health and contamination of food with pesticides, 
farmers should use alternative methods like integrated pest management (IPM), crop rotation or organic 
farming. A three-pronged strategy to reduce health impacts include 
i. A community based process of education and provision of personal protective equipment to reduce 
exposure 
ii. Educating farmers to enhance agro-ecosystem understanding and to reduce pesticide use 
iii. Policy intervention to restructure incentives and reduce availability of highly toxic insecticides. 
Organic farming is the viable alternative in mitigating the harmful effects of pesticides. Organic produce 
contains fewer pesticide residues than either conventionally-grown produce or produce grown using IPM 
techniques. The increasing use of alternate therapies that rely on organically grown foods has renewed 
interest in the relationship between agricultural methods and food quality. Studies suggest that there is 
higher nutrient content in organically grown crops with higher levels of ascorbic acid, lower levels of nitrate 
and improved protein quality compared with conventionally grown food. 
 
Ways to reduce the impact of pesticide residual effect  
A. Time of pesticide application 
The main way to avoid residue is by considering the time of pesticide application. Generally, honey bees 
and other beneficial organisms visit the plants in the morning time. As the sun begins to set, temperature 
increases, due to which honey bees prefer to return to hives. Also, pesticide application during the hot 
afternoon, causes pesticide droplets to evaporate and vaporize quickly. So it is better to apply pesticides 
during evening hours.  
B. Stage of crop 
Also, the stage of crop plays an important role in this regard. As most of the honeybee visits are during 
flowering time. So it is not recommended to spray any pesticides at the flowering stage. 
C. Formulation of pesticide 
Emulsifiable concentrations and granules are best to use as emulsifiable dries quickly and do not remain on 
the plant surface in powder form and granules applied on the soil surface, both do not come in direct 
contact with honey bees. On other side wettable powder stick to the body parts of the bees and enter the 
hive and get mixed with the pollens. This will results in the colony collapse if fed to the queen.  
D. Method of application 
Spraying of pesticides on plant parts affect the bees. But if these pesticides applied in the granular form on 
the ground or used as drenching, it will minimize the risk to bees. 
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Importance of crop residue management: 
India is an agrarian nation and generates a huge amount of agricultural wastes/ crop residues from the 
diverse type of crops grown in different part of India (Naresh et al., 2017). This quantity will increases in 
future likewise with the growing population, therefore, there is a necessity to build or extend the 
productivity also. Agricultural residues mean the crop plant biomass left in the field after collection of the 
economic segments i.e., grain. Huge amounts of crop residues are produced each year, as cereal straws, 
woody stalks, and sugarcane leaves/tops during harvest periods. Processing of farm produce through the 
process of milling produced huge quantity of crop residues. These crop residues are utilized as to creature 
animal feed, covering for rustic homes, cooking fuel and industrial fuel. However, an oversized portion of 
the crop residues isn't used and left in the fields. The disposal of such an oversized quantity of crop 
residues could be a major challenge. 
The Ministry of New and Renewable Energy (MNRE, 2009), Govt. of India has assessed that 500 Mt of crop 
residues are produced each year. There is a wide fluctuation in the production of crop residues and their 
utilization across various regions of the nation 
relying upon the type of crop grown, cropping 
intensity and productivity of those crops. The 
production of crop residues is highest in Uttar 
Pradesh (60 Mt) trailed by Punjab (51 Mt) and 
Maharashtra (46 Mt). Among various crops, 
cereals produce highest crop residues (352 Mt), 
trailed by fibre crops (66 Mt), oilseeds (29 Mt), 
pulses (13 Mt) and sugarcane (12 Mt). The grain 
crops (rice, wheat, maize, millets) contribute 
70% whereas rice crop alone contributes 34% to 
the crop residues followed by wheat positions 

second with 22% of the crop residues while fibre 
crops contribute 13% to the crop residues produced 
from all crops. To clear the field quickly and 
reasonably and permit culturing practices to continue 
unrestricted by remaining harvest material, the crop 
residues are burned in situ. Farmers prefer crop 
residues burning because it is a quick and simple 
approach to deal with the huge amounts of crop 
residues and prepare the field for the consequent 
crop well in time. Crop residues burning may emit 
significant amount of greenhouse gases i.e. CO2, N2O, 
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CH4 and emits large amount of air pollutants like CO, NH3, SO2 and unstable volatile organic compounds 
(VOCs); semi-volatile organic compounds (SVOCs) and particulate matter like elemental carbon at different 
rate as that noticed in timberland fire because of different chemical composition of the crop residues and 
their burning conditions (Mittal et al., 2009 and Zanget al., 2011). 
 Burning of rice straw is most common in north-west India resulting loss of plant nutrients and emission 
of air contaminations influencing human wellbeing. To avoid such problems caused due to straw burning, 
innovation and advancements in crop residues management should help with accomplishing sustainable 
productivity andeconomical profitability as well as to make the farmers enable to minimize the plant 
nutrients losses and water sources and decrease hazard because of environmental change. Crop residues 
contain sufficient amounts of plant nutrients and their judicious application will have a positive impact on 
nutrient management in the rice-wheat cropping system. 
 

 
 
 
 
 
 
 
 

 
Crop residues management options: 
 There are several management choices are available to farmers for profitable management of crop 
residues are domesticated animals feed, mushroom development,in-situ incorporation, surface 
maintenance and mulching, biochar and baling and evacuating the straw. Farmers utilize different crop 
residue management practices according to their situation. 
(i) Crop residues as livestock feed:-  
(ii) Crop residuesas a surface mulch  
(iii)  Crop residuesas bio-fuel 
(iv)  Crop residues as compost making 
(v) Crop residuesas biochar 
(vi)  Crop residues used in mushroom cultivation 
 
Management of Crop residues by Farm Machinery: 
 There are several farm machinery used for the better management of crop residues in-situ and ex-situ. 
These are bellowed- 
Straw Reaper: 
Straw reaper is a machine that cuts sifts and cleans the straw in one activity. The left wheat stalks after 
consolidating collect are cut by a wavering edge while rotating reel pushes them towards twist drill. The 
stalks are passed on into the machine by wood screw and guide drum which arrived at the sifting chamber, 
which cut the stalks into little pieces.  
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Paddy straw chopper: 
 A most ideal machine for chappinga wide range of crop 
residues such as wheat, paddy, maize, sorghum and 
sunflower etc. In a solitary activity, it chops the leftbehind 
straw/stubbles and spread it on the ground. The cleaved 
and spread stubbles are effectively covered in the dirt by 
the utilization of single activity of Rotavator or disc harrow. 
After that, sowing of wheat is completed by the utilization 
of no-till drill or conventional drill. 
 
Happy seeder: 
 Happy Seeder is one of the special methods which is utilized for sowing seed without any 
consuming/burning of Crop residue. In this machine, a rotor unit is connected at front of seeding unit that 
cuts and spread straw in the middle of the lines. The larger part of the crop isn't disturbed and seed is sown 
in a solitary pass. This innovation is eco-agreeable with the environment 
for soil healthand also saves water. 
 
Super straw management system (Super SMS) : 
 The Super SMS cuts the straw in little pieces and spreads it around 
behind the tail of the combine. The Super SMS facilitates direct sowing 
with a happy seeder, conserving soil moisture in-situ and avoid the straw 
burning. 
 
Mulcher machine : 
 Mulcher is powerful, dependableand reliable implement for mulching of vineyards, plantation pruned 
materials, grass, brambles, crop buildups like sugarcane junk, wheat and paddy straw, maize stalk and so 
on. Mulcher shreds the crop residues into little pieces and 
spread on the field. Which act as bio mulch and after 
decomposition, it improvesall the aspect of soil parameters. 
 
Baler : 
 It is used to pack raked residues of rice, wheat, fodders, 
sugarcane and legumesetc. into compact bales that are easier to 
handle, transport and store. Two distinctive kind of bale- rectangular or cylindrical, of different sizes, bound 
with twine, strapping, netting or wire. 
 
Benefits of managing crop residues: Instead of burning 
the available crop residues back to the land, there are the 
following benefits- 

 The crop residues of pulses are helpful in increasing the 
amount of nitrogen and other nutrients in the soil. 

 The crop residue is helpful in making compost manure 
which improves all the aspect of soil health. 

 Plant residues, using soil as mulch, help in conserve soil water as well as protectcrops from weeds. 
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 Soil water holding capacity increases. 

 Soil air circulation increases. 
Harmful effect of crop residues burning:  

 Crop residues are not only destroyed by setting fire to the crop residues, but all the micro-organisms 
present inside the land are destroyed by increasing temperature. 

 Burning of crop residues is not only harmful to farmers but also causes the pollution environment, 
pollution land and water pollution. 

 Burning crop residues destroys the nutrients present in it. 

 By burning crop residues, fertility and water holding capacity of the soil are reduced. 

 Greenhouse gases are generated by burning crop residues due to which the temperature of the 
environment and the earth increases. 

 Burning of crop residues leads to an increase in soil temperature due to which the physical, chemical and 
biological conditions of the soil have adverse effects. 

 Friendly friend insects in plant residues die by burning which harms the environment. 

 The system of animal feed has the opposite effect. 
 
CONCLUSION : 
 In the present agricultural situation, to fulfill the essential needs of the growing population including 
feed, food, fodder and fibre etc. and so on warrant attention about bio-intensive cropping system. The rice-
wheat cropping system is the most important production system in India. Agrarian crop residues burning 
contribute towards the emanation of ozone-depleting substances (CO2, N2O, CH4), air poisons (CO, NH3, 
NOx, SO2, NMHC, unstable natural mixes), particulates matter and smoke in this way presenting a danger 
to human wellbeing. 
 The crop residues recycling has the great potential to restore a lot of plant supplements i.e. plant 
nutrient and organic matter to the soil. Due to intensive cropping system, declining in soil organic carbon 
and available plant nutrient is a major threat in the different cropping system. Therefore, it is a great 
challenge to the agriculturists to manage the crop residues effectively, efficiently and proficiently for 
carbon sequestration and maintaining the crop production sustainability. To stay away from crop residues 
burning, it needs to survey and update the innovation with mechanized harvester for sustainable utilization 
of crop residues. The recent research has demonstrated that diversification in the rice-wheat cropping 
system is essential. If the crop residues managed properly, it enhances the soil physical, chemical and 
biological properties of the soil and sustains the productivity of the different system. 
 
Table 1: Quantity (in percentage) of nitrogen, phosphorus and potash elements in various residues of crops 

S.No. Crop residues Nitrogen Phosphorus Potash 

1 Wheat bran 0-53 0-10 1-10 

2 Paddy straw 0-36 0-08 0-70 

3 Rice bran 0-40 0-25 0-40 

4 Barley straw 0-57 0-26 1-20 

5 Corn stem 0-47 0-57 1-65 

6 Dry leaves of trees 1-50 0-45 2-50 
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Table 2: Loss of nutrients (in kg) on burning of one ton of paddy residue 

S.No. Plant nutrient Amount (kg) 

1 Nitrogen 5-50 

2 Phosphorus 2-30 

3 Potash 25-0 

4 Sulphur 1-20 

5 Organic carbon 400 
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Basella alba is known under various common names including Malabar spinach, Indian spinach, vine 
spinach, red vine spinach, chinese spinach, climbing spinach, creeping spinach, buffalo spinach and Ceylon 
spinach among others belongs to the family Basellacea. In telugu it is called as "bachali". 
  Basella alba is a fast growing, soft-stemmed vine, perennial reaching 10 metres (33 ft) in length. Its 
thick, semi- succulent, heart-shaped leaves have a mild flavour and mucilaginous  texture. It is rich in 
vitamins A and C, iron and calcium. It has been shown to contain certain phenolic phytochemicals and it has 
antioxidant properties. Roots are fibrous and show lateral expansion. The leaves distribute spirally on the 
stem. Leaf stalk is short and leaf is oblong as the leaf length is longer than its width. Side branching can be 
observed on the stem. Flowers occur in the leaf seat and can be white, red or pink depending on the 
variety. Leaves are small and scaly. Fruits are small and can be either red or black. Seeds have black-brown 
and thick testa whose surface is bright and rough. The seeds can be kept for four years under proper 
conditions[1]. 
  There are two varieties - green and red. The stem of the Basella alba is green and the stem of the 
cultivar Basella alba 'Rubra' is reddish-purple; the leaves in both cases are green. The stem when crushed 
usually emits a strong scent. Typical of leaf vegetables, It is low in calories by volume, but high in protein 
per calorie. The succulent mucilage is a particularly rich source of soluble fiber. Malabar spinach is a good 
source for health due to some mineral, protein, oil, carbohydrate, fiber, carotenoid, organic acid, vitamins 
and basella saponin contents of the freshly consumed ground surface organs[4].  

Basella leaves, flowers and fruits: 

             
         
 Fresh Malabar spinach of 100 g contains 93 g water, 19 kcal energy, 1.8 g protein, 0.3 g fat, 109 mg Ca, 
52 mg, P, 1.2 g Fe, 65 mg Mg, 510 mg K, 24 mg Na, 0.43 mg Zn, 8000 IU Vitamin A, 0.05 mg thiamin, 0.16 mg 
riboflavin, 0.50 mg niacin and 102 mg ascorbic acid [9]. In the  Malabar spinach contains 98.7 mg.100g-1 
vitamin C, 5% protein, 1.5% fiber, 0.7% fat, 250.0 mg.100g-1 Ca, 4.0 mg.100g-1 Fe. It was found that daily 
consumption of Malabar spinach affects storage of vitamin A positively[5]. Malabar spinach was found to 
be rich in flavonoid which is protective against cardiovascular diseases and cancer[10]. This plant has also 
antioxidant and phenolic compounds[6,8]. Anthocyanin which is a natural color pigment is present in stem, 
leaves and flowers[3]. Vegetative parts of Malabar spinach are rich in terms of biochemical properties. 
Moreover, this plant has wound healing effect[7], antibacterial activity and antiviral activity, especially the 
ones with red stem[2] 
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 Malabar spinach also used in various dishes.In  Karnataka the leaves and stems are used to make Basale 
Soppu Saaru/Curry. In Andhra Pradesh a curry of Basella and Yam is made popularly known as Kanda 
Bachali Koora. In the Western Ghats in Maharashtra, it is used to make bhaji. In Gujarat, fresh big and 
tender leaves are washed, dipped in besan mix and deep-fried to make crispy pakodas, popularly called "poi 
na bhajia". 
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Black rice/Forbidden rice as a superfood 
Article id: 22142 
AMRITA KUMARI 
Ph.D. Scholar, Department of Genetics and Plant Breeding,  
BCKV, Mohanpur, West Bengal-741252 
 
INTRODUCTION 
Black rice, also called forbidden rice or "emperor's rice," with a thin layer of black bran, is gaining popularity 
for its high levels of antioxidants and superior nutritional value. Forbidden rice earned its name because it was 
once reserved for the Chinese emperor to ensure his health and longevity, and forbidden to anyone else. It 
was found to be of short duration, photo insensitive, non-responsive and low productive towards the 
fertilizer doses. 

Origin and cultivation 
Despite its long history, the origins of black rice have not been clear. Black rice cultivars are found in 
locations scattered throughout Asia. In India, black rice variety is cultivated in Manipur and the name 
“Chakhao Amubi” originates from the Manipuri language, “Chakhao” means delicious and “Amubi” means 
black, thus translating the name to ‘Delicious Black Rice’.Black rice, however, is unique. Its purplish-black color 
is a result of its high concentration of anthocyanin. Japanese researchers found that a change in a gene that 
controls anthocyanin rearranged to create black rice; this mutation occurred in a subspecies of rice. Since 
then, the rice has been replicated and transferred to other rice species through cross-breeding. The grain is 
cultivated in Southeast Asian countries such as India, Indonesia, Thailand, and China. Owing to its popularity 
in Western countries, it is now also grown in small amounts in the Southern United States as well. 

                      
     Fig 1: Black rice in field condition 

 
Types and variety:  
Black Japonica Rice: It is a combination of black short-grain rice and mahogany medium-grain rice grown 
together in the same field. It has an earthy flavor with a mild, sweet spiciness. Black Glutinous Rice: - It also 
known as black sticky rice is short-grain rice with a sweet flavor and sticky texture. The grains are unevenly 
colored and are often used to make sweet dishes in Asia.  
Italian Black Rice: - It is long-grain rice that combines Chinese black rice with Italian rice. It has a rich, 
buttery flavor. 
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Thai Black Jasmine Rice: - It is medium-grain rice from Thailand that combines Chinese black rice with 
jasmine rice. It has a subtle floral aroma when cooked.  

 
 
 
 
 
 
 
 

Fig 2: Different varieties of black rice 
Nutritional quality 
Table 1: Nutritional superiority of black rice over all the other types of rice (Serving size: 100 g) 

Rice Protein  Iron  Fiber 

Polished White Rice  6.8 g 1.2g 0.6g 

Brown Rice 7.9 g 2.2.g 2.8 g 

Red rice 7.0 g 5.5 g 2.0 g 

Black rice 8.5 g 3.5g 4.9 g 

 
Black contains a high amount of protein and fiber over all the other types of rice 
Black rice contains 18 different amino acids, copper, carotene and several other essential vitamins. It is often 
considered a superfood because of its high nutritional content, in addition to the fact that it’s naturally high 
in anthocyanins, which are the antioxidant pigments that give the rice it is unique coloring.  

Health benefits: 
A. Rich source of antioxidants 

Deep black purplish color, in black rice, indicates the high antioxidant properties. Additionally, it also 
contains important antioxidant, vitamin E, which is useful in maintaining eye, skin, and immune health. 

B. Protects heart health 
Black rice decreases dangerous atherosclerotic plaque formation in the arteries. This is very important for 
keeping arteries clear and preventing heart attacks and strokes.  

C. Helps in liver detoxification 
Consuming black rice can help detox the body and cleanse the liver from harmful toxic buildup. Antioxidant 
activity of the black rice extract regulated the metabolism of fatty acids and reduced the levels of 
triglyceride and total cholesterol, thus reducing the risk of fatty liver disease 

D. Prevent diabetes 
In black rice fiber takes longer to digest, it makes sure that the sugar in the grain is absorbed over a longer 
period, maintaining normal blood sugar levels. Thus, it helps to prevent insulin levels from spiking up and 
can help prevent type 2 diabetes.  

E. Protects from high blood pressure 
The dietary fiber that we get from black rice (or any whole grains in general) has been found to protect 
cardiovascular health by not only maintaining normal blood pressure but also by reducing lipid levels, 
regulating body weight, improving glucose metabolism, and reducing chronic inflammation 

   
Kalabhat Kalanamak Manipuri black rice 
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F. Fights cancer 
The anthocyanin content of black rice lends it an anti-cancer characteristic. An experimental study 
conducted by the Third Military University in China found that an anthocyanin-rich extract of black rice 
successfully suppressed tumor growth and spread of breast cancer cells in mice 

G. Breeding  
More than 200 types of black rice varieties are found around the world. Most agricultural black rice is 
planted in China, followed by Sri Lanka, Indonesia, and India. Few studies have described the genetic 
diversity and nutraceutical properties of the black rice of Manipur. The black glutinous aromatic rice of 
Manipur have been characterized for 34 morphological characters. These for eleven morpho-agronomic 
characters along with reaction to major diseases and pests of local importance. Black rice cultivation has 
agronomic qualities like stable grain yield in marginal lands, stress tolerance, and pest and disease 
resistance. 
 
CONCLUSION 
Black rice also called forbidden rice or emperor’s rice, is a healthier alternative to white rice that can be 
used in all of the same ways. The most notable and beneficial antioxidant in black rice is anthocyanin. Black 
rice also possesses anticarcinogenic properties. It is also traditionally served to pregnant women to reduce 
complexity during childbirth and used as medicine by diabetic patients. However, the cultivation of black 
rice is mostly limited in the Manipur region.  It should not be limited to a particular region and needs to 
explore other parts of India. However, a more detail study is required on agronomy, protection, quality and 
breeding aspects before going to commercialization. 
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Cold Plasma Technology for Food Preservation 
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Cold plasma (CP) technology is now widely used as an alternative to thermal processing technologies for 
food preservation and shelf life extension. Because of its non-thermal nature, it has minimal effect on 
physical, chemical, nutritional and sensory quality of food products. CP system designs are versatile, 
flexible and eco-friendly which makes it comparable with the traditional food processing technologies. 
However, certain limitations such as cost of operation and effects of CP on foods at molecular level are 
still a matter of concern and optimization studies are required to study the negative impact of CP on 
visual, physical, nutritional and sensory properties of various food products.  
 
INTRODUCTION 
Cold Plasma (CP) is a novel non-thermal food processing technology. It has been acknowledged in the areas 
of food decontamination, shelf-life extension, enzyme inactivation, toxin removal and food packaging 
applications (Pankaj, 2018). This technology is particularly useful for microbial inactivation without affecting 
quality of produce. It involves use of energetic, reactive gases that destroys the microbes on meat, poultry, 
fruits and vegetables. Systems employing cold plasma operate using electricity along with carrier gas, such 
as; air, oxygen, nitrogen or helium. Pathogens can be reduced to greater than 5 logs which may include 
Salmonella, Escherichia coli, Listeria monocytogenes and Staphylococcus aureus (Pankaj, 2018). Treatment 
times from 120 s to as little as 3 s prove to be effective depending on the food as well as processing 
conditions. 

Types of cold plasma systems 
A variety of techniques are used to generate cold plasma which is operated either at atmospheric pressure 
or partial vacuum. Simple gases like air or nitrogen are ionized or mixture containing helium, argon neon 
are also used. The energy for plasma generation may be electricity, microwaves or lasers. 
The types of cold plasma systems in food processing are generally defined based on the position of food to 
be treated and are classified as follows (Niemira, 2012):  
1. Remote treatment cold plasma system 
In this system plasma is generated and moved to surface for treatment using magnetic fields. The design of 
these systems is simple and it can handle products of different shapes and sizes. 
2. Direct treatment cold plasma system 
In this system active plasma is directly supplied to the product to be treated and plasma is generated at 
pulse frequencies of hundreds or thousands of times per second. Products with high water activity conduct 
electricity at high voltages which can cause localized heating leading to loss of sensory and nutritional 
quality. Thus, design of these systems are complicated than the remote treatment systems as these require 
exact specifications to avoid electrical conduction through the product.  
3. Electrode contact system 
In this system the product is placed physically in the cold plasma generation field. The treatment surface is 
in between one electrode and the other electrode or neutral ground connection. Limited products that fit 
between the electrodes can only be used in these systems and hence offer less flexibility in use of variety of 
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foods. Smaller or flatter commodities such as nuts, berries, seeds, chicken breasts, etc. are treated in these 
systems. 

Applications of cold plasma technology in food processing 
1. Preventing microbial contamination (Niemira, 2012). 
2. Functions of food materials such as starch, protein isolates, etc. can be modified (Thirumdas, 2014). 
3. Plasma-assisted processing of intermediate products from grains such as flour, pellets, etc. 
4. Degradation of pesticide residues in food crops. 
5. Packaging materials are treated to improve functionalization, etching or cleaning and deposition 
(Thirumdas, 2014). 
6. Effluent and waste water management (Thirumdas, 2014). 

Conclusion and future scope 
Cold plasma is an emerging technology for inactivating microbes without changing the sensory and 
nutritional quality of food product. Plasma sterilization is highly effective technique and also does not have 
any residual toxic effect. The detrimental effects of thermal processing techniques can be greatly reduced if 
this technology is adopted. CP technology is yet not utilized commercially because of high cost of operation. 
It is also necessary that plasma treated foods are recognized as GRAS to make them acceptable by 
consumers. Intense research is still required to study the effect of plasma on foods to change the physical 
and chemical properties along with cost effectiveness.  
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High pressure processing of foods i.e., fruits, vegetables and their juices is one of the new emerging 
technologies that has received a great deal of attention in the past 25 years becomes a revolutionary 
practice in providing the high quality endproducts during processing. This is one of the widely used non 
thermal processing applications in foods that have drawn attention of the Indian food manufacturing 
industries, etc.  The high pressures used in the HPP are in the range of 300 MPa to 300 GPa respectively.  
 
INTRODUCTION 
In high pressure processing, pressure is applied via a pressure-transferring medium (water or any other 
fluid) which can be effective at ambient temperature, thereby decreasing the amount of thermal energy 
needed during conventional processing.  
The following are major effects of high pressure on food systems. They are  
a. Microorganisms/yeast inactivation  
b. Enzyme inactivation or activation  
c. Protein denaturation  or gel formation 
d. Product functionality or texture attributes and  
e. Quality retention such as flavour and colour  

HPP Equipment 
The construction of high pressure machinery is a specialised and expensive operation. The main 
components of a high pressure system are: 
1. pressure vessel and its closure 
2. pressure generation system 
3. temperature control device 
4. materials handling system  

Most pressure vessels are made from ‘monoblocs’ which can withstand 400-600 MPa. For higher pressures, 
pre-stressed multi-layer or wire-wound vessels are used. Vessels are sealed by a threaded steel closure, a 
closure having an interrupted thread, which can be removed more quickly, or by a sealed frame that is 
positioned over the vessel. In operation, after all air has been removed, a pressure transmitting medium 
(either water or oil) is pumped from a reservoir into the pressure vessel using a pressure intensifier until 
the desired pressure is reached (Fig. 1).  
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Fig. 1. High pressure processing equipment 

 
There are two types of compression in high pressure processing. They are ‘indirect compression’ (requires 
static pressure seals) and ‘direct compression’ (uses a piston to compress the vessel).  
  Temperature control in commercial operations can be achieved by pumping a heating/cooling 
medium through a jacket that surrounds the pressure vessel. This is satisfactory in most applications as a 
constant temperature is required, but if it is necessary to regularly change the temperature, the large 
thermal inertia of the vessel and relatively small heat transfer area make this type of temperature control 
very slow to respond to changes. In such situations, an internal heat exchanger is fitted.  
  There are two methods of processing foods in high pressure vessels: in-container processing and 
bulk processing. Because foods reduce in volume at the very high pressures used in processing (for 
example, water reduces in volume by approximately 15% at 600 MPa), there is considerable stress and 
distortion to the package and the seal when in-container processing is used. It is likely that conventional 
plastic and foil pouches will prove suitable and research is continuing on the optimum design of the 
package, seal integrity and other suitable packaging materials.  
  Materials handling for in-container processing is achieved using automatic equipment, similar to 
that used to load/unload batch retorts. The process is highly energy efficient although at present the capital 
costs of equipment remain high. It is possible that such liquid foods could also be used as the pressurising 
fluid by direct pumping with high pressure pumps. Such systems would reduce the capital cost of a pressure 
vessel and simplify materials handling. If liquids were also rapidly decompressed through a small orifice, the 
high velocity and turbulent flow would increase the shearing forces on micro-organisms and thus increase 
their rate of destruction.  

CONCLUSION 
High pressure processing eliminates microorganisms in food without compromising product quality or 
safety. Rising of high pressure processed products such as fruits juices, meat products, oysters, and dairy 
products on the international market indicates an increasing acceptance and potential for the future.  
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High pressure processing may find its niche in particular applications rather than replacing traditional 
technologies. This technology will benefit consumers in terms of increased food safety, extended shelf life, 
and extraordinary quality besides providing diversified value added nutritious food products at reasonable 
cost. The initial installation and startup of high pressure facilities does require a major capital investment, 
this however is counterbalance by lower operating costs and higher product quality.  
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India is the largest home to the malnourished population in 
the world. The country with a population of over 1.28 billion 
has seen tremendous growth in the past two decades. Gross 
Domestic Product has increased 5 times and per capita 
consumption has increased 4 times. According to FAO 
estimates in ‘The State of Food Security and Nutrition in the 
World, 2018 report, approximately 200 million people are 
malnourished in India due to unhealthy diet. By this reason 
14.8% of the population is comes under in undernourished in 
India. Also, 51.5% of women in reproductive age between 15 
to 50 years are anaemic due to lake of vitamins. Further 
according to the report 38.4% of the children aged less than 
five year in India are undersized due imbalance of hormone 
due to poor diet, while 21% suffer from low weight according 
to their height. Malnourished children have a higher risk of 
death from common childhood diseases such as diarrhea, pneumonia, and malaria. The Global Hunger 
Index 2017 ranks India at 100 out of 119 countries on the basis of three leading indicators prevalence of 
weight loss and short height in children’s under 5 years, under 5 child mortality rate, and the proportion of 
undernourished in the population. In India approximate 1 child is malnourished out of 4, this is real fact. 
Now today some most dangerous diseases like cancer, dibities, blood presser and heart attack are survive 
in India due to lake of nutrients and knowledge of healthy diet.  
 
Why do we need to eat vegetables for healthy diet? 
Vegetables have all those nutrients that need to the human rather 
than pulses, food grains and fruits. In pulses mainly found proteins, 
in food grains found some micronutrient and in a fruits mainly found 
one vitamins but in a vegetable found approx all nutrients those are 
required for healthy diet. Vegetables are important for our diet so 
that we should include it in our diet because vegetables are easily 
available to people. India got first position to production of 
vegetable in the world. 
The balanced diet contain adequate energy source, nutrients and 
vitamins, minerals, carbohydrates, fats, protein etc. India is the rich 
source of vegetables, and most important of our diet. The use of vegetables in our diet avoid many 
diseases, nutrient deficiency and malnourished.         
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Importance of vegetables in our diet –  
 A vegetable contain many of the dietary factors like vitamins, minerals, fat, carbohydrate and amino 
acids they are considered as protective supplementary food. 
 They are rich source of fibre, fibre protect our digestion system. 
 They maintain good health and protect against degenerative diseases. 
 They can neutralise the acids produced during digestion of proteins and fats  
 Nutrients which are present in vegetables vary from crop to crop. 

 
Potato  
Potato is the most important edible tuber crop in worldwide and all year long. They 
are relatively cheap to grow, rich in nutrients and carbohydrate. Carbohydrate 
provides the energy for our body.   Potato also contains Potassium, calcium, and 
magnesium; these have been found to decrease blood pressure naturally. Potato 
contain vitamin B6, it is involve in red blood cell formation. Potato is a king of 
vegetables. 
 

Tomato  
Tomato is most important nutritious fruit vegetable after potato and sweet potato. 
Many studies prove that, the high levels of lycopene in tomatoes works to reduce your 
chances of stomach cancer. Tomatoes also contain a considerable amount of calcium 
and Vitamin K. They performing minor repairs on the bones as well as the bone tissue. 
Tomatoes contain coumaric acid and chlorogenic acid they help reduce the smoke 
from body comes due to smoking.  

 
Bitter gourd  
Bitter gourd occupies first rank among the cucurbits in respect of iron and 
vitamin C. Alkaloid momordicine gives the bitter taste to the fruit. Fruit is 
rich in Phosphorus, Calcium and Iron. Fruit is cures stomach disorders and 
has beneficial effect on the persons suffering from diabetes, arthritis, 
rheumatism and asthmatic complaints. Juice from leaves is used against 
Leismenorhhoea and eruptions and voice. Bitter gourd powder prepared for 
plants is useful against ulcers. Extracted Protein of bitter gourd inhibits the 
growth of HIV1 viruses in human body. 
 
Onion 

Onion consumed either raw or cooked along with spices and vegetables. It is 
rich in minerals like phosphorus and calcium and carbohydrates. Onions is 
source of the strong antioxidant vitamin C that helps to combat the formation 
of free radicals known to cause cancer. Folate, found in onions, might help 
reducede pression. Onion also rich source of iron, magnesium, folate 
potassium and phosphorus and the antioxidants quercetin and sulfur. Onion 
also avoid from sun stock in summer season. 
 

 

http://www.todaysdietitian.com/newarchives/011012p18.shtml
https://www.medicalnewstoday.com/articles/287677.php
https://www.medicalnewstoday.com/kc/depression-causes-symptoms-treatments-8933
https://www.medicalnewstoday.com/articles/286839.php
https://www.medicalnewstoday.com/articles/287212.php
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Garlic  
Garlic contains a little bit of almost everything you need. The nutritive value of 
garlic is 42 calories, 1.8 grams of protein and 9 grams of carbs. Garlic is also rich 
in vitamin C, vitamin B6 and manganese. It also contains trace amounts of 
various other nutrients and minerals. Garlic is important because of its 
medicinal properties carminative or gastric stimulant in unani or ayurvedic 
medicines. Garlic used in the case of TB, rheumatism, sterility, cough, red eyes 
etc in the form of garlic juice. It has insecticidal action mainly repellent action. 
Cabbage  

Cabbage, which is often lumped into the same category as lettuce because of 
their similar appearance, is actually a part of the cruciferous vegetable family. 
1 cup (89 grams) of raw green cabbage contains Calories: 22, Protein: 1gram, 
Fiber: 2grams and vitamins like Vitamin K, Vitamin C, Vitamin B6 and minerals 
like Manganese, ,Calcium, Potassium, Magnesium. The cabbage may help 
protect against radiation, prevent cancer, and reduce heart disease risk. The 
fiber and water content in cabbage also help to prevent constipation and 
maintain a healthy digestive tract.  
 
 

Drumstick (Moringa) 
Moringa is considered is one of the most popular tree vegetable. The crop is 
highly valued for its distinct appealing flavour of fruits. It is commercially 
cultivated for their leaves and flowers. The tender fruits and buds form the main 
vegetable part of the tree and are nutritious. It is rich sources of vitamin B1 
(thiamine), B2 (riboflavin), B3 (niacin), B6, folate and ascorbic acid (vitamin C), 
calcium, potassium, iron, magnesium, phosphorus, zinc and protein. The fruits 
are rich in vitamin B and vitamin C and they have medicinal properties so as to 
use them in the treatment of rheumatism and cardiac and circular stimulant. 
Moringa seed oil also useful for protecting hair against free radicals and keeps it clean and healthy. Moringa 
appears to protect the liver against damage caused by anti-tubercular drugs and can quicken its repair 
process. Moringa also helpful in treating the depression, anxiety and fatigue. 
 
Rooty vegetables  
Carrot: 
Carrots are one of the most popular veggies worldwide and can be 
eaten raw, cooked or juiced. Carrots contain antioxidant called 
carotenoids, which are known for protecting the eyes and skin. 
Carrots also supply lycopene, lutein and zeaxanthin antioxidants. 
Beet: 
Beet contains highly antioxidant including the unique phytonutrient 
called betalain. Beets also contain nitrates, which the body easily 
uses for muscle recovery, improved circulation, lower inflammation 
and increased physical performance. 
Turnip: 

https://www.medicalnewstoday.com/info/cancer-oncology/
https://www.medicalnewstoday.com/articles/237191.php
https://www.medicalnewstoday.com/articles/150322.php
https://www.medicalnewstoday.com/articles/287677.php
https://www.medicalnewstoday.com/articles/248958.php
https://www.medicalnewstoday.com/articles/287212.php
https://www.medicalnewstoday.com/articles/286839.php
https://www.medicalnewstoday.com/kc/depression-causes-symptoms-treatments-8933
https://www.medicalnewstoday.com/info/anxiety/
https://www.medicalnewstoday.com/articles/248002.php
https://draxe.com/muscle-recovery/
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Turnip and turnip leafs  contain a type of phytonutrients called indoles that are known to reduce your risk 
for cancer, especially of the prostate, lungs, stomach and colon. turnip also contain minerals like calcium, 
magnesium and potassium, they’re also a heart-healthy food that supports balanced blood pressure. 
Radish:  
Radish is a popular root crop throughout India.  Radish actually helps to cleanse our liver and stomach, 
thus detoxifying it; black radish and its leaves have been used for the longest time to treat jaundice. 
Beans  
Green beans are members of the common bean family, Phaseolus 
vulgaris, and are a popular part of diets around the world.  they 
can be different shapes, colors (even purple), and by different 
names, including French beans, cluster beans, broad beans and 
cow beans. The fiber content is high, and these beans also provide 
daily protein requirements. They also act as an easy source for 
acquiring vitamins like vitamin A, C, K, B6, and folic acid. In terms of 
minerals, green beans are a good source 
of calcium, silicon, iron, manganese, potassium, and copper Green 
beans may help reduce the risk of heart diseases and reduced risk 
of colon cancers due to their high levels of flavonoids.  
 
Leafy vegetables 
Green leafy vegetables are rich source of vitamins, minerals and disease-
fighting chemicals. They are also rich in fibre, which helps in good 
digestion and keeps you full and hence aiding weight loss. Fibre also slows 
the absorption of carbohydrates hence controls blood sugar. Green leafy 
vegetables ensure beautiful skin and hair. Green vegetables are also good 
sources of folic acid, which can reduce your risk of memory loss as well as 
warding off depression. Vitamin E found in green leafy vegetables it works 
with vitamin C to keep skin healthy as you age 
 
CONCLUSION  
Vegetables are said to be the best food for our body. Vegetables have all the essential nutrients namely 
vitamins, minerals, fibers and phytochemicals that form resistance to diseases naturally. Unfortunately, we 
fail to add these healthy vegetables in our daily meal. The nutrients rich vegetables maintain the health of 
our body in a regular pace. Having vegetables daily ensures the immunity of our body. A meal with 
vegetables added reduces the possibilities of Arthritis, Stroke, Heart Diseases and many other serious 
complications which we think vegetables cannot resist. Vegetables do not add more calories to your body. 
Eating a plate full of vegetables is good for your health; at the same time helps in weight management. As 
you eat more vegetables, we do not tend to get hungry easily. Most of the vegetables have anti-aging 
properties. Regular consumption of such vegetables ensures a young look and healthy feeling to our body. 
Younger looks gives us more confidence. Vegetables keep our biological cycle very regular. Vegetables 
regularize the digestive system and maintain the appetite throughout the day. This keeps us mentally and 
physically fresh than ever. The more the vegetables we consume, the more the healthier we become. As in 
the saying, “Prevention is better than cure”, having vegetables today will reduce the risk of many 
unexpected diseases in the future. 

https://draxe.com/vitamin-d-and-calcium-relationship/
http://www.ncbi.nlm.nih.gov/pubmed/15570059
https://draxe.com/top-10-calcium-rich-foods/
https://food.ndtv.com/lists/7-healthy-detox-diet-tips-694517
https://food.ndtv.com/health/nanomeds-can-cure-jaundice-faster-indian-scientists-763105
https://www.organicfacts.net/health-benefits/other/health-benefits-of-fiber.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
https://www.organicfacts.net/proteins.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
https://www.organicfacts.net/health-benefits/vitamins/health-benefits-of-vitamin-a-or-retinol.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
https://www.organicfacts.net/folic-acid.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
https://www.organicfacts.net/health-benefits/minerals/calcium.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
https://www.organicfacts.net/health-benefits/minerals/health-benefits-of-silicon.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
https://www.organicfacts.net/health-benefits/minerals/health-benefits-of-iron.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
https://www.organicfacts.net/health-benefits/minerals/health-benefits-of-manganese.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
https://www.organicfacts.net/health-benefits/minerals/health-benefits-of-potassium.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
https://www.organicfacts.net/health-benefits/minerals/health-benefits-of-copper.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
https://www.organicfacts.net/home-remedies/home-remedies-for-cancer.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
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Soil Solarisation - A natural method of disinfestation 
Article ID: 22146 
1Monika Ray  and 2Meenakhi Prusty 
1Junior Scientist (Agronomy), RRTTS (OUAT), Keonjhar 
2Junior Scientist (Soil Science), RRTTS (OUAT), Mahisapat, Dhenkanal 

 
                Soil solarization is a technique that uses the sun's energy to battle pests and diseases in our soil. It's 
especially effective against nematodes, tiny worms that feed on the roots of plants. With soil solarization, a 
sheet of plastic is used to cover the soil surface, allowing the soil to reach temperatures that are lethal to many 
pests and weeds. Soil Solarisation is normally done during summer months with temperature (air) more than 
35°C for controlling weeds, seeds, bacteria, fungi, nematodes and other soil borne pathogens and pests by 
covering the moist soil with a transparent polyethylene film exposed to sunlight. The effectiveness of soil 
solarisation enhances plant growth by improving soil colour, structure, temperature, moisture etc. 

Types of pests controlled by Soil Solarisation 
Weeds 
Soil Solarization is most effective in controlling annual seeds that are closest to the surface. Perennials are 
tougher and require the maximum temperature to die. All conditions need to be at their best to kill some 
plants. High level of sunshine, longer solarization period, enough moisture in soil, well placed plastic tarpthat 
does not allow heat to escape. 
Bacteria and Fungus 
Solarizing your soil can significantly reduce some soil-borne pathogens like damping off, fusarium wilt, tomato 
canker, crown gall, vermicillium wilt. Airborne bacteria and fungus will not be affected. 
Nematodes 
Nematodes are sensitive to solarization of the soil and can be very effective particularly in a raised bed or in 
containers. Because they are relatively mobile creatures they can re colonize the area. Control of the 
nematode  is most effective in the top 10 inches of soil and below this they can survive and attack roots that go  
to deeper zone . 
Japanese Beetles, Squash Vine Borer and other Insects 
In order to be effective for insect pests, timing of soil solarization has to be  proper.Squash Vine Borer cocoons 
hatch at the end of June/ Beginning of July when the mature insects emerges. It is useless to solarize the soil 
expecting to kill them if you wait till mid July, that's closing the barn door after the horse has escaped. You 
have to time your attack properly and solarize before the emergence of the bugs. 
Controlling Japanese beetles using soil solarization faces the same problem. The grubs are quite deep early in 
the year, then come up much closer to the surface and eat what they can when the weather improves. When 
the weather gets colder they burrow deeper and are not so likely to be killed by solarization. They are most 
easily killed when they are close to the surface in summer. 
Beneficial Soil Organisms 
Beneficial soil organismssuch as mycorrhizal fungi, and fungus and bacteria that parasitize and attack the 
detrimental organismsand colonize quite quickly. In fact there is often an increase in population of the 
beneficial soil organismsafter solarization. Many garden store soil mycorrhizal spores or beneficial nematodes 
and we can speed up re-colonization by inoculating our soil with beneficial organisms.Earth worms just move 
down and come back up when conditions are good. 
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Procedure of Soil Solarisation 
It is a simple procedure but each step has to be done with some care. 
 Prepare the area by turning the soil over and smoothing it as free from bumps as possible. Highest 
temperature are achieved when the plastic sheet touches the soil with minimum air space under the plastic. 
 Water the area thoroughly. Hot moist conditions are the best to kill pathogens and other bad guys. 
 Choose a period of high sunshine. Since this is a solar heating project which needs the most sun possible. 
 Choose clear plastic instead of dark. This allows the most amount of sun through and results in maximum 
temperature of the soil. If dark tarp is used, it gets very hot but the heat is not transferred to the soil as much 
as with a clear tarp. Thinner is better than thicker plastic because less solar radiation is blocked. 
 Adding a second layer of plastic with an air space in between the two can really insulate the installation and 
increase the temperature in cooler areas or at times of year when the sun is reduced. 
 Make a shallow trench around the area to be solarized and put the edge of the plastic in the trench. Put soil 
on the edge to seal in the heat. Avoid folds and pull the tarp so there are no folds or loose plastic, contact with 
the soil improves the temperature. Sealing in the edges also keeps moisture in improving the process. 
 Let it bake for 4-8 weeks depending on the location, how much sun is there  and how warm it is. Keep 
checking at intervals  to make sure the plastic does not get torn or pulled up by hopeful animals, or moved by 
the wind. 
 At the end of the Solarization period, remove the plastic. Avoid bringing up soil from deeper. It might have 
weed seeds or pathogens that have survived. If possible recycle the used plastic sheets. 

Effects of soil solarisation on soil chemistry and microbial ecosystem 
  Generally, the highest temperature (more than 50°C) can be achieved during daytime only in the upper 
5 cm of soil. At lower depth (10–15 cm) soil temperature may pass 40°C in warm environment and during 
summer, and more than 35°C can be achieved up to 30 cm depth. However, the effect of energy emitted by 
sun on soil temperature is strongly dependent to climate and weather. 
  Plasticulture enhanced the availability of useful constituents (potassium, nitrogen, magnesium, and 
manganese) it is easier to assimilate compounds that can increase pathogen tolerance, and eventually increase 
the yield of crops by altering chemistry of soil and its physical characteristics through increased breakdown of 
organic material. Nitrogen transformations (nitrification and ammonification) were found to be greater in 
treated fields compared with non-solarized ones, while integration of manure with soil solarization found to be 
greatly increased the C, N, and P pools. This integration could be used as key plan to defend farming lands from 
soil mistreatment and to enhance pest control while maintaining soil fertility. Plasticulture helped at increasing 
the concentration of NO3

- and NH4
+ up to six times compared to non-solarized soils. It also increased the P, 

Ca+2, Mg+2, and electrical conductivity, which was linked to the greater quantity of ions released following 
decomposition and mineralization of organic matter and increased yield of many crops as observed in solarized 
plots. 
  Most of the soil microorganisms are beneficial and enzymatic activities are considered as biosensors of 
soil health, thus impact of soil treatment on microbial ecosystem is crucial. Effectiveness of soil solarization 
was also related to effect of treatment on availability of chemical compounds originated from degradation of 
mesophilic microorganisms. This increment of nutrients can lead to an increased growth of benefice 
antagonists of plant pathogens that were commonly reported in treated soils . Desirable effects are also 
associated with shifts in soil microflora caused by reduced pressure on soil micro biota by microorganism-
grazers which are stressed by plasticulture.  Generally, heating treatment caused significant changes in 
biodiversity of soil microflora, while studies on the fungi and bacteria communities of plasticulture-treated 
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soils showed lower cumulative carbon metabolic activities than untreated ones. Thus, plasticulture causes 
shifts in microflora composition which can consume carbon substrates at lower efficiency as control. The 
measurement of carbon source utilization richness (which reflect different microorganism metabolism) and the 
Shannon’s index of carbon source utilization (related to functional diversity) were also slightly affected by 
solarization. Furthermore, soil composition may also interfere with soil biota during solarization due to 
decomposition of organic material that can produce fizzy chemicals poisonous to microorganisms in soil.The 
integration of soil biofumigation with plasticulture (biosolarization) is considered a sustainable option for crop 
protection, and biofumigation may also increase growth of beneficial microorganism. Further study conducted 
in southern Italy, documented that integration of soil solarization with organic amendments keep microbiota 
and soil enzymatic properties protected from deleterious heating effects. 

Factors effecting Soil Solarisation: 
 Soil moisture 
 Day length 
 Temperature. 
 Intensity of sunlight. 

Suggested polyethylene film for soil solarisation: 
 25 micron transparent Polyethylene film 

Physical identification of successful solarisation: 
 Water droplets collected in the inner surface of the film. 
 The upper surface of the will be very hot. 
 Weeds under the film will be eliminated due to high temperature. 

Advantages 
 Controls weed, nematodes and other soil borne diseases. 
 Enhances germination and helps in the development of healthy seedlings. 
 Soil solarization also leads to increased growth response (IGR) of plants. 
 Enhances plant growth and yield. 
 Helps in reducing usage of weedicides / herbicides. 
 It improves soil texture and the nutrients availability in the soil which are essential for plants growth and 
development 
 

Disadvantages: 
Like most pest management efforts, there is a down side to soil solarization: The high temperatures needed to 
kill all the unwanted soil occupants will also kill many beneficial organisms. It may help to know that often the 
beneficial organisms will return more rapidly than the harmful ones. 

Limitations 

 Certain unfavourable environment condition. 

 Shortage of supplementary irrigation water during solarization. 

 Non cropping for relatively long period, especially in areas of summer cropping. 

 Survival of weed seeds deeper in the soil. 
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 Pollution of plastic residues resulting from the treatment. 

 Lack of adequate machinery for large scale soil mulching. 

CONCLUSION 
Solarization appears as a simple component of integrated pest control, based on easily manipulated physical 
factors. Soil solarization has potential advantages over other soil disinfestation methods. It is less expensive, 
non-chemical, with low hazards to the user, and does not involve the use of toxic substances. It can be easily 
adopted by farmers, and is viewed as part of the soil preparation before planting. These advantages are of 
special interest in many countries. Furthermore, the cost of solarization can still be reduced by eliminating the 
attachment of the plastic sheets to the soil in protected structures and by reusing the plastic sheets. Recycling 
the plastic insures even better results. This is attributed to changes in the photometric properties of the aged 
mulching plastic.To date, there are only economic and timing constraints for the use of solarization before any 
crop. In estimating its economic value, solarization should be considered not only as a possible replacement for 
herbicide, fumigant and other pesticide treatments, but also as a solution for situations in which no efficient 
and safe control method is available for weeds and soilborne pathogens. 
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Use of Fly Ash in agriculture 
Article id: 22147 
Amaresh Pradhan, Harish M. N, Rahul Mandal, Somanath Nayak 
 Ph. D Scholar, ICAR-Indian Agricultural Research Institute, New delhi-110012 

INTRODUCTION 
Fly ash is the end residue from combustion of pulverized bituminous or sub-bituminous coal (lignite) in the 
furnace of thermal power plants and consists of mineral constituents of coal which is not fully burnt. Fine 
minute particles of ash are carried away with flue gases in electrostatic precipitators or cyclone separators 
and are collected by wet (slurry form) or dry scrubbing method, which requires large volumes of land, water 
and energy. However, in many countries this industrial byproduct has not been properly utilized rather it 
has been neglected like a waste substance. Though in last four decades various alternate energy sources 
have come into the limelight, the hyperbolic use of coal as a prime energy source cannot be 
counterbalanced. Disposal of high amount of fly ash from thermal power plants absorbs huge amount of 
water, energy and land area by ash ponds. In order to meet the growing energy demand, various 
environmental, economic and social problems associated with the disposal of fly ash would continue to 
increase. By virtue of its physical characteristics and sheer volumes generated, fly ash is a serious problem. 

 Due to heavy disposal, fly-ash particles both as dry ash and pond ash occupy many hectares of land in 
the vicinity of power station. 

 Because of its fineness, it is very difficult to handle fly ash in dry state. Flying fine particles of ash corrode 
structural surfaces and affect horticulture.  

 It disturbs the ecology through soil, air and water pollution.  

 Long inhalation of fly-ash causes various serious diseases like silicosis, fibrosis of lungs, bronchitis, and 
pneumonitis.  

Physical properties of fly ash 
The physical properties of fly ash vary widely depending on the coal type, boiler type,  ash content in coal, 
combustion method and collector setup. Fly ash generally has a silt loam texture with 65–90% of the 
particles having a diameter of less than 0.010 mm (Chang et al., 1977). Ash from bituminous coal is usually 
finer as compared with that of lignite one. Fly ash particles are empty spheres (cenospheres) filled with 
smaller amorphous particles and crystals (plerospheres). The cenosphere fraction constitutes as much as 
1% of the total mass and gets easily air borne (Hodgson and Holliday, 1966). In general, fly ash has low bulk 
density (1.01–1.43 g cm3), hydraulic conductivity and specific gravity (1.6–3.1 g cm3) (Tolle et al., 1982). 
Mean particle densities for non-magnetic and magnetic particles are 2.7 and 3.4 g cm3, respectively, while 
the moisture retention ranges from 6.1% at 15 bar to 13.4% at 1/3 bar (Natusch and Wallace, 1974). 
Moreover, the oxides of iron and aluminium present on the surface of the fly ash particles attract toxic 
trace elements, such as Sb, As, Be, Cd, Pb, Hg, Se, and V, and they are found to be concentrated largely on 
the surface of fly-ash. 
 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

517 
 

 
Fig 1: Generation of fly ash in thermal power plants 

  
Chemical properties of fly ash 
The factors influencing the physical properties are also responsible for wide variation of chemical properties 
of fly ash. The major components are Al, Fe and Si, with smaller concentrations of Ca, K, Na, Ti, and S. Fly 
ash contains varying amounts of numerous trace elements, some of which are required by plant and 
animals in varying amounts, whereas some may have toxic effect. Fly ash contains essential macronutrients 
including P, K, Ca, Mg and S and micronutrients like Fe, Mn, Zn, Cu, Co, B and Mo. Some are rich in heavy 
metals such as Cd and Ni. On an average 95–99% of fly-ash consists of oxides of Si, Al, Fe and Ca and about 
0.5–3.5% consists of  Na, P, K and S and the remainder of the ash is composed of trace elements. It is 
considerably rich in trace elements like lanthanum, terbium, mercury, cobalt and chromium (Adriano et al., 
1980). Fly ash consists of practically all the elements present in soil except organic carbon and nitrogen. On 
the basis of silica, alumina and iron oxide content, fly-ash has been classified into two types: Class F (low 
lime) and Class C (high lime). The coal in India contains low S but high ash (40%). 

Fly ash utilization  
During the last 30 years, extensive research has been carried out to utilize the fly ash in various sectors, as 
this is not considered as hazardous waste. Broadly, fly ash utilization programmes can be viewed from two 
angles, i.e. mitigating environmental effects and addressing disposal problems (low value–high volume 
utilization). Following are some of the potential areas of use of fly ash:- 

 Cement 

 Mine filling 

 Bricks and tiles 

 Reclamation of low lying areas 

 Ash dyke rising 

 Roads and flyover  

 Agriculture 

 Concrete 
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Fig 2. Fly ash use percentage in various sectors in India (CEA report, 2017) 

 
Use of fly ash in agriculture 
Soil properties as influenced by fly ash application have been studied by several workers for utilizing this 
industrial waste as an agronomic amendment. Physical and chemical properties of soil due to fly ash 
amendment vary according to the original properties of soil and fly ash but certain generalization could be 
made in most cases. Fly ash, which can be acidic or alkaline depending on the source, can be used to buffer 
the soil pH (Phung et al., 1978). The electrical conductivity of soil increases with fly ash application and so 
does the metal content. Lime in fly ash readily reacts with acidic components in soil and releases nutrients 
such as S, B and Mo in the form and amount beneficial to crop plants. Application of fly ash for increasing 
the pH of acidic soils (Phung et al., 1978) and improving soil texture (Chang et al., 1977) was investigated 
for agronomic benefits (Adriano et al., 1980) and improving the nutrient status of soil (Doran and Martens, 
1972).  ESP ash collected directly from thermal power station in Bathinda, India, was found to be finer in 
texture, lower in pH and generally richer in nutrients than the ash collected from the dumping sites (Sikka 
and Kansal, 1994). Major matrix elements were found to be Al and Si, together with significant percentages 
of K, Fe, Ca and Mg. The saturation moisture percentage of both the ash was higher, but the bulk density 
was lower than the normal cultivated soils. Calcium was present as the dominant cation on the exchange 
complex followed by Mg2+, Na+ and K+ in addition to high sulphur content.Fly ash addition at 70 t/ha was 
reported to alter the texture of sandy and clay soils to loamy soils (Fail and Wochok, 1977). Fly ash addition 
generally decreased the bulk density of soils, which in turn improved soil porosity and workability and 
enhanced water retention capacity (Page et al., 1979). The water holding capacity of sandy/loamy soils 
increased by 8% due to fly ash amendment (Chang et al., 1977) and accompanied increase in hydraulic 
conductivity helped in reducing surface encrustation. Agricultural utilization of fly ash has been proposed 
because of its considerable content of K, Ca, Mg, S and P (Page et al., 1979; Adriano et al., 1980). Fly ash 
addition generally increases plant growth and nutrient uptake. Greenhouse experiments conducted by 
Sikka and Kansal, 1995) showed that application of 2–4% fly ash significantly increased N, S, Ca, Na and Fe 
content of rice (Oryza sativa) plants. They did not find any residual effect of fly ash application on the 
following wheat crop except for a slight increase in Fe content of the soil. The post harvest soil samples 
from rice and wheat also did not show any change in the nutrient content and pH. The iron content of the 
soil however, increased to 18% from 12%. Application of 5–20% fly ash on w/w basis in the plough layer (0–
15 cm) increased both grain and straw yield of pearlmillet (Pennisetum sp.) followed by wheat (Grewal et 
al., 2001). 
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Waste land reclamation 
Thousands of hectares of land have been converted to ash ponds. India has around 30,000 ha of ash ponds 
(Kumar and Sharma, 1998). New usage options that can utilize greater percentage of fly ash are being 
explored and large-scale application on land has been advocated as a promising utilization option (Adriano 
and Weber, 2001). Due to strip mining of coal, millions of hectares of land worldwide became wasteland. In 
these areas fly ash was effectively used for reclamation stabilization. The quantity of fly ash required to 
reclaim such areas depends upon the pH of fly ash, state of weathered and pH of the land to be reclaimed. 
Fly ash acts as an alternative to lime for reclaiming the acidic mine spoils (Singh et al., 1982; Laboratory 
studies have shown that alkaline fly ash was chemically equivalent to approximately 20% of reagent grade 
CaCO3 in increasing soil pH and supplying Ca to the plants (Phung et al., 1979). Although, addition of large 
quantity of slightly acidic fly ash may not alter the pH appreciably but can still increase the available Ca2+ 
and Mg2+ (Adriano et al., 1978). The neutralizing ability of fly ash also depends on its source and extent to 
which it is weathered. Addition of unweathered fly ash is not advisable as it may substantially increase the 
soil salinity. Leaching, lagooning and stockpiling appreciably solve this problem, minimizing boron toxicity 
and other ill effects of unweathered fly ash (Page et al., 1979; Phung et al., 1978). Large quantities of 
neutral coal fly ash can be profitably used (Abbott et al., 2001) by co-application of a lime-stabilized biosolid 
for the reclamation of acid mine spoil. 

Advantages of fly ash use in agriculture: 

 It could be stated that the potentiality of fly-ash for its use in agriculture is popularizing day by day due 
to the fact that it contains almost all the essential plant nutrients i.e., macronutrients including P, K, Ca, Mg 
and S and micronutrients like Fe, Mn, Zn, Cu, Co, B and Mo, except organic carbon and nitrogen. 

 It is now well proved that though it can substitute lime, a costly amendment for acid soils, it cannot be a 
substitute for chemical fertilizers or organic manures. However, integrated application of all these can 
foreshorten the plant uptake of different heavy metals from fly-ash-amended soils as well as can reduce the 
use of chemical fertilizers and thereby reduces environment pollution. 

 Fly-ash is also useful for stabilizing erosion-prone soils. Phytoremediation can prevent cycling of toxicants 
from fly-ash and growing of multipurpose tree species on problem soils. 

 According to IPCC, agricultural lime application contributes to global warming through emission of CO2 to 
the atmosphere. Use of fly-ash instead of lime as soil ameliorant can reduce net CO2 emission and thereby 
lessen global warming. 

Problems related to fly ash:- 

 While in the current year, 2016-17 the annual production of fly ash in India was about 169.25 MTs and 
utilization was 107.10 MTs, and about 63 MTs remained unutilized. This huge volume of fly ash requires 
large areas of lands in the form of ash ponds for dumping which may lead to encroachment on agricultural 
land. 

 Such a huge volume possesses a challenging threat, in the form of usage of land, health and 
environmental hazards. 

 Other problems related to fly ash disposal includes high disposal costs and potential leaching of toxic 
heavy metals from the areas of dumped fly ash into surrounding soil or ground water. Utmost care has to 
be taken to safeguard the human life, wild life and environment from the fly ash disposal and utilization. 

 When pulverized coal is burnt to generate heat, the residue contains 80% fly ash and 20% bottom ash. A 
huge volume of fly ash generated from coal-based thermal power plants may create several threats from 
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the environmental point of view. The ultrafine fly ash particles ranging in size from 0.5 to 300 micron in 
equivalent diameter, being lighter in weight, have potential to get airborne easily and pollute the 
environment. 

 If the fly ash management remained improper in sea/rivers/ponds then it could lead damage to the 
aquatic life also. Slurry disposal lagoons/settling tanks can become breeding grounds for mosquitoes and 
bacteria.  

 The presence of traces of toxic heavy metals in fly ash may also contaminate the underground water 
resources. 

 In order to get out the fly ash from the thermal power plants and to the dumping sites or ash ponds 
requires huge expenditures. 
 

Apprehensions that need further research 

 In spite of several advantages of using fly ash in agricultural field, many are afraid of its natural 
radioactivity and heavy metal content. Researchers have proved that the effect of this radioactivity and 
heavy metal content is in the safe limit if fly ash is being applied in optimum quantity. However, long-term 
confirmatory research and demonstration are necessary for convincement at the grass root level, as is the 
case for any new agricultural input materials like fertilizers, amendments or pesticides. 

 As in the case with fertilizers and any other agricultural inputs, the amount, time and method of fly-ash 
application would vary with the type of soil, the crop to be grown, the prevailing agro-climatic condition 
and also the type of fly ash available. Research on these aspects needs attention for utilization of fly ash in a 
better way. 

 Simultaneously, in future, attention should be given on some important areas related to fly ash 
utilization, like proper handling of dry ash in plants as well as in fields, ash pond management (i.e., faster 
decantation, recycling of water, vertical expansion rather than horizontal, etc.) long term studies of impact 
of fly ash on soil health, crop quality, and continuous monitoring on the characteristics of soil as well as fly 
ash. 
 
CONCLUSION 
To meet the growing energy demand and thereby increase power generating capacity, the dependency on 
coal for power generation and disposal of fly-ash will continue to increase along with various unavoidable 
problems. Moreover, keeping in view of developmental problems like burgeoning population, growing food 
demand, shrinking natural resources, it is necessary to sustain the production of crop yield as well as soil 
health in an eco-friendly way. Hence, it is required to involve fly ash more effectively in agriculture sector to 
exploit its various physical and chemical properties fully, which are beneficial for soil and crop health. Fly 
ash contains basic mineral elements, which make it similar to the earth crust. Its addition to soil results in 
agronomic benefits enabling raising a green cover and even growing of crops on nutrient deficient soils and 
can be successfully used to correct the soil pH. Presence of high concentration of elements such as K, Mg, 
Fe, Zn and Ca in readily available ionic form increases their uptake by plants. Soils prone to soil or water 
erosion can be stabilized through fly ash amendment. The fine nature of fly ash comes handy in increasing 
water holding capacity of sandy soils and removing compaction in clay soils. These improvements in 
physical and chemical nature coupled with positive effect on soil microorganisms make the problem soils 
productive. Not only that, use of fly ash for reclaiming threatened soils provides an economical way of 
disposal. Using weathered fly ash can effectively solve the problem of ground water contamination. 
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Phytoremediation offers an effective way to prevent cycling of toxicants from fly ash and growing of 
multipurpose tree species on problem soils is an environmentally safe strategy for gainful utilization of fly 
ash. Nonetheless, new knowledge needs to be generated to further minimize soil and ground water 
contamination and identify ways to efficiently exploit the fly ash as soil ameliorating agent for waste land 
reclamation. 
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Fodder bank establishment and management 
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INTRODUCTION  
Livestock play an important role in most small scale farming systems throughout the world. They provide 
traction to plow fields, manure which maintains crop productivity, and nutritious food products for human 
consumption. In most small scale farming systems livestock graze in pastures or woodlands feeding on grass 
and other herbaceous plants. During the wet season these lands provide adequate forage to maintain 
productive animals. In the dry season however, the quantity and quality of forage greatly decreases and is 
generally low in nutritional value. Livestock sustained on such diets often lose weight and productivity. 
  To avoid this problem, farmers must provide their animals with quality feeds to augment dry season 
forages. For most small scale farmers this is not possible to supply expensive concentrates or supplemental 
feeding due to high costs and limited availability of supplements. A more practical option is for farmers to 
establish fodder banks. Fodder banks are plantings of high-quality fodder species. Their goal is to maintain 
healthy productive animals. They can be utilized all year, but are designed to bridge the forage scarcity of 
annual dry seasons. Fodder banks do not provide 100% of feed requirements, but supplement the available 
dry season forage. 
  Fodder bank plants are usually trees or shrubs, and often legumes. The relatively deep roots of 
these woody perennials allow them to reach soil nutrients and moisture not available to grasses and 
herbaceous plants. This characteristic enables these plants to retain fresh foliage into the dry season. The 
ability of some legumes to fix atmospheric nitrogen makes them protein rich feeds. 

Species: Many species make excellent fodder bank components. In general these species: 
 establish readily 

 grow fast  

 out-compete weeds  

 produce high-quality fodder  and survive on poor sites 

 remain productive during dry seasons under repeated harvest  

Establishment: 
 Fodder banks are valuable crops which support productive farming systems. They should be managed 
intensively. Site preparation is necessary to establish fodder banks. This can be accomplished by mechanical 
or chemical means. The goal is a weedier seed bed, in which plant growth and survival will be maximized. 
As with all tree planting activities fodder bank establishment must coincide with the rainy season. This 
assures high plant survival. 

Planting material: 

 Direct seeding is normally recommended for fodder bank establishment.  

 Seeds of many fodder bank species must be soaked in water or scarified to assure good germination. 

 Sowing depth depends on seed and site characteristics. 

 Most seeds should be sown at a depth equal to 1-2 times their width.  

 In heavy soils, or when seed is small, sowing depth should be shallow.  
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 In arid and semi-arid environments sowing depth should be deep.  

 For most seed types, successful sowing methods vary from place to place.  

 Fodder bank establishment is also possible with seedlings or cuttings. When seedlings or cuttings are 
used wide plant spacing, 50x50 cm or 1x1 meter, is usually recommended. Species that can be established 
by cuttings includeGliricidia sepium and Erythrina spp. 

Post-establishment care: 
Although most fodder bank species are considered fast-growing their initial growth is often slow. During 
this period seedlings are susceptible to weed competition for light, moisture and soil nutrients. Depending 
on weed growth, the fodder bank should be thoroughly weeded every 2-4 weeks. This level of weed, 
control should be maintained until the fodder bank species achieve a dominant canopy position and begin 
to suppress weed growth. This usually occurs six months after establishment. 
The use of fertilizers to improve fodder bank establishment is not generally  without adequate weed control 
results in decreased survival and growth of fodder bank species. Fodder banks are long-term crops that 
must be properly maintained to continue high productivity. Even under direct grazing, fodder banks remove 
large amounts of soil nutrients from the site. These nutrients must be replenished by application of 
manures or chemical fertilizers. 

Spacing and Design 

 Choice of spacing depends on management objectives. To maximize dry season production, fodder banks 
should be dense, nearly pure stands. Recommended spacings vary from 5x5 cm. to 1x1 m. Total biomass 
yields per area increase at higher densities.  

 Wider spacing is generally used when both fodder and small diameter wood, for fuel or poles, are 
desired. Closer spacing maximizes fodder production, but may make access for harvest or grazing difficult. 
Spacing of 1x1 meter is common for many species. 

 Fodder production and accessibility can be improved by using double rows of fodder trees at wider 
spacing. Rows are established about 50 cm apart with 1-1.5 meters between double rows. In row spacing of 
trees varies from 5-50 cm. Ideally, rows are oriented along the contours in an east-west direction. This 
orientation provides optimum fodder bank sun exposure and erosion control. Of course this is not always 
possible. Row establishment should conform to site geography. When the slope is steep, it is best to 
establish rows along the contours. Control of soil erosion improves with closer in-rows spacing. 

 Once the fodder bank is well established, grass should be allowed to grow in the area between double 
rows. Competition between bank trees and grass will not be as severe as during the establishment period. 
Tree roots will feed from deep in the soil, grass from near the surface. Their difference in height will also 
decrease competition for sunlight. This two-tiered system produces more fodder per area than either plant 
type alone. The grass grown in the interrow area should be an excellent fodder species.  
 
Management 

 Age at first harvest, in most circumstances the first harvest should be delayed until the bank is 9-21 
months old. Actual age at first harvest depends on environmental conditions and bank growth.  

 Under arid or poor soil conditions growth will be slow and the first harvest should be later. When growth 
is fast, the first harvest may be sooner. The goal is to allow fodder bank species to establish deep roots and 
thick trunk diameters. The resultant healthy plans have ample carbohydrate reserves and respond well to 
harvesting. 
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 Biomass production/harvest and long-term production both increase when the first harvest is delayed. It 
is believed that the first harvest, whether from cutting or grazing, terminates the downward growth of 
taproots. This is an important consideration in arid and semi-arid environments. 
 
Grazing: 

 Fodder banks can be directly grazed by livestock. This system saves labor and effort but can mad to plant 
damage and fodder waste from trampling. The key to direct grazing is subdivision of the fodder bank into 
paddocks. Livestock should be restricted to one paddock until the available fodder resource is fully utilized. 
Animals should then be moved to the next paddock. 

 If environmental and plant growth conditions are favorable, fodder banks may be grazed year-round. 
Grazing periods are generally 1-2 weeks, followed by recuperation periods of 3-6 week (or three times the 
grazing period).  

 Under arid conditions the recuperation period may need to be longer. To stimulate tree growth fodder 
banks should be cut to a uniform height after the grazing period. 

 After long recuperation periods tree height may make fodder inaccessible to animals. This is often a 
problem when fodder banks are not grazed all year. Periodic cutting of sections of each paddock may be 
necessary to improve animal access. The cut fodder is left on the ground where livestock can access it. The 
area cut should correspond to what will be eaten before the next cutting. 

 Goats and sheep often eat the bark as well as leaves of fodder trees. This can lead to tree mortality and 
decreased long-term fodder bank productivity. Unless closely monitored, goats and sheep should not be 
allowed to graze fodder banks. Cattle generally do not cause this problem. 
Cut-and-carry: 

 Most fodder banks are managed through a cut-and-carry system in which the fodder is harvested and 
then 'carried' to the livestock. A cut-and-carry system decreases fodder waste from animal damage and the 
necessity to monitor animals. However, labor inputs may be greater than with direct grazing systems. 
Special harvesting equipment is available for fodder banks but all that is necessary is a sharp machete. 

 Important management factors to consider for a cut-and-carry system are cutting height, cutting 
frequency, and dry season management. These factors are all influenced by precipitation, temperature, 
soils, species, plant spacing, as well as each other. 
Cutting height: 
To obtain maximum fodder production research studies have recommend a great variety of cutting heights. 
Review of these results suggests a standard cutting height of 50-150 cm. Besides fodder production this 
height provides other advantage Trees retain adequate foliage to ensure rapid regrowth and plant 
longevity. Fodder is harvested with a minimum of bending or reaching, allowing for efficient movement by 
the harvester. 
A notable exception to the standard recommendation is the management of Sesbania grandiflora. This 
species experiences a high degree of mortality when its main stem is cut. Side branches can be harvested, 
but it should not be completely defoliated or have its main stem pruned below 150 cm. 
After 2-3 years of production it is recommended to cut Leucaena back to 25 cm. This lower height removes 
much of the dead wood and rejuvenates foliage production. This may be true for other species also. 
However, regular cutting below 50 cm may cause increased mortality and decreased long-term 
productivity. 
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Cutting heights of 50-150 cm often maximize fodder production. 
 
Cutting frequency: 
As with cutting height research studies have recommended a great variety of cutting frequencies. The most 
common cutting frequencies are 6-18 weeks. Generally, longer cutting frequencies, 12-18 weeks, generate 
more total biomass but increase the proportion of small wood production. Shorter cutting frequencies, 6-12 
weeks, favor fodder yields and fodder quality. Younger foliage tends to have a higher nutritive value and 
palatability. However, repeated cutting after short frequencies decrease longevity. 
 Standard cutting frequencies were developed for tropical conditions and tend to correlate with regrowth 
heights of 1-2.5 meters. Under arid, sub-humid or temperate conditions regrowth may take longer to reach 
this height, cutting frequencies may need to be extended. 

Dry-season management: 
Dry-season fodder production is a main objective of fodder bank management. In areas with severe dry-
seasons special management practices should be followed. Six to eight weeks before the beginning of the 
dry-season trees should be cut to the recommended height. The new foliage produced over the next few 
weeks will be retained well into the dry-season when it is most needed. Left uncut for 4-6 months, Gliricidia 
sepium will not retain its leaves into the dry-season. This may be true for other species as well. 
When the dry-season is very long or the area of fodder bank very large, the pre-dry-season harvest should 
occur in phases. This will assure that fodder is available throughout the dry-season. During these pre-dry-
season harvests the amount of fodder available may exceed normal needs. The excess may be used to 
increase animal rations, make silage for dry-season use, or mulch crops. Dry-season regrowth will be slow, 
and cutting frequencies may need to be extended. 

Suitable tree species for Fodder bank: - Acaia nilotica, Albizia lebbeck, Azadirechta indica, Leucaena 
leucocephala, Glircidium sepium, Sesbania grandiflora, Prosopis cineraria, Dalbergia sissoo 
Legume Fodders: - Cowpea / Lobia , Desmanthus- Hedge lucerne / Velimasal, Lucerne(Queen of forages),  
Stylo. 
Cereal Fodders: - Maize, sorghum. 
Grass Fodders: - Napier grass, Guinea grass, Para Grass , Blue buffel grass. 
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Microencapsulation, one among the cutting edge technologies in food processing stands as protective technology 
of encapsulating solid, liquid or gaseous materials into micro particles with a Ø of 1-1000 μm generally referred as 
‘microcapsules’, and is widely used in fields of food, medicine, cosmetics, textile. Uniqueness 
of microencapsulation is that the core material is completely coated and is isolated from external environment. The 
microcapsule technology is boomed in Indian food industry in the present era. 

 
INTRODUCTION 
Microencapsulation is the process of enclosing small solid particles, liquid, or gas within coating layer or a 
matrix. Microencapsulation does not utilize capsules greater than 3 mm in length. The ingredient that is to 
be encapsulated is usually called an active, core, payload, internal phase, encapsulate, or fill. The material 
that envelopes the active is commonly called shell, wall, coating, external phase, support phase, or 
membrane. The shell material is usually insoluble and nonreactive with the core. Shell material accounts for 
1 to 80% of the microcapsules by weight. The microencapsulate shell can be made of sugars, gums, 
proteins, natural and modified polysaccharides, lipids, waxes, and synthetic polymers5. The 
microencapsulation generally falls into two categories, they are, microcapsules (chemical process) and 
microspheres (mechanical process) (Fig. 1) 

 
Fig. 1. Microcapsule and microsphere 

 
Microencapsulation technologies aid in ingredient protection (to prevent exposure from water, oxygen, 
heat, and light), masking (masks undesirable taste, odour, and colour) and ease of handling. 
Microencapsulation prevents reactions and undesirable interactions between active food ingredients3 and 
those between actives and food components. It is used to control the delivery of a food ingredient. Thus, it 
is known as controlled release or controlled delivery4. Microencapsulation process is shown in the Fig. 2. 
Controlled release of food ingredients is done in the following ways enlisted below: 
1. Release triggers or signalled release 
2. Moisture or solvent release 
3. Shear or pressure release 
4. pH and enzymatic release 

https://www.sciencedirect.com/topics/engineering/microencapsulation
https://www.sciencedirect.com/topics/materials-science/microparticle
https://www.sciencedirect.com/topics/materials-science/cosmetics
https://www.sciencedirect.com/topics/engineering/external-environment
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Materials used for microencapsulation are listed in the Table 1 
Table 1. Materials used for microencapsulation of hydrophobic actives 
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Unmodified polysaccharides Sugar, Starch, Glucose syrup, Maltodextrin2 

Modified polysaccharides  Cyclodextrin, Dextrin, OSA starch, Cellulose 

Polysaccharide gums Gum arabic2, Alginate4, Carageenan, Pectin 

Vegetable proteins  Soy, Wheat, Corn (zein) 

Animal proteins  Gelatin, Casein, WPC, WPI, Caseinate 

Polymers PEG, PVA, PVP, Cellulose derivatives, Chitosan 

H
yd

ro
p

h
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c Lipids 
Hard fat, Hydrogenated fat, Glycerides,  
Phospholipids, Fatty acids, Plant sterols, Sorbitan esters  

Waxes 
Beeswax, Paraffin wax, Microcrystalline wax, Carnuba 
wax 

Polymers Shellac, Ethyl cellulose 

Generally microencapsulation is done by physical and chemical methods based on the formation of 
microcapsules. They are enlisted in the Table 2. 
Table 2: Different methods of microencapsulation 

Physical Spray drying1, Spray cooling, Spinning, Fluidized bed (drying, granulation, and 
coating), Extrusion, Coextrusion, Molecular encapsulation, Multiple emulsions 

Chemical Phase separation, Solvent evaporation, Coacervation, Interfacial 
polymerization, Liposome, Coextrusion, Nanoencapsulation 

 

 
Fig. 2. Experimental apparatus for preparation of microcapsules 
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CONCLUSION 
Microencapsulation technology is the need of the hour state-of-art technologies in food processing to 
address the nutritional security of countrymen. The microencapsulation lead to the development of diverse 
foods in the form of microcapsules, nanocapsules etc., that are consumed by incorporation into the 
functional foods. Thus the microencapsulation can be regarded has novel application in the food processing 
sector.   
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In recent years, food packaging technology has undergone many advancements and nanotechnology is 
one of them. New packaging materials are being manufactured using nanoparticles to improve 
functionality of the packaging materials and thus, extending the shelf life of food products. Rapid use of 
nanotechnology in the sector of food packaging has introduced concerns for food quality, safety, stability 
as well as preservation. These packages can inform consumers about the real time quality of the product. 
They can also release antimicrobials or preservatives to increase the shelf life of packed product. 
Nanoparticle based packages also provide improved barrier and mechanical properties. However, the 
effect of nanoparticles on food, their migration and leaching inside the food products and impact on 
environmental and human health is still under research. 

INTRODUCTION 
Nanotechnology is a newly emerging technique, which involves the characterization, fabrication, and 
manipulation of structures, devices or materials that have at least one dimension having 1-100 nm in length 
(Duncan, 2011). All polymers do not exhibit strong mechanical and barrier properties; hence these 
polymers are now often integrated with nanomaterial to improve their basic functionality. Nano packaging 
is used to increase shelf life of food by decreasing the gas and moisture exchange and UV light exposure by 
improving the package properties (Sorrentino et al., 2007). These packages can also introduce antioxidants, 
enzymes, flavors, antimicrobials or nutraceuticals inside the package and thus can also be used for ‘smart’ 
packaging. 

Different types of nanomaterials that are used in food packaging are: 
1. Polymer nano composites 
These are single or mixture of polymers (natural or synthetic) in addition to one inorganic or organic filler 
material with dimension of less than 100 nm obtained from nanoparticles. The nanoparticles incorporated 
are SiO2, clay, TiO2, KMnO4, nanocellulose, nano fibrillated cellulose (NFC), carbon nanotubes, etc. 
(Gokularaman et al., 2017). Polymer nano composites possess better thermal and barrier properties than 
traditional polymer packaging materials. 
2. Biodegradable nano composites 
These are the nano composites which use biodegradable polymers to reduce the harmful impact of 
synthetic polymers. Biodegradable nano composites which are used for food packaging include starch and 
its derivatives, polybutylene succinate (PBS), poly lactic acid (PLA) and poly hydroxyl butyrate (PHB) 
(Gokularaman et al., 2017). These composites are less commonly used because of cost, performance and 
manufacturing constraints. 
3. Nanomaterials in intelligent packaging 
Intelligent packaging involves use of sensors or nanosensors which is still under developmental stage. These 
nanosensors prevent microbial contamination and curb the negative impact of environment such as 
humidity, oxygen level, etc. nanosensors include freshness indicators which inform consumers about the 
quality of food.  
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4. Nanomaterials in active packaging 
Active packaging involves use of packaging materials that alter the environment inside the package suitable 
to increase shelf life of food. Nanoencapsulates are incorporated in the packaging materials which 
discharge additives to maintain food quality. Nanomaterials like silver, gold and zinc have antimicrobial 
properties and are used commercially. 

Impact of nanotechnology on food safety 
Food safety is a global concern and hence all food products should be prevented from physical, chemical, 
biological and microbiological contamination. Nanotechnology has revolutionized the packaging sector as it 
extends shelf life, maintains food safety and reduces packaging waste. However, the impact of this 
technology on environment and human health is still not known clearly. Potential health hazards due to 
nanoparticles and their effect on living cells still need extensive research. Nanomaterials also need to be 
tested before being incorporated into the packaging materials and made available for consumers. But, it is 
believed that this technology will be used worldwide in the near future because of its immense benefits. 

CONCLUSION 
Good and safe packaging is very important in packaging industry to provide shelf stable product to 
consumers. A variety of packaging materials are used for food products and nanopackaging has found its 
way recently as a novel packaging technology. This technology offers a large number of benefits compared 
to traditional polymer based packaging. Although, certain toxicological and migration studies still need to 
be undertaken to utilize nanotechnology to its full potential.     
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Phytohormones are organic compound synthesized in one part of the plant and translocated to another 
part, and it elicits a physiological response in lower concentration; unlike plant growth regulators, which are 
synthetic chemicals not produced inside the plants and responsible for physiological and growth responses. 
Classical phytohormones: Auxin, Cytokinin, Gibberellin, Abscissic Acid, Ethylene 
New phytohormones: Brassinosteroid, Salycylic acid, Jasmonic acid, Srtigolactone, Karrikin, Melatonin, and 
polyamines. 
Brassinosteroid 
Brassinosteroids (BRs) are the steroidal plant hormones that play a pivotal role in growth and 
development of plants. They are ubiquitous within the plant kingdom and are well known for their 
pleotropic effects including growth, rhizogenesis, seed germination, flowering, maturation, senescence 
and abscission. In the past recent years, brassinosteroids are in the limelight for their potential to confer 
abiotic stress tolerance in plants. The use of different genetic, biochemical and molecular tools have 
provided us convincing evidence and valuable insights on the regulation of abiotic stress tolerance using 
BRs. However, in depth knowledge of the different mechanisms how BRs confer abiotic stress adaptation 
in plants is still elusive.  
Functions  
 Cell expansion and cell division in shoots. 
 Both promote and inhibit root growth. 
 Promote xylem differentiation. 
 Required for the growth of pollen tubes 
 BR application to crop plants is most effective under stress conditions. 
 BRs are useful in plant propagation. 
 BRs promote seed germination by interacting with other hormones such as GA and ABA. 
Salycylic acid  
Salicylic acid (SA) is an important phytohormone that plays a role in response to biotic stresses. Apart from 
this role, recent studies have demonstrated that SA also participates in the signaling of abiotic stress 
responses, such as drought, high and low temperature, salinity, ozone, UV radiation, and heavy metals. In 
addition, abiotic stresses also induce endogenous SA accumulation. The appropriate application of SA could 
provide protection against several types of environmental stresses. In addition, salicylic acid plays a vital 
role in various physiological processes, e.g. growth, plant development, ion absorption, photosynthesis and 
germination. 
Functions  
 Biotic stress response. 
 Protective effect under biotic stress to control pre-harvest and post-harvest losses derived from 
pathogen fruit infection. 
 Exogenous application of SA in bananas delay the ripening process reducing the respiratory burst and the 
pulp to peel ratio, as well as decreasing activity of enzymes related to cell wall degradation and antioxidant 
system. 
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 Treatment of sweet cherry trees with salicylic and acetylsalicylic acid (ASA) enhance weight, firmness and 
color of cherries at commercial stage. 
 Treatments with salicylic alleviated chilling injury of pomegranates, tomatoes, and avocados. 
 Regulation of ethylene production dependent on SA. 
Jasmonic acid 
Jasmonates (JAs), the derivatives of lipids, act as vital signaling compounds in diverse plant stress responses 
and development. JAs are known to mediate defense responses against herbivores, necrotrophic 
pathogens, nematodes and other micro-organism besides alleviating abiotic stresses including UV-stress, 
osmotic stress, salt stress, cold stress, temperature stress, heavy metal stress, ozone stress etc.  
Functions 
 Responses to insect attacks. 
 Responses to pathogens and other microorganisms 
 Cross-talk between JA and SA pathways 
 Jasmonatesin development and other processes 
Srtigolactone 
In the last decade strigolactones have been recognized as a novel plant hormones. They are involved in 
the control of key developmental processes such as lateral shoot outgrowth and leaf and root 
development, among others. Strigolactones modulate plant responses to abiotic stresses like phosphate 
starvation and drought. The newly discovered activities of strigolactones as plant hormones raise the 
possibility of using these compounds and their signalling pathways as tools to optimise species of 
agronomical importance. 
Karrikin 
Karrikins are a chemically defined family of plant growth regulators discovered in smoke from burning plant 
material. Karrikins are potent in breaking dormancy of seeds of many species adapted to environments that 
regularly experience fire and smoke. The recent discovery that karrikins trigger seed germination and 
control seedling growth in taxa that would rarely experience fire indicates that their significance could 
extend far beyond fire ecology. Another hypothesis is that plants contain endogenous karrikins that 
function naturally in the control of seed germination and that species from fire-prone habitats have evolved 
to respond also to exogenous karrikins.  
Melatonin 
Melatonin (N-acetyl-5-methoxytryptamine) is a pleiotropic molecule with numerous cellular and 
physiological actions in diverse kingdoms. Melatonin is also a plant hormone has gained much attention in 
the recent years. Plant melatonin, also called ‘phytomelatonin’, was initially studied as an interesting 
natural antioxidative molecule. The possible use of melatonin-rich plants as a recovery bioagent for 
chemically contaminated soils has been suggested as an innovative phytoremediation practice.  Recently, 
melatonin has been pointed out as an important factor for fruit set, in a similar way to IAA effects. Besides, 
circadian production of this phytohormone has been observed. During ripening, grapes treated with 
melatonin showed higher synchronicity and increased weight when fully ripens. It has been demonstrated 
that melatonin confers chilling tolerance during fruit cold storage, which appears to be mostly related to its 
antioxidant activity. Roles of melatonin related with diverse aspects, such as its protective role against 
abiotic and biotic stressors, its function as plant regulator in rooting, growth, and other morphogenetic 
features, changes in melatonin levels that undergo biological rhythms, and its action as a gene pioneering 
groups who suggested that melatonin may play an important role in the physiology of plants. 
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Polyamines 
Polyamines (PA) are a group of phytohormone like aliphatic amine natural compounds with aliphatic 
nitrogen structure and present in almost all living organisms including plants. They are involved in many 
physiological processes, such as cell growth and development and respond to stress tolerance to various 
environmental factors. 
Functions  
 DNA replication, cell division & translation. 
 Morphogenesis, embryo development,vascular differentiation and stem growth. 
 Programmed cell death-caspase activation or cytochrome-c release from mitochondria. 
 Senescence. 
 Environmental stress response. 
 Biotic stress response. 
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Rauwolfia serpentine L. Benth. ex Kurz.: A rare and endangered species in India 
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Rauwolfia serpentina (L.) Benth. ex Kurz is an important medicinal plant (woody perennial shurb) 
belonging to Apocynaceae family. 131 species found in the genus, seven are commonly found in India. 
The species is widely distributed in tropical India, Ceylon, and Java.  The present-day commercial supplies 
of the roots of Sarpagandha are mostly from Uttar Pradesh, Bihar, Orissa, West Bengal, Assam, Andhra 
Pradesh, Tamil Nadu, Kerala, Karnataka and Maharashtra. It is found usually in moist, deciduous forests 
at altitudes ranging from sea-level to 4,000 feet. It is seldom found in evergreen forests, except at the 
very edges. 
 
INTRODUCTION 
Rauwolfia serpentina or snakewood or sarpagandha is plant native to India but has become naturalized by 
escaping from cultivation in Bangladesh, Nepal, Bhutan, Sri Lanka, China, Pakistan, Myanmar, Peninsular 
Malaysia, Thailand, Laos, Vietnam And Indonesia. In India, it is found growing are Jammu & Kashmir, 
Himachal Pradesh, Punjab, Delhi, Uttar Pradesh, Bihar, West Bengal, Sikkim, Arunachal Pradesh, Assam, 
Maharashtra, Goa, Andhra Pradesh, Karnataka, Tamil Nadu, Kerala, Lakshadweep and Andaman Islands.  
The two most important species of Rauwolfia are described as follows: 
Rauwolfia serpentine is grow well in hot humid climate, temperature ranging between 10-38º C, preferring 
partial shade in tropical or subtropical belt having the benefit of monsoon rains, rainfall ranging from 250-
500 cm. It prefers sandy alluvial loam to red lateritic loam or stiff dark loam. Erect herbs or undershrub’s, 15 
- 75 cm high. Flowers ca 1.5 cm long, white or pinkish in cymes; peduncles deep red. In India, it is found 
growing are Jammu & Kashmir, Himachal Pradesh, Punjab, Delhi, Uttar Pradesh, Bihar, West Bengal, Sikkim, 
Arunachal Pradesh, Assam, Maharashtra, Goa, Andhra Pradesh, Karnataka, Tamil Nadu, Kerala, 
Lakshadweep and Andaman Islands. 
Rauwolfia tetraphylla is a very common species known as Devil Pepper, Be Still Tree, American serpent 
wood, devil root, and milk bush. It is native of West Indies. It is a small tree or shrub. It grows up to a height 
of 6 ft. The leaves are acute in shape, medium to dark green in color, and occur in groups of 4 unequally-
sized leaves at each node. The flowers are white coloured and very small up to a length of 5 mm. leaves 
develop in the late summer to early fall. The leaves are used in urinary retention, epilepsy, insomnia, 
wounds, and fever. 
 
 
 
 
 
 
 
 

Plate: Two Species of Rauwolfia genus (A) Rauwolfia serpentine L. Benth. ex Kurz. (B) Rauwolfia tetraphylla Linn 
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Medicinal properties  
A number of species (R. serpentina, R. tetraphylla, R. vomitoria, R. canescens, R. verticillata, etc.) are used in 
the pharmaceutic industry, mainly for production of sedative and cardiovascular medicines. Rauwolfia 
serpentina holds an important position in the pharmaceutical world because of its immense anti-
hypertensive properties resulting from the presence of reserpine in the oleoresin fraction of the roots. It 
has been used as anthelmintic and anti-hypertensive drugs. It is used as an antidote against snake bite and 
bites of other poisonous insects. It contains more than 60 different alkaloids which belong to the 
monoterpenoid indole alkaloid family. It shows the presence of Ajmaline, ajmalicine, ajmalimine, 
deserpidine, indobine, indobinine, reserpine, reserpiline, rescinnamine, rescinnamidine, serpentine, 
serpentinine and yohimbine i.e., major alkaloids.The R. serpentina has been medicinal properties as 
antifungal, anti-inflammatory, antioxidant, antiproliferative, anticancerous, antidiuretic, antifibrillar, 
antiarrhythmic, anticholinergic, antidysentry, antidiarrhoeal antihypotensive, anticontractile, antidiuretic, 
sympathomimetic, and tranquillizing agent. 

Need for conservation 
It was found to be endangered in Southern Western Ghats of India. The roots of Rauwolfia serpentina are 
used in the pharmaceutic industry. This plant is harvested to obtain its root. Due to which this plant is on 
the verge of extinction, hence its preservation is the greatest need of the time. The Rauwolfia serpentina 
plant can be conserved with two important methods in-situ and ex-situ conservation. The plant was 
described as critically endangered in the Northeast India. There is the need in Vitro and in Vivo for the 
conservation of this important threatened plant species. 
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Innovations in horticulture for nutritional security, health care and economic 
development 
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INTRODUCTION 
Human mind is dynamic. Brain is the gift of god and millions of nerve cells work continuously and leads to 
development of thought process. This thought process helps us to identify knowledge gaps, the problem 
areas that require the solutions. We are in the quest to discover edges of nature. This quest for knowledge 
is the mother of all discoveries and innovations. A discovery paves way for further research and 
development. We are living in the world which is so dynamic that any particular finding is incomplete in 
itself. Innovations or ideas originate in mind when we are exposed to problem solving situation. Innovations 
are those which are novel and never seen before. Ultimate aim of innovation is to benefit mankind. 
Innovations in any field deals with finding, discovering, presenting, developing, communicating and 
harnessing those features or attributes which have potential to solve a specific problem like reducing 
human suffering, conserving resources, increasing productivity, promoting human health, enhancing human 
potential and development. All we have in our surrounding, clothes we wear, food we eat, gadgets we use, 
vehicles in which we travel and even these typed letters are mainly the result of some innovations. These 
innovations provide us potential to survive and to harness the gifts of nature. Novel ideas and discoveries 
are responsible for the development of human civilization.  

Horticulture: art and science 
Horticulture is the branch of agriculture science that deals with the cultivation of fruits, nuts, vegetables, 
ornamental plants, and flowers. Thus, for a layman, horticulture is something which deals with fruits and 
vegetables we eat. Horticulture is both science and art. It involves production, use, and marketing of high-
value, intensively cultivated plants. Innovations in horticulture lead to remarkable progress in terms of 
increase in productivity, crop diversification, value addition, technological interventions for reducing post-
harvest losses. India is the second-largest producer of fruit and vegetable, accounting for 10.9% and 8.6% of 
the world fruit and vegetable production, respectively.Production of horticulture crops like vegetables and 
fruits touched a record 305.4 million tonnes (mt) in 2017-18 (First Adv. Est. 2017-18). Fruits, vegetables, 
and nuts contribute to dietary diversity. Fruits and vegetables are reservoirs of vitamin, minerals, 
phytonutrients, and antioxidants. It is always recommended to have plenty of fruits and vegetables in our 
diet. Nuts are the sources of essential oils and vitamins. Horticulture has an aesthetic role in beautifying our 
surrounding. Horticulture forms an integral part of the food, nutrition security, poverty alleviation, and 
economic development.  

Current Indian scenario 
India is the second-most populous country of the world with a population of 1.37 billion. Majority of Indian 
population is rural. Agriculture and its allied sectors are the largest sources of livelihoods in India. Green 
revolution contributed towards attaining self-sufficiency in food production. But still, our country is unable 
to meet the requirements of its citizens. As per FAO, 194.4 million people in India are undernourished 
(2016-2018). According to NFHS-4, 38 % and 21 % of children under age five years are stuntedand wasted, 
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respectively. Anemia continues to affect 53% of women and 58% of children aged 6-59 months in our 
country (NFHS-4). These wide spectrum problems require an effective solution. Indian Council of Medical 
Research and National Institute of Nutrition Hyderabad recommended 300 g of vegetables and 100 g of 
fruits per day. But the per capita consumption of fruits and vegetables in India is only around 46 g and 100 
g, respectively (NNMB, 2011-12).  

Horticulture to achieve nutritional security 
Horticulture has potential to promote nutrition and well-being of society as a whole. Investment in this field 
can provide rewarding outcomes. Availability, accessibility, and utilization of essential nutrients are an 
integral component of nutritional security. Cereals are the main staple food which lacks in various vitamins 
and minerals. Fruits and vegetables are rich in vitamins and minerals and referred to as protective 
foodsHorticulture crops add variety and contribute to a well-balanced diet.Horticultural crops like potato, 
banana, tubers, and vegetables are complementary as foods. Innovations like germplasm enhancement and 
high yielding varieties and hybrids can enhance the productivity and resilience of crops and thus increasing 
the availability. Post-harvest technologies reduce wastage of perishable fruits and vegetables. Food 
processing techniques make possible the all-round availability of seasonal crops. The technology of freeze-
drying is very effective in preserving the commodity with a minimum loss of nutrients. Biofortification of 
horticultural crops can be used as an effective technique to enhance the nutritional profile of the 
commodity. This will contribute to nutritional security. Numbers of researches were undertaken to 
biofortify horticultural crops like banana, tomato, onion, cabbage, cauliflower, brinjal, lettuce, sweet 
potato, potato, and cassava. Modified atmospheric packaging is an innovative technology to enhance the 
shelf life of perishable fruits and vegetable and thereby increasing availability and reducing post-harvest 
losses. Mushrooms are also known as vegetable meat as they are rich in protein and are highly nutritious. 
Underutilized horticultural crops posses’ immense nutritional potential but their consumption level is less 
due to lack of awareness. The popularization of neglected and underutilized horticultural crops can be an 
effective approach towards nutrition security of masses.  
 
Horticulture for health care 
Increasing prevalence of degenerative diseases is a threat to mankind. Diseases like cancer, cardiovascular 
disease, diabetes, arthritis, Alzheimer, metabolic syndromes and asthma are responsible for the number of 
deaths worldwide. Fruits and vegetables which are packed with bioactive phytonutrients occupy an 
important place in prevention, treatment, and cure of these diseases. Fruits and vegetable therapy are now 
in trend to provide specific protection. Vitamin C from citrus fruits, β-carotene from yellow and dark green 
fruits and vegetables, lycopene from tomato, folic acid and vitamin K from green leafy vegetables, 
glucosinolates from Brassica vegetables, organosulfides from garlic and onion, phytoestrogen from 
Dioscorea species, phenolics and antioxidants from variety of fruits and vegetables possess tremendous 
potential to protect body from degenerative diseases. Besides these, spices like turmeric, cumin, black 
pepper, ginger, ajwain, have been recognized to protect against cancer. Fruits are a rich source of organic 
acids like citric acid in citrus fruits and tartaric acid in grapes, which stimulate appetite and helping 
digestion.  
  Fruits and vegetables are also a good source of dietary fiber which has hypoglycemic effects and 
beneficial for gut microflora thus promoting overall health. Iron and folic acid from green leafy vegetables 
protect against anemia. Folic acid is also required for fetal brain development during pregnancy. Essential 

fatty acids, -3 fatty acids obtained from nuts have a protective role against heart diseases. As fruits and 
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vegetables are rich in vitamins and minerals can help to overcome the micronutrient deficiencies especially 
iron, folate and vitamin A, which are major public health problems in India. Noni (Morindacitrifolia) with 
unique characteristics is recognized as best for health care, as it provides protection against various 
diseases including HIV. Virgin coconut oil protects fromHIV and coconut water provides all nutrients to child 
apparently. Mushrooms are the leading source of antioxidant mineral selenium which protects from free 
radical damage. Potato, cassava, and yams are highly productive crops that generate considerable biomass 
within a short period. Researches have been carried out to develop the transgenic varieties of these crops 
which can be used for the production of proteins, cytokines, hormones, monoclonal antibodies, vaccines 
and enzymes at commercial level. A new approach to increase the bioactive componentsof horticultural 
crops will boost the immune system of the body.  
 
Horticulture for economic development 
 Horticulture has wider adaptability and provides a wider choice to farmers, for growing a wide range of 
crops in different environments, soil and climate conditions. Horticultural crops can be grown even in 
marginal and degraded soils and have enriched the farmers having degraded land by having the choice of 
crops and practices. Horticulture crops contribute 30.4% to GDP of agriculture (Horticultural Division, ICAR). 
Export growth of fresh fruits and vegetables in term of value is 14% and of processed fruits and vegetables 
is 16.27%. Globally, India is the second-largest producer of fruits and vegetables. Production of mango, 
banana, coconut, cashew, papaya,and pomegranate were highest in the country.  India is also the largest 
producer and exporter of spices and ranks first in productivity of grapes, banana, cassava, peas, papaya 
(Horticultural Division, ICAR).The varieties developed for processing purpose in different fruits and 
vegetables havea various economic advantage. Value-added horticulture products are a viable enterprise. 
Development of new products like juice punches, banana chips, and fingers, mango nectar, essential oils 
from citrus, dehydrated products from grape, pomegranate, mango, apricot and coconut, grape and fruit 
wines are getting popular day by day. High-density planting technology gives higher yield and economic 
returns for many horticulture crops. In recent decades, cultivation of mushroom has improved socio-
economic conditions of farmers and entrepreneurs. The production technologies of high yielding oyster and 
blue oyster mushroom species have been standardized. 
  In order to envisage the desired acceleration in nutrition security, health, and economic 
development, the horticulture sector have to play a key role in potential research thrust areas. Field of 
horticulture holds great opportunity to improve the wellbeing of people, livelihood security, economic 
productivity, and sustainable development. 
 
REFERENCES: 
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[4] National Nutritional Monitoring Board (2012) Diet and nutritional status of rural population and prevalence of 
hypertension and diabetes among adults and infants and young child feeding practices, NNMB Technical report no. 
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Role of zinc and molybdenum for enhancing pulse productivity and quality 
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INTRODUCTION  
  Pulses are unique jewels of Indian farming and India is the largest producer as well as consumer of 
pulses in the world. Pulses are important source of protein for human beings in India, where food habit of 
the majority of the population is vegetarian. The per capita availability of pulses has been declining 
continuously due to increasing demographic pressure and plateau in production of pulses. Pulses are mainly 
grown on marginal and sub marginal lands under rainfed conditions with low input usage, thus proper 
nutrient management remains the major constraint in achieving their production potentials. Hence, there is 
a need for efficient usage of nutrients, including micro-nutrients, especially zinc and molybdenum. 
  Zinc and molybdenum are deficient in around 50% and 7% of Indian soils, respectively. Zinc has now 
emerged as an important micronutrient malnutrition problem globally, especially in the developing 
countries. Zinc malnutrition is more prevalent in Asian countries, where cereals are staple food (Shivay et 
al., 2014). In plants, enzymes either Zn containing or activated by Zn are involved in carbohydrate 
metabolism, protein synthesis, maintenance of the integrity of cellular membranes, regulation of auxin 
synthesis and pollen formation (Alloway, 2009). The biological importance of molybdenum in plants is due 
to its beneficial action in nitrogen fixation from the air, by the nitrogen-fixing bacterium and enzyme like 
nitrogenase (Karpagam and Rajesh, 2014).  
 
Total global production of pulses: 
Total production of pulses in the world is around 74 mt and India is producing around 25% of it. India is the 
largest producer of pulses in the world with its 19.25 mt production. India is also having highest area under 
pulses globally. 
Productivity of pulses in world: 
If we talk about the productivity of pulses globally, Canada is having highest productivity of pulses in the 
world with 1900 kg/ha productivity. India has only 764 kg/ha productivity of pulses which is very less as 
compared to world average productivity of 910 kg/ha. 
Pulses scenario in India 
The total area under pulses has remained stagnant at around 23-25 million ha during last decade. Total 
production and productivity of pulses has increased to some extent. Only around 15-16 % of total area 
under pulses is irrigated and most of the pulses are cultivated under rainfed conditions. So there is a need 
to take more production from rainfed areas only. 
Major pulses in India and their production 
Whatever production of pulses increased during last decade in India, that was increased only due to 
increase in production of kharif pulses only and total production of rabi pulses has remained stagnant 
during last decade.Annual increase in pulse production during last decade in India was 3.35%, which is very 
less as compared to other pulses growing countries. 
In India mainly grown pulses are gram, tur, moong, urd, lentil among these gram contributed around 8.5mt 
and tur around 3.3mt which are major contributors of total pulse production in India (2013-14). 
Demand and import of pulses in India 
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Since most part of the Indian population is vegetarian and pulses are the vital source of plant based protein, 
India is highest consumer of pulses in the world and total production is not sufficient to meet the increasing 
demand of pulses. Therefore India is importing 4-5 mt of pulses every year from other counties. According 
to vision 2050 of IIPR, Kanpur we will need 39 mt of total pulses to meet the increasing demand of pulses.  
Per capita availability of pulses in India 
Per capita availability of pulses is decreasing every year. In 1961, it was around 69 g/person/day. But now, it 
is only around 47 g/person/day which are very less as compared to ICMR recommendation of 80 
g/person/day. But during last 4-5 years it has increased to some extent due to success of national food 
security mission.  
 
Quality means degree of excellence for a specific use or to serve specific purpose. 
Types of quality: 
Cooking quality, Industrial quality and Nutritional quality; among these nutritional quality is more 
important, where carbohydrates, proteins, lipids content. Nutrient content in grains (N, P, K, Zn, Fe etc) 
determines its quality. 

Nutritional profiles of pulses and grains 

 Pulses Wheat Rice Corn Sorghum 

Energy (Kcal) 333 339 349-373 361 339 

Protein (g) 23.58 13.7 6.2-7.1 6.93 11.3 

Carbohydrates (g) 60.01 72.57 71-87 76.85 74.66 

Dietary fibers (g) 15 12.2 7.2-10.4 7.3 6.3 

Fat (g) 0.83 1.67 0.3-0.5 3.86 3.3 

Iron (mg) 8.2 3.88 0.2-2.8 2.38 4.4 

Potassium (mg) 1406 405 429 315 350 

Folate (µg) 394 44 56 25 00 

 
Pulse as protein source 
Pulses contain twice the amount of protein than cereals. Main protein fraction are albumin and globulins. 
Pulse protein rich in lysine. Contains vitamin like folate, thiamin, riboflavin, niacin and vitamin B-6. Minerals 
like iron, potassium, calcium, zinc, phosphorous etc. 
Government initiatives for pulse development in India 
 1970: National pulse development programme 
 1986: Technology mission on oilseeds and pulses 
 2004: Integrated scheme on oilseeds, pulses, oil palm and maize (ISOPOM) 
 2007: National food security mission 
 2010: Accelerated pulse production programme 

Constraints for pulse productivity in India 
1) Cultivation under rainfed condition: 
Most detrimental factor in pulses production in India is cultivation of pulses under rainfed conditions totally 
based on rainfall. All the factors mentioned above dominantly occurs in rained areas. Most of the pulses in 
India are grown under rainfed conditions. 
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2) Physiological factors: 
Poor germination: In legumes, problem of germination is found due to presence of hard seed coat and 
certain agro-chemicals, thus legumes show very slow growth rate at early stage. This makes plant unable to 
best utilization of ideal condition and thus growth of plant got adversely affected and this limits the yield. 
Poor seedling vigor: This is primarily due to slow development of leaf area, this leads to poor radiation 
interception leading to slow growth rate and ultimately reduces yield. 
Low leaf area and LAI: Increased leaf area tends to increase transfer of photosynthates to sink. Since most 
of legumes have low LAI, this limits the productivity. 
Lower photosynthetic efficiency: Pulses are generally gown as mixed or as intercrop. This causes shading 
effect on these crops. Many times shading effect is also observed in sole crops thus it reduces the rate of 
photosynthesis. 
Poor flowering and fruit setting: Legumes have capacity to produce large number of flowers but only a 
small fraction produce seeds. 
3) Genetic factors: 
In India research, extension and training programmes are mainly emphasized on cereals or cash crops. 
Legumes were given only secondary importance. That’s why there are very less hybrids and high yielding 
varieties available for pulses in India. 
4) Socio-Economic factors: 
Highly fluctuating post-harvest prices. Indian agriculture is only the mean livelihood and farmers prefer to 
grow the crops for their home needs. They grow only staple food crops (Cereals) at large scale. 
5) Quality seed: 
Non-availability of adequate quantity seeds of improved varieties. 
Poor farmers are not able to purchase high price seeds of pulses. 
6) Technology transfer and Marketing: 
In India there is not enough facilities for production of microbial cultures in adequate amount. Apart from 
this there is no quality control of bio fertilizers at manufacturing as well as at distribution level. 
7) Incidence of insect-pest and diseases: 
Since pulses are protein rich, insect-pest attack is more. Insects like aphids, jassids and pod fly causes 
severe losses in pulses production. Several diseases like yellow mosaic, wilt and blight also causes severe 
losses in yield of pulses. 
8) Edaphic factors: 
Very low organic matter in the soil. Low fertility of soil. Low water retention capacity of soil. Imbalanced 
fertilizer use and inadequate use of secondary and micronutrients. As the food production increases over 
the years the deficiency of one or the other nutrient is emerging. In 1950, nitrogen is the nutrient which is 
found to be deficient for crop growth. At present boron is the micro nutrient which is deficient and 
molybdenum is predicted to be deficient in the coming years of increased food production. So there is a 
need to correct these micro nutrient deficiencies for increasing food production as well as to maintain soil 
health.  

Status of secondary and micronutrients deficiency in Indian soils 
Sulphur is deficient in 41% of Indian soils where as zinc which is a micro nutrient is deficient in 49% and 
molybdenum in around 7% of Indian soils. The deficiency of these nutrients is found to be the limiting 
factor for cop production. 
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Causes for deficiency of secondary and micronutrients 
 Intensive cropping 
 Mono-cropping 
 Lack of varietal break through 
 Poor crop management 
 Inadequate use of fertilizers 
 Imbalanced fertilizer use (skewed towards nitrogen) 
 Poor use of organic sources 
 Poor use of microbial inoculants like zinc solubilizers and AMF 

Zinc in plants 
Functions 
• Plant metabolism. 
• Necessary for chlorophyll production. 
• Helps form growth hormones. 
• Protein synthesis, growth regulation. 
• Reproduction. 
Deficiency symptoms 
• Retarded growth between nodes (rosette). 
• New leaves are thick and small. 
• Spotted between veins, discolored veins. 
• Delayed maturity. 

Molybdenum in plants 
 Synthesis of ascorbic acid 
 Making iron physiologically available to plants 
 Synergistic effect on P by forming phosphor-molybdate complex 
 N-fixation: Component of nitrate reductase enzyme 
 Converts inorganic phosphates to organic form 
 Required for reduction of nitrates for protein synthesis 
 Deficiency occurs in temperate conditions & acidic pH 
 Deficiency in pulses: Stunted growth ,yellow leaves, upward curling of leaves, leaf margin burning  

 
Mo in biological nitrogen fixation process 
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 Discovered by Hermann Hellrigre   & Martinus Beijerinck. 
 Nutrient elements involved in nitrogen fixation are Mo and Fe 
 Conversion of atmospheric N to ammonia by enzyme called nitrogenase. 
 N2+ 8H++ 8e-

 2NH3+H2. 
 Nif gene is responsible for nitrogen fixation. 
 
Application of ZnSO4 @ 25 kg/ha and ammonium molybdate @ 1 kg/ha leads to improved nodulation, root 
growth, uptake of P, Fe and increased yield. Zinc deficiency in pulses can be corrected by soil or foliar 
applications of Zn fertilizers, as well as seed treatments. Zinc sulfate is a common fertilizer because of its 
high solubility and low cost as compared to Zn chelates such as ethylene diamine tetraacetic acid (EDTA)-Zn 
(Nautiyal and Shukla, 2013). Application of molybdenum through ammonium molybdate @ 1 g/kg seed 
preferably by seed treatment in combination with Rhizobium + PSB + RDF enhances the productivity of 
rainfed chickpea (Gupta and Gangwar, 2012). Thus, application of zinc and molybdenum in addition to seed 
treatment with biofertilizers could help in increasing the yield as well as quality of pulses, especially under 
deficient conditions. 
 
Approved micronutrient fertilizers under FCO   

Materials Element/Forms Content (%) 

Zinc sulphate. Zn 21.0  

Manganese Sulphate* Mn 30.5 

Ammonium Molybdate Mo 52.0 

Borax (For soil application) B 10.5 

Solubor (Foliar spray) B 19.0 

Copper Sulphate* Cu 24.0 

Ferrous sulphate Ferrous & Ferric 19.0  & 0.50 

Zinc Sulphate mono-hydrate Zn 33.0 

Zinc Phosphate Zn3(PO4)2.4H2O Zn + P 19.5 

Chelated Zn (EDTA form) Zn 12.0 

Chelated Fe (EDTA form) Fe 12.0 

Boronated super phosphate B+P2O5 0.18B +16.0  

Zincated urea Zn+N 2.0 Zn + 43.0 N 

 
CONCLUSION  
Zinc and molybdenum are deficient in around 50% and 7% of Indian soils, respectively. So, there is a dire 
need to supply these micro-nutrients in adequate amounts for optimum pulse production. Application of 5-
10 kg ZnSO4 /ha & ammonium molybdate @ 1-2 kg/ha for every crop is beneficial in increasing yield. Foliar 
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sprays of Zinc-EDTA helps in productivity enhancement & biofortification of grains in pulses. Rhizobium 
inoculation along with application of 5 kg Zn and 0.5 kg Mo could be recommended for realization of higher 
seed yield and enhanced soil fertility. Seed priming with a solution of ZnSO4 (20–100 mg Zn/l) for 6 h 
increases the Zn concentration of seeds, improved growth and metabolism of seedlings and their efficiency 
to survive under Zn deficient conditions. ZnSO4 could also be an effective and novel alternative for eco-
friendly management of Macrophomina leaf blight of pulses. So among micro-nutrients, zinc and 
molybdenum play some crucial role in increasing quality & productivity of pulses. 

REFERENCES: 
[1]. Alloway, B.J. 2009.Soil factors associated with zinc deficiency in crops and humans. Environ 

Geochem Health 31: 537–48. 
[2]. Gupta, S.C. and Gangwar, S. 2012.Effect of molybdenum, iron and microbial  inoculants on symbiotic 

traits, nutrient uptake and yield of chickpea. Journal of Food Legumes 25(1): 45–49. 
[3]. Karpagam, J. and Rajesh, N. 2014. Molybdenum application for enhancing growth, yield and soil 

health on greengram (Vigna radiata L.). American-Eurasian Journal of Agriculture and environmental 
sciences 14(12): 1378–81. 

[4]. Nautiyal, N. and Shukla, K. 2013. Evaluation of seed priming zinc treatments in chickpea for seedling 
establishment under zinc deficient conditions.Journal of Plant Nutrition 36(2):  251–58. 

[5]. Shivay, Y.S. Prasad, R. and Pal, M. 2014. Effect of Zinc Fertilisation on Grain and Protein Yield, 
Nitrogen Uptake and Fertiliser Use Efficiency in Chickpea. Indian Journal of Fertilizer 10(3): .24-27. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

- 545 - 
  

Correlated response and selection for multiple traits 
Article id: 22155 
Suresh Yadav*1, Palaparthi Dharmateja1, Anil Kumar Verma2, Ganpat Louhar2 and Dinesh Kumar Yadav3  
1Division of Genetics, 2Division of Soil Science and Agricultural Chemistry and 3Division of Agricultural 
Chemicals, IARI, New Delhi–110012 
 
INTRODUCTION: Correlation is the degree of association between traits. This association may be on the 
basis of genetics or may be non-genetic. In terms of response to selection, genetic correlation is what is 
useful. When it exists, selection for one trait will cause a corresponding change in other traits that are 
correlated. This response to change by genetic association is called correlated response. Correlated 
response may be caused by pleotropism or linkage disequilibrium. Pleotropism is the multiple effect of a 
single gene (i.e., a single gene simultaneously affects several physiological pathways). In a random mating 
population, the role of linkage disequilibrium in correlated response is only important if the traits of 
interest are closely linked. In calculating correlated response, genetic correlations should be used. 
However, the breeder often has access to phenotypic correlation and can use them if they were estimated 
from values averaged over several environments. Such data tend to be in agreement with genetic 
correlation. In a breeding program the breeder, even while selecting simultaneously for multiple traits, has 
a primary trait of interest and secondary traits. The correlated response (CRy) to selection in the primary 
trait (y) for a secondary trait (x) is given by: 

CRy = ixhxhyρg√VPy 
where hx and hy are square roots of the heritabilities of the two respective traits, and ρg is the genetic 
correlation between traits. This relationship may further reduce to: 

CRy = ixρghx√VGy 
since hy = √(VGy/VPy) 

  It is clear that the effectiveness of indirect selection depends on the magnitude of genetic 
correlation and the heritability of the secondary traits being selected. Further, given the same selection 
intensity and a high genetic correlation between the traits, indirect selection for the primary trait will be 
more effective than directional selection, if heritability of the secondary trait is high (ρghx > hy). Such a 
scenario would occur when the secondary trait is less sensitive to environmental change (or can be 
measured under controlled conditions). Also, when the secondary trait is easier and more economic to 
measure, the breeder may apply a higher selection pressure to it. Correlated response has wider breeding 
application in homozygous, self-fertilizing species and apomicts. Additive genetic correlation is important 
in selection in plant breeding. The additive breeding value is what is transferred to offspring and can be 
changed by selection. Hence, where traits are additively genetically correlated, selection for one trait will 
produce a correlated response in another. 
  Plant breeders may use one of three basic strategies to simultaneously select multiple traits: 
tandem selection, independent curling, and selection index. Plant breeders often handle very large 
numbers of plants in a segregating population using limited resources (time, space, labor, money, etc.). 
Along with the large number of individuals are the many breeding characters often considered in a 
breeding program. The sooner they can reduce the numbers of plants to the barest minimum, but more 
importantly, to the most desirable and promising individuals, the better. Highly heritable and readily 
scorable traits are easier to select for in the initial stages of a breeding program. 
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Tandem selection 
In this mode of selection, the breeder focuses on one trait at a time . One trait is selected for several 
generations, then another trait is focused on for the next period. The question of how long each trait is 
selected for before a switch and at what selection intensity, are major considerations for the breeder. It is 
effective when genetic correlation does not exist between the traits of interest, or when the relative 
importance of each trait changes throughout the years. 
Independent curling 
Also called truncation selection, independent curling entails selecting for multiple traits in one generation. 
For example, for three traits, A, B, and C, the breeder may select 50% plants per family for A on phenotypic 
basis, and from that group select 40% plants per family based on trait B; finally, from that subset, 50% 
plants per family are selected for trait C, giving a total of 10% selection intensity (0.5 × 0.4 × 0.5). 
Selection index 
A breeder has a specific objective for conducting a breeding program. However, selection is seldom made 
on the basis of one trait alone. For instance, if the breeding project is for disease resistance, the objective 
will be to select a genotype that combines disease resistance with the qualities of the elite adapted 
cultivar. Invariably, breeders usually practice selection on several traits, simultaneously. The problem with 
this approach is that as more traits are selected for, the less the selection pressure that can be exerted on 
any one trait. Therefore, the breeder should select on the basis of two or three traits of the highest 
economic value. It is conceivable that a trait of high merit may be associated with other traits of less 
economic value. Hence, using the concept of selection on total merit, the breeder would make certain 
compromises, selecting individuals that may not have been selected if the choice was based on a single 
trait. In selecting on a multivariate phenotype, the breeder explicitly or implicitly assigns a weighting 
scheme to each trait, resulting in the creation of a univariate trait (an index) that is then selected. The 
index is the best linear prediction of an individual’s breeding value. It takes the form of a multiple 
regression of breeding values on all the sources of information available for the population. 
Concept of intuitive index 
Plant breeders, as previously indicated, often must evaluate many plant characters in a breeding program. 
Whereas one or a few would be identified as key characters and focused on in a breeding program, 
breeders are concerned about the overall performance of the cultivar. During selection, breeders 
formulate a mental picture of the product desired from the project, and balance good qualities against 
moderate defects as they make final judgments in the selection process. 
CONCLUSION:  
Most of the traits that plant breeders are interested in are quantitatively in nature. It is important to 
understand the genetics that underlie the behavior of these traits in order to develop effective approaches 
for manipulating them. Explicit indices are laborious, requiring the breeder to commit to extensive record-
keeping and statistical analysis. Most breeders use a combination of truncation selection and intuitive 
selection index in their programs. 
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INTRODUCTION 
Today’s agriculture is like never before, now it’s all about high speed and high precision. Around the world, 
precision agriculture or precision farming is growing very fast. Precision farming is all about doing the right 
thing in the right place at right time with the right amount, whereby, higher profitability, improved 
sustainability, increased productivity, saves the farmer time and enhances their well-being, such 
advantages can be achieved. One such precision agricultural technology is drone application. “Drone” is a 
broad term used to describe any kind of unmanned aerial vehicle (UAV) or unmanned aerial systems 
(UAS). UAV’s can be remotely controlled and can also be controlled by onboard computers. These drones 
have many applications in various sectors such as defence, media and entertainment, energy and utilities, 
mining, insurance, infrastructure, agriculture etc. Currently, UAV aircraft can be categorized into two 
types, fixed wing and rotary wing.  Most fixed-wing drones come with software that enables autonomous 
flight, requiring no input from the user apart from landing instructions. Rotary wing UAV’s consist of 2 or 3 
or 4 or more rotor blades that revolve around a fixed mast, this is known as a rotor. The more specific term 
is used to refer drone controlled with four rotor is “Quadcopter”. Generally the quad copter designs are 
more difficult to master as they move rapidly in all 3 dimensions (up/down, forward/backward and 
left/right) which can be disorienting to novice pilots. Some copter drones have “hover in place” 
capabilities, keeping the drone in a fixed position. 
Recent years, applications of drone technology began as new arena in the agricultural and horticultural 
sector. It has ability to monitor several aspects of farming that humans cannot accomplish on their own. 
Most promisingly it can be used for monitoring, assessment of crop condition, aerial mapping, aerial 
monitoring of crop failure, and aerial pesticidal application on different agricultural and horticultural crops.  
In addition, if drone was equipped with Infrared cameras, it can able to detect plant abnormality and 
infection of fungal, bacteria as well as viral diseases on plants by capturing perfect images. This mechanism 
helps stakeholder for early detection of precise cause and initiation appropriate preventative measures.  

Application in crop protection 
Drone technology has observatory and participatory role based on the interest of farmer with respect to 
aerial pesticide application. As a participatory role, drone mounted with sprayers can fly over the crop and 
spray on the specified crop field using the software installed in it. In observatory role, drones with infrared 
and multi-spectral cameras can able to see the inside nature of plant and to determine the effects the 
newly sprayed pesticides on plants. In addition, utilization of this technology exhibited an several merits 
over conventional technologies explicitly i) one of the better option where there is a labour problem for 
pesticide application, ii) even coverage of sprays and even spray particles reaching underside of leaves, iii) 
reduce labour and associated costs, iv) less time consuming for pesticide spray, typically it can able to 
cover 7-10 acres per hour, v) ability to geotag areas/weeds/patches for specific spot sprays, vi) can be used 
for application of SPLAT (Specialized Pheromone & Lure Application Technology) and vii) much more 
maneuverable, less price as well as cost of operation compare to helicopter or aircraft pesticidal 
application. 
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In this view, drone technology can be exploited by stake holders for pesticidal application in agricultural 
and horticultural crops to increase the pesticide efficacy and for reducing cost of application as well as 
negative impact on environment. 
 
REFERENCES 
1. Yallappa D., M. Veerangouda, Devanand Maski, Vijayakumar Palled, and Bheemanna, M, Development 
and evaluation of drone mounted sprayer for pesticide applications to crops. 2017. Conference paper in 
IEEE Global Humanitarian Technology Conference (GHTC). 
2. Mogili U. M. R and Deepak, B. B. V. L. 2018. Review on application of drone systems in precision 
agriculture, Procedia Computer Science. 133: 502–509. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

- 549 - 
  

Food collection and utilization by Honey bees 
Article id: 22157 
Satyapriya Singh1* and Tanmaya Kumar bhoi2 

1*Scientist (ARS), Agricultural Entomology, ICAR Research Complex for NEH Region, Tripura Centre, 799210 
2Division of Entomology, ICAR-Indian Agricultural Research Institute, New Delhi - 12, India. 
 
INTRODUCTION: 
Bees play an important role in world agriculture as pollinators in various crops. Honey bees feed on floral 
nectar and pollen that they store in their colonies as honey and bee bread for various purposes. Social 
division of labour enables the collection of stores of food that are consumed by within-hive bees that 
convert stored pollen and honey into royal jelly. Floral nectar is their major source of fuel for flight and 
thermoregulation; pollen is their nutritional source of protein, fats, sterols, and micronutrients. Bees vary 
widely in the number of plant species they use as floral hosts, but even bees that are so-called generalists 
are selective about the pollen they collect. We are only beginning to understand the nutritional landscape 
impacts pollinator populations in wider concept. 

Food collection: 
Foraging is done exclusively by a specialized caste of sterile female workers. In honey bee colonies, the 
queen and the drones never visit flowers. Honey bee workers proceed through behavioral tasks within the 
colony as they age, but their actual behaviour can also be influenced by genes and external environment 
(Figure 1). Foragers collect pollen, nectar, water, and tree resin (for propolis: a resinous material). The 
colony monitors foraging effort for each of these according to specific needs.  

 
Source: Robinson, G.E. (2002) 

Fig: 1-The flow of food and water in a honey bee colony. 
Foragers transport nectar in their crop and then transfer it to storer bees, which deposit it into cells. Hive 
bees relocate the nectar between cells until it ripens and then the honey is capped; bees prefer to 
consume uncapped honey. Pollen foragers transport floral pollen in their hind leg corbiculae to which they 
add nectar to form pollen pellets. Foragers deposit and pack the pollen pellets into cells surrounding the 
brood area, with a cell often containing pollen of several sources, thus forming bee bread. Bee bread 
mostly consumed by nurse bees and they prefer fresh to older bee bread. They develop enlarged food 
glands, and they share jelly by trophallaxis with larvae, other nurses, foragers, drones and the queen. 
Water foragers and storer bees reserves water in their crops although some water is deposited in cells. 
Dashed arrows represent trophallaxis, and full lines represent direct deposition or consumption 
Honey bee foragers often specialize in collecting either pollen or nectar but may also collect both food 
sources simultaneously. The collected pollen packed on the corbiculae, i.e.  specialized structures on the 
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hind legs. Generally, bees tend to show temporary specialization on one plant species’ pollen. The 
European honey bee is particularly flower constant, so individual pollen loads are frequently of a single 
floral source. In a critical study in which the loads of thousands of honey bee foragers were measured, 
pollen loads of exclusive pollen collectors weighed approximately 10 mg, Nectar loads of exclusive nectar 
collectors weighed approximately 18 mg and those of bees collecting both pollen and nectar weighed 
about 10% less in approximate. Propolis is plant-derived extraneous resin collected by bees to increase 
hive hygiene, as a form of social immunity. There is evidence for colonies increasing collection of such 
resins in response to elevated infection with the fungus responsible for chalkbrood disease 
Nectar: 
The nutritional value of nectar is derived from three simple sugar i.e. sucrose and its component 
monosaccharides, glucose and fructose. The proportions of these three sugars depend on the plant species 
from which nectar is collected, and the total sugar concentration in nectars ranges from about 10% to 70% 
w/w.   
Pollen: 
Pollen contains crude protein which is the measure of its quality. Besides that the other common measure 
of pollen quality is its amino acid composition. Pollen also provides other macronutrients like 
carbohydrates and lipids. It is the bees’ main source of micronutrients and includes minerals, vitamins, and 
essential sterols.  
Food storage: 
Honey bees are unusual among insects because they hoard food and social in nature. They refine the foods 
they collect, so that it is altered from its original state. They have two main forms of hoarded food: honey 
(nectar) and bee bread (pollen). Adult workers produced wax from wax gland where hoarded food stored 
in a comb like structure. 
Honey: 
Soon after entering the hive, honey bee nectar collectors pass their nectar loads to food-storer bees by the 
process called trophallaxis; the food-storer bees then regurgitate the nectar into cells scattered 
throughout the comb. By active method, foragers convert floral nectar into honey by reducing the water 
content. Nectar is regurgitated and held between their mandibles to evaporate the water. The typical 
storage pattern that results is of brood at the center, surrounded by a small strip of pollen and honey 
beyond that.  
Bee Bread: 
When they return, pollen-collecting foragers transfer their pollen loads directly into cells scattered 
throughout the comb. Cells often already contain previous loads, potentially of different floral sources. 
Young hive bees further process the pollen, packing it tightly and adding regurgitated honey, whose 
antimicrobial properties preserve stored pollen. Pollen packed into cells for storage is called bee bread.  
Bee nutrition: 
Honey bees progress through behavioural castes during the course of their adult lifetime. As a worker 
honey bee changes from nurse to forager, its physiology changes gradually, and its nutritional needs track 
this change. Honey bees are also unique from other species because adult nurse caste workers produce 
glandular secretions called royal jelly that is fed to neonate larvae. Like mammalian milk, royal jelly 
provides larval bees with optimal nutrition for growth and development. It is produced by the mandibular 
and hypopharyngeal glands located in the heads of bees. Royal jelly is a nutritional refinement of the 
honey and bee bread consumed by nurse honey bees (Figure-2). 
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Floral pollen    Bee Bread    Royal Jelly 

                                                                          
 

Protein: 10–60%   Protein: 10–30%  Protein: 14–20%  
Lipids: 2–20%    Lipids: 3–8%   Lipids: 3–10% 
Carbohydrates: 1–40%      Carbohydrates: 25–50% Carbohydrates: 11-30% 

Fig-2: The refinement of floral pollen into royal jelly by adult worker honey bees. 
 
Royal jelly is on average about 63% water, 14% protein, 18% carbohydrates and 6% fats. In addition to 
containing macronutrients, royal jelly also contains approx. 2% micronutrients, including compounds such 
as sterols, vitamins, minerals, and other substances like phenolic compounds. 
 
CONCLUSION: 
Nutrition of the honey bee colony depends on the collection of nectar (carbohydrates for energy) and 
pollen (all other nutrients) and their storage as honey and bee bread. These foods are then refined to royal 
jelly in the glands of young worker bees. Nurse bees are the nutritional centre of the colony. They are the 
main pollen consumers and feed royal jelly to all the other colony members. Honey bees achieve 
nutritional heterogeneity by foraging on many different plant species and this ensures that they acquire 
sufficiency in all essential nutrients. 
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INTRODUCTION: Hybridization is often conducted routinely without any problems when individuals from 
the same species are mated, provided there are no fertility-regulating mechanisms operating. Even when 
such mechanisms exist, hybridization can be successfully conducted by providing appropriate pollen 
sources. Sometimes, plant breeders are compelled to introduce desired genes from distant relatives or 
other species. Crossing plants from two different species or sometimes even plants from different genuses 
is more challenging and has limited success. Often, the breeder needs to use additional techniques (e.g., 
embryo rescue) to intervene at some point in the process in order to obtain a mature hybrid plant. This 
kind of mating involves parents from different species is called a wide cross. Reproductive isolation 
barriers may be classified into three categories as suggested by G L. Stebbins, T. Dobzhansky, and D. 
Zohary. 
External barriers 
Spatial isolation mechanisms: associated with geographic distances between two species 
Prefertilization reproductive barriers: prevents union of gametes. Includes ecological isolation (e.g., spring 
and winter varieties), mechanical isolation (differences in floral structures), and gametic incompatibility. 
Internal barriers 
Postfertilization reproductive barriers: leads to abnormalities following fertilization (hybrid inviability or 
weakness and sterility of plants) 
The purpose of these barriers is to maintain the genetic integrity of the species by excluding gene transfer 
from outside species. Some barriers occur before fertilization, some after fertilization. These barriers vary 
in different degree of difficulty to overcome through breeding manipulations. 
Spatial isolation 
Spatial isolation mechanisms are usually easy to overcome. Plants that have been geographically isolated 
may differ only in photoperiod response. In which case, the breeder can cross the plants in a controlled 
environment (e.g., greenhouse) by manipulating the growing environment to provide the proper duration 
of day length needed to induce flowering. 
Pre-fertilization reproductive barriers 
These barriers occur between parents in a cross. Crops such as wheat have different types that are 
ecologically isolated there are spring wheat types and winter wheat types. Flowering can be synchronized 
between the two groups by, for example, vernalization (a cold temperature treatment that exposes plants 
to temperatures of about 3–4°C) of the winter wheat to induce flowering (normally accomplished by 
exposure to winter conditions). Mechanical isolation may take the form of differences in floral morphology 
that prohibit the same pollinating agent (e.g., insect) from pollinating different species. A more serious 
barrier to gene transfer is gametic incompatibility whereby fertilization is prevented. This mechanism is a 
kind of self-incompatibility. The mechanism is controlled by a complex of multiple allelic systems of S 
genes that prohibit gametic union. The breeder has no control over this barrier. 
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Post-fertilization reproductive barriers 
These barriers occur between hybrids. After fertilization, various hindrances to proper development of the 
embryo (hybrid) may arise, sometimes resulting in abortion of the embryo, or even formation of a haploid 
(rather than a diploid). The breeder may use embryo rescue techniques to remove the embryo and culture 
it to full plant. Should the embryo develop naturally, the resulting plant may be unusable as a parent in 
future breeding endeavors because of a condition called hybrid weakness. This condition is caused by 
factors such as disharmony between the united genomes. Some hybrid plants may fail to flower because 
of hybrid sterility (F1 sterility) resulting from meiotic abnormalities. On some occasions, the hybrid 
weakness and infertility manifest in the F2 and later generations (called hybrid breakdown). 
Wide crosses 
The first choice of parents for use in a breeding program are cultivars and experimental materials with 
desirable characters of interest. Most of the time, plant breeders make elite × elite crosses (they use 
adapted and improved materials). Even though genetic gains from such crosses may not always be 
dramatic, they are nonetheless significant enough to warrant the practice. After exhausting the variability 
in the elite germplasm as well as in the cultivated species, the breeder may look elsewhere, following the 
recommendation by Harlan and de Wet. These researchers proposed that the search for desired genes 
should start from among materials in the primary gene pool (related species), then proceed to the 
secondary gene pool, and if necessary, to the tertiary gene pool. Crosses involving materials outside the 
cultivated species are collectively described as wide crosses. When the wide cross involves another 
species, it is called an interspecific cross. When it involves a plant from another genus, it is called an 
intergeneric cross. 

Objectives of wide crosses 
Wide crosses may be undertaken for practical and economic reasons, research purposes, or to satisfy 
curiosity. Specific reasons for wide crosses are given below: 
 Economic crop improvement: The primary purpose of wide crosses is to improve a species for 

economic production by transferring one or a few genes, or segment of chromosomes or whole 
chromosomes, across interspecific or intergeneric boundaries. The genes may condition a specific 
disease or pest resistance, or may be a product quality trait, amongst other traits. In some species such 
as sugarcane, cotton, sorghum, and potato, hybrid vigor is known to have accompanied certain 
crosses. 

 New character expression: Novelty is highly desirable in the ornamental industry. Combining genomes 
from diverse backgrounds may trigger a complementary gene action or even introduce a few genes 
that could produce unobserved phenotypes that may be superior to the parental expression of both 
qualitative and quantitative traits. 

 Creation of new alloploids: Wide crosses often produce sterile hybrids. The genome of such hybrids can 
be doubled to create a new fertile alloploid species (a polyploid with the genomes of different species), 
such as triticale. 

 Scientific studies: Cytogenetic studies following a wide cross may be used to understand the phylogenic 
relationships between the parents of a cross. 

 Curiosity and aesthetic value: Wide crosses may produce unique products of ornamental value, which 
can be useful to the horticultural industry. Sometimes just being curious is a good enough reason to try 
new things. 
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Overcoming barriers to fertilization 
Gametic incompatibility ends when fertilization occurs. However, thereafter, there are additional obstacles 
to overcome. Gametic incompatibility and hybrid breakdown are considered to be barriers to hybridization 
that are outside the control of the breeder. 
 Conduct reciprocal crosses: Generally, it is recommended to use the parent with the larger 

chromosome number as the female in a wide cross for a higher success rate. This is because some 
crosses are successful only in one direction. Hence, where there is no previous information about 
crossing behavior, it is best to cross in both directions. 

 Shorten the length of the style: The pollen tube of a short-styled species may not be able to grow 
through a long style to reach the ovary. Thus, shortening a long style may improve the chance of a 
short pollen tube reaching the ovary. This technique has been successfully tried in corn. 

 Apply growth regulators: Chemical treatment of the pistil with growth-promoting substances (e.g., 
naphthalene acetic acid, gibberellic acid) tends to promote rapid pollen tube growth or extend the 
period over which the pistil remains viable. 

 Modify ploidy level:  A diploid species may be converted to a tetraploid to be crossed to another 
species. For example, narrow leaf trefoil (Lotus tenuis, 2n = 12) was successfully crossed with broadleaf 
bird’s foot trefoil (L. corniculatus, 2n = 24). 

 Use mixed pollen: Mixing pollen from a compatible species with pollen from an incompatible parent 
makes it possible to avoid the unfavorable interaction associated with cross-incompatibility. 

 Remove stigma: In potato, wide crosses were accomplished by removing the stigma before pollination 
and by substituting it with a small block of agar fortified with sugar and gelatin. 

 Grafting: Grafting the female parent to the male species has been reported to promote pollen tube 
growth and subsequent fertilization. 

 Protoplast fusion: A protoplast is all the cellular component of a cell excluding the cell wall. Protoplasts 
may be isolated by either mechanical or enzymatic procedures. Mechanical isolation involves slicing or 
chopping of the plant tissue to allow the protoplast to slip out through a cut in the cell wall. This 
method yields low numbers of protoplasts. The preferred method is the use of hydrolytic enzymes to 
degrade the cell wall. 

 
CONCLUSIONS: A species is defined as a population of individuals capable of interbreeding freely with one 
another but which, because of geographic, reproductive, or other barriers, do not in nature interbreed 
with members of other species. With the advent of plant breeding techniques plant breeders may make 
successful wide crosses and which may be further utilize in crop improvement.  
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Medicinal importance of ornamental foliage plants 
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Ornamental plants are plants that are grown for decorative purposes in gardens and landscape 
design projects, as houseplants, for cut flowers and specimen display. Ornamental plants give the 
pleasure effect. Ornamental foliage plant is use in garden, houseplant, indoor gardening, container 
gardening, making bouquet etc. Keeping ornamental plants in the home and in the workplace increases 
memory retention and concentration. Basically ornamental foliage plant use for decoration purpose but 
some of them have medicinal properties. Different plant part use to cure different medical remedies. 
Herbal plants have assumed greater importance in recent days, due to the tremendous potential they 
offer in formulating new drugs against many disease and illness that affect the humankind. Plants have 
been used in the traditional health care system from time immemorial, particularly among tribal 
communities. In view of the rich diversity of Indian medicinal plants it is expected that screening and 
scientific evaluation of plant extract for their antimicrobial substance may prove beneficial for the 
mankind. Plants have alkaloids, secondary metabolites, antioxidant and many photochemical which are 
effective against different health problems. 
 
Agave: The Miracle Plant 
Agave sisalana (Agavaceae) 
Agave sisalana, also known as sisal, is an herbaceous ornamental plant. Foliage is variegated yellow, lime 
and green with touches of red color. Agave blooms once after about 10 years and then dies. Agave 
sisalana Perr. is cultivated for its fiber, ornamental and medicinal value. The plant contains saponin useful 
for soap making and pharmacological importance. A. sisalana can help in lowering the blood pressure. It is 
also used as an antiseptic and is taken to stop the growth of bacteria in the stomach and intestine. 

 
             Agave sisalana (Agavaceae)              Alternanthera brasiliana ( Amaranthace) 
Alternanthera  
Alternanthera brasiliana ( Amaranthace) 
Alternanthera are grown for edging beds and for bedding. They are hardy, which stand trimming, and can 
be easily propagated by cutting or by division. This is a perennial herb, prostrate and branchy 7.5- 45.0 cm 
long, presenting a circular to polygonal stem in transaction, long internodes and swollen nodes, at which 
opposite leaves attach. The leaves are simple, entire, decussate, oval-lanceolate and purple, presenting 
uniseriate epidermis.  

https://en.wikipedia.org/wiki/Garden
https://en.wikipedia.org/wiki/Landscape_design
https://en.wikipedia.org/wiki/Landscape_design
https://en.wikipedia.org/wiki/Houseplant
https://en.wikipedia.org/wiki/Floristry
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Traditionally, the plant is used as a galactagogue, cholagogue, abortifacient and febrifuge. It is also used 
for indigestion. The leaves are used like spinach, and in soups. It is claimed to be a good fodder which 
increases milk in cattle. The plant shows many pharmacological activities like anti-inflammatory, analgesic, 
wound healing, antitumor, immunostimulant and antimicrobial activities. Many traditional uses are also 
reported like night blindness, diarrhea, dysentery, cough, hazy vision and post-natal complaints.  
 
Angelica  
Angelica archangelica (Apiacae)  
Commonly known as Garden angelica, norwegian angelica, holy ghost, wild celery, masterwort. The foliage 
is bold and pleasing, the leaves are on long stout, hollow footstalks, often 3 feet in length, reddish purple 
at the much dilated, clasping bases; the blades, of a bright green colour, are much cut into, being 
composed of numerous small leaflets. The edges of the leaflets are finely toothed or serrated. Leaves, 
stems, seeds, roots have medicinal properties. 
Angelica has traditionally been used for menopausal troubles, flatulence, appetite loss, digestive problems, 
respiratory ailments and arthritis. Like it’s Chinese counterpart Angelica sinensis (dong quai), this herb is 
used by many women for the reproductive system. It is believed to be a hormonal regulator and uterine 
tonic. Angelica tea is often used to treat PMS as well. 

 
   Angelica archangelica (Apiacae)        Aralia cordata (Araliaceae) 
Arali  
Aralia cordata (Araliaceae) 
Aralia cordata is an upright herbaceous perennial plant growing up to 2 to 3 meters in height. The plant 
yields new shoots every spring, which are blanched and then eaten as a vegetable. The young shoots have 
a strong yet pleasant distinct aromatic flavor. In addition to food and medicinal use, the plant is cultivated 
as an ornamental. The root is alterative, diaphoretic, diuretic, pectoral and stimulant. The herb encourages 
sweating, is stimulating and detoxifying and so is used internally in the treatment of pulmonary diseases, 
asthma, rheumatism, stomach aches etc. Externally it is used as a poultice in treating rheumatism, sores, 
burns, itchy skin, ulcers and skin problems such as eczema. A drink made from the pulverised roots is used 
as a cough treatment. A homeopathic remedy made from the roots is important in the treatment of 
cystitis.   
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Beefwood or Australian pine 
Casuarina equisetifolia (Casuarinaceae) 
 
Tall evergreen tree to 30 m, the branches often drooping, sulcate, green, with 6–8 scale like leaves. Leaves 
are easily separated at the node and can be temporarily fixed without knowing breaking point. 
Casuarina in rotation to restore nitrogen to the soil. Reported to be astringent, diuretic, ecbolic, 
emmenagogue, laxative, and tonic, beefwood is a remedy for beri-beri, colic, cough, diarrhea, dysentery, 
headache, nerves, pimples, sores, sorethroat, stomachache, swellings, and toothache. 

 
    Beefwood      Butterfly Bush 
 
Butterfly Bush 
Buddleia davidii (Buddleiaceae) 
Buddleia, also known as Buddleja and Butterfly Bush in English and Mi Menghua in Chinese is a shrub-like 
plant that is very popular for its ability to attract butterflies. In fact, it almost seems like nature designed 
this plant especially for butterflies. Not only is Butterfly Bush full of delicious nectar that butterflies love to 
feed on for a long duration, it also has a wonderful honey-like fragrance that attracts butterflies in large 
numbers.  
Calendula 
Calendula officinalis (Asteraceae)  
Commonly known as Pot marigold, poet’s marigold, Cape Weed Calendula is a most popular annual 
flowering plant. Plants are medium in height and leaves are long hairy and somewhat sticky.                                                              
Historically, calendula was used to induce menstruation, break fevers, cure jaundice, treat open sores and 
for liver and stomach problems. It has antiseptic and anti-inflammatory properties and can be used 
externally for sunburn and eczema. Today this herb is most often used externally to treat slow healing 
wounds and to promote tissue repair. 

 
     Calendula     Cast Iron Plant 
 



AGICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                               Volume 1 – Issue 10 – October 2019 

- 558 - 
  

Cast Iron Plant 
Aspidistra elatior (Convallariaceae) 
Aspidistra is an evergreen perennial growing to 0.6 m (2ft) by 0.5 m (1ft 8in) at a slow rate. It is hardy 
plant. It is in flower from Jan to April. The flowers are hermaphrodite. It's actually a very easy and beautiful 
plant to grow, it will also live quite happily in many areas of the home without too much effort. They also 
have incredible potential for longevity with many anecdotal stories of peoples Aspidistra's reaching 50 
years of age and beyond. 
The roots, stems and leaves are febrifuge, styptic and tonic. It strengthens bones and muscles. A decoction 
of the root, stems or leaves is used in the treatment of abdominal cramps, amenorrhoea, diarrhoea, 
myalgia, traumatic injuries and urinary stones. 
Ceriman 
Monstera deliciosa (Araceae) 
Monstera deliciosa, or Split-leaf Philodendron, it is vigorous, evergreen epiphytic climber from Central 
America and Mexico. It has a glossy green leaves that are pinnately split and perforate with rectangle 
holes. Leaves reach up to 3 feet in length and the stems will reach up to 30 feet or more. Stems are short 
and jointed, with cordlike aerial roots that help support the plants as they climb. 
  The fruit of the plant is ready to eat, it is always said to smell heavenly and to have a flavor evocative of 
fruit salad. Fruits having a taste mixture of pineapple and banana. In Mexico, a leaf or root infusion is taken 
daily to relieve arthritis. A preparation of the root is employed in Martinique as a remedy for snakebite. 

 
    Ceriman      Clerodendron  
Clerodendron  
Clerodendron  inerme (Verbenaceae) 
C. inerme is valued in landscaping as a groundcover or hedge plant. It has attractive evergreen foliage and 
fragrant white flowers that form in clusters and are accented by delicate red protruding stamens. It is a 
versatile plant and can be grown as a topiary or as a bonsai. 
 In Ayurvedic traditional medicine, different parts of Clerodendron inerme plant products are considered 
beneficial for the treatment of rheumatism, skin disease, veneral infections, beri-beri and tumors. It has 
antifungal, antihypertensive, anti inflammatory, antiviral and antimicrobial activity. 
  
Coleus  
(Coleus blumei) (Lamiaceae) 
Coleus is an erect and branched annual herb that grows to about 100 cm in height. The coleus foliage is 
remarkably unique, exhibiting arrays of color combinations unmatched by any other plant species. Coleus 
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has an aroma similar to camphor and extremely fragrant due to large amount of essential oils present in 
the plant. Coleus fibrous roots are used for medicinal purposes. 
 It is used as a health tonic, treatment for heart problems, chest pains, lung ailments, digestive disorder 
and sleeplessness (insomnia). Coleus contains a potent compound called forskolin that may have muscle 
relaxant properties and can dilate blood vessels thereby has a capability to lower blood pressure (anti-
hypertensive property). Coleus Can Lower Intra Ocular Pressure In Glaucoma Patients. From aerial parts of 
Coleus forskohlii (Labiatae) were prepared and evaluated at their non cytotoxic concentration against HIV-
1 NL4-3.Coleus has anti cancer property. Coleus can promote weight-loss in obese patients. 
Dieffenbachia 
Dieffenbachia picta (Araceae) 
Dieffenbachia is one of the easiest indoor houseplants to grow and one of the most common indoor 
plants. This tropical shrub shows off lush leaves that are usually marked in shades of cream, yellow, or 
white, making dieffenbachia a top pick for brightening dim corners indoors. Dieffenbachia adds fun color 
and texture without flowers.  
 All plant parts are believed to contain lots of needle-shaped calcium oxalate crystals, which when chewed 
can cause painful swelling or blistering of the mouth. When the mouth swelling is severe, talking might be 
difficult or unintelligible, hence the name "Dumb Cane." Some research found that dieffenbachia has anti 
cancer properties. It is thought that dieffenbachia derivatives prevent the development on cancer cells. 
Duranta 
Duranta erecta (Verbenaceae) 
Duranta is a smooth, unarmed shrub, growing to a height of 1-3 meters, with straggling and drooping 
branches. A common hedge and fence screen in garden. . Leaves are small, obovate-elliptic, 3 to 6 
centimeters long, with pointed or rounded tips and pointed base; the margins, entire or slightly toothed.  
Fruit is fleshy, ovoid, orange-yellow and 7 to 8 millimeters long. 
 The bark contains a glucosidal principal; the leaves yield a saponin substance. Phytochemical screening of 
aqueous and methanolic leaf extracts yielded alkaloids, flavonoids, steroids, triterpenoids, tannins and 
phenols. Infusion of leaves and juice of fruit are diuretic. 
 Leaves used for treatment of abscesses. Fruits used for malaria and intestinal worms. 
 Flowers are believed to be stimulant.  Fruit is slightly poisonous with alkaloid type reactions. Deaths have 
been reported from ingestion. 
 
Gravel Root  
Eupatorium purpureum (Compositae) 
Gravel root is a perennial growing plant. It flower from Aug to October, and the seeds ripen from Sep to 
November. The flowers are hermaphrodite (have both male and female organs) and are pollinated by 
Insects.  
  Gravel root was used by the native N. American Indians as a diaphoretic to induce perspiration and 
break a fever. The whole plant, but especially the root, is astringent, diuretic, nervine and tonic. It works 
particularly on the genito-urinary system and the uterus. Especially valuable as a diuretic and stimulant, as 
well as an astringent tonic, a tea made from the roots and leaves has been used to eliminate stones from 
the urinary tract, to treat urinary incontinence in children, cystitis, urethritis, impotence etc. It is also said 
to be helpful in treating rheumatism and gout by increasing the removal of waste from the kidneys. The 
leaves and flowering stems are harvested in the summer before the buds open and are dried for later use. 
The roots are harvested in the autumn and dried for later use. 
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Indian mahogany 
Toona ciliate (Meliaceae) 
  Toona ciliata is a forest tree in the mahogany family which grows throughout southern Asia from 
Afghanistan to Papua New Guinea and Australia. It is commonly known as the red cedar, toon or toona. 
The red cedar is widely planted in subtropical and tropical parts of the world as a shade tree and for its 
fast-growing aspect.  

Toona ciliata is an important medicinal plant which has been used for many centuries throughout the 
south pacific. It is a small shrub, three to five meters height. It has antibacterial property of crude extracts 

and standard antibiotic. Use to treat skin problems, wounds, itching, dysentery, menstrual problems, 
cough and bronchitis. Chemical content is toonasterone, terpenoids, limonoids and toonayunnanins. 

        
    Indian mahogany      Kamini  
 
Kamini  
Murraya panniculata (Rutaceae) 
It is a most popular shrub in garden. It is a tall shrub, foliage is dark and shining comprised of deep glossy 
green in color. Flower is white in color and fragrant in nature.  Kamini bears small orange to red fruit. The 
shrub is highly suitable for specimen shrub or topiary or for ornamental hedge because it stands trimming 
well. 
The crude ethanolic extract of leaves of Murraya paniculata has antidiarrhoeal, antinociceptive and anti-
inflammatory activities. Yuehchukene, a dimeric indole alkaloid, can be extracted from the root. Kamini 
have medicinal properties which is effective in tooth-ache and analgesic. 
Korean mint 
Agastache rugosa  (Lamiaceae) 
The plant is perennial and grows to be about 4 ft tall. It has long spikes of lavender-blue flowers that 
butterflies, bees, and hummingbirds find very attractive. The plant is often used in tea, which is best made 
when the leaves are fresh, as well as in salad dressings and meat marinades. 
The plant contains estragole, P-anisaldehyde, and pachypodol. Estragole described as having a strong 
tarragon or anise flavor, and is often used in perfumes and as a food additive. Agastache rugosa is 
reported to have antifungal, antibacterial, carminative, and antipyretic properties. Carminatives are 
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substances that reduce the amount of gas produced in the gastrointestinal system, and can also prevent 
flare-ups of acid reflux disease. The plant has also been used a fungicide to prevent fungus from growing 
on potato crops. Antipyretics are drugs that help reduce fever. 
Maluko  
Pisonia alba  (Nyctaginaceae) 
Maluko is an erect, unarmed, smooth or nearly smooth tree, attaining a height of 10 meters. Leaves are 
thin, very pale green or greenish yellow. Ornamental cultivation is done for its yellow leaves, grown as 
hedge plant. Treatment of alloxan diabetic wistar rats with P. alba extracts caused a significant reduction 
of blood glucose levels. Maluko extract is effective in hyperglycemia and also protects from metabolic 
aberrations caused by alloxan. It is considered as carminative, anti-inflammatory. Studies have suggested 
antidiabetic, antioxidant, anti-tubercular properties.  
Pedilanthus 
Pedilanthus tithymaloides (Euphorbiaceae) 
The name derives from the Greek words pedilon, meaning slipper, and anthos, meaning flower. Luha is a 
half-woody, succulent, and erect shrub growing to a height of 1.5 meters or less, with fleshy and stout 
branches which produce milky latex. Leaves are green or variegated, fleshy, smooth, alternate, deciduous, 
ovate or oblong, 3.5 to 7.5 centimeters long, 2.5 to 5 centimeters wide, pointed at both ends.Flowers are 
reddish, clustered on leafless stems, terminal or axillary.  
  A study assessing its scavenging properties yielded the antioxidant principles: a kaempferol, 
quercitrin, isoquercitrin and scopoletin; phenolics and flavonoids gallic acid and rutin. A new proteolytic 
enzyme, pedilanthain, with anti-inflammatory activity was isolated from the latex. Caustic, milky juice of 
the roots, stems and leaves contains euphorbol and other diterpene esters which are irritants and 
cocarcinogens. Latex has been used to treat cancer and umbilical hernia; also, dripped into painful dental 
caries and aching ears.  Used for treating warts, calluses and ringworm. The centipede leg-like leaf 
arrangement has given it folkloric application for treatment of centipede and scorpion stings. In Indian 
medicine, leaves used to heal wounds, burns, and mouth ulcers. 
Rock Rose 
Helianthemum nummularium (Cistaceae) 
Helianthemum nummularium is an evergreen Shrub growing to 0.5 m (1ft 8in) by 1 m (3ft 3in) at a fast 
rate. It is in flower from Jun to September. The flowers are hermaphrodite (have both male and female 
organs) and are pollinated by insects. The plant is self fertile. A prostrate growing plant, it can be used as a 
ground cover.  
The plant is used in Bach flower remedies - the keywords for prescribing it are Terror, Panic and Extreme 
fright. It is also one of the five ingredients in the Rescue remedy. 
Sagilala  
Codium varigatum  (Codiaceae) 
Sagilala is a low branching shrub with attractive and variedly shaped and colored foliage. Young leaves are 
usually green, yellow or red, later changing to single color or variegation of gold cream, white, red, 
maroon, purple, black or brown. A milky sap bleeds from cut stems. Phytochemical screening of the plant 
yielded saponins, reducing sugars, tannins, and gums.  Leaves are considered purgative, sedative, 
antifungal, antiamoebic, antioxidant,  anticancerous, antifertility, molluscicidal, immunomodulating, 
cytotoxic, wound healing, antimicrobial, , and anticonvulsant properties. Decoction of crushed leaves is use 
to cure from diarrhea. 
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Codium also have some toxic features, chewing on the bark and roots can cause burning around and in the 
mouth. Some leaves are reported irritant. Latex has been reported to cause eczema. 
Salem rosemary 
Rosmarinus officinalis (Lamiaceae) 
Its shiny, green, needlelike leaves weave through beds like a thread in a tapestry, and it bears small blue 
flowers in early spring. This herb makes an excellent hedging plant or accent at the edge of borders or in 
containers. ‘Salem’ reaches up to 2 feet tall, but it takes well to pruning throughout the growing season. 
Loved for its strong, pine like flavor and fragrance, rosemary is often included, fresh or dry, in foods that 
are prepared by long simmering, like soups and stews. 
The tips of rosemary are frequently used in herbal bouquets. Rosemary is a rich source of antioxidants and 
anti-inflammatory compounds, which are thought to help boost the immune system and improve blood 
circulation. The aroma from rosemary can improve a person's concentration, performance, speed, and 
accuracy and, to a lesser extent, their mood. 
 Rosemary appears to be protective against brain damage and might improve recovery. 
Sansevieria  
Sansevieria spp. (Asparagaceae) 
Common names include mother-in-law's tongue, devil's tongue, jinn's tongue, bow string hemp, snake 
plant and snake tongue. The leaves of Sansevieria are typically arranged in a rosette around the growing 
point. These include thick, succulent leaves for storing water and thick leaf cuticles for reducing moisture 
loss. These leaves may be cylindrical to reduce surface area and are generally shorter than those of their 
soft leafed tropical counterparts, which are wide and strap-like. The flowers are usually greenish-white and 
the fruit is a red or orange berry. In Africa, the leaves are used for fiber production. 
  In some species, e.g. Sansevieria ehrenbergii, the plant's sap has antiseptic qualities, and the leaves 
are used for bandages in traditional first aid.  Sansevieria trifasciata is capable of purifying air by removing 
some toxins such as formaldehyde, xylene, and toluene. Sansevieria uses the crassulacean acid 
metabolism process, which absorbs carbon dioxide and releases oxygen at night. This property makes 
them suitable bedroom plants.  

 
          Sansevieria             Syngonium 
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Syngonium 
Syngonium podophyllum (Araceae) 
Syngonium podophyllum is an evergreen climbing plant producing stems 10 - 20 meters long that support 
themselves on tree trunks by means of adventitious roots. In earlier stage leaves have the shape of an 
arrowhead, but as they mature this changes and lobes develop at the base of the leaves. The older the 
plant is, the more lobes develop in the full-sized leaves.  
The plant is harvested from the wild for local use as a medicine. It is often grown as an ornamental and 
ground cover plant in tropical gardens, being valued for its attractive flowers and foliage, and also as a 
houseplant in cooler areas, where it seldom flowers. Forms with variegated foliage have been developed 
as ornamentals. 
  A decoction of the crushed and boiled leaf is used as a wash to treat stomachache. The milky-white 
sap from a broken stem is applied topically as a remedy for the bite of Paraponera ants. The sap is 
swabbed into the cavity of an aching tooth in order to relieve the pain. The roots and bark are antibacterial 
and anti-inflammatory. They are used in the treatment of superficial and deep wound, and various skin 
disorders. Extracts of the leaves and bark have been shown to have a dose-dependent effect upon treating 
dropsy, showing they are potential sources of principles with high anti-inflammatory activity.  
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INTRODUCTION  
Coastal zones in the global village are under snowballing stress, due to industrialization, amplified trade, 
commerce, tourism, population growth, relocation which drives to the deteriorating water quality which is 
of major concern. Coastal regions are of very high biological productivity and thus an important 
component of the global life system. Coastal ecosystems harbour wealth of species and genetic diversity, 
store and cycle nutrients, filter pollutants and help to protect shorelines from erosion and storms. Marine 
ecosystems play a vital role in regulating climate and they are a major carbon sink and oxygen source. The 
industrial development of coast has resulted in degradation of coastal ecosystems and diminishing the 
living resources of Exclusive Economic Zone (EEZ) in form of coastal and marine biodiversity and 
productivity. More than half the population lives within 60 km of the coast and would rise to almost three 
quarters by 2020 (Anon, 1992). Episodic events, such as cyclones, floods, pose serious threat to human life 
and property in the coastal zone. Human activities also induce certain changes or accelerate the process of 
change (Chauhan et al). 
  Thus there is an urgent need to conserve the coastal ecosystems and habitats including individual 
plant species and communities, so settlements, recreation, environment and agriculture becomes a better 
place. In order to ensure sustainable development, it necessary to develop accurate, updated and 
comprehensive scientific databases on habitats, protected areas, water quality, environmental indicators 
and carry out periodic assessment of the health of the coastal ecosystem. The modern scientific tools of 
remote sensing, GIS and GPS are extremely valuable in development of databases and to analyze them in 
the integrated manner and derive management action plans. Availability of repetitive, synoptic and multi-
spectral data from various satellite platforms, viz. IRS, LANDSAT, SPOT, have helped to generate 
information on varied aspects of the coastal and marine environment. Ocean colour data from OCEANSAT 
1 (ISRO), SeaWiFS (NASA), MODIS (NASA), provide information on biological aspects useful for fisheries 
and coastal ecosystems.  
  In India, satellite based information has been used for generating inventory on coastal habitats, 
landforms, coastal land use and shoreline condition, conditional assessment of protected areas, 
exploration of marine fisheries, mitigation of coastal disasters and understanding of sediment dynamics. 
GIS has been used for the integrating satellite based information for identifying aquaculture sites, coastal 
regulation and environmentally sensitive zones. 
 
Remote sensing applications in study of coastal habitats 
Coral reefs 
These are useful in planning conservation and preventive measures to protect this fragile ecosystem. Coral 
reefs feature such as type (fringing, atoll, platform, patch, coral heads, sand clays, etc.), reef flat, reef 
vegetation, degraded reef, lagoons, live corals and coral line shelf have been mapped using IRS LISS II and 
III data on 1:50,000 scale for the Indian reefs. These maps can be used as a basic input for identifying the 
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boundaries of protected areas and biosphere reserves. Degraded condition of coral reef is indicated by 
mud deposition (Bahuguna and Nayaka, 1998).  
Mangroves 
Mangroves are very important in the production of detritus, organic matter, recycling of nutrients and thus 
enrich the coastal waters and support benthic population of sea. They support the most fundamental need 
of the coastal people through food, fuel and shelter. At many places, mangroves are degraded and 
destroyed due to conversion of these areas for agriculture and aquaculture along the east coast and 
industrial purposes along the west coast. Dense mangroves were mapped in delta regions of east coast, 
fringing the coast in Andaman and Nicobar islands, esturine regions of Maharashtra and goa, Gulf of Kuch, 
Kori creek of Gujarat coast, Pichavaram and Vedaranyam mangrove forest of Tamil nadu coast. Mangroves 
cover about 200,000 sq km areas on the globe, mainly around tropics. It has been estimated that half of 
the world mangroves may have been lost. The Forest Survey of India has been providing estimates of 
mangroves based on satellite data since 1987. However, in some regions, mangroves have increased due 
to plantation as well as regeneration. In India, mangroves have reduced from 6740 to 4460 sq. km (Nayak, 
1992). Mangroves are degraded and destroyed due to conversion of these areas for agriculture, 
aquaculture on the East Coast and industrial purposes on the West Coast. 
 
Costal regulation zone 
The increasing pressure on the coastal zone due to concentration of population, development of 
industries, discharge of waste effluents and municipal sewage and spurts in recreational activities, had 
adversely affected the coastal environment. In India, costal stretches of bays, estuaries, backwaters, seas, 
creeks, which are influenced by tidal action up to 500 m from high tide line (HTL) and the and between the 
low tide line and the HTL has been classified under the coastal regulation zone (CRZ). Maps showing 
wetland features between HTL and LTL and coastal land feature upto 500 m from HTL on 1: 25,000 scales 
for the entire Indian coast, using IRS LISS-II and SPOT data had been prepared in the dept. of space. The 
accurate demarcation of HTL and LTL is important as they control boundaries of regulation zones. The HTL 
and LTL have been delineated based pn tonal discontinuity. These maps provided land use and wetlands 
during 1990-91, just before the notification of CRZ issued by the Govt. of India. These maps have about 85 
percent classification accuracy at 90 percent level. The planimetric accuracy is about 60 to 75 m.  
Brackish water aquaculture 
Brackish water aquaculture has tremendous potential due to ever increasing demand of prawns. In India, 
the aquaculture development started to provide employment in rural coastal areas as well as to increase 
the export to developing countries. Aquaculture development and planning require comprehensive data 
on land use and water resources. Remote sensing data provide information on these aspects due to its 
repetitive and multispectral character and synoptic view. IRS LISS-II data was utilized to prepare coastal 
land use maps on 1:50,000 scale along the Indian coast. These maps show wetland features between high 
and low water lines and land use features of the adjoining shore (upto 1.5 km from high waterline). 
Presence of saltpans and aquaculture ponds indicate availability of brackish water. The spatial distributions 
of mud/tidal flat areas are most suitable for brackish water aquaculture. These maps have been used by 
the central and state fisheries. 
Island ecosystem 
      An island ecosystem information system has been developed for zoning the entire Andaman& Nicobar 
Islands into environment sensitive management zones for purpose of preservation, conservation, 
development and utilization. A data base was created with various thematic layers, viz, 116 coastal 
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wetland/ land use maps on 1:25,000 scale using master grids, 50 maps of coral reefs on 1:50,000 scale, 
besides maps on transport and habitation. Survey of India standards were used for generating master 
grids, map projections and map registration. Query shell for island ecosystem was developed for zoning 
the area into preservation, conservation, development and utilization using environment appraisal model, 
which assesses the environment by the conditions of coastal habitats.  

 
 
Conceptual model for coastal zone management 
First step 
Data analysis - the index of environmental sensitivity can be decided based on criteria such as presence or 
absence of mangroves, coral reef and erosion and depositional status of coast. It is proposed to divide into 
four zones 1) preservation, 2) conservation, 3) utilization and 4) Development zone 
Second step 
It includes validation of these zones along with ground information such as flora, fauna, archaeological 
sites, areas under erosion, substrata conditions, bio mass available, living and nonliving resources, relief 
and pollution. 
Third step 
To assess the causes of change in habitat conditions, recommendations for conserving critical areas, 
creating a buffer around vital areas, site for industrial and engineering activities etc. This would ensure 
judicious development of coastal zone without endangering the environment and ecology. 
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Saline soil: Really a problem to manage?  
Article id: 22161 
Siddhartha Mukherjee1*, Kiran Pilli1 and Sudip Sengupta1 
1Ph. D. Research Scholar, Department of Agricultural Chemistry and Soil Science 
Bidhan Chandra Krishi Viswavidyalaya (BCKV), Mohanpur, Nadia, West Bengal 
 
What is Saline soil? 
Soils having sufficient concentration of soluble salts in root zone to 
adversely affect the plant growth, plant development and ultimately to 
the productivity are considered as saline soil. The soluble salts which 
are predominant in this type of soils are- chlorides and sulphates of 
sodium, calcium and magnesium. The concentration of chlorides and 

sulphates (neutral salts) are much higher than of alkali/sodic soils where 
carbonate and bi-carbonates of sodium are predominant.  
 
Characteristics:  

 White salt encrustation at the surface of the soil- white alkali soil. 

 These soils having pH of < 8.5, EC (electrical conductivity) > 4 ds/m, 
ESP (exchangeable sodium percentage) < 15, SAR (sodium absorption ratio) < 13. 

 Organic matter concentration is slightly less than normal soils. 
 
Conditions promoting saline soils formation: 
The process through which saline soils are formed, termed as salinization and favours the following 
conditions- 

 The presence of soluble salts in the soil. 

 ET >> P (arid and semi-arid regions) - less rainfall to leach the soluble salts from the soil with high 
evaporation rates. 

 A high water table. 
 
Consequences of saline soils on plant growth:  
 The growth of plants may be entirely stopped if salt concentration is very high in soils. In high salt soils, 
seeds fail to germinate, plants may also die at early seedling stages or may show stunted growth with 
bluish-green foliage. 
 In high level of salinity, barren spots (slick-spot) appear or the whole crop field may look barren. 
 Osmotic stress- High salt concentration enhances plant osmotic stress. The semi-permeable membrane 
of plant roots permits water to pass but restricts most of the salts. It becomes difficult for the plats to 
extract water from salt-enriched solutions. To overcome this saline stress, plant cells continue to divide 
rapidly without elongation and resulting an increase number of cells per unit area with dark bluish-green 
colour foliage. 
 Excessive salts movement in plants through transpiration pull may lead to necrosis, burning of leaf tip 
and margins. 
 Nutrient deficiency due to high pH and excess of others. Imbalances, Na+ hampers K+, Ca2+ Mg2+ 
absorption. 
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Management of saline soils:  
Management of saline soils can be done for favourable crop growth and development in two ways; which 
are-  
A) Tailoring the soil for plant: 
 Scraping of soil surface with spade to remove salt flakes and profile inversion also may be done to 
minimize the formation of salt encrustation and its accumulation. 
 Leaching with good quality of water is an effective procedure for removing salts from the root zone of 
soils. 
 Saline seeps - Changing topography of soil to create a low point where water (with dissolved salts) can 
seep out of soil & be collected. 
 Application of P to saline soil may help in reducing the Cl toxicity to plants. 
 Use of 25% extra nitrogenous fertilizers than the recommended dose may also help in better plant 
establishment. 
B) Tailoring plants for the soil: 
  Growing salt tolerant crops is one of the best measures to manage saline soils. 

 
 
 
 
 
 
 
 
 
 

  Crops Threshold (ds/m) Rating 

F 
I 
E 
L 
D 
 
C 
R 
O 
P 
S 

Barley 8.0 Tolerant 

Triticale 6.1 Tolerant 

Rye 5.9-7.6 Tolerant 

Sugar beet 6.7-7 Tolerant 

Safflower 5.3 Moderately Tolerant 

Sorghum 4-6.8 Moderately Tolerant 

Wheat 4.7-6 Moderately Tolerant 

Soybean 5.0 Moderately Tolerant 

Sunflower 2.3-4.8 Moderately Tolerant 

 
V 
E 
G. 

Beets 5.3 Tolerant 

Garlic 3.9 Moderately Tolerant 

Pea  3.4 Moderately Tolerant 

Source: Brady, 1974; Kavardziev, 1985 
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 Influence of irrigation technique on salt movement and plant growth in saline soils:  
a) Water applied to furrows on both sides of the row, salts 
move to the centre of the ridge and damage young plants. 
b) Placing plants on the edges of the bed rather than in the 
centre helps them avoid the salts. 
c) Application of water to every other furrow and placement of 
plants on the side nearest to the water helps plants to avoid 
the salts. 
d) Sprinkler irrigation moves salts in downward direction but 
return to the same place after soil surface becomes dry. 
e) Drip irrigation at low rates provides continuous supply of 
water and also helps plant to avoid excess salts. 
 
REFERENCES:  
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[2]. Gupta, S. K., & Gupta, I. C. (1997). Management of saline soils and waters (No. Ed. 2). Scientific Publishers. 
[3]. Qadir, M., & Oster, J. D. (2004). Crop and irrigation management strategies for saline-sodic soils and waters 

aimed at environmentally sustainable agriculture. Science of the total environment, 323(1-3), 1-19. 
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Tomato cultivation techniques 
Article id: 22162 
1Amit Kumar Maurya, 2Rajan Mishra and 1Vinny John 
1Department of Plant Pathology, Sam Higginbottom University of Agriculture, Technology & Sciences, 
Prayagraj (U.P.)-211007, India  
2Department of Agricultural Science Bundelkhand University Jhansi 

   
Planting tomatoes is a good way to make farmers rich and strengthening the management of tommato 
growth period is the key to obtain high efficiency and production. Pay special attention to the growth 
period management. The main measures are hoe weeding, water storage, shelf and tendril set-up, training 
pruning, leaves removing and ventilation & light obtaining. Prevention and control of plant diseases & 
insect pests and the temperature management are also extremely vital. The main diseases of tomato are 
virus disease, bacterial wilt and disease early and late blight etc. Pests are mainly cotton bollworm, aphid 
disease etc. The diseases of tomato can be prevented, but is hard to cure, so that diseases prevention 
should be taken into priority. The methods of virus disease prevention and control are seed varieties 
selecting, seeds disinfection, crop land repeatedly using for the same variety, prevention and control of 
aphids, early engraftment in optimum period etc. Temperature management is rather important.  Daytime 
temperature should keep around 25 ℃ by strengthening the ventilation of plastic houses and night 
temperature should keep between 10 -13 ℃. Ventilation hole should be kept from small to large to make 
the wind go through from less to more, in the afternoon when the temperature drops, the ventilation hole 
should be kept smaller gradually or shut down.  
  Pay special attention to watering management. Tomatoes growing in summer and the rainy season 
usually don't need to water, but when the 2nd - 3rd ear fruits ripen in drought, appropriate watering is 
necessary. According to tomato plant growth situation, appropriate fertilization is necessary so as to 
promote the fruit growth. Tomatoes fertilized with bacterial manure can be much better in many aspects 
such as color, sweetness and output than those without it. Gymboree microbial fertilizer is good for base 
fertilizer and the fertilizer Campbell Gen Miaozhuang or Miaojianzhuang is fit for top application. Spraying 
Golden treasure sweet spirit will make fruits look more beautiful. When greenhouse nutrient deficiency is 
relatively serious, spraying golden treasure tonic spirit (growth increasing spirit) can efficiently solve the 
problem.   
  Timely pick fruits. The 4 ripening periods of tomatoes are green ripe, discoloration, mature, and full 
ripeness. Fruits can be harvested in the green ripe stage for storage preservation. For transportation, fruits 
can be picked in discoloration period (a third fruit are red). For the sale or self-food providing, the harvest 
should be in the mature period (more than a third fruit are red). During the harvest, fruits should be 
treated gently and fruit stalks should not be picked with fruits to avoid wound. In fruit ripening period, it is 
unfavourable to use hormone stimulation for fruit colourings and fruits should be selected carefully before 
packing for sale. Its advantage is to reduce the production cost, improve fruit quality, and ensure the food 
safety of consumers. 
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Plantation of Tomato on field 

 
                                                Mature fruit ready for harvesting   
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PHALSA – Climate smart fruit crop 
Article id: 22163 
Vinny John, Bhagyashree Kesherwani and Amit Kumar Maurya  
Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj (U.P.) - 211 007, INDIA 

The word Phalsa is taken from Persian language and in Sanskrit language it's regionally referred as 
“pharwo” or “pharwan” a botanical shrub that belongs to the family of Malvaceae. Its fruit has dark purple 
color with tiny size like grapes. It is processed in juice or squashes prepared from the fruit pulp mixed with 
sugar. India and south-west Asia is a native of Phalsa. Phalsa has been cultivated commercially in India. 
other major growing countries are Asian countries like, Cambodia, Pakistan, Philippines, Sri Lanka, 
Kingdom of Thailand and Vietnam etc. If we see in past it's been cultivated in Philippines since 1914. 

About phalsa:  
Falsa fruit is accessible in India throughout the months of May and June an awfully delicate and 
biodegradable fruit, falsa is troublesome to export. This can be one of the reasons it's not on the market 
throughout the planet. By consuming throughout the summer, it provides a much-needed cooling result to 
the body; one can have it with a sprinks of salt and black pepper over it. Its plants have ability to resist 
against frost. However, in heat regions it attains smart growth. Its plants may be cultivating spherical 
regarding one thousand elevations from the ocean level. Leaves are spherical fifteen cm long and eighteen 
cm wide. A color of the flowers yellow forms in bunches. Fruit of Grewia asiatica is spherical with its 
diameter of 1-2 cm and regarding zero.5-2.5 gram in weight. 

Medicinal value:  
Grewia asiatica a plant used for medication. Grewia asiatica fruit "alleviates inflammation and is run in 
metabolic process, viscus and blood disorders, also as in fever" was observed by biologist Julia jazzman 
from the University of Miami. 

Other healthful uses include: 
 An infusion of the bark is claimed to treat looseness of the bowels, pain, rheumatism, and inflammatory disease. 
 A study revealed within the journal Ethnobotany analysis and applications confirmed that falsa leaves were 
utilized in ancient medication to treat tract infections and sexually transmitted diseases. 
 The leaves show little antibiotic effect. Soaked overnight and crushed into a paste, to alleviate inflammations of 
the skin as well as cuts, burns, boils, eczema, and pustular skin eruptions. 
 The root bark has been used to alleviate pain and inflammation, shown in a study conducted at Vinayaka 
Mission's faculty of Pharmacy in Salem, Tamil Nadu, India. 
 Falsa leaf and fruit extract might be used as anti-cancer agents. Analysis on mice has shown that the pomace, or 
solid fruit components, might stop the formation of breast, cervical, and blood cancers. 
 For abdomen pain, twenty five to thirty milliliter of falsa juice, mixed with few grams of carom seeds, can be 
helpful to give relief from pain. 
 For burning eyes, urine, chest, stomach, and bitter innate reflex, falsa frappe is claimed to produce relief. 
 For nausea, vomiting, and abdomen pain, falsa juice mixed with a touch perfume and sugar is claimed to give 
relief. 
 For metabolic process troubles and hiccups, falsa juice mixed with a small amount of ginger juice and common 
salt will be useful. 
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Nutrition data for phalsa Fruit 
In 1994, the Fort vale State University of Agricultural Analysis Station in Georgia began associate 
investigation into the feasibleness of growing falsa within the U.S. The falsa seeds were obtained from 
India through the Agriculture Plant Introduction division. The study was conducted by Yadav A.K. and 
obtained nutrient data analyzed in 1998. 
Nutrient values per 100g of fruit: 
 Calories (Kcal) 90.5 
 Calories from fat (Kcal) 0.0 
 Moisture (%) 76.3 
 Fat (g) <0.1 
 Protein (g) 1.57 
 Carbohydrates (g) 21.1 
 Dietary Fiber (g) 5.53 
 Ash (g) 1.1 
 Calcium (mg) 136 
 Phosphorus (mg) 24.2 
 Iron (mg) 1.08 
 Potassium (mg) 372 
 Sodium (mg) 17.3 
 Vitamin A (µg) 16.11 
 Vitamin B1,Thiamin (mg) 0.02 
 Vitamin B2, Riboflavin (mg) 0.264 
 Vitamin B3, Niacin (mg) 0.825 
 Vitamin C, Ascorbic acid (mg) 4.385 
According to its organic or meditative worth it is acidic and bitter. It provides cooling impact for throat, 
abdomen and manage the intensity of thrust. It’s helpful for heart diseases, pressure and fever. Its bark is 
effective in refinement of sugar.  
 
Soil 
Phalsa don't seem to be terribly meticulous regarding soil, avoid alkaline or acidic soil. It will grow in soil 
with pH between four and seven, the soil ought to be slightly acidic varies from 0 to 6.5. So, the most 
effective soil is that the one with many organic matter that improves growth and feeds the plants. 
It is cultivated through seed; however conjointly use its cuttings for propagation. It is cultivating at the tip 
of could or at the beginning of Gregorian calendar month. Once fruits ripen then choose the large size 
achromatic fruit with rigorously. Then wash the seeds and place in shade for drying. 
Propagation: 
Phalsa is usually propagated through seed. Cuttings are tough to root because of the presence of mucilage. 
Some reports say that IBA treated cuttings will root once planted in Gregorian calendar month. Daring 
seeds offer ninety p.c germination throughout July. Sow seeds on raised beds 2cm deep in lines 10cm 
apart. Seed to seed distance ought to be 2cm. cowl the seeds with mixture of sand + F.Y.M fifty: 50 
magnitude relation. 
  For seed sowing build a raised bed within which make rows at a distance of 10-15 cm and sow the 
seeds in these rows at a distance of 4-5 cm. bear in mind that don’t sow the seed deeply. If we tend to sow 
seed deeply then they produce drawback of ontogenesis or it should take an extended time. So, the seed 
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ought to be sowed at one.5-2 cm deep and irrigate the furrows often. Over irrigation affects the expansion 
of plant.  

Irrigation: 
At flowering stage less, water applied can favors the lot of fruit setting. It bears adverse condition however 
needed irrigation at the beginning of spring season that resulted augmented in new ontogenesis branches. 
Take away the weeds from furrows often.  

Fertilizer 
If fertility of soil is nice and farm yard manure is enough within the soil, then there's no must apply 
chemical element or different fertilizers. Fertilizers ought to be further whereas making ready the soil for 
planting the young plants and for established plants, within the late fall and/or late winter. looking on the 
soil sort, acidity, drainage, quantity of rain fall etc. one should add compost/humus, aged manure, even 
some sand and a few balanced NPK chemical, ideally with gradual unleash of nutrients. 

Plant care: 
Then you observe that growth of plant is nice and prepared to transplant within the field in Gregorian 
calendar month or Gregorian calendar month. The period of bush seed isn't farewell therefore, we tend to 
sow it as early as attainable. The germination happens a minimum of in 3 weeks. Thence it'll be sprout 
before twenty one days. Its cuttings are used then treat them in gibberellins before planting. Hard-wood 
cuttings ought to be most well-liked over soft wood cuttings as a result of hard-wood cuttings sprout 
simply. As these have ability to form roots. It is mature in varied form of soil however can even grow in 
sandy and loamy soils. It can even be mature in saline soil condition. Prepare the soil rigorously before 
planting. Gunter and gawara ought to be mature and incorporate in soil as manure that increases the 
fertility of soil. To form garden, pits ought to be mammary gland within which plant to plant distance 
should be eight feet and row to row distance should even be 8 feet.  
In one acre 680 plants is mature. Pits ought to be dig before its plantation. It’ll be far better for the 
expansion of plant. If attainable then combine farm yard manure within the pit to enhance the fertility of 
soil. Plants ought to be mature before Gregorian calendar month and Gregorian calendar month; therefore 
the plants can turn out most branches. The most reason behind is that the dormancy amount of the plant 
seeds that starts flowering within the spring season. For one acre of bush garden one bag of organic 
compound, phosphorus or DAP and one bag of caustic potash is usually recommended once applying the 
chemical the garden ought to be irrigated. For recouping size and quality of fruit, application of Zn and iron 
has been tested a lot of effective. Bush starts flowering within the month of Gregorian calendar month and 
March and this method continues till could. The flowers of the bush plant attract bees that play a key role 
in fertilization method.  

Harvest 
The initial color of the fruit is inexperienced then fruit develops and becomes red and so slowly within the 
later stages it shows achromatic color. Bush is harvested in pickings on each day and sent to the market. 
We are able to get close to Sept. 11 kilo of bush fruit from one tree and average of four.5-6 ton/ha.  
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Insect and diseases: 
Psylla affects the bush plant over the other insect. It principally affects the leaves and new branches of the 
plant. Brown spot is that the major sickness that attacks the plant from June-Aug and causes the 
senescence of leaves before maturation. To avoid the spreading of this sickness, gather all the fallen leaves 
and burn them. Its lots of advantages, it's terribly healthy for heart patients. It’s principally used as for 
juice and nutrient. It makes the abdomen sturdy and healthy. It terribly helpful for diabetic patients and 
may be a common soak up summer season. So, we must always emphasize for its industrial production 
also as in room husbandry. 

 
                   Phalsa tree                                                  Harvested phalsa fruits 
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Use of plants for remediation of pollutants 
Article id: 22164 
Bhagyashree Kesherwani, Vinny John and Amit Kumar Maurya 
Sam Higginbottom University of Agriculture, Technology & Science, Prayagraj-211007, U.P., INDIA. 
 
Phytoremediation is an emerging ‘green bioengineering technology’ that uses plants to remediate 
environmental problems. Green plants (both aquatic and terrestrial) have the wonderful properties of 
environmental restoration, such as decontamination of polluted soil and water. In other words,  a process 
of removing something is called as remediation if this process or techniques done by using living plants 
than it is known as phyto-remediation, phyto: means plants and remediation means restoring balance in 
term of environment the pollutant remove from soil, air and water with the help of different living plants 
then it is phytoremediation process. They thrive in very harsh environmental conditions of soil and water; 
absorb, tolerate, transfer, assimilate, degrade and stabilize highly toxic materials (heavy metals and 
organics such as solvents, crude oil, pesticides, explosives and poly-aromatic hydrocarbons) from the 
polluted soil and water.The process is easy and low costs because plant is cheapest compare to other 
traditional processes both in situ and ex situ and also the plants can be easily monitored. The possibility of 
the recovery and re-use of valuable metals (by companies specializing in “phyto mining”).It is potentially 
the least harmful method because it uses naturally occurring organisms and preserves the environment in 
a more natural state. 

 
Fig 1: Remediation by Plant 

 
Various Phytoremediation Processes:  
•Phytoextraction 
• Phytostabilization 
• Phytotransformation 
• Phytostimulation 
• Phytovolatilization 
• Rhizofiltration. 
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Fig: 2 Phytoremediation Process 

 
Phytoextraction: (or phytoaccumulation) uses plants or algae to removecontaminants from soils, 
sediments or water into harvestable plant biomass. 
Advantages: The main advantage of phytoextraction is environmental friendliness. Traditional methods 
which are used for cleaning up heavy metal contaminated soil disrupt soil structure and reduce soil 
productivity, whereas phytoextraction can clean up the soil without causing any kind of harm to soil 
quality. It is more recommended process for remediation process. 
Disadvantages: As this process is controlled by plants, it takes more time thantraditional soil clean up 
methods.  
Examples of phytoextraction from soils 
 Arsenic, using the Sunflower, or the Chinese Brake fern, a hyperaccumulator. Chinese Brake fern stores 
arsenic in its leaves. 
 Cadmium, using Willow. As willow has some specific characteristics like high transport capacity of heavy 
metals from root to shoot, huge amount of biomass production, can use also for production of bio energy 
in the biomass energy power plant. 
 Cadmium and zinc, using Alpine pennycress, a hyper accumulator of these metals at levels that would 
be toxic to many plants. On the other hand, the presence of copper seems to impair its growth. 
 Lead, using Indian mustard, Ragweed, Hemp Dogbane, or Poplar trees, which sequester lead in its 
biomass. 
 Uranium, using sunflowers, as used after the Chernobyl accident. 
 Mercury, selenium and organic pollutants such as polychlorinated biphenyls (PCBs) have been removed 
from soils by transgenic plants. 
 

Phytostabilization: Phytostabilisation is the use of certain plant species to immobilize contaminants in the 
soil and groundwater through absorption and accumulation by roots, adsorption onto roots, or 
precipitation within the root zone of plants (rhizosphere). It is primarily used for the remediation of soil, 
sediment, and sludge. Reduces mobility and prevents migration.  
 Change in pH, metal solubility and mobility, used to reestablish vegetation cover at sites where natural 
vegetation fails to survive due to high metals concentrations in surface soils or physical disturbances to 
surface materials.  
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Advantages: Is that the disposal of hazardous material/biomass is not required and very effective when 
rapid immobilization is needed to preserve ground and surface waters. 
Example: Phyto-stabilization using metal-tolerant grasses is being investigated for large areas of Cd- and 
Zn-contaminated soils at a superfund site in Palmerton. 
Phytotransformation: Chemical modification of environmental Substances as a direct result of plant 
metabolism. After uptake of the contaminants, plant enzymes increase the polarity of the contaminants by 
adding functional groups such as hydroxyl groups (-OH). This is known as Phase I metabolism. In the 
second stage of phyto-transformation, known as Phase IImetabolism, plant biomolecules such as glucose 
and amino acids are added to the polarized xenobiotic to further increase the polarity (known as 
conjugation). In the final stage of phyto-transformation (Phase III metabolism), a sequestration of the 
xenobiotic occurs within the plant. e.g: Trinitrotoluene. 
 

Phytostimulation:  Enhancement of soil microbial activity for the degradation of contaminants, typically by 
organisms that associate with roots. This process is also known as rhizosphere degradation. 
 

Phytovolatilization: Removal of substances from soil or water with release into the air, sometimes as a 
result of phyto transformation to more volatile and / or less polluting substances. 
 

Rhizofiltration: Rhizo means root adsorption or precipitation onto plant roots, or absorption into the roots 
of contaminants that are in solution surrounding the root zone, due to biotic or abiotic processes. 
Exploited in groundwater, surface water, or wastewater for removal of metals or other inorganic 
compounds. Rhizofiltration first results in contaminant containment, in which the contaminants are 
immobilized or accumulated on or within the plant. Contaminants are then removed by physically 
removing the plant.  
Examples: 1. Sunflower, Indian mustard, tobacco, rye, spinach, and corn have been studied for their ability 
to remove lead from water, with sunflower having the greatest ability. 2. Sunflowers were successfully 
used to remove radioactive contaminants from pond water in a test at Chernobyl, Ukraine. 3. 
Rhizofiltration can be used for Pb, Cd, Cu, Ni, Zn, and Cr, which are primarily retained within the roots.  
 

CONCLUSIONS: The 'green technologies' are more appropriate for water clean-up as, decompose organic 
pollutants to non-toxic low molecular substances, do not introduce additional chemical substances into 
the environment, are relatively easy to manage and easily adopted to the local needs, do not require large 
investment to be practically introduced, plant are able to remove several pollutants in combination, it can 
be applied at a small as well as at a large scale. It is a sustainable & inexpensive process is fast emerging as 
a viable alternative to conventional remediation methods, and will be most suitable for a developing 
country like India. In India commercial application of Phytoremediation of soil heavy metal or organic 
compounds is in its earliest phase. 
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INTRODUCTION 
Colors are the major part of our life, as they offer us the impression of food, clothes, cosmetics and even 
medicines. Nature has always dominated over synthetic or artificial, from the beginning of this world as 
nature was the only option for human being then, and now. Synthetic colors production and application 
release vast amount of waste and unfixed colorants causing serious health hazards and disturbing the 
ecological balance of nature. Technological advancements and upgraded human choices have opened 
scientific ways to utilize eco-friendly and never ending natural resources. Natural flora is full of exquisite 
colors, fragrance, and easily available, fascinating and attracting human being towards a vast portfolio of 
possibilities.  
Types of colors 
1. Synthetic colors - obtained by chemical synthesis. eg – Tartrazine, FD&C Yellow No. 6 (Sunset Yellow), 
FD&C Red No. 3 (Erythrosine). 
2. Inorganic colors - composed of insoluble metallic compounds which are either derived from natural 
sources (e.g. china clay, carbon deposits) or are synthesized. 
3. Natural colors - colors originate from a wide range of sources like vegetables, fruits, plants and other 
edible natural sources. 
Benefits of natural colorants  
• Non toxic 
• Eco- friendly  
• Health safety  
• Biodegradable in nature  
• Prevent chronic diseases  
• Possess  antioxidant property 
• Nutritional supplements in food items  
 
 Natural floral dye characteristics  

  It must have color 

  Hydroxyl group 

  Presence of chromopores  

  Sparingly soluble in water/ alkaline 

  It must be able to fix 

  Must not be fugitive after fixing 
 
Classification  
I. Based on the sources 
1. Plants – flowers, leaves, bark, roots, and other parts of the plant eg – madder, saffron, etc., 
2. Insects - Cochineal, Lac, etc., 
3. Animals – Cow urine, Murex snail, Octopus 
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4. Microorganisms - Monascus sp., Rhodotorula sp. 
 
II. Based on their color 
1. Blue - Indigofera sps  
2. Red - Madder – Queen of natural colorants, Annatto  
3. Yellow - Kamala tree  
 
III. Based on chemical structures 
1. Indigoid dyes – basic structure is indigotin, the source of primary color blue Eg: Indigofera spp., 
Polygonam tinctorium  
2.  Pyridine based dyes - basic structure is  isoquinoline with bright yellow colour  Eg: Phellodendron 
amurense  
3. Carotenoid dyes – polymer of eight isoprene monomers which give the color of yellow, orange and red 
such as bixin, lycopene and carotene  Eg: Bixa orellana  
4. Quinonoid dyes – Quinone functional group is present, The color ranging from yellow to red. Eg: 
Tabebuia avellanedae  
5. Flavonoid dyes- flavones exist in the structure, Offers color including pale yellow, deep yellow, orange, 
red and blue  Eg: Butea monosperma  
6. Dihydropyran Based Dyes – These pigments comprise of brazilin from brazilwood (Caesalpinia sappan)  
7. Betalains - comparaise of the yellow betaxanthins and the violet betacyanins. Eg:Opuntia lasiacantha  
8. Tannins – the dye has polyphenolic structure which is water soluble and yields brown color  Eg: Acacia 
catechu  
 
Applications 

 
Figure 1. Schematic representation of applications of natural colorants 
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Extraction of natural colorants 

 
Figure 2: Schematic representation for extraction of natural colorants 

(Nasir et al., 2018)  
Some ornamental source of natural colorants 

Si. 
No. 

Name  Parts Used  Pigment 

1 Althea rosea Flowers Anthocyanin 

2 Amaranthus  Aerial parts Tanins 

3 Bauhinia purpurea Bark Chalcone, Butein 

4 Bixa orellana Seeds  Norbixin. bixin 

4 Bougainvillea Bracts Quercitin 

5 Clitoria ternatea Flowers Delphinidin 

6 Saffron Stigma  Crocin, crocetin 

7 Marigold Flowers Xanthophyll, Lutien 

(Singh and Srivatsava, 2015) 
CONCLUSION 
Global awareness is already in place favouring the use of natural resources for protecting the environment 
and earth from pollution and ecological imbalances. Natural colorant shows non toxic, non-allergic effects 
and results in minimum environmental impact and it become a thrust area in the field of dyeing research. 
Incorporation of novel technologies should be focused to make natural colorant as a compatible as well as 
eco-safe alternative with synthetic colors in different spheres of our life to make a greener world. 
REFERENCES 
[1]. Nasir, H. M., Talib, N. A., Setapar, S. M., Wong, L. P., Idham, Z., Casillas, A. C. and Ahmad, A. 2018. Natural 
colorants from plants for wellness industry. Int. J. Pharma. Sci. Res., 13(2): 335-348. 
[2]. Singh, R. and Srivastava, S. 2015. Exploration of flower based natural dyes – A Review. Res. J. Recent Sci., 4: 6-9. 
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The fruit cultivation is facing multiple challenges of climate change, the spread of disease and pest. The 
need for reduced chemical use and desire to improve the quality of fruit development for an ecologically 
friendly and sustainable fruit production the development of superior cultivars is an urgent need. Yet, fruit 
tree breeding remains a slow, arduous process that has changed little over centuries. Limitations include 
long juvenile periods, complex reproductive biology, significant field cost and yearly limitations on 
flowering band fruiting related to chill and heat requirements (Gomez-Lim and Litz, 2004; Gambino and 
Gribaudo, 2012). In conventional breeding approach it will take at least 15 -20 years to produce a new 
variety. 
  
 Fast track fruit breeding is a technology for the rapid improvement of long generation cycle fruit trees. 
Fast-track, a system which shortens the breeding cycle, addresses these limitations and vulnerabilities of 
conventional breeding program (Nocker and gardiner, 2014). Fast-track breeding utilizes variations arising 
in micro-propagated plants, molecular approaches and genetic engineering strategies where the product 
released for commercial use is not a genetically modified plant. Micro propagation techniques like 
somaclonal variation, somatic hybridization, embryo rescue, double haploidy and in-vitro mutagenesis 
have been utilized to develop new improved cultivar in different fruit crops (Perez et al 2012; Pathirana et 
al 2011; Liu et al 2007). Also, micro-propagation is the only viable method for regenerating genetically 
modified cells. Genetic engineering technique offer wide range of applications in improvement of 
horticultural crops for biotic and abiotic stress tolerance, and produced quality enhancement. For inducing 
early flowering and for proving protection against fungal and bacterial diseases, various genes have been 
transferred to many horticultural crops world over. RNAi technique has been found quite successful in 
inducing virus resistance in horticultural crops. Antisense gene and RNAi technologies have revolutionized 
the pace of improvement of horticultural crops for increasing shelf-life and reducing postharvest losses. 
Precise genome editing tools, particularly CRISPR/ Cas9, have been efficiency applied in citrus, grape and 
apple for gene mutation, repression, activation and epigenome editing (Parmar et al 2017). 
   
 Integrating the fast-track breeding system into convention breeding programs will lead to rapid and less 
costly development of improved tree fruit varieties, which, will, allow breeding program to move rapidly to 
develop fruit for consumption that is healthful, requires less pesticide use and is adapted to the 
environmental changes that affect production. Thus, this modern breeding technology has the potential to 
complement and integrate into existing breeding programs and to revive and expand tree breeding in 
general. 
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INTRODUCTION: 
Living soil organisms constitute likes, plants and animals an important component of soil. The pioneering 
investigations of a number of early microbiologists showed for the first time that the soil was not an inert 
static material but a medium pulsating with life. The soil is now believed to be a dynamic or rather a living 
system, containing a dynamic population of organisms/microorganisms. Cultivated soil has relatively more 
population of microorganisms than the fallow land, and the soils rich in organic matter contain much more 
population than sandy and eroded soils. Microbes in the soil are important to us in maintaining soil fertility 
/ productivity, cycling of nutrient elements in the biosphere and sources of industrial products such as 
enzymes, antibiotics, vitamins, hormones, organic acids etc. At the same time certain soil microbes are the 
causal agents of human and plant diseases.   

Soil Flora: 
Soil flora belongs to plant kingdom. They are classified in to two broad categories.  
a) Microflora: 1. Bacteria 2. Fungi, Molds, Yeast, Mushroom 3. Actinomycetes, Stretomyces  4. Algae eg. 
BGA, Yellow Green Algae, Golden Brown Algae.1. Bacteria is again classified in I) Heterotrophic eg. 
symbiotic & non - symbiotic N2 fixers, Ammonifier, Cellulose Decomposers, Denitrifiers II) Autrotrophic eg. 
Nitrosomonas, Nitrobacter, Sulphur oxidizers, etc. 
b) Macroflora: Roots of higher plants  

Soil bacteria: 
Amongst the different microorganisms inhabiting in the soil, bacteria are the most abundant and 
predominant organisms. These are primitive, prokaryotic, microscopic and unicellular microorganisms 
without chlorophyll. Morphologically, soil bacteria are divided into three groups 
viz. Cocci (round/spherical), (rod-shaped) and Spirilla I Spirllum (cells with long wavy chains). Bacilli are 
most numerous followed by Cocci and Spirilla in soil. The most common method used for isolation of soil 
bacteria is the "dilution plate count" method which allows the enumeration of only viable/living cells in the 
soil. The size of soil bacteria varies from 0.5 to 1.0 micron in diameter and 1.0 to 10.0 microns in length. 
They are motile with locomotory organs flagella.  Bacterial population is one-half of the total microbial 
biomass in the soil ranging from 1,00000 to several hundred millions per gram of soil, depending upon the 
physical, chemical and biological conditions of the soil. Winogradsky (1925), on the basis of ecological 
characteristics classified soil microorganisms in general and bacteria in particular into two broad categories 
i.e.Autochnotus (Indigenous species) and the Zymogenous (fermentative). Autochnotusbacterial 
population is uniform and constant in soil, since their nutrition is derived from native soil organic matter 
(eg. Arthrobacter and Nocardia whereas  Zymogenous bacterial population in soil is low, as they require an 
external source of energy, eg. Pseudomonas & Bacillus. The population of Zymogenous bacteria increases 
gradually when a specific substrate is added to the soil. To this category belong the cellulose decomposers, 
nitrogen utilizing bacteria and ammonifiers. As per the system proposed in the Bergey's Manual of 
Systematic Bacteriology, most of the bacteria which are predominantly encountered in soil are 
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taxonomically included in the three orders, Pseudomonadales, Eubacteriales and Actinomycetales of the 
class Schizomycetes. The most common soil bacteria belong to the genera Pseudomonas, Arthrobacter, 
Clostridium Achromobacter, Sarcina, Enterobacter etc. The another group of bacteria common in soils is 
the Myxobacteria belonging to the genera Micrococcus, Chondrococcus, Archangium, Polyangium, 
Cyptophaga. 
 
Bacteria are also classified on the basis of physiological activity or mode of nutrition, especially the manner 
in which they obtain their carbon, nitrogen, energy and other nutrient requirements. They are broadly 
divided into two groups i.e. a) Autotrophs and b) Heterotrophs 
1. Autotrophic bacteria are capable synthesizing their food from simple inorganic nutrients, while 
heterotrophic bacteria depend on pre-formed food for nutrition. All autotrophic bacteria utilize Co2 (from 
atmosphere) as carbon source and derive energy either from sunlight (photoautotrophs, eg. Chromatrum. 
Chlorobium. Rhadopseudomonas or from the oxidation of simple inorganic substances present in soil 
(chemoautotrophs eg. Nitrobacter, Nitrosomonas, Thiaobacillus). 
2. Majority of soil bacteria are heterotrophic in nature and derive their carbon and energy from complex 
organic substances/organic matter, decaying roots and plant residues. They obtain their nitrogen from 
nitrates and ammonia compounds (proteins) present in soil and other nutrients from soil or from the 
decomposing organic matter. Certain bacteria also require amino acids, B- Vitamins, and other growth 
promoting substances also. 
 
Functions / Role of bacteria:  
Bacteria bring about a number of changes and biochemical transformations in the soil and thereby directly 
or indirectly help in the nutrition of higher plants growing in the soil. The important transformations and 
processes in which soil bacteria play vital role are: decomposition of cellulose and other carbohydrates, 
ammonification (proteins ammonia), nitrification (ammonia-nitrites-nitrates), denitrification (release of 
free elemental nitrogen), biological fixation of atmospheric nitrogen (symbiotic and non-symbiotic) 
oxidation and reduction of sulphur and iron compounds. All these processes play a significant role in plant 
nutrition, 

Process/reaction Bacterial genera 

Cellulose     decomposition     (celluloytic 
bacteria ) most cellulose decomposers are 
mesophilic 

a.       Aerobic : Angiococcus, Cytophaga, Polyangium, 
Sporocytophyga, Bacillus, Achromobacter, 
Cellulomonas  
b.      anaerobic: Clostridium Methanosarcina, 
Methanococcus 

Ammonification (Ammonifiers) Bacillus, Pseudomonas 

Nitrification (Nitrifying bacteria) Nitrosomonas, Nilrobacter Nitrosococcus 

Denitrification (Denitrifies) Achromobacter, Pseudomonas, Bacillus, Micrococcus 

Nitrogen fixing bacteria a.  Symbiotic- Rhizobium, Bradyrrhizobium 
b. Non-symbiotic:     aerobic – 
Azotobacter Beijerinckia   (acidic soils), anaerobic-
Clostridium 
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Bacteria capable of degrading various plant residues in soil are : 

Cellulose Hemicelluloses Lignin Pectin Proteins 

Pseudomonas Bacillus Pseudomonas Erwinia Clostridium 

Cytophaya Vibrio Micrococcus   Proteus 

Spirillum Pseudomonas Flavobacteriumm   Pseudomonas 

Actinomycetes Erwinia Xanthomonas   Bacillus 

Cellulomonas   Streptomyces     

 
Soil  actinomycetes: 
These are the organisms with characteristics common to both bacteria and fungi but yet possessing 
distinctive features to delimit them into a distinct category. In the strict taxonomic sense, actinomycetes 
are clubbed with bacteria the same class of Schizomycetes and confined to the order Actinomycetales. 
They are unicellular like bacteria, but produce a mycelium which is non-septate (coenocytic) and more 
slender, tike true bacteria they do not have distinct cell-wall and their cell wall is without chitin and 
cellulose (commonly found in the cell wall of fungi). On culture media unlike slimy distinct colonies of true 
bacteria which grow quickly, actinomycetes colonies grow slowly, show powdery consistency and stick 
firmly to agar surface. They produce hyphae and conidia / sporangia like fungi. Certain actinomycetes 
whose hyphae undergo segmentation resemble bacteria, both morphologically and physiologically. 
Actinomycetes are numerous and widely distributed in soil and are next to bacteria in abundance. They 
are widely distributed in the soil, compost etc. Plate count estimates give values ranging from 10^4 to 
10^8 per gram of soil. They are sensitive to acidity / low PH (optimum PH range 6.5 to 8.0) and 
waterlogged soil conditions. The population of actinomycetes increases with depth of soil even up to 
horizon ‘C’ of a soil profiler They are heterotrophic, aerobic and mesophilic (25-30 ^c) organisms and some 
species are commonly present in compost and manures are thermophilic growing at 55-65° c temperature 
(eg. Thermoatinomycetes, Streptomyces). Actinomycetes belonging to the order of Actinomycetales are 
grouped under four families viz Mycobacteriaceae, Actinomycetaceae, Streptomycetaceae and 
Actinoplanaceae.  Actinomycetous genera which are agriculturally and industrially important are present in 
only two families of Actinomycetaceae and Strepotmycetaceae. In the order of abundance in soils, the 
common genera of actinomycetes are Streptomyces (nearly 70%), Nocardia and Micromonospora 
although Actinomycetes, Actinoplanes, Micromonospora and Streptosporangium are also generally 
encountered.  

Functions / Role of actinomycetes: 
1. Degrade/decompose all sorts of organic substances like cellulose, polysaccharides, protein fats, organic-
acids etc. 2. Organic residues / substances added soil are first attacked by bacteria and fungi and later by 
actinomycetes, because they are slow in activity and growth than bacteria and fungi. 3. They decompose / 
degrade the more resistant and indecomposable organic substance/matter and produce a number of dark 
black to brown pigments which contribute to the dark colour of soil humus. 4. They are also responsible 
for subsequent further decomposition of humus (resistant material) in soil. 5. They are responsible for 
earthy / musty odor / smell of freshly ploughed soils.6. Many genera species and strains (eg. Streptomyces 
if actinomycetes produce/synthesize number of antibiotics like Streptomycin, Terramycin, Aureomycin etc. 
7. One of the species of actinomycetes Streptomyces scabies causes disease "Potato scab" in potato.   
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Soil fungi:  
Fungi in soil are present as mycelial bits, rhizomorph or as different spores. Their number varies from a few 
thousand to a few -million per gram of soil. Soil fungi possess filamentous mycelium composed of 
individual hyphae. The fungal hyphae may be aseptate /coenocytic (Mastigomycotina and Zygomycotina) 
or septate (Ascomycotina, Basidiomycotina & Deuteromycotina). As observed by C.K. Jackson (1975), most 
commonly encountered genera of fungi in soil are; Alternaria, Aspergillus, Cladosporium, Cephalosporium 
Botrytis, Chaetomium, Fusarium, Mucor, Penicillium, Verticillium, Trichoderma, Rhizopus, Gliocladium, 
Monilia, Pythium, etc. Most of these fungal genera belong to the subdivision Deuteromycotina / Fungi 
imperfeacta which lacks sexual mode of reproduction. As these soil fungi are aerobic and heterotrophic, 
they require abundant supply of oxygen and organic matter in soil. Fungi are dominant in acid soils, 
because acidic environment is not conducive / suitable for the existence of either bacteria or 
actinomycetes. The optimum PH range for fungi lies-between 4.5 to 6.5. They are also present in neutral 
and alkaline soils and some can even tolerate PH beyond 9.0.  
 
Functions / Role of Fungi: 
1. Fungi plays significant role in soils and plant nutrition. 2. They plays important role in the degradation / 
decomposition of cellulose, hemi cellulose, starch, pectin, lignin in the organic matter added to the soil. 3. 
Lignin which is resistant to decomposition by bacteria is mainly decomposed by fungi.4.They also serve as 
food for bacteria. 5. Certain fungi belonging to sub-division Zygomycotina and Deuteromycotina are 
predaceous in nature and attack on protozoa & nematodes in soil and thus, maintain biological equilibrium 
in soil. 6. They also plays important role in soil aggregation and in the formation of humus. 7. Some soil 
fungi are parasitic and causes number of plant diseases such as wilts, root rots, damping-off and seedling 
blights eg. Pythium, Phyiophlhora, Fusarium, Verticilliumetc. 8. Number of soil fungi forms mycorrhizal 
association with the roots of higher plants (symbiotic association of a fungus with the roots of a higher 
plant) and helps in mobilization of soil phosphorus and nitrogen eg. Glomus, Gigaspora, 
Aculospora,(Endomycorrhiza) and Amanita, Boletus, Entoloma, Lactarius (Ectomycorrhiza). 
 
Soil algae:  Algae are present in most of the soils where moisture and sunlight are available. Their number 
in soil usually ranges from 100 to 10,000 per gram of soil. They are photoautotrophic, aerobic organisms 
and obtain CO2 from atmosphere and energy from sunlight and synthesize their own food. They are 
unicellular, filamentous or colonial. Soil algae are divided in to four main classes or phyla as follows:  
1. Cyanophyta (Blue-green algae)   
2.Chlorophyta (Grass-green algae)  
3.  Xanthophyta (Yellow-green algae)                     
4.  Bacillariophyta (diatoms or golden-brown algae) 
 
Out of these four classes / phyla, blue-green algae and grass-green algae are more abundant in soil. The 
green-grass algae and diatoms are dominant in the soils of temperate region while blue-green algae 
predominate in tropical soils. Green-algae prefer acid soils while blue green algae are commonly found in 
neutral and alkaline soils. The most common genera of green algae found in soil are: Chlorella, 
Chlamydomonas, Chlorococcum, Protosiphon etc. and that of diatoms are Navicula, Pinnularia. Synedra, 
Frangilaria. Blue green algae are unicellular, photoautotrophic prokaryotes containing Phycocyanin 
pigment in addition to chlorophyll. They do not posses flagella and do not reproduce sexually. They are 
common in neutral to alkaline soils. The dominant genera of BGA in soil are: Chrococcus, Phormidium, 
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Anabaena, Aphanocapra, Oscillatoria etc. Some BGA posses specialized cells know as "Heterocyst" which is 
the sites of nitrogen fixation. BGA fixes nitrogen (non-symbiotically) in puddle paddy/water logged paddy 
fields (20-30 kg/ha/season). There are certain BGA which possess the character of symbiotic nitrogen 
fixation in association with other organisms like fungi, mosses, liverworts and aquatic ferns Azolla, eg 
Anabaena-Azolla association fix nitrogen symbiotically in rice fields. 

Functions / role of algae or BGA: 
1. Plays important role in the maintenance of soil fertility especially in tropical soils. 
2. Add organic matter to soil when die and thus increase the amount of organic carbon in soil. 
3. Most of soil algae (especially BGA) act as cementing agent in binding soil particles and thereby 
reduce/prevent soil erosion. 4. Mucilage secreted by the BGA is hygroscopic in nature and thus helps in 
increasing water retention capacity of soil for longer time/period. 5. Soil algae through the process of 
photosynthesis liberate large quantity of oxygen in the soil environment and thus facilitate the aeration in 
submerged soils or oxygenate the soil environment. 6. They help in checking the loss of nitrates through 
leaching and drainage especially in un-cropped soils. 7. They help in weathering of rocks and building up of 
soil structure. 
 
CONCLUSION: Soil flora belongs to plant kingdom. They are considering the following organism (Bacteria, 
fungi, actinomycetes and algae etc.). Microbes in the soil are important to us in maintaining soil fertility / 
productivity, cycling of nutrient elements in the biosphere and sources of industrial products such as 
enzymes, antibiotics, vitamins, hormones, organic acids etc. At the same time certain soil microbes are the 
causal agents of human and plant diseases. 
 
REFERENCES: 
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agroecosystems. Crop Protection 1, 405–430. 
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INTRODUCTION 
Neonicotinoids are most widely used insecticides in the world. High popularity of neonicotinoids due to 
high toxicity to invertebrates, easy and flexible application, long persistence and systemic nature which 
ensures that they spread to all parts of the target crop (Goulson, 2013). Neonicotinoids are replacing OP 
and carbamate insecticides. They can applied as foliage as well as soil and seed treatments (Woodcock, 
2016). However, these properties also increase the probability of environmental contamination and 
exposure of non-target organisms. 

Neonicotinoids are employed as soil treatments: 
 Taken up by plant roots Diffuse into the plant vascular system 
 Ingested by piercing-sucking insects  
 They have much lower toxicity than nicotine containing pesticides 
 More effective than nicotine containing insecticide formulations 
 Discovery of neonicotinoids can be considered as a milestone in insecticide research and facilitates 
greatly the understanding of the functional properties of insect nicotinic acetylcholine receptors 
 
Neonicotinoids are a group of insecticides with a chemical structure that is similar to nicotine. They are 
more selective (e.g. they have greater toxicity to insects than to mammals), and are less harmful than most 
older classes of insecticides  
 
Neonicotinoids in market  
1991 Imidacloprid Admire®, Advantage®, Gaucho®, Merit®, 

Premise®, Touchstone® 
Bayer CropScience  

1995 Acetamiprid Acetamiprid® Assail®, Tristar® Nippon Soda 

1995 Nitenpyram Bestgaurd® Pedan best®, Capstar ® Sumitom 
Chemical Takeda Agro 
Company 

1998 Thiamethoxam Cruiser®, Platinum® Syngenta 

2000 Thiacloprid Winbariard® Eco-one Froable®, Calypso ® Bayer CropScience  

2001 Clothianidin Acceleron®, Arena®, Belay®, Celero®, Clutch®, 
Nipsit Inside®, Poncho® 

Sumitom 
Chemical Takeda Agro 
Company,  
Bayer CropScience  

2002 Dinotefuran Alpine®, Dinotefuran®, Safari®, Scorpion®, 
Venom® 

Mitsui Chemicals 

2013 Sulfoxaflor Transform®, Closer® Dow Chemical 
Corporation 
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Chemical properties 
1. Neonicotinoids are relatively small molecules  
2. Solubility(water) - Highly water soluble around -184 to 4000 mgL-1 
3. Volatility (air)   - High vapor pressure around - 2.8×10−8 mPa at 25 °C and low potential for volatilization 
indicates gaseous form for a short period 
4. Sorption to soil particles (soil) - Bind to soil particles 
 
Key crops for neonicotinoids: Corn, canola, sorghum, cotton, sugarbeet, soybean, rice, nuts, wine grapes, 
fruit and vegetable crops such as apples, cherries, peaches, oranges, pome, stone fruit, citrus, berries, 
leafy greens, tomatoes and potatoes. 
 
Spectrum of Insect Control 
1. Sucking insects: Aphids, lace Bugs, leafhoppers, mealy bugs, plant Bugs/hoppers, psyllids, scale insects, 
spittlebugs, thrips, whiteflies etc. 
 
2. Chewing insects: Beetles, borers, mole crickets, gall wasps, grubs, leaf miners, termites, weevils etc. 
 
Mode of action 
 Bind to nicotinic acetylcholine receptors of a cell 
 nAChR agonist 
 

 
 
Ways of exposure 
 Direct spray 
 Contaminated pollen and nectar 
 Contaminated water 
 Residue contact 
 Particle released during planting of treated seeds 
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 Contaminated nesting areas and nesting materials 
 Guttation fluid 
 Extra floral nectaries 
 
CONCLUSIONS 
Neonicotinoids are among the most effective and unique insecticides for the control of sucking insect 
pests. The presence of these compounds in the environment suggests that all kinds of non-target 
organisms will be exposed to them. The case of honeybees is very illustrative which also influence 
pollination services. Contamination will undoubtedly have impacts on the functioning of various 
ecosystems and their services unless alternatives are developed. Overall, the existing situations clearly 
shows that present scale of use of neonicotinoids is not a sustainable pest management approach. 
Regulatory agencies should apply the principles of prevention and precaution to further tighten 
regulations on neonicotinoids. Consider formulating plans for substantial reduction of the global scale of 
use. Need for education for farmers and other practioners. Need for policies and regulations to encourage 
the adoption of alternative agricultural strategies to manage pests (e.g. IPM, organics, etc). In addition, 
need for research to obtain a better understanding of the institutional and other barriers that hamper 
large-scale adoption of proven sustainable agricultural practices that can serve as alternatives to the use of 
neonicotinoids and many other pesticides as well. 

REFERENCE 
1. Goulson, D. (2013). An overview of the environmental risks posed by neonicotinoid insecticides. Journal 
of Applied Ecology 50(4): 977-987. 
2. Woodcock, B. A., Isaac, N. J., Bullock, J. M., Roy, D. B., Garthwaite, D. G., Crowe, A. and Pywell, R. F. 
(2016). Impacts of neonicotinoid use on long-term population changes in wild bees in England. Nature 
Communications 7: p.12459. 
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Nanotechnology opens up novel potential applications for agriculture. Nanotechnology applications are 
already being explored and used in medicine and pharmacology, but interest for use in crop protection is 
just starting. The development of nanodevices as smart delivery systems to target specific sites and 
nanocarriers for controlled chemical release is discussed. Some nanotechnologies can improve existing 
crop management techniques in the short to medium term. 
Nanomaterials: Materials science-based approach to nanotechnology. Its studies materials with 
morphological features on the nanoscale. Nanoscale is usually defined as smaller than one tenth of a 
micrometer in at least one direction (1-100 nm).  Nanotechnological intervention increases the ratio of 
surface area to volume immensely giving rise to new quantum mechanical effects. 
 
Classification of Nanomaterials: 
  Two categories: Fullerenes and inorganic nanoparticles 
  Fullerenes-allotropes of carbon which are graphene sheets rolled into tubes or spheres 
  A fullerene is any molecule composed entirely of carbon, in the form of hollow sphere, ellipsoid or tube 
  Spherical fullerenes are called buckyballs 
 Cylindrical ones are carbon nanotubes 
 
Nanomaterials: Classification  
 Zero-dimensional (0-D): The most common representation of zero-dimensional nano 
materials are nanoparticles. 
 One-dimensional (1-D): 1-D materials include nanotubes, nanorods, and nanowires. 
 Two-dimensional (2-D): Two-dimensional nanomaterials include nanofilms, nanolayers, and 
nanocoating. 
 Three-dimensional (3-D): 3-D nanomaterials can contain dispersions of nanoparticles, bundles of 
nanowires, and nanotubes as well as multi nanolayers. 
 
Nanorods 
 In nanotechnology, nanorods are one morphology of nanoscale objects. 
 Each of their dimensions range from 1–100 nm.  
 They may be synthesized from metals or semiconducting materials.  
 Standard aspect ratios (length divided by width) are 3-5.  
 Nanorods are produced by direct chemical synthesis. 
 
Carbon nanotubes 
Carbon nanotubes (CNTs) are allotropes of carbon with a cylindrical nanostructure. Nanotubes have been 
constructed with length-to-diameter ratio of up to 132,000,000:1. 
A single walled carbon nanotube (SWNT) consists of a single cylinder, whereas a multi-walled carbon 
nanotube (MWNT) comprises several concentric cylinders. 
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Nanowires 
Nanowire is a nanostructure, with the diameter of the order of a nanometer (10−9 meters). Alternatively, 
nanowires can be defined as structures that have a thickness or diameter constrained to tens 
of nanometers or less and an unconstrained length. 
Nanotechnology 
 An important application of nanotechnology in agriculture is the design and development of novel 
products with improved water solubility, thermal stability, bioavailability, sensory attributes, and 
physiological performance. 
 Nanoformulation, based on amphiphilic polymers, promises efficient use of bioactive molecules, due to 
their more precise and targeted nature.  
 Due to high solubilisation power and low critical micelle concentration (CMC) value, the translocation of 
bioactive molecule will increase.  
 Moreover, nanotechnology based on amphiphilic polymer is frequently portrayed as environmentally 
benign. 

Why Controlled Release Formulations? 
 Extended residual activity 
  Much lower concentration 
  Reduced oral and dermal toxicity 
  Reduce drift hazard 
  Single application is sufficient 
  Reduce migration of pesticide in soil 
  Reduce volatility 
  Protection from UV radiation 
  Reduce phytotoxicity 
  Reduce degradation by microbe, wind & water 
  Co formulation of incompatible pesticides 

Methods for making CRF 
 Encapsulation 
 Entrapping in Matrix 
 Use of Adsorptive Carriers 
 Hollow Fibres 
 Laminated Structures 
 Monolithic Matrices 
REFERENCES:- 
[1]. Abd-Elsalam, Kamel A., and Ram Prasad, eds. Nanobiotechnology applications in plant protection. Springer, 

2018. 
[2]. Mazzaglia, Angelo, et al. "Nanomaterials in plant protection." Nanotechnology in Agriculture and Food Science 7 

(2017): 115-133. 
[3]. Prasad, Ram, Atanu Bhattacharyya, and Quang D. Nguyen. "Nanotechnology in sustainable agriculture: recent 

developments, challenges, and perspectives." Frontiers in microbiology 8 (2017): 1014. 
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INTRODUCTION: Wheat has been a major staple food crop in the world over the centuries. Currently, it is 
the third largest cereal produced in the world after maize and rice and is consumed by 2.5 billion people in 
89 countries. Yellow (stripe), black (stem) and brown (leaf) rusts caused by Puccinia striiformis f. sp. tritici 
(Pst), Puccinia graminis f. sp. tritici (Pgt) and Puccinia triticina (Pt), respectively, result in massive yield 
losses in wheat. Wheat rust pathogens evolve at a rapid rate to render resistant cultivars susceptible 
within a short span of time. These pathogens are capable of traveling long distances through wind and 
human-assisted movement. Pst gradually travelled 2400 km from Northern Mexico to Southern Texas to 
North Dakota within 6 months through wind movement. 

Identification and functional characterization of wheat rust pathogen effectors 
The genetics of wheat and Puccinia spp. Pathosystems interactions is governed by a typical gene-for-gene 
system which has formed the basis of resistance breeding programs in wheat. However, the molecular 
bases of their interactions have been poorly understood compared to the model pathosystems such as H. 
arabidopsidis and Arabidopsis, due to lack of molecular genetic tools in wheat rust pathosystems. In recent 
years, advances in genomics, transcriptomics and bioinformatics have allowed designing novel molecular 
genetic tools for better understanding of wheat rust pathogens interactions with special reference to the 
knowledge of effector biology of wheat rust pathogens. Traditionally, map-based cloning, fungal 
secretome analysis, identification of HR-inducing pathogen genes, mutagenesis and screening of expressed 
sequence tag (EST) and some other conventional approaches are being utilized to identify and characterize 
fungal effectors (Stergiopoulos and de Wit 2009). These approaches are time consuming and laborious. 
Therefore, new improved approaches such as RNA sequencing, genome-wide analyses, transcriptomics, 
host and virus-induced gene silencing, bimolecular fluorescence complementation and transient 
expression procedures are pursued which have expedited identification and functional characterization of 
the fungal effectors. 

Approaches for rapid functional characterization of candidate effectors 
Recently, high-throughput approaches based on novel genetic tools, efficient macromolecules delivery 
techniques and heterologous host expression systems have been developed and utilized for functional 
characterization of effectors. Further, transient expression assays are supposed to be more suitable for 
functional genomics studies such as the characterization of candidate effectors, as they are easier to 
perform and allow rapid discovery of gene function in vivo, compared to the time-consuming, labor-
intensive and less efficient stable transformation protocols. Among the different genetic tools, genome-
editing technology based on CRISPER/CAS9 has emerged as one of the most potential high-throughput 
functional genomics tools, due to its ease of use, accuracy and versatility to make genetic changes at single 
or multiple loci. In addition, a combination of high-throughput protein–protein interaction screening 
approaches such as bimolecular fluorescence complexes, co-immunoprecipitation or yeast two-hybrid 
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assay have further allowed the rapid characterization of effectors. Delivery of small and macromolecules 
such as DNA, RNA, proteins and peptides into plant cells is one of the major hurdles in functional 
characterization experiments. 

Effectors for characterization of wheat germplasm accessions and resistance breeding 
In resistance breeding, continuous efforts are needed for the identification of novel resistance 
genes/alleles to enrich the repertoire of resistance sources. Wild relatives and other crop germplasm 
including that of wheat possess resistances to a large number of biotic and abiotic stresses. However, their 
utilization in resistance breeding has been limited due to the lack of characterization of these resistance 
sources. Conventional methods involving creation of sick plots and inoculation of pathogens is laborious 
and a low-throughput process. Effectoromics provide high-throughput tools to accelerate the 
identification and characterization of novel resistance genes in a systematic manner. In conventional 
methods, the resistance results are the effect of the mixture of effectors, i.e., resistance could be due to 
the action of various R genes triggered by separate effectors which may have a masking effect. Thus, the 
potential resistance may remain unexpressed. In contrast, in planta expression of individual effector genes 
would allow identification and characterization of cognate R genes in systematic and efficient ways 
without the ambiguities. Further, the use of heterologous systems for easily scalable expression of 
effectors was found to be promising for effector-assisted selection and germplasm screening in wheat. 
Effectors-based screening to detect R genes was pioneered for P. infestans resistance sources in potato 
germplasm, resulting in identification of a set of R genes useful for resistance breeding in potato. 

Effectors from pathogens can be used as molecular probes to identify S genes  
Deploying genetic loss of susceptibility (S) genes in resistance breeding has been proposed as it is expected 
to provide more durable resistance compared to the R gene-mediated resistance (Gust et al. 2010). 
However, the recessive nature of S genes hinders the identification and characterization of suitable S gene 
mutants for utilizing them in breeding programs. Several S genes have been identified in plant species. For 
instance, powdery mildew S genes, PMR6 in Arabidopsis and MLO gene in barley have been isolate. 
Recessive MLO-mediated powdery mildew resistance has been identified in tomato and pepper. Likewise, 
recessive alleles of S genes, Xa5 and Xa13 provide resistance against bacterial leaf blight pathogen X. 
oryzae in rice. Wang et al. (2015) cloned and characterized TaNAC1 (a NAC transcription factor), encoding 
a new member of the NAC1 subgroup from bread wheat, which was involved in responses to infection by 
Puccinia striiformis f. sp. tritici. 

Effectors for genetic dissection and engineering nonhost resistance (NHR) in wheat 
Non-host resistance (NHR) is the resistance exhibited by a plant species against all the races of a pathogen 
species and considered to be more durable than host resistance. NHR is genetically governed by multiple 
factors and constitutes both constitutive and induced defense mechanisms resulting in immunity against 
the non-adapted pathogens. Understanding the genetic factors and defense mechanisms controlling NHR 
may allow incorporation of durable and broad-spectrum resistance in crop plants. However, more often 
the genetic dissection of NHR is limited by the sexual barriers between the nonhost and host species. The 
NHR has been proposed to be largely based on the recognition of multiple pathogen effectors by the plant 
receptors involved in both PTI and ETI. To describe the role of PTI and ETI in NHR, an NHR model was 
proposed by Schulze-Lefert. According to it, NHR in a closely related nonhost (barley NHR against wheat 
rusts) species is predominantly due to the role of effectors and ETI, whereas in evolutionarily distant 
nonhosts (rice NHR against wheat rusts), NHR is predominantly triggered by PRR-mediated recognition and 
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PTI, i.e., relative contribution of PTI in NHR increases with increase in evolutionary distance between host 
and non-host species. 

Effectors can accelerate marker development and cloning of resistance genes  
Inoculation or expression of specific effector in plants is likely to activate specific cognate R gene or 
expressions of a small set of genes, whereas inoculation of pathogen may induce expression of a large set 
of genes. Therefore, use of effectors will simplify identification of differentially expressing genes and thus, 
help in designing gene based markers with potential to be functional markers as well as to clone genes. 
Further, screening of mapping population with effectors allows efficient map-based cloning of R genes. For 
instance, about 50 P. infestans RXLR effectors screened in SW93-1015 potato clone showed a response 
specific to Avr2 indicating existence of a functional homolog of the R2 resistance gene in SW93-1015. The 
availability of candidate effectors in wheat rust pathogens will allow accelerated cloning of other 
resistance genes and development of diagnostic markers specific to R genes in wheat. 

CONCLUSIONS: The increasing repertoire of candidate and characterized effectors of phytopathogens has 
led to the emergence of effectoromics, a high-throughput pathogen effectors-based functional genomics 
approach having a great potential for rapid resistance breeding of crop plants. Therefore, “effectoromics” 
is expected to be a game changing technology in disease resistance breeding and plant pathogen 
interaction studies through progression in understanding of effectors’ structure and function. 
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INTRODUCTION 
The impact of bulging human population growth and climate change continue to threaten our food 
security. Decreasing water availability and increased frequency of drought and high temperature events 
are challenges in agriculture in achieving higher crop productivity. Drought negatively affects plant growth 
and soil fertility, and is a major environmental threat to limit crop yield in agriculture. The severity of 
drought may be understood by the fact that nearly 60% of cereals grain production is dependent on 
rainfall, which plays a key role to ensure food security for people. The impact of drought stress on plants 
may depend on the duration of water deficit in the soil. Plants have evolved several morphological, 
physiological, and molecular adaptation mechanisms, such as reduction in water loss, enhancement in 
antioxidant activity, production of osmolytes, and modulation of hormonal and transcriptional regulation, 
to mitigate drought stress. Drought stress causes water loss from a cell, which leads to cellular 
dehydration, osmotic stress, and reactive oxygen species (ROS) production. The antioxidant enzymes such 
as superoxide dismutase, catalase, ascorbate peroxidase, glutathione reductase, and glutathione-s-
transferase reduce the ROS content and maintained the reduced glutathione (GSH) pool to balance redox 
state of a plant cell in drought stress. In addition, non-enzymatic antioxidants like ascorbic acid and GSH 
play an important role in detoxification of ROS and act as a photoprotectant in abiotic stress conditions. 

Drought and its types 
Insufficient moisture availability which reduces the genetic yield potential of crops is known as drought. 
National Commission on Agriculture (1976) has categorized drought into three types; meteorological 
drought, hydrological drought and agricultural drought. 

 Meteorological drought: Deficit in precipitation over a long term average resulted in 
meteorological drought. Drought is a situation when the deficiency of rainfall at a meteorological 
sub-division level is 25 per cent or more of the long-term average of that sub-division for a given 
period.  

 Hydrological drought: Prolonged meteorological drought resulted in depletion of surface water 
from reservoirs, lakes, streams, rivers, cessation of spring flow and fall in groundwater levels 
causing severe shortage of water for livestock and human needs.  

 Agricultural drought: Soil moisture deficit that leads to reduction in growth, development and yield 
of crops. 

Plants are generally categorized broadly depending upon their response to drought, like drought escape, 
drought avoidance and drought tolerance. 
Drought Escape 
Drought escape is defined as the ability of a plant to complete its life cycle before serious soil and plant 
water deficits occurs.  
Drought Avoidance 
Drought avoidance comprises of mechanisms that reduce water loss from plants, by stomatal control of 
transpiration, and also maintain water uptake through an extensive and prolific root system. Hence, 
drought avoidance involves minimizing water loss and maximizing water uptake. 
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Drought Tolerance 
Drought tolerance is the ability of plants to withstand water deficit with low tissue water potential.  

Different drought tolerant mechanisms 
Cellular tolerance mechanisms: 
 Xanthopyll cycle. 
 Maintenance of respiratory mechanisms. 
 Osmoprotection through production of osmolytes (sugar, glycine-betaine ) 
 Increasing cell membrane stability. 
 Oxidative Stress Management. 
  Expression of stress proteins (LEA, DHY, HSP) 
Metabolic adaptations: 
 Activity & efficiency of rubisco at low Ci (internal CO2). 
 Higher resource remobilization. 
Phenological & developmental adaptations: 
 Altering plant phenology. 
 Advancing flowering. 
 Developmental mechanisms. 
 
 

 
                                Figure 1: Overview of drought tolerance mechanisms in plants 
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CONCLUSION 
For better understanding of drought tolerance in crops, combined efforts among theoretical research, 
variety improvement, and field management are required.  Prolonged soil water deficit causing drought, is 
one of the prevalent abiotic stresses mainly encountered by plants. Therefore, manipulation of traits 
conferring drought tolerance can be exploited for sustaining qualitative and quantitative production in the 
prevailing conditioned of water scarcity. 
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INTRODUCTION: Haploids contain half the chromosome number of somatic cells. Anthers contain 
immature microspores or pollen grains with the haploid (n) chromosome number. If successfully cultured 
(anther culture), the plantlets resulting will have a haploid genotype. Haploid plantlets may arise directly 
from embryos or indirectly via calli, as previously discussed. To have maximum genetic variability in the 
plantlets, breeders usually use anthers from F1 or F2 plants. Usually, the haploid plant is not the goal of 
anther culture. Rather, the plantlets are diplodized (to produce diploid plants) by using colchicine for 
chromosome doubling. This strategy yields a highly inbred line that is homozygous at all loci, after just one 
generation. Methods used for breeding self-pollinated species generally aim to maintain their 
characteristic narrow genetic base through repeated selfing over several generations for homozygosity. 
The idea of using haploids to produce instant homozygotes by artificial doubling has received attention. 
Haploids may be produced by one of several methods: 

 Anther culture to induce androgenesis 

 Ovary culture to induce gynogenesis 

 Embryo rescue from wide crosses 
Anther culture: Flower buds are picked from healthy plants. After surface sterilization, the anthers are 
excised from the buds and cultured onto an appropriate tissue culture medium. The pollen grains at this 
stage are in the uninucleate microspore stage. In rice the late uninucleate stage is preferred. Callus 
formation starts within 2–6 weeks, depending on the species, genotype, and physiological state of the 
parent source. A high nitrogen content of the donor plant and exposure to a low temperature at meiosis 
reduces albinos and enhances the chance of green plant regeneration. Pretreatment (e.g., storing buds at 
4–10°C for 2–10 days) is needed in some species. This and other shock treatments promote embryogenic 
development. The culture medium is sometimes supplemented with plant extracts (e.g., coconut water, 
potato extract). To be useful for plant breeding, the haploid pollen plants are diplodized (by artificial 
doubling with 0.2% colchicine, or through somatic callus culture). 
Ovule/ovary culture 
Gynogenesis using ovules or ovaries has been achieved in species such as barley, wheat, rice, maize, 
tobacco, sugar beet, and onion. The method is less efficient than androgenesis because only one embryo 
sac exists per ovary as compared to thousands of microspores in each anther. Ovaries ranging in 
developmental stages from uninucleate to mature embryo sac stages are used. However, it is possible for 
calli and embryos to develop simultaneously from gametophytic and sporophytic cells, making it a 
challenge to distinguish haploids from those of somatic origin. Generally, gynogenesis is selected when 
androgenesis is problematic (as in sugar beet and onion). 

Haploids from wide crosses 
Certain specific crosses between cultivated and wild species are known to produce haploids. Well-
established systems include the interspecific crosses between Hordeum vulgare (2n = 2x = 14, VV) and H. 
bulbosum (2n = 2x = 14, BB), commonly called the bulbosum method, and also in wheat × maize crosses. 
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The F1 zygote has 2n = 2x = 14 (7V + 7B). However, during tissue culture of the embryo, the bulbosum 
chromosomes are eliminated, leaving a haploid (2n = x = 7V). 
Doubled haploids 
Researchers exploit haploidy generally by doubling the chromosome number to create a cell with a double 
dose of each allele (homozygous). 
Key features 
Inbred lines are homozygous genotypes produced by repeated selfing with selection over several 
generations. The technique of doubled haploids may be used to produce complete homozygous diploid 
lines in just 1 year (versus more than 4 years in conventional breeding) by doubling the chromosome 
complement of haploid cells. Such doubling may be accomplished in vivo naturally or through crossing of 
appropriate parents, or in vitro through the use of colchicine. The success of doubled haploids as a 
breeding technique depends on the availability of a reliable and efficient system for generating haploids 
and doubling them in the species. 
Applications of haploids 
Doubled haploids have been successfully used in breeding species in which efficient haploid generation 
and doubling systems have been developed. These include canola, barley, corn, and wheat. Additionally, 
doubled haploids are used to generate general genetic information that can be applied to facilitate the 
breeding process. Such information includes gene action and interaction, estimating the number of genetic 
variances, calculating combining abilities, and the detection of gene linkages, pleiotropy, and chromosome 
locations. Haploids are used in mutation studies (recessive mutants are observable instantly) and in 
selecting against undesirable recessive alleles. 
Development of new cultivars: Through diplodization, haploids are used to produce instant homozygous 
true-breeding lines. It takes only two seasons to obtain doubled haploid plants, versus about seven crop 
seasons using conventional procedures to attain near homozygous lines. The genetic effect of doubling is 
that doubled haploid lines exhibit variation due primarily to additive gene effects and additive × additive 
epistasis, enabling fixation to occur in only one cycle of selection. Heritability is high because dominance is 
eliminated. Consequently, only a small number of doubled haploid plants in the F1 are needed, versus 
several thousands of F2 plants for selecting desirable genotypes. 
 Selection of mutants: Androgenic haploids have been used for selecting especially recessive mutants. In 
species such as tobacco, mutants have been selected that are resistant to the methionine analogue 
(methionine sulfoxide) of the toxin produced by Pseudomonas tabaci. 
Development of supermales in asparagus: Haploids of Asparagus officinalis may be diplodized to produce 
homozygous males or females. 
Advantages 

 Complete homozygosity is attainable in a shorter period. 

 Duration of the breeding program can be reduced by several (two or three) generations. 

 It is easier and more efficient to select among homogeneous progeny (versus heterogeneous 
progeny in 

 conventional breeding). 

 The cultivar released is homogeneous. 
Disadvantages 
The procedure requires special skills and equipment in some cases. 
Additional technology for doubling may increase the cost of a breeding program. 
The frequency of haploids generated is not predictable. 
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There is a lack of opportunity to observe line performance in early generations prior to homozygosity. 
CONCLUSION: Haploid plants play great interest to geneticists and plant breeders. Haploids offer plant 
breeders the opportunity to test genes in the hemizygous condition and facilitate identification of novel 
mutations. Plant breeders value haploids as a source of homozygosity following chromosome doubling 
from which efficient selection of both quantitative and qualitative traits. As a tool in crop improvement 
strategies, it is imperative that haploids are produced from individual heterozygous genotypes in 
sufficiently large numbers to compensate for undesirable gene combinations that is consequence of 
linkage and random assortment via meiosis. Just as plant breeders advance large populations through 
several generations (to maximize variability in later generations), application of haploidy in plant breeding 
is dependent on the ability to produce a haploid population of sufficient size to accommodate selection of 
desired gene combinations. 
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INTRODUCTION 
Music is a harmonious and coherent blend of various frequencies and vibrations of different forms, 
qualities and pitches. A property of living things is that they respond to stimuli. Music is known to have 
profound effect on human beings. Plants are also living objects that breathe and grow. Also, they are 
complex multicellular organisms considered as sensitive as humans for initial assaying of effects and 
testing new therapies. Sound is known to affect the growth of plants and they respond to music the same 
as humans do. It also receives the same sound waves and responds to stimuli. Different types of music and 
its wave-length causes drastic changes in plant metabolism viz., photosynthesis, respiration and 
degradation of organic compounds. Practically, plants also dance interms of growth (Zhao., 2013) 
 
Sound 
Sound is a vibration that propagates as mechanical wave of pressure through a medium such as air or 
water. 
 
Types of Sound 
1. Infra sound – The lowest frequency classification that has a frequency ranges from 0-16 Hz. Infrasound 
has been applied in infrasound diagnosis and therapeutic infrasound Animals like cat, elephant and 
rhinoceros can hear these type of sound.  
2. Audible sound – Frequency ranges from 16-20,000 Hz. Audible to human beings and most of the plants 
response can be seen in this frequency range. Physiological effect of environmental factors such as 
moisture, light, wind and temperature on plant stimulus and growth has been well understood.  
3. Ultra sound – Frequency ranges over 20,000 Hz which has been widely used in medical practice for at 
least 50 years as both diagnostic and therapeutic tools. Bats and dolphin respond to these type of sound. 

Mechanism of effect of music on plants 
The mechanisms of sound effect have not been revealed so far. Plants might have a meridian system as in 
humans and other animals namely, internal frequency. Plants also can absorb and resonate to specific 
external sound frequencies. Sound waves can change the cell cycle. Sound waves vibrate the plant leaves 
and speed up the protoplasmic movement in the cells. It has been reported that acoustic biology has 
became increasingly popular and more attention has been paid to the effects of environmental stresses on 
the growth and development of plants (Hassanien., 2014). 
 
Influence of music on plants 

 Gene activation- Specific sound frequencies activate certain genes to increase the growth of plant cells. 

 Sound resonance - Every object has its own resonant frequency and the resonance occurs when this 
frequency is played, as the breaking of window panes. The resonance occurs at molecular levels when the 
frequencies of music and plant cells match. 
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 Effect on stomata - The exchange of carbon dioxide and oxygen between environment and plant leads 
to growth. The air openings in the leaf cells called stomata stimulate such exchange. The music helps the 
stomata to remain wide open for an increased intake of foliage nutrients and water. 

 
 Effect on cell organelles - The fluid moves more rapidly and is intensely stirred around resonating 
objects. Certain frequencies create resonance in the cell organelles of living organisms by increasing the 
movement of cytoplasm within the cells which leads to the growth of cells. 

 Cavitation - It is the creation of micro- bubbles inside the liquids by certain frequencies. These bubbles 
resonate with sound, and a pressure is created when they collapse. This pressure damages the contents, 
walls and surroundings of cells. The resonant oscillations of bubbles cause micro currents which move the 
cytoplasm, molecules and proteins within the cells. 

 Pressure propagation - The plant cells feel the pressure of different vibrations and the variations and 
exposure time of which stimulate growth, diffusion and stirring of liquid or air molecules in cells. 

 Movement of protoplasm - The living organisms are composed of protoplasm, which constantly moves. 
This movement is lowest at dawn and dusk. The sounds vibrate the leaves and increase this movement 
which increases the growth of healthy plants by increasing the synthesis of food and nutrients. 

 Plant hormone - The loud warble sound doubled the growth of dwarf pea plants. The plant hormone 
called gibberellic acid responds to sound and causes shoot elongation or seed germination. The effect 
disappeared when its biosynthesis of was stopped by chemicals. 
 
Plant acoustic frequency technology generator 

 
 
 
 
 
 
 
 

 

The plant acoustic frequency technology (PAFT) 

generator manufactured by the Qingdao Physical 

Agricultural Engineering Research Center in 

China,has eight variable frequency levels from 0.06 

to 2 kHz and sound pressure levels (SPLs) from 50 

to 120 dB for a distance about 50-100 m. The new 

generation of PAFT generator uses solar energy to 

operate and the controlsystem for the sound 

generator uses a remote control.The effective 

coverage area for the PAFT ranges from 2,500 to 

15,000 m
2
. 
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Plantone device 

 
 
Table 1: Different effect of music on plants 

Plant Optimal sound frequency (kHz), Sound pressure 
level (dB) and exposure period 

Growth indexes 

Dendranthema 
morifolium 

SF of 1 kHz, SPL of 100 dB,twice a day for 30 min The soluble protein and 
sugar in cytoplast 

Tomato, Lettuce, Spinach 0.08-2 kHz, 100 dB,once a day from 7 – 10 a.m Number of leaves, flowers 
and yield,quality 

Cucumber, Sweet pepper 0.08 to 2 kHz, 100 dB,once a day from 7 – 10 a.m The number of flowers, 
fruits and chlorophyll 
content 

Edible Mushroom, 
Eggplant, Muskmelon  

SF of 0.340-3.3 kHz, SPL of 40 dB-80 dBevery day 
240 min from 8:30 to11:30 a.m., and from 2:00 
to 5:00 p.m.  

The growth, yield and 
nutrient component  

Strawberry  0.08 to 2 kHz, 100 dB,once a day from 7 – 10 a.m  Number of leaves, flowers 
and yield,quality  

Different flower crops  SF of 3-5 kHz once every other day for 180 min  The yield, earlier maturity, 
long shelf life  

(Singh., 2013) 
CONCLUSION 
Plants enjoy music and they have better effect when exposed to the appropriate style. Music greatly 
influences the growth of plants and also the concentration of various metabolites. Hence, this musical 
concept can be very useful in the field of biochemistry, horticulture, physiology, ecology and this 
interdisciplinary domain can be used to nurture the greenway of agriculture. 
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[3]. Zhao, H. C., Wu, J., Zheng, L., Zhu, T., Xi, B. S., Wang, B., Cai, S. and Younian, W. 2004, Effect of sound stimulation 
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This is a gadget from Japan gauges the electrical 

activity in plants and can register a plant’s response 

when exposed to music. It has two sensor clips that 

are attached to the leaves of the plant. When the 

device’s lamp turns red, it means a strong electrical 

current has passed within the plant’s cells. It 

signifies a positive response. A green light on the 

other hand occurs when the cell electrical signals 

are weak, signifying a negative or unhappy 

response. 
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Vermi-composting is one of the most efficient methods of converting the organic wastes and crop residues 
into a rich plant nutrients mixture. The use of different species of surface and sub-surface earthworms to 
make enriched organic compost is the most ideal option for the farmers. There are more than 500 species 
of earthworms in the country. Based on their ecological niche, they are broadly classified into three 
categories. One category called, epigeics, includes all the feed predominantly on litter and excreta of other 
organisms. These worms are largely used in composting process and some species such as Eisenia foetida 
and Eudrilus eugeniae are commonly available in the different soils. The second group, anecics are the sub-
surface dwellers, and they are known for their vertical burrows. Feeding extensively on litter, animal 
wastes and other organic residues, there worms helps in soil improvement, especially aeration, besides 
converting the wastes in to rich soil nutrients. One of the most popular species that fall in this category is 
Lampito mauritii.  

  The third category of earthworms is knows is known as endogeics, and they make horizontal 
burrows while feeding on organically rich soils. These worms are essentially “soil formers”, and 
Octochaetona thurstoni, is one of the most common group. While making vermin-compost with large 
volumes of agro-wastes farmers should resort to pre- digestion of the raw material. For pre-digesting, the 
residues should be treated with dilute cow dung slurry from a bio-gas plant and moistened adequately. 
The mixture should be left for fifteen to twenty days on the ground as a heap or a window with frequent 
turnings. Care should be taken to water the heap as and when necessary to maintain the moisture level.  
The temperature of these heaps raise to about 60oC, and it would help in eliminating the pathogenic 
organisms and weed seeds”. 

  Another method of pre-digesting the bulky farm wastes is through bio-dung composting. In this 
method, the garbage is spread layer by layer and digested cow dung slurry is added over each layer. The 
layers are raised over a framework of poles and twigs to ensure aeration from the bottom. The green 
materials present in the layers enhance the temperature of the heaps, which are about 1.5 meters wide 
heaps can be of any convenient size. The entire heap should be covered using a black polythene sheet to 
accelerate the decomposition. In about twenty five days, with two to three turnings, the material will look 
like dung, and it should be added to vermin-compost pits.   

  Agro-industrial wastes, agricultural wastes from food processing or any cellulose based 
industries- remain unutilized that leads to dispersing foul odors, occupying vast areas, polluting ground 
and water etc, if managed sustainably and scientifically these wastes could be converted into potential 
renewable source of energy,. It has been observed that vermicompost technology for the efficient 
utilization of the agro-industrial processing wastes and to convert them into value added products is 
found effective for land restoration. Vermicompost is humus like, finely granulated and friable material 
which can be used as a fertilizer to reintegrate the organic matter to the agricultural soils. The usability 
of the process depends upon several factors like raw material, various process conditions- pH, 
temperature, moisture, aeration etc., type of vermicomposting system and earthworm species used.  
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INTRODUCTION 
In recent days the biofuels are gaining upper hand, because the fossil fuels sources are depleting and will 
be exhausted in next 20 years to come and the other main reason for opting the biofuels is that the 
emission of greenhouse gases from the petroleum fuels is amplifying the environmental pollution and 
further the ozone depletion. Biofuels are renewable, eco-friendly and can replace the fossil fuels. 
The biofuels are broadly categorised into three generations, where the first generation biofuels are 
produced from crops and edible seed oil, this has raised the question that in the developing countries it is 
even difficult to feed the population, how can it be utilised to produce fuel. Hence second generation 
biofuels have come in to existence where they are produced using the biomass, i.e., the waste material 
which mainly consists lignocellulose in them. Third generation biofuels are produced by making use of 
algal biomass. The most preferred second generation biofuel is ethanol, because ethanol is known to run 
combustion engines at higher compression ratios and thus provides superior performance (Wheals et al., 
1999). 
  Second generation biofuels have gained importance because of the easy availability of the 
lignocellulosic biomass. The various processes involved are pre-treatment, hydrolysis, fermentation and 
distillation of bioethanol from lignocellulosic biomass.  
  Eshaq et al. (2010) studied algae specifically Spirogyra for the production of bioethanol by the 
fermentative process. A comparative study was carried out by using chemically pre-treated and untreated 
Spirogyra biomass. The Spirogyra biomass was subjected to saccharification process by the fungal 
organism Aspergillus niger MTCCC 2196 for the hydrolysis, this process was followed by the fermentation 
using yeast Saccharomyces cerevisiae MTCC170 for the production of alcohol. A high yield of ethanol was 
recorded for untreated Spirogyra biomass when compared chemically pre-treated biomass. The yield of 
alcohol using algal biomass is more when compared to alcohol produced from other sources like agro 
based raw materials. 
  Suhardi et al. (2013) studied various pretreatment methods for lignocellulosic ethanol production 
from energy cane. Various pretreatment processes for energy cane variety L 79-1002 (type II) were 
evaluated including different concentrations of dilute acid hydrolysis and solid-state fungal pretreatment 
process. The results revealed that all pretreatment processes that were subjected to enzymatic 
saccharification and fermentation produced ethanol. However, the best result was observed in dilute acid 
hydrolysis of 3% sulfuric acid. Combination of fungal pretreatment with dilute acid hydrolysis reduced the 
acid requirement from 3% to 1% and this combined process could be more economical in a large-scale 
production system.   
  Bondesson et al. (2013) have investigated steam pretreatment of corn stover, with and without 
sulphuric acid as catalyst, and examined the effect of residence time (5–10 min) and temperature (190–
210°C) on glucose and xylose recovery. The highest glucose yield achieved was 86%, obtained after 
pretreatment at 210°C for 10 minutes in the absence of catalyst, followed by enzymatic hydrolysis. The 
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highest yield using sulphuric acid, 78%, was achieved using pretreatment at 200°C for 10 minutes.  The 
highest ethanol and methane yields were obtained from the material pretreated in the presence of 
sulphuric acid.    
  
CONCLUSION: 
Due to the continuous growing demand for the fossil fuels, they have been over-exploited and the 
greenhouse gas emission from these fossil fuels have arised a demand for a search of new type of fuels, 
which can overcome the problems of fossil fuels such as environmental pollution, climate change, etc. We 
have been left with the option to go green; in this context we can utilize the biomass which has cellulose 
content in them for the production of biofuels. Bioethanol from the cellulose has proven to be an alternate 
source in future. 
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  Agriculture plays an important role in Indian economy and about 54.6% of Indian population is 
engaged in agriculture contributing 17.4 % of India's gross value addition. Agriculture is the main source of 
employment in Uttarakhand and around 58% of workers earn their livelihood from this sector, out of the 
total geographical area of 5.35million ha in the state, 4.6 million ha(86%) is hilly area and 0.74 million ha 
(14%) is plain area. The state has immense potential for the development of horticulture, organic farming, 
agro processing industries, off season vegetable cultivation and cultivation of medicinal plants. 
Uttarakhand state has 61 % area under forests and the sown area is only 14 % as against national average  
of 43.37%. . The share of culturable wasteland is about 7 per cent which gives a huge potential  for raising 
fodder  and fruit trees. The contribution of Uttarakhand to gross state domestic product (GSDP) from 
agriculture sector including animal husbandry is 17.40%. The share of agriculture in GSDP of Uttarakhand is 
continuously declining (22 % in 2004-05 to 9 % in 2014-15) because the large part of Uttarakhand is hilly, 
average size of operational holding is less than one hectare and around 71% of holding are marginal having 
0.35 hectare area which makes crop husbandry  very difficult.   
  A small survey was conducted in few villages of Dehradun district during 2016 to evaluate the 
economic conditions of farmers engaged in agriculture sector. Vikasnagar & Sahaspur blocks of Dehradun 
district were selected for survey and 40 farmers were surveyed (20 in each block). Wheat, rice, maize, 
barnyard millet, finger millet, mustard, sesame, black gram, horse gram, lentil sugarcane, cauliflower are 
the main crops grown by these farmers including fodder crops barseem and vegetables mainly potato, 
onion, cabbage, tomato, okra. The average size of land holding varied from 8 to 40 bigah. The farmers of 
these blocks use very high seed rate for wheat that is 15 kg per bigah which is very high (the 
recommended seed rate is 7 to 8 kg per bigah). The yield obtained is also very less i.e Rs.3,000 to Rs.3,500  
per quintal against  Rs.5,500  per quintal. This small study was done to determine the impact of farmers in 
traditional farming, generation of income and awareness for new agricultural policies  such as Pradhan 
Mantri Fasal Bima Yojna and techniques of the state government. The farmers do not use any new 
technology or any improved method of cultivation. There is no use of hybrid varieties, biorational or safe 
pesticides for disease and insect control. Gammexine, dyes are still in practice for controlling major insects 
like termites and many other diseases. This survey also analyzed the reluctance and unwillingness of 
farmers to adopt new technologies such as Mukhyamantri Sanrakshit Kheti Yojana which was launched in 
2010-11 and gives 30 per cent additional subsidy from the state budget up to 500 square meter 
greenhouses per beneficiary. Use of high seed rate can be avoided by timely sowing and use of indigenous 
seeds in the field itself. For the development of small holdings government should initiate different 
policies that would focus on improving food, nutrition and livelihood security. Kisaan Sahkari Samiti has 
been initiated by government that gives various subsidies to farmers. Various training programmes, 
extension, education should be conducted by KVKs to generate interest among farmers about new 
technologies or natural, subsistence farming. Other farming practices such as dairy, poultry, fisheries, bee 
keeping, sericulture and  planting of high value horticulture crops including medicinal, aromatic plants 
should be encouraged to increase per unit of productivity of the available small piece of land for 
cultivation. and promote employment opportunities for rural areas. Organic farming for subsistence 
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agriculture should be promoted. Recently the state government has introduced  a farm loan scheme called 
as Deendayal Upadhyay Sahkarita Kisan kalyan Yojna ( 2018) to assist small and marginal farmers. It 
provides loan facility to strengthen rural economy and improve financial conditions  of  farmers. A 
separate  hill farming policy should be developed  with emphasis on  the promotion of local and traditional 
hill crops. Steps should be taken by government to encourage improved agronomic practices, improved 
soil treatment, judicious use of plant protection chemicals. 
  Uttarakhand requires a strong support from government for sustained  growth in agriculture 
sector. There are immense possibilities of subsistence farming, precision agriculture and natural or organic 
farming with new improved technologies in the state provided the government takes strong initiatives  
through knowledge sharing centres, Kisan Vigyan Kendras, state universities, marketing and farmers 
communities groups to  achieve social and economic development. 
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Taxonomy 
Kingdom: Eubacteria                                                                                           
Phylum: Cyanobacteria 
Class: Cyanophyceae 
Order: Oscillatoriales 
Family: Phormidiaceae 
Genus: Spirulina 
Species: platensis 
 
INTRODUCTION:  
  Spirulina platensis it is also known as a Arthrospira, is a multicellular filamentous Non nitrogen 
fixing cyanobacteria which has been commercially exploited for the production of human food 
supplement, animal feed and pharmaceuticals. The Spirulina platensis have characteristic blue green 
colour based on the wavelength of light that it can able to absorb. 
  Historically it is known to have been regularly consumed by the Aztects and Mesoamericans until 
16th century where it was dried into flat patties for its easy consumption (Fujisawa and Takatomo et al., 
2010). In the year 1960 this Spirulina platensis was found in abundant quantity at Lake Texcoco by French 
researchers. French phycologist Pierre Dangeard mentioned about a cake called “dihe” which was 
consumed by the kanembu tribe; they harvested it from an African lake called chad. Later in the year 1964 
and 1965, the botanist Jean Leonard confirmed that “dihe” is made up of Spirulina.  As a result, the first 
systematic and detailed study was done in the 1970s (Habib et al., 2008). 
 
Cell structure and metabolism: 
Spirulina platensis is a multicellular filamentous bacterium. Each unbranched, cylindrical filament of cells is 
called a trichome and is approximately 5 micrometer in diameter. Structure of the Spirulina platensis 
trichome can be seen in the figure 1.Posses capsule, stratified cell wall, thylakoid lamella system, 
Ribosomes, DNA and inclusion bodies. Stratified cell wall or transverse cross wall means the cell wall is 
made up of 4 layers: an innermost fibril layer, a second peptidoglycan layer, a third layer of composed 
protein, and the outer most layer analogous to the cell wall of Gram negative bacteria (Ciferri O., 1983). 
Chlorophyll a, carotenoids and Phycobilisomes are present in the thylakoid system (Pigments capable of 
utilizing light energy and funnel it to the reaction center). Spirulina platensis shows gliding motility because 
of absence of flagella like structure. Presence of Vacuoles within the cell increases buoyancy.  
 Spirulina platensis is a phototrophic bacterium obtains energy from sunlight and converts carbon 
dioxide and water into sugars. 
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Description and significance:  
The Cyanobacterium (Spirulina platensis) is a rare edible bacterium, because of its ability to produce large 
quantities of valuable products, such as polyunsaturated fatty acid i.e., gamma linolenic acid (GLA) and 
pigments like phycocyanin and beta carotene (Costa et a l., 2004). And also it poses very minimal risk of 
uric acid build up in the body (Slonczewski et al., 2009). 
  Spirulina platensis is known across the world because of its nutritive value. With its structure 
consisting of nearly 65 to 71% protein, it represents the highest natural source of protein ever discovered. 
Its protein is five times that of meat, and nearly three times greater than the protein of the ever popular 
Soybean. In addition to this astounding amino acid profile, Spirulina platensis also contains a host of other 
beneficial nutrients including B complex vitamins, vitamin E, Copper, manganese, magnesium, iron and 
zinc (Dillon et al., 1995). 
 
Nutritional profile of the Cyanobacteria 

Nutrient Content Nutrient Content 

Protein 63.0 gm Vitamin B12 0.35 mg 

Carbohydrates 22.0 gm Calcium 1000 mg 

Fat 2.20 gm Phosphorus 800 mg 

Chlorophyll a 600 mg Magnesium 400 mg 

Vitamin E 10 mg Iron 100 mg 

Vitamin B1 3.5 mg Zinc 3 mg 

Vitamin B2 4 mg Copper 1.2 mg 

Vitamin B3 13 mg Manganese 5 mg 

Vitamin B6 0.6 mg Chromium 0.3 mg 

Vitamin B9 0.05 mg Potassium 1400 mg 

  
Along with its high nutritive value, the Spirulina platensis is also posses a enormous health benefits. 
Because of its anti-carcinogenic properties first time Spirulina platensis was used to treat radiation sickness 
in people, who were affected by the 1986 Chernobyl nuclear accident (Mosulishvili L., et al., 2011). More 
recently, the consumption of this species has been shown to lower the blood pressure and reduces 
cholesterol, which are the two most prevalent health concerns in the modern world. Other than these two 
some of the worth noticing health benefits of Spirulina platensis are: 
1. Enhancement of brain functioning because of presence of amino acid Tryptophan. 
2. The pigments such as phycocyanin and beta carotene present in Spirulina platensis have a role in 
improvement of immune system. 
3. It improves the insulin sensitivity in HIV infected patients y improving glucose metabolism.  
4.  Spirulina platensis exhibits the anti inflammatory property by inhibiting the release of histamine. 
5. The water extract of Spirulina platensis i.e., calcium Spirulan (Ca-Sp), this Ca-SP is a sulphated 
polysaccharide chelates calcium on cancer cells, including melanoma, carcinoma and fibrosarcoma cell and 
also inhibits invitro replication of enveloped viruses including Herpes, Influenza Virus etc., 
6. Highly assimilable form of iron present in it helps in increasing blood haemoglobin content. 
7. Beta carotene and phycocyanin inhibits the growth of leukaemia cell when supplemented with diet. 
8. A powerful Antioxidant: Beta carotene, vitamin C and E, phycocyanin acts as antioxidant has radical 
scavengering properties.  
9. Phycocyanin protects against diabetic nephropathy by inhibiting oxidative stress. 
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10. Radiation protective: Crude ethanol precipitate of Spirulina platensis protects the cell against 
gamma radiation.  
 
Along with the medicinal and nutritive value the Spirulina platensis is also being used as supplement of 
animal feed, when it used as animal feed supplement it adds following benefits  
1. Yellowness and Redness of broiler flesh reaches maximum when fed 40gm Spirulina platensis/Kg diet. 
2. Used in the preparation of diets of fish, poultry, cattle and domestic animals (vitamin and mineral 
supplement was not added to algal diet). 
3. Partial substitute to promote the growth, immunity and viability of Prawns. 
4. Also enhances humoral and cell mediated immunity in chickens.  
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INTRODUCTION 
To ensure food security higher crop productivity is needed, and several steps are essential in order to 
achieve this goal. Physiological breeding relies on the identification of key physiological traits associated 
with increased yield to select higher  yielding progeny. In the last two centuries, the yield of economically 
important crops has been substantially increased through plant breeding and optimization of growing 
conditions. The improvement of yield was made possible because both dry matter production in the leaves 
and accumulation of dry matter by harvestable organs have been improved. One of the traits which is very 
important to achieve higher yield is identifying genotype with higher portioning of assimilates to sink, or 
with better source-sink balance. 

Source-sink 
Source tissues have a net uptake of resources from the environment, providing the elements required for 
growth, while sink tissues have a net drawdown of these resources and are essential for plants to grow For 
example, for C, a mature photosynthetically active leaf is a net source, whereas developing fruits or grains 
are a net sink. The balance between source and sink is a critical component of growth and therefore yield 
while the balance between C and N is essential for tuning growth to environmental conditions and 
maximizing resource acquisition. 

Sink Strength 
Sink organs for assimilate are net importers of assimilate. Essentially, all plant organs at some stages of 
plant development would act as sinks, receivers of assimilate. In terms of assimilate transport, the ability 
of a sink organ to import assimilate is the sink strength. 

Source-sink balance and yield 
In order for plants to grow and develop effectively, coordination between sources and sinks is required. 
Source organs provide a net uptake of resources whilst sink organs have a net drawdown of resources. 
Sources and sinks for both carbon and nitrogen are key contributors to plant growth, and these regulate 
themselves and one another via feedback, feed forward and crosstalk mechanisms. To bring about 
increases in crop growth and yield, a holistic view of sources and sinks must be developed. Grain yield of 
major cereals including rice, wheat, barley and sorghum is largely determined by the source-sink 
relationship in which florets are the primary sink while the top three leaves on a stem, particularly the flag 
leaf, are the primary source. In rice, over 80% of the carbohydrates accumulated in grains is produced by 
the top two leaves. The source and sink capacities in cereals are phenotypically associated with some 
morphological traits such as size and shape of the source leaves, panicles and kernels. Nitrogen deficiency 
alters the source-sink balance of plants, in that use of carbon skeletons in N assimilation and growth is 
restricted. Amino acid content declines and less carbon is consumed and exported from source leaves for 
N assimilation and growth. Accordingly, leaf carbohydrate content increases. The rate of photosynthesis 
then declines, which reestablishes some measure of equilibrium between photosynthesis and carbon 
utilization. 
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Key points 
 Sources have net uptake of resources and sinks have net utilization of resources. 
 Plant growth is underpinned by sources and sinks. 
 Sources and sinks for both carbon and nitrogen are vital components of plant development. 
 An understanding of source-sink relationships can help improve crop yield. 
 
 

 
Figure 1: Source-sink relationship in plants 

 
CONCLUSION 
The understanding of the mechanism of sink competition can provide a means to increase the harvest 
index as well as to change yield components. The quality of products can also be improved by 
manipulating compartmentation and metabolism of imported sugars in sinks. As partitioning of assimilate 
is genetically determined, a close collaboration between plant physiologists and plant geneticists in this 
common quest is most desirable. 
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Green Chemistry means- “Preventing pollution before it happens rather than cleaning up the mess later” 
Green chemistry consists of environmentally friendly, sustainable chemicals and processes whose use 
results in reduced waste, safer outputs, and reduced or eliminated pollution and environmental damage. It 
encourages innovation and promotes the creation of products that are both environmentally and 
economically - (Paul Anastas and John Warner). 
 
The Twelve Principles of Green Chemistry 
1. Prevent waste.  
2.  Maximize atom economy. 
3.  Design less hazardous chemicals synthesis. 
4.  Design safer chemicals and products. 
5.  Use safer solvents/reaction conditions 
6.  Increase energy efficiency. 
7. Use renewable feedstock. 
8.  Avoid chemical derivatives. 
9.  Use catalysts. 
10. Design for degradation. 
11. Analyze in real time to prevent pollution. 
12. Minimize the potential for accidents.  

Applications of Principles of Green Chemistry in Pesticide Synthesis 
Recent increased awareness of the potentially detrimental effects of organic solvents on environment (air 
pollution, ozone depletion and global climatic change), has led to rapid growth in research into alternative 
reaction media. 

Areas of Implication 
1. Microwave Assisted Synthesis (MAS) 
2. Atom Economy evaluation 
3. Solvent-free Organic Synthesis 
4. Use of Enzymes and Bio-catalysts 
5. Ultrasonic and Photochemical Reactions 

1. Microwave Assisted Synthesis 
After the first report on application of microwave in chemical in 1986. These methodologies have become 
a most useful for functional group inter conversions as well as for organic synthesis. In recent time, 
microwave heating has taken an incontestable place in analytical and organic laboratories practice as a 
very effective and non-polluting method of activation. Synthesis through microwave, has several 
advantages viz., shorter reaction times, higher yields, ease of manipulation and lower costs. Rate 
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enhancement of organic reactions is due to the superheating of the solvent. Nowadays, considering the 
strategies are solvent-free, irradiation can be carried out on neat reactants. 
  It is of interest to note that India is the country in which the technique seems to be most 
developed, according to the number of publications and most of the work in this technique has been 
carried out on commercial purpose. The chemical industry desire to improvement of greater eco-
compatible methodologies because of stringent and developing environmental regulations and for this 
reason there is requirement of a specific re-examination of the important synthetic method. In recent 
decades, microwave heating has taken an incontestable place in analytical and organic laboratories 
practice as a very effective and non-polluting method of activation. 
  In present years of study microwave heating has been associated with incontestable place in 
analytical and various organic laboratories. Solvent-free techniques are in particular tailored to organic 
synthesis beneath Green Chemistry conditions. When coupled to microwave (MW) irradiation, its 
consequences in very efficient and smooth approaches with sizeable enhancements over classical 
methods. To take benefit of MW specific effects, the most suitable instances involve reactions with polar 
mechanisms with enlarge of the polarity throughout the development of the reaction and late transition 
states alongside the reaction coordinates. It proved to be very effective and non-polluting technique for 
activation of various matrices. Examples of this technology in digestion and organic synthesis are 
numerous. In the electromagnetic spectrum, the microwave radiation area is located between infrared 
radiation and radio waves. Microwaves have wavelength in the range of 1mm to 1 m, corresponding to 
frequencies between 3 and 30 GHz. 
  From all synthesis techniques described earlier, Solvent-free techniques are in particular tailored to 
organic synthesis beneath Green Chemistry conditions. It is of interest to note that India is the country in 
which the technique seems to be most developed, according to the number of publications and most of 
the work in this technique has been carried out on commercial purpose.  
  The important motives for this make bigger include the availability of commercial microwave 
equipment committed for organic chemistry and the improvement of solvent-free techniques, which have 
increased the protection aspects; however, they are normally due to an improved activity in shorter 
response times. Microwave-assisted synthesis improves each throughput and turn-around time for 
chemists by providing the advantages of extensively decreased response times, increased yields, and purer 
products. In this type of synthesis, we applying microwave irradiation to chemical reactions. 
   When organic reactions especially carried out under solvent-free reaction conditions and 
microwave irradiation they described mainly by these publications and research and that will useful 
acceleration in these organic reactions in broad way. This generally leads to large reductions in reaction 
times, developments in conversions, and in selectivity with numerous advantages of the environmental 
approach, termed green chemistry.  
  By use of these solvent-free microwave assisted reaction have mostly used because they provide 
potentialities to work with open vessels and increase possibility of up-scaling the organic reactions on 
preparative scale. 

Advantages of Microwave over traditional 
 Drastic reduction in time of reaction 
  50% to 100% reduction in solvent   
  Considerable improvement in yield percentage 
  Avoids unwanted heating 
  Increased safety aspects 
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Steps Forwards 
 Government should bring public awareness and enforce strict environmental legislations. 
 Collaboration of government, NGOs, industrial and academic organizations. 
 Training young students and scientists with green emphasis. 
 To drive towards clean technology. 
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INTRODUCTION:                            
  To meet the steady demand of food supply, application of fertilizer is indispensable in modern 
agriculture. Role of fertilizers has already been proven by many countries with green revolution and by 
attaining food self-sufficiency within short period of time. Application of synthetic/chemical fertilizers not 
only supplies essential nutrients to food crops but also provides them in an easily available manner. 
Therefore, these fertilizers can quickly enhance the growth and productivity of food crops and are quick to 
gain popularity. However, extensive use of such fertilizer has lead to serious environmental concerns. 
Nitrate leaching and surface/ground water pollution due to increased use of fertilizer is directly related to 
human health problems. Similarly, freshwater contamination by chemical fertilizer/fertilizer residue is one 
of the major causes of eutrophication. Moreover, chemical fertilizer could eliminate the beneficial 
microbial as well as insect community of soil. Alternatively, many of these problems can be surmounted by 
utilization of biofertilizers. It may not be a realistic idea to completely replace the chemical fertilizers by 
biofertilizer; however, biofertilizers have the potential to supplement the synthetic fertilizers and to 
significantly reduce its use. 
  In general, Biofertilizer is commonly referred to as the fertilizer that contains living micro-
organisms and it is expected that their activities will influence the soil ecosystem and produce 
supplementary substance for the plants (Parr et al., 2002). When applied to the field, the activities 
(nitrogen fixation, phosphate solubilization, production of phytohormones) of the plants are benefited 
resulting in improved growth and productivity. Therefore, viability of these organisms during production, 
formulation, storage, and transportation/distribution and field application is directly related to plant 
growth promoting potential of a biofertilizer formulation and the carrier based biofertilizers lack these 
qualities. 
  There have been many attempts to find alternatives for carrier based inoculants and, also to 
enhance viability of microorganisms in the inoculants. Liquid biofertilizers could be a possible solution to 
the aforesaid problems.  
  Liquid biofertilizers are the preparations containing not only the desired microorganisms but also 
special cell protectants or additives that promote for longer shelf life and tolerance to adverse conditions 
(Hegde, 2008). Moreover, additives in the broth will improve inoculants quality, such as better adhesion to 
seed, stabilizing the product, binding or inactivating soluble seed coat toxins. 
  Sridhar et al. (2004) have attempted to develop liquid inoculant using osmoprotectants for 
phosphate solubilizing bacterium (Bacillus megaterium) and found that Liquid inoculant-2 containing 
osmoprotectants viz., Polyvinyl Pyrrolidone (PVP), glycerol and glucose supported higher viable population 
(log10 10.50 CFU/ml) and endospores (log10 9.21 CFU/ml) up to a storage period of 6 months.  
  Vendan and Thangaraju (2007) developed the cyst based liquid inoculant of Azospirillum by 
inoculating Azospirillum in cyst inducing minimal salt medium (MSM) and the survival of cyst cells in the 
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MSM was observed up to one year and two months and interestingly, the population level of 108 was 
maintained till the final observation. 
  Karunya and Reetha (2014) studied the survival of the three saline tolerant PGPR strains viz., 
Azospirillum brasilense PA-17, Bacillus subtilis PB-15 and Pseudomonas fluorescens PP-15 in liquid 
formulation amended with different additives such as PVP, trehalose and glycerol for a period of six 
months storage. The results of the study revealed that the required population (1 × 108 CFU/ml) of saline 
tolerant strains was maintained in liquid based formulation. Among the different additives tested, PVP at 1 
% supported more population of saline tolerant PGPR upto six months of storage period without any 
significant reduction. 
  Maheswari and Elakkiya (2014) conducted a study to know the effectiveness of liquid biofertilizers 
such as Azospirillum, Rhizobium and Azotobacter with control, on growth of Vigna mungo L. and found 
that inoculation of liquid biofertilizers Azospirillum + Rhizobium + Azotobacter in 60th day showed better 
response in all the parameters tested.  
With the growing awareness about and concerns for deteriorating soil health and mounting pressure for 
making plant nutrients available at affordable cost, efforts are being made to exploit microbial resources 
for crop nutrients biologically. With the emergence of organic farming, the contribution of biofertilizers 
has further gained importance, but they have their own demerits, so to overcome the demerits of the 
conventional/carrier based biofertilizers, the concept of liquid biofertilizer has come into light and has 
already been proved to be the best alternative over the carrier based ones. 
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1. INTRODUCTION  
 India is agricultural based economy, due to several biotic and abiotic stresses, the problem of agrarian 
distress in India has accentuated in recent years. To alleviate agrarian distress the government of India in its 
annual budget of 2016-17 set a target of doubling farmers’ income by 2022-23. The pathway for doubling of 
farmers’ income encompasses several dimensions. The Inter-Ministerial Committee on Doubling Farmers’ 
Income (DFI) recognizes agriculture as a value led enterprise and suggests empowering farmers with “improved 
market linkages” and enabling “self-sustainable models” as the basis for continued productivity-production and 
income growth for farmers. The Committee identifies and focuses on seven major sources of growth, operating 
within and outside the agriculture sector. Whereas, outside the agriculture domain, shift from farm to non-
farm occupations. Strengthening linkages with MSMEs (micro, small and medium enterprises), so as to 
accelerate growth in both farm as well as non-farm incomes along with employment creation. In this contest, 
to tackle the farmer distress and unemployment of the rural youth, practice of mass production of the 
microbial biopesticides is low cost, less sophisticated and high profit technique for the increasing of the 
farmer’s income.  
 Microbial biopesticides are undergoing a great momentum worldwide stimulated by societal, governmental 
and market driven demands for chemical-free residue on foods, decreased reliance on chemical pesticides, 
increased growth of organic agriculture and expansion and consolidation of integrated pest management (IPM) 
programs. Among the microbial biopesticides, entomopathogenic fungi are potent bio-agents. Fungal 
entomopathogens have long been sought in all categories of biological control- classical, augmentative, and 
conservation and have proven to be pivotal in IPM strategies because they can cause frequent epizootics in a 
density-dependent fashion. The cosmopolitan, naturally soil-inhabiting Beauveria bassiana (Bals.-Criv.) Vuill., is 
a facultative necrotrophic pathogen of a broad host arthropod range spanning almost all orders of insects and 
extending to ticks and mites (Figure-1). Beauveria is considered an environmentally safe biocontrol agent that 
poses zero or minimal threat to human health and is generally harmless to non-target organisms. 
2. Beauveria bassiana mode of action 
The basic pathogenic life cycle of Beauveria begins via attachment of conidia to the host cuticle through 
physical forces followed by germination and penetration of cuticular layers with the aid of hydrolytic enzymes 
(e.g., proteases, lipases, and chitinases), mechanical pressure and other factors (Mascarin and Jaronski, 2016). 
When the growing hyphae reach the nutrient rich hemolymph, the fungus is capable of budding into single-
celled, yeast-like blastospores (or hyphal bodies) that are specialized structures to rapidly proliferate and 
exploit nutrients, colonize internal tissues, and evade the host immune system. In contrast to aerial conidia, the 
lack of hydrophobin constituents or hydrophobic rodlet layers has been suggested that electrostatic charges 
found on blastospores surface may play an important role in the host-pathogen interaction. Blastospores of 
Beauveria have shown to be similarly virulent or even superior compared with aerial conidia or submerged 
conidia towards numerous arthropod pests. Once the host dies, the fungus emerges from the dead cadaver and 
produces aerial conidia on the surface when environmental conditions, especially humidity is permissive. 
3. Mass production methods of Beauveria bassiana 
 Mass production is mainly practiced by solid-state fermentation to yield hydrophobic aerial conidia, which 
remain the principal active ingredient of myco-insecticides. More robust and cost-effective fermentation and 
formulation downstream platforms are imperative for its overall commercialization by industry. Hence, where 
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economics allow, submerged liquid fermentation provides alternative method to produce effective and stable 
propagules that can be easily formulated as dry stable preparations (Figure-4). 

3.1 Solid-state and biphasic fermentation 
 Solid substrate fermentation production of aerial conidia is the primary production method in current use; 
the primary end product is this method is dry aerial conidium. The process has several names: solid-state 
fermentation and solid-substrate fermentation. “Biphasic fermentation” is a subsidiary term related to use of a 
liquid fermentation inoculum rather than a conidial suspension to initiate the solid substrate phase, but the 
overall process is the same. The basic concept is fungal colonization of a sterile, solid, nutritive substrate, 
typically a cereal grain, with subsequent vegetative growth and conidiation. Typical conidial yields can be on 
the order of 4 × 1012–1013/kg for B. bassiana. 

Media Preparation for Solid State and Biphasic Fermentation 
A.  Whole grain and broken grains:  
 The mass production B. bassiana on solid substrate the whole grain and broken grains are used for the 
media preparation viz., wheat, rice, maize and sorghum. List of Whole grain and broken grains can be used for 
the production of the B. bassiana (Table-1). For the mass production, 100g of grain selected whole grain and 
broken grains are washed and soaked in water overnight except rice which is soaked for 2-3 hours. The excess 
water is drained by  decanting  and  shade  drying  them  for  half  an  hour  to further  remove  the  excess 
moisture.  The grains are packed separately in 250gm polythene bags, with cotton plug and auto calved at 15 
psi for 30 minutes. After cooling, 5 mm fungal disc is inoculated into each flask under laminar air flow chamber. 
Then, they are incubated in BOD incubator at 25 ºC for 15 days. To avoid clumping, after 7 days of inoculation, 
the polythene should be shaken vigorously to separate the grain and to break the mycelial mat.  
B.  Bran and husk:  
 100g each of the bran and husk, 50 ml of sterile distilled water is added in a 250 gm polythene bags. The 
substrates are sterilized in an autoclave at 15 psi for 30 minutes.  After sterilization the substrates are 
artificially inoculated with 5 mm fungal disc under laminar air flow chamber. After inoculation, the polythene 
bags were incubated at 25 oC and room temperature for 15 days. The polythene bags should be shaken daily for 
the uniform growth of the fungus. 
 

3.2 LIQUID FERMENTATION 
 Liquid fermentation can be classified into two categories: submerged liquid fermentation, where the fungus 
is submerged in a constantly agitated and aerated liquid medium to form blastospores, microcycle conidia, or 
microsclerotia; and stationary liquid fermentation, in which sporulation takes place on a still, liquid surface, 
producing mycelium and aerial conidia. The end-products of submerged fermentation can be blastospores, 
“microcycle” conidia and stabilized mycelial products. The nutrient-rich media containing high concentrations 
of carbon and nitrogen sources are more likely to produce larger quantities of these vegetative propagules 
(blastospores, hyphal bodies, mycelium, and microsclerotia). In general, Potato Dextrose Broth and 
Sabouraud’s Dextrose Broth liquid media are used for the mass production of Beauveria bassiana fungi, 100 mL 
of each medium was poured in 250 mL capacity conical flasks and autoclaved at 15 psi pressure for 30 min. Five 
flasks of each medium was inoculated with 1 mL of spore suspension of fungi separately and incubated at 
28nºC for 15 days.  
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Media Preparation for the Liquid Fermentation  
A. Potato dextrose broth (PDA)   
 100g of peeled and sliced potato is added in 250 ml distil water the potatoes are boiled till they became soft. 
The contents of the beakers are filtered through muslin cloth and squeezed out all liquid 10g dextrose is 
dissolved in water and added to the extract and made the volume to 500ml. Dispensed 100ml to each conical 
flask and plugged with non-absorbent cotton. The flasks are sterilized at 15 psi pressure for 20 mim in an 
autoclave. After cooling, 5 mm fugal disc of entomopathogeni fungus and incubated at 28nºC for 15 days.  
B.  Savoured dextrose broth (SDB)  
 1000 ml of distilled water is taken, in which 10g of dextrose and 2-5g of peptone is added and dispensed 
100ml media into 250 ml conical flask and plugged with non absorbent cotton. Sterilized the flasks at 15 psi 
pressure for 20 min in a autoclave.  After cooling, 5 mm fungal disc of entomopathogenic fungus is inoculated 
into each flask under laminar air flow chamber.  Flasks are incubated at 28nºC for 15 days. 
 

4. DOWNSTREAM PROCESSING 
 Once the condition process is complete and conidia have been formed over the whole surface of the solid 
substrate the next stage in the process will depend largely on the intended use of the end product (Figure-4). 
The spores are harvested at 3 and 12 days after the inoculation for liquid and solid media respectively. To 
harvest the spores as powder it was necessary to dry the fungus to reduce moisture content and allow the 
spores to separate from the substrata. For the drying of the cultures the plastic bags are opened in a room with 
a temperature of 20 ± 5 oC and an average relative humidity of 50 ± 5% and allowed to air dry. Whatever 
formulation is required the product must first be dried in order to ensure that the conidia will remain viable 
during storage. Once conidiation is complete, some degree of drying can be achieved simply by opening up the 
containers with the substrate and allowing the contents to air dry. This process can be speeded up by 
dehumidifying or air conditioning the room or accelerating ventilation with a fan but this will depend on local 
environmental conditions. Once the moisture content of the conidia and substrate has reached between 20 
and 30%, the conidia may be extracted from the substrate. The conidia should then be further dried to 
approximately 5% before storage. Drying the conidia powder after separation from the substrate reduces the 
amount of space required for the drying process and is more economical. There are a number drying methods: 
simple opening of plastic fermentation bags; transfer of sporulated substrate to open trays, table tops transfer, 
use of air-lift devices. In general, Beauveria conidia can be dried relatively quickly (within 2–3 days) without loss 
in viability. The viability of conidia was affected by different drying temperatures and speed of drying; 5 h at 
35°C had no effect on conidial viability. Extreme desiccation of conidia (aw < 0.1), however, can lead to two 
problems: one affects proper quality assurance testing and the second is a significant problem in operational 
use of such dry conidia. This situation stems from imbibitional damage of the plasma membranes within the 
conidia during improper dehydration. Proper rehydration of dry conidia can be by exposure of the conidia to 
moisture-saturated atmosphere for a minimum of 30 min, by use of warm (33–34°C) water. Washing conidia 
from moist substrate using cold 0.1 M NaCl, removing non conidial material with self-cleaning filters. 
 

Table-1: List of substrates can be used for the production of the B. bassiana (Jaronski, 2016). 

Substrate 

1. Wheat 2. Prawn waste 

3. Sorghum  4. Potato tubers  

5. Soybean 6. Press mud ± 2%  Dextrose 

7. Sesame cake 8. Rice + Saccharomyces  

9. Barley 10. Rice  bran ± 2% Dextrose 
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11. Beetroot 12. Rice hulls, Sawdust: Rice bran ± 2% Dextrose  

13. Broken  rice  + CaCl2 14. Rice  husk ± 2% dextrose 

15. Carrot tubers 16. Sugarcane bagasse  ±  Molasses  

17. Coconut cake 18. Sugarcane press mud 

19. Cottonseed cake 20. Tapioca rind  

21. Groundnut cake 22. Tapioca tubers 

23. Maize  bran  ±  2%  Dextrose 24. Wheat  bran + Al(SO4)3 

25. Millet 26. Wheat  bran ± 2% dextrose 

27. Pearl millet 28. Neem cake 

 
4. CONCLUSION: During the past two decades, EPF have undergone a great increase in popularity. New 
companies are being continually established for commercial development. Public domain research efforts for 
implementation have undergone an explosion of effort. Mass production and formulation are critical for this 
process. Optimization of fermentation processes, recovery of the biomass from the fermentation broth, and 
formulation of the final product are all research areas important in the commercial developmental of a myco-
insecticides.  

5.  REFERENCES  
[1]. Mascarin G.M. and Jaronski S.T. (2016). The production and uses of Beauveria bassiana as a microbial 
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Figure-1: Fermentation and formulation strategies of Beauveria bassiana 
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Figure-2: Broad range of infected arthropods by Beauveria bassiana 
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Figure-3: Schematic diagram of downstream processing for liquid culture fermentation of different 
types of fungal biomass (mycelium, blastospores, microsclerotia, or submerged conidia) including mass 
production, harvesting, formulation and drying (Mascarin et al., 2016) 
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INTRODUCTION:  
Bio-fertilizers are microbial inoculants or carrier based preparations containing living or latent cells of 
efficient strains of nitrogen fixing, phosphate is solublizing and cellulose decomposing microorganisms 
intended for seed or soil application and designed to improve soil fertility and plant growth by increasing 
the number and biological activity of beneficial microorganisms in the soil. 
  The objects behind the application of Bio-fertilizers /microbial inoculants to seed, soil or compost pit 
is to increase the number and biological / metabolic activity of useful microorganisms that accelerate 
certain microbial processes to augment the extent of availability of nutrients in the available forms which 
can be easily assimilated by plants. The need for the use of Bio-fertilizers has arisen primarily due to two 
reasons i.e. though chemical fertilizers increase soil fertility, crop productivity and production, but 
increased / intensive use of chemical fertilizers has caused serious concern of soil texture, soil fertility and 
other environmental problems, use of Bio-fertilizers is both economical as well as environment friendly. 
Therefore, an integrated approach of applying both chemical fertilizers and Bio-fertilizers is the best way of 
integrated nutrient supply in agriculture. 
  Organic fertilizers (manure, compost, vermicompost) are also considered as Bio-fertilizers, which are 
rendered in available forms due to the interactions of microorganisms or their association with plants. Bio-
fertilizers, thus include i) Symbiotic nitrogen fixers Rhizobium sp. ii) Non-symbiotic, free living nitrogen 
fixers Azotobacter, Azospirillum etc. iii) BGA-inoculants Azolla-Anabaena, iv) Phosphate solubilizing 
microorganisms (PSM) Bacillus Pseudomonas, Penicillium Aspergillus etc. v) Mycorrhiza vi) Cellulolytic 
microorganisms and vii) Organic fertilizers. 

Role of Bio-fertilizers in soil fertility and Agriculture 
Bio-fertilizers are known to play a number of vital roles in soil fertility, crop productivity and production in 
agriculture as they are eco friendly and cannot at any cost replace chemical fertilizers that are indispensable 
for getting maximum crop yields. Some of the important functions or roles of Biofertilizers in agriculture 
are: 

 They supplement chemical fertilizers for meeting the integrated nutrient demand of the crops. 

 They can add 20-200 kg N/ha year (eg. Rhizobium sp 50-100 kg N/ha year ;Azospirillum , Azotobacter : 
20-40 kg N/ha /yr; Azolla : 40-80 kg N/ha; BGA :20-30 kg N/ha) under optimum soil conditions and thereby 
increases 15-25 percent of total crop yield. 

 They can at best minimize the use of chemical fertilizers not exceeding 40-50 kg N/ha under ideal 
agronomic and pest-free conditions. 

 Application of Bio-fertilizers results in increased mineral and water uptake, root development, vegetative 
growth and nitrogen fixation. 

 Some Bio-fertilizers (eg, Rhizobium BGA, Azotobacter sp) stimulate production of growth promoting 
substance like vitamin-B complex, Indole acetic acid (IAA) and Gibberellic acids etc. 
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 Phosphate mobilizing or phosphorus solubilizing Bio-fertilizers / microorganisms (bacteria, fungi, 
mycorrhiza etc.) converts insoluble soil phosphate into soluble forms by secreting several organic acids and 
under optimum conditions they can solubilize / mobilize about 30-50 kg P2O5/ha due to which crop yield 
may increase by 10 to 20%. 

 Mycorrhiza or VA-mycorrhiza (VAM fungi) when used as Biofertilizers enhance uptake of P, Zn, S and 
water, leading to uniform crop growth and increased yield and also enhance resistance to root diseases and 
improve hardiness of transplant stock. 

 They liberate growth promoting substances and vitamins and help to maintain soil fertility. 

 They act as antagonists and suppress the incidence of soil borne plant pathogens and thus, help in the 
bio-control of diseases. 

 Nitrogen fixing, phosphate mobilizing and cellulolytic microorganisms in bio-fertilizer enhance the 
availability of plant nutrients in the soil and thus, sustain the agricultural production and farming system. 

 They are cheaper, pollution free and renewable energy sources 

 They improve physical properties of soil, soil tilth and soil health in general. 

 They improve soil fertility and soil productivity. 

 Blue green algae like Nostoc, Anabaena, and Scytonema are often employed in the reclamation of 
alkaline soils. 

 Bio-inoculants containing cellulolytic and lignolytic microorganisms enhance the degradation/ 
decomposition of organic matter in soil, as well as enhance the rate of decomposition in compost pit. 

 BGA plays a vital role in the nitrogen economy of rice fields in tropical regions. 

 Azotobacter inoculants when applied to many non-leguminous crop plants, promote seed germination 
and initial vigor of plants by producing growth promoting substances. 

  Azolla-Anabaena grows profusely as a floating plant in the flooded rice fields and can fix 100-150 kg 
N/ha /year in approximately 40-60 tones of biomass produced, 

 Plays important role in the recycling of plant nutrients. 

Methods of bio-fertilizer application: 
Seed Treatment: 200 g of bio-fertilizer is suspended in 300- 400 mL of water and mixed gently with 10 kg of 
seeds using an adhesive like gum acacia, jiggery solution, etc. The seeds are then spread on a clean 
sheet/cloth under shade to dry and used immediately for sowing.  
Seedling Root Dip: This method is used for transplanted crops. For rice crop, a bed is made in the field and 
filled with water. Recommended bio-fertilizers are mixed in this water and the roots of seedlings are dipped 
for 8-10 h and transplanted.  
Soil Treatment: 4 kg each of  the recommended bio-fertilizers is mixed  in 200 kg of compost  and kept 
overnight. This mixture is incorporated in the soil at the time of sowing or planting. 

Quality Control Measures (as per ISI Specifications) 

 Since, Bio=fertilizers contains live cells, care should be taken during their transportation and storage. 

 They should be kept in a cold place and not exposed to sunlight. 

 Bio-fertilizers for legumes are crop-specific; therefore, they must be used for the crop for which they are 
meant. 

 Bio-fertilizers when used under adverse soil conditions, appropriate remedial measures (liming and use 
of Gypsum) should be followed. 
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 Bio-fertilizers must be carrier-based 

 Carrier material used should be in form of powder (75-106 micron size. 

 It should contain minimum of 10^8 viable cells of microorganisms /gram of the carrier material on dry 
weight basis. 

 It should have a minimum period of six months expiry from date of its 

 It should be tree from any contaminant /contamination with other microorganisms. 

 PH should be in the range of 6.0-7.5. 

 It should induce desired beneficial effects on all those crops, species /cultivars listed on the packet 
before the expiry date. 

 It should be packed in 50-75 micron low density polythene packets 

Advantages of Using Bio-fertilizers in Agriculture: 
 1. It is a low cost and easy technique. 2. The bio-fertilizers increase 15-35% additional yield in most of 
vegetable crops. 3. Besides fixing atmospheric nitrogen, cyanobacteria synthesize and excrete several 
growth hormones (auxins and ascorbic acid) and vitamins which enhance seed germination and growth of 
crop plants. 4. They do not cause atmospheric pollution and increase soil fertility. 5. Some biofertilizers 
excrete antibiotics and thus act as pesticides. 6. They improve physical and chemical properties of soil such 
as water holding capacity, buffer capacity etc. 7. Some of the biofertilizers enhance crop yield even under ill 
irrigated conditions where chemical fertilizers are of not much advantage. 8. They are ecofriendly and pose 
no danger to the environment 

Precautions: 
 Bacterial inoculants should not be mixed with insecticide, fungicide, herbicide and fertilizers. 
 Seed treatment with bacterial inoculant is to be done at last when seeds are treated with fungicides. 

Constraints in Bio-fertilizer Technology 
Though the bio-fertilizer technology is a low cost, ecofriendly technology, several constraints limit the 
application or implementation of the technology the constraints may be environmental, technological, 
infrastructural, financial, human resources, unawareness, quality, marketing, etc. The different constraints 
in one way or other affecting the technique at production, or marketing or usage. 

Technological constraints 
 Use of improper, less efficient strains for production. 
 Lack of qualified technical personnel in production units. 
 Production of poor quality inoculants without understanding the basic microbiological techniques 
 Short shelf life of inoculants. 

Infrastructural constraints 
 Non-availability of suitable facilities for production 
 Lack of essential equipments, power supply, etc. 
 Space availability for laboratory, production, storage, etc. 
 Lack of facility for cold storage of inoculant packets 

Financial constraints 
 Non-availability of sufficient funds and problems in getting bank loans 
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 Less return by sale of products in smaller production units. 

Environmental constraints 
 Seasonal demand for bio-fertilizers 
 Simultaneous cropping operations and short span of sowing/planting in a particular locality 
 Soil characteristics like salinity, acidity, drought, water logging, etc. 

Human resources and quality constraints 
 Lack of technically qualified staff in the production units. 
 Lack of suitable training on the production techniques. 
 Ignorance on the quality of the product by the manufacturer 
 Non-availability of quality specifications and quick quality control methods 
 No regulation or act on the quality of the products 
 Awareness on the technology 
 Unawareness on the benefits of the technology 
 Problem in the adoption of the technology by the farmers due to different methods of inoculation. 
 No visual difference in the crop growth immediately as that of inorganic fertilizers. 

CONCLUSIONS:  
Bio-fertilizers are microbial inoculants or carrier based preparations containing living or latent cells of 
efficient strains of nitrogen fixing, phosphate is solublizing and cellulose decomposing microorganisms 
intended for seed or soil application and designed to improve soil fertility and plant growth by increasing 
the number and biological activity of beneficial microorganisms in the soil. So they are recognised as one of 
the components of integrated plant nutrients supply (IPNS).  

REFRENCES: 
[1]. Venkatashwarlu B.(2008).Role of bio-fertilizers in organic farming: Organic farming in rain fed 

agriculture: Central institute for dry land agriculture, Hyderabad, 85-95 
[2]. Wu, S. C., Cao, Z. H., Li, Z. G., Cheung, K. C. and Wong, M. H. (2005). Effects of biofertilizer containing N-

fixer, P and K solubilizers and AM fungi on maize growth: a greenhouse trial. Geoderma, 125(1-2), 155-
166. 
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Imbalance and continues use of chemical fertilizers declining the soil health. After independence the 
demand of food grain increased, to meet out this problem and make the nation self sufficient a mega event 
started as Green Revolution in 1960. After green revolution farmers start to use high amount of chemical 
fertilizers in their field to achieve maximum production. Farmers who do not aware about chemical 
fertilizers before 1950 and use only organic inputs, these farmers know use only chemical fertilizers. 
Indiscriminate use of chemical fertilizers, soil pollution and imbalanced nutrient management are the main 
causes of soil degradation. By using chemical fertilizers regularly there are many side effects such as 
secondary salinization, deterioration of soil health, reduction in soil fertility. Not only are these chemicals 
harmful but costly also. Keeping this view in mind, the present article based on how to prepare scientifically 
improved organic inputs or manures which can easily prepare own farm by the farmer. It is very nutritious, 
eco friendly and cost effective.  
    
Organic Compost: Compost which are produced or generated organically and used to improve or maintain 
soil fertility, and soil health. Examples: Rapo- compost, Bio dung compost, Vermi-compost, and Phospho 
compost etc. 
1. Rapo- Compost: Rapid composting is the time saving technique for obtaining good quality compost. This 

composting method is suitable for recycling of kitchen and vegetable wastes. 
Ingredients: For the preparation of 50 kg compost, 75 kg fresh biomass (waste material), 25 kg fresh 
cowdung, 0.5 kg urea, 25 g fungal inoculum (105 viable cell), 0.5 litre bacterial (108 viable cell), and 0.5 litre 
actinomycetes (108 viable cell) inoculum are required. 
Method:- 
1. First collect the biowaste (domestic and kitchen waste) materials and partially dried. 
2. Segregate the harmful non-biodegradable waste materials. 
3. Waste materials mixed with fresh cow dung in the ratio of 1:0.2 (on dry weight basis) 
4. Mixed material inoculates with different consortium of organisms. 
5. All materials mixed together and fed to rapo-compost bioreactor. 
6. Maintained the Moisture content throughout the composting period at 60% of water holding capacity. 
7. Temperature is maintained at 550 C during first 21 days of composting 
8. Periodic turning is done using hand peddle to homogenize the inside materials 
9. After one month the humified organic manure was prepared and ready for curing. 
10. Sieved the compost with 4 mm sieves and stored at 25% moisture condition. 
Benefits: 
1. Rapo-compost would prepare compost within 1-1.5 months and the nutrient value improved such as 
total nitrogen 0.89 to 1.75 % 
2. At 30 days of decomposition the colour of the compost was dark brown and with no foul odour. 
3. C:N ratio of matured compost is 14:1, water soluble carbon reached to 0.5% whereas the content of NH4 
-N and NO3 -N varied from 1.3-0.28 and 0.14-0.84 g/kg, respectively  
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4. Large quantities of wastes materials may be recycled back to the field after converting them to quality 
manure. 
5. Pathogens and weed seeds do not survive at high temperature during the composting process 

2. Bio dung compost- Bio dung is a scientific method of composting in which organic biomass is soaked with 
cattle-dung slurry and polythene coverage over biomass provides optimum conditions for temperature, 
moisture and aeration for microbial activity. 
Ingredients: field biomass, monsoon weeds, leaf litter and cattle dung and black polythene sheet 
Method: 
1. Biomass is piled up in systematic layers, roughly each layer of the thickness of 6"-9" containing organic 
biomass. 
2. The biomass layer is well soaked in water and cattle dung slurry or biogas slurry and the heap is covered 
with black polythene sheet.  
3. Turn the heap two time at the interval of 15 days and 50-60% moisture is maintained in the heap.  
4. Polythene coverage helps in maintaining moisture and temperature (50-600C) in the biodegradation of 
heap during the initial period of 10-15 days.  
5. Fully decomposed dark colored compost is prepared in 50-60 days called bio dung.  
Benefits: 
1. Bio dung manure is made ground surface heaped under tree shade. It does not require any special 
structure. 
2. It requires agricultural field biomass, monsoon weeds and leaf litter as raw material. 
3. Partially decomposed organic matter from this process can be used as vermi feed for vermi composting. 
4. It has C/N ratio of 15-20 and N from 0.8 to 1.2%, depending on the raw biomass used. 

3. Vermicompost: The collection of vermicast along with microbially degraded organic compost is called 
vermicompost. The excreta or "casting" of earthworms are rich in macro and micro nutrients and also in 
bacterial and actinomycetes population. The species identified for multiplication & vermicomposting are (i) 
Eisenia foetida (ii) Eudrilus eugeniae and (iii) Perionyx excavatus. 
Ingredients: Earthworm, organic waste, cattle dung and gunny bags 
Method: 
1. First cattle-dung heap of the size 3m x 1.5m x 1.5m shall be prepared in shade after that moistened the 
heap and maintain the moisture about 50 - 60% for about 30 days.  
2. Turned the heap at least twice at the interval of 15 days.  
3. After 30-40 days when the temperature of the heap is reduced to 25-300C, this predigested or partially 
digested cattle-dung should be transferred to vermibed. 
4. Vermibed of the size 3m x 0.9m x 45cm can be prepared under shade. 
5. The bottom layer of vermibed should be loosely lined with brick pieces, pebbles or twigs to facilitate 
aeration and avoid compaction. 
6. After this, approximately 9" - 12" thick layer of half decomposed biomass over the basal layer of 
vermibed is made. To maintain moisture water is sprinkled over the layer. 
7. 2000 earthworms are inoculated in one bed. 
8. Covering the bed with neem leaves or other dry biomass like wheat straw paddy straw or dry grass also 
can help in protecting worms from red ants. 
9. After 40-45 days vermicompost is prepared.  
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10. Due to low moisture content on surface and lack of feeding material worm move downward than 
harvest the vermicompost. 
Benefits: 
1. The worm castings contain higher percentage of both macro and micronutrients than other compost. 
2. Vermicompost enhance the plant growth. 
3. Improve soil physical properties like water holding capacity, aeration and porosity. 
4. Improve biological properties of soil. 
5.  It benefits the environment by declining the need for chemical fertilizers and reducing the amount of 
waste going to landfills. 
 
4. Phospho Compost: Phospho-compost is organic and natural manure. It is produced from organic matter 
such as crop residues, cattle dung, urine etc. These organics are mixed with pyrite or rock phosphates and 
enriched with phosphate solubilising microorganism. This process enables the non-solubilised phosphorus 
to get solubilised, which can easily be taken up by plants from soil. 
Method : 
1. Prepare impermeable pits of the size 2.5 m x 2.5 m x 1.0 m. The size can be varied on the basis of the 
availability of organic matter.  
2. Fill the Pits with Organic matter or crop residues are layered at the bottom for 3-4 inches. 
3 Over this rock phosphate, cattle dung, soil and saprophytic inoculum is sprinkled in the form of 
suspension.  
4. Then, a second layer of organic matter is added.  
5. To bring about uniform exposure of organic matter to the microbial inoculum, small heaps of organic 
matter is mixed thoroughly with inoculum before adding to the pit.  
6. In this way, alternate layers of organic matter and microbial suspension are put to fill the pit completely.  
7. While filling the pit, organic matter, cattle dung, soil and compost are added in the ratio of 8:1:0.5:0.5. 
The whole mixture contains 12.5% rock phosphate and saprophytic microbes are used @ 0.5 kg/MT of 
organic matter. Nitrogen-rich phospho-compost, can be prepared by pyrite @ 10% w/w and nitrogen @ 1% 
w/w is used.  
8. After filling the pit completely with organic matter, it is covered with either plastic sheet or mud. 
9. For appropriate microbial action, content of the pit has to be given 3-4 turns in every 15 days. Prior to 
turning adequate water should be sprinkled on the decaying organic matter, so that 60-70% moisture is 
maintained.  
10. In this way, phosphorus-rich well-ripened (applicable to crops in farm) phosphor compost will be ready 
within 3-4 months.  
11. The manure can be collected and stored in shed. The final prepared compost  must  be stored at 12-15% 
moisture level. It can be then packed into 50 kg polypropylene bags and stored. Use this manure as 
phosphoric manure. 
Benefits: 
1. Phospho-compost contains nutrients 2-8 times more than traditional compost. 
2. Cost effective method for compost preparation. 
3. Enhance the phosphorus availability to plants. 
4. Eco friendly in nature. 
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CONCLUSION: Scientifically prepared compost is rich source of nutrients. It is very cost effective and eco 
friendly source. By using this farmer can improve soil fertility and productivity. 
 
REFERENCES: 

[1]. ICAR-IISS Technology Folder 2015: Rapid Composting Technique Ways to Enhance Soil Organic Carbon, 
Productivity and Soil Health. 
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Article id: 22184 
1Neeta Mahawar 
Ph.D. Scholar, Soil Science and Agricultural Chemistry, RVSKVV, Gwalior, MP 

 
INTRODUCTION 
  The World Government Summit launched a report in collaboration with Oliver Wyman for the 2018 
edition of the international event “Agriculture 4.0: The future of farming technology” addresses the four 
main developments placing pressure on agriculture to meeting the demands of the future: Demographics, 
Scarcity of natural resources, Climate change, and Food waste. 
  Although demand is continuously growing, the world has to produce 70 percent more food by 2050, 
using less energy, fertilizer, and pesticide while lowering levels of GHGs and coping with climate change. 
Therefore, old technologies must be maximized, and new ones generated. 
  Agriculture 4.0, the coming agricultural revolution, must be a green one, with science and 
technology at its heart1. Agriculture 4.0 will need to look at both the demand side and the value 
chain/supply side of the food-scarcity equation, using technology not simply for the sake of innovation but 
to improve the real needs of consumers and reengineer the value chain. Modern farms and agricultural 
operations will work differently, primarily because of advancements in technology, including sensors, 
devices, machines, and information technology. Future agriculture will use sophisticated technologies such 
as robots, temperature and moisture sensors, aerial images, and GPS technology. These advances will let 
businesses be more profitable, efficient, safer, and environmentally friendly. Agriculture 4.0 will no longer 
have to depend on applying water, fertilizers, and pesticides across entire fields. Instead, farmers will use 
the minimum quantities, or even completely remove them from the supply chain. They will be able to grow 
crops in arid areas and use abundant and clean resources such as the sun and seawater to grow food. 
 
Three general trends where technology is disrupting the industry that we will address, showing specific 
examples of solutions with high potential to disrupt the system: 
1. Produce differently using new techniques 
2. Use new technologies to bring food production to consumers, increasing efficiencies in the food chain 
3. Incorporate cross-industry technologies and applications 
 
1.1. Produce differently using new techniques 
Hydroponics 
Hydroponics, a subset of hydroculture, is the method of growing plants without soil, using mineral nutrient 
solutions in a water solvent. This system is sustainable, doesn’t rely on fossil fuels (drawing its energy from 
the sun), and doesn’t require land. The result: an equivalent quantity of food to that grown using traditional 
methods.  
Algae feedstock 
Algae farmed in aquaculture sites can become a substitute for feedstock and fishmeal. Algae is a more 
reliable source of feedstock, given that its availability is not dependent on catching fish. This provides 
producers greater control over costs and the ability to forecast future investment or financial results. Algae-
based feedstock is an effective and inexpensive substitute. 
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Fisheries are the most important sources of feedstock. However, only a small percentage of global fish 
production is actually channeled towards human consumption, with the rest used for fish feed and animal 
feed.  

Desert agriculture and seawater farming 
World’s 3/4th surface is covered in water, in the form of oceans. The remaining landmass of the Earth 
amounts to approximately 29 percent of the surface. Of this remaining 29 percent, one-third consists of 
deserts of all types. To tackle the food crisis, the world must turn the world’s desert and sea into food 
production facilities, an effort that will need the combined brainpower of the brightest minds, universities, 
and research facilities. Key areas of biotic research include: Genome engineering technologies to 
manipulate biological systems and plant growth and development; growth regulators that improve plants 
or response to adverse conditions; and plant hormones that shape shoot and root architecture according to 
nutrient availability. Given that harvest losses by drought, salt, and heat amount to approximately 60 
percent of total productivity, improving abiotic stress tolerance is key to crop improvement. The ability of 
plants to adapt to extreme stress conditions depends on the association with specific microbes associated 
with plants growing in extreme heat, drought, and salt conditions; molecular mechanisms that enable 
plants to adapt to extreme environmental conditions induced by the microbial association; and use the 
appropriate rhizosphere partners to enhance plant stress tolerance and help increase crop food production 
in a sustainable way.  

Sustainable packaging: Bioplastics 
New technologies and solutions are disrupting not only the production side of the value chain but also food 
packaging. 100 million tons of debris drifting in the oceans, much of it disposable plastic-food packaging 
containers and bags.  
Bioplastics have been around for more than 20 years. A startup the “Bengaluru-based Envigreen”, has 
patented its own technology for a starch-based raw material. This material, made from tapioca starch and 
vegetable oil, is more than just compostable and leave no toxic residue. This means that it doesn’t require 
industrial composting conditions, and breaks down even in the normal environment. In fact, versions of the 
product are soluble in hot and cold water, respectively. 

2.1 Use new technologies to bring food production to consumers, increasing efficiencies in the food chain 
Vertical and Urban farming 
Vertical farming is one answer to providing high-quality produce sustainably. Vertical farming is the process 
of growing food in vertically stacked layers, producing food in challenging environments where suitable 
land is unavailable. Associated with urban farming, it uses soil, hydroponic or aeroponic growing methods. 
Soil is replaced by a water solution that is rich in macronutrients like nitrogen, potassium, phosphorous, 
calcium nitrate and micronutrients like manganese, zinc etc. A ‘grow system’ controls the balance of 
nutrition, humidity and temperature, uses less water than soil-based farming and increases yield without 
chemicals or pesticides. The process uses 95 percent less water, less fertilizer and nutritional supplements, 
and no pesticides, while boosting productivity. 
To be cost effective, however, vertical farming is dependent on affordable electricity. Governments can 
support the development of these farms by offering power subsidies or other tax incentives.  
Nanotechnology and Precision agriculture 
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The Green Revolution of the 20th century was driven by a blind use of pesticides and chemical fertilizers, 
resulting in a loss of soil biodiversity and a rise in resistance against pathogens and pests. The new 
revolution will be precision agriculture, driven by nanotechnology2. This revolution will see nanoparticles 
delivered to plants and advanced biosensors for precision farming. Nano encapsulated conventional 
fertilizers, pesticides, and herbicides will release of nutrients and agrochemicals in a slow and sustained 
manner, resulting in precise dosage to the plants.  

3.1. Incorporate cross-industry technologies and applications 
Drone technology 
Drones3 aren’t a new technology. Drone technology is giving agriculture a high-tech makeover. Here are six 
ways drones will be used throughout the crop cycle: Soil and field analysis, Planting, Crop spraying, Crop 
monitoring, Irrigation, Health assessment. 

 
 
SUMMARY 
A number of global trends are influencing food security, poverty, and the overall sustainability of food and 
agricultural systems. The agriculture industry is facing several challenges. Agriculture has to meet the 
demands of the future such as demographics, scarcity of natural resources, climate change, and food waste. 
These macro trends have led to the food scarcity problem. The outcome has been poverty and hunger 
globally: 700 million people remain extremely poor, 800 million face chronic hunger, and 2 billion suffer 
micronutrient deficiencies. To combat these trends, a number of avenues lie open. Modern farms and 
agricultural operations will work differently hand in hand with future technologies such as robots, 
temperature and moisture sensors, aerial images, and GPS technology. These advances will let businesses 
be more profitable, efficient, safer, and environmentally friendly. Agriculture 4.0 will no longer have to 
depend on applying water, fertilizers, and pesticides across entire fields. Instead, farmers will use the 
minimum quantities, or even completely remove them from the supply chain. 
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Transformation of integrated farming system into energy efficient model to address global 
climate change 
Article id: 22185 
Harish M N and Amaresh Pradhan 
Ph.D. Scholar, ICAR-Indian Agricultural Research Institute 
 
INTRODUCTION 
The effects of agricultural activities on the environment are of growing concern. Particularly, the 
consumption of fossil energy, increasing energy prices, and the current debate on human influences 
on climate change and global warming hold a strong link to agriculture. In fact, today’s agricultural 
production relies heavily on using non-renewable fossil fuels. On a global scale, agriculture is 
responsible for about 5% of the total energy used. All the inputs into an agro-ecosystem can be 
expressed in terms of energy. In this context, energy analysis can be applied as an integrative measure 
concerning the intensity of crop production. The input and output of energy are two important factors 
for determining the energetic and ecological efficiency of crop production, thus improvements in 
energy efficiency will lead to more environment-friendly production systems. Thus a less efficient 
energy use can result in problems such as global warming. Hence there is a need of crop production 
methods that maximise energy efficiency and minimise greenhouse gas emissions is vital. 
  Environmental problems due to intensive use of energy remain crucial, especially because of 
CO2 and NOx emission due to the fossil energy combustion, CO2 being the major ‘‘greenhouse gas’’ 
and the NOx being involved in the generation of the ozone-gap in the troposphere. Efficient energy 
use by the agriculture sector is one of the conditions for sustainable agriculture because it allows 
financial savings; fossil resources preservation and air pollution decrease (Pervanchon et al., 2012). 
Future agricultural sustainability will be achieved from an equilibrated solution of many productive, 
environmental, and economic issues. Among these, improved energy efficiency and reduced 
greenhouse gas emissions are fundamental (Alluvione et al., 2011). Agriculture and land use change 
such as deforestation contribute to respectively 13 and 17% of total anthropogenic greenhouse gas 
(GHG) emissions. Though the CO2 emissions from agriculture are small. Methane and Nitrous oxide 
emissions are projected to further increase by 35 to 60% by 2030, driven by growing nitrogen fertilizer 
use and increased livestock production in response to growing food demand (Rahman et al., 2012). 
Main goal for improving the environmental performance of agricultural production has been 
minimising energy consumption. This contrasts with increasing fossil energy use over the recent years 
mainly due to the fact that human or animal power was substituted by machine power. However, not 
only fossil energy but also arable land must be seen as a limited resource in agricultural production 
(Deike et al., 2008). 
  The integrated arable systems, when compared with conventional farming systems on a per 
hectare basis, have the potential to reduce overall energy consumption by about 23% has been well 
documented. The majority of energy reduction due to balanced fertilization and soil conditions. So 
integrated farming system is energy efficient and environmental friendly. 
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Three laws of thermodynamics. 
First law:-Energy can neither be created nor destroyed; rather, it transforms from one form to 
another. For instance, chemical energy can be converted to kinetic energy in the explosion of a stick 
of dynamite. 
Second law:-The entropy of any isolated system always increases. 
Third law:-The entropy of a system approaches a constant value as the temperature approaches 
absolute zero.  
Entropy:-A thermodynamic property that is the measure of a system's thermal energy per unit of 
temperature that is unavailable for doing useful work. 
Energy efficiency:-It is the amount of useful energy obtained from any type of system. An energy efficient 
machine would convert all the energy put into the machine to useful work. Human body is a good example. 
The human body is like a machine, and the fuel requires is food. Food gives energy to move, breath, and 
think. But the human body isn’t efficient at converting food into useful work. The human body is <5% 
efficient most of the time. The rest of energy is lost as heat. We can feel the heat when we exercise. 
 
Per capita energy consumption in different countries: 

Country Per capita consumption (kW/hr) 

U.S.A 13456 

Japan 8612 

U.K 6614 

Russia 6062 

Brazil 2183 

China 1484 

India 665 

(UN Human Dev. 2005) 
 
Growth trends in mechanical farm power sources in India 

 1950 1960 1970 1980 1990 1997 2000 Growth rate 
(%) base year 
1970 

 tractive power (number in millions) 

Tractor 0.008 0.031 0.148 0.518 1.222 2.037 2.47
1 

9.84 

Power tiller -------- -------- 0.003 0.021 0.040 0.085. 0.11 2.7 

 stationary power (number in millions) 

Electric pump 0.02 0.1 1.629 4.33 6.01 8.254 9.52
5 

6.06 

Diesel pump .083 .23 1.546 3.101 4.659 5.899 6.46
5 

4.88 

 other (number in million) 

Power --------- --------- 0.045 0.124 0.2 0.245 0.31
1 

6.66 

sprayer/duster         
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(www.naasIndia.org) 
From this table, we can see that total number of tractors has increased drastically from .008 million in 
1950 to 2.5 million in 2000 with the growth rate of 9.84% annually. The electric pump and power 
sprayers which were almost nil during 1950 are million in numbers now. This indicates increase in 
energy consumption over the years in turn indicates use of more mechanisation in agricultural sector. 
 
Farm power availability and average productivity of food grains in India 

Position State Farm power availability (KW/ha) Food grain productivity 
(kg/ha) 

1 Punjab 3.5 4032 

2 Haryana 2.25 3088 

3 U.P 1.75 2105 

4 A.P 1.6 1995 

5 Uttaranchal 1.6 1712 

6 West Bengal 1.25 2217 

7 Tamil Nadu 0.9 2262 

8 Karnataka 0.9 1406 

9 Kerala 0.8 2162 

10 Assam 0.8 1443 

 All India 1.35 1723 

Whatever increase in productivity of food grains in India that was mainly due toincrease in farm 
power availability.Punjab and haryana are the states with highest farm power availability in the 
country, so there productivity is also highest in food grains compared to average India productivity 
which is only 1723 kg/ha. 
 
Energy use and energy productivity of some of the major crops in India. 

 Crop Total energy (MJ/ha) Energy productivity (kg/MJ) 

Food grains Paddy 13076 0.239 

 Wheat 14657 0.196 

 Maize 9956 0.215 

 Sorghum 4745 0.2 

Pulses Bengal gram 5464 0.19 

 Black gram 3870 0.105 

 Green gram 4315 0.118 

Oilseeds Mustard 8051 0.119 

 Soybean 6382 0.171 

Commercial 
crops 

Sugarcane 59192 1.039 

 Cotton 9972 0.094 
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Energy use of transplanted paddy cultivation in different areas 
 

Energy resource Irrigated Rainfed 

Direct energy 14716 7139 

Indirect energy 18803 3990 

Total energy 33519 11129 

Energy productivity 0.139 0.25 

(AICRP on Energy requirement) 
 
Energy use of transplanted paddy cultivation under both rainfed and irrigated condition were studied 
in different areas. Observed that energy use under irrigated condition was higher compared to rainfed 
condition, but rainfed condition was having highest energy productivity due efficient use of energy 
compared to irrigated condition. 

(ICAR,2011) 
Climate change: -Long term change in earth’s climate, especially a change due to an increase in 
average atmospheric temperature. 
 
Major  Green house  Gases: The contribution of different greenhouse gases to global warming  

 Carbon dioxide-63% 

 Methane-24%  

 Nitrous oxide-10%  

 Others-3% 
 
Trends in atmospheric CO2, CH4 and N2O: IPCC 5th Assessment Report (2014) 
Atmospheric CO2 concentration has crossed 400 ppm in the recent years.Methane concentration 
increased from 800 to 1800 ppb.Nitrous oxide concentration increased from 270 to 320 ppb. 
 
Contribution of Agriculture to Climate Change (IPCC, 2014) 
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More mineralization Increased 

Soil Health 

Greater evapo- 
Increased 

Soil water deficit 

Increased greenhouse gas in the 
atmosphere 

   Agriculture contributes 11% (10-12%). 
   Forestry contributes 12-20%. 
   Including forestry, it contributes 24%. 

 
Impact of climate change on soil health 

 
 
Adaptation strategies to climate change 

 Developing climate-ready crops. 

 Changing land-use management. 

 Crop diversification. 

 Improving pest management. 

 Harnessing indigenous technical knowledge. 

 Developing insurance and forecast systems. 
 
Integrated farming system 
Integrated Farming Systems a component of farming system research introduces a change in farming 
techniques for maximum production in a cropping pattern and take care of optimal utilization of 
resources. It focused round a few selected, inter-dependent, inter-related and often inter-linking 
production systems based on few crops, animals and related subsidiary professions. 
 
Different component of Integrated Farming System 

 Field Crop production Vegetables  

 Fruit cultivation  

 Poultry farming 
 Livestock integration  

 Duckery  

 Aquaculture  

 Agroforestry 

 Bee- keeping 

 Mushroom cultivation  

 Bio-gas plant 
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Food security 

Provide balanced food 

Quality food basket 

High productivity and enhanced farm income 

Effective recycling of resources 

Minimizing environmental pollution 
 

Employment generation 

Elements of Integrated Farming System 
Following elements may be included in IFS demonstrations depending upon the individual farmer’s 
resources, interest and opportunities. 
• Watershed 
• Farm ponds 
• Bio-pesticides 
• Bio-fertilizers 
• Plant products as pesticides 
• Bio-gas 
• Solar energy 
• Compost making (Vermi, Japanese, Improved etc.) 
• Green manuring 
• Rain water harvesting 
 
Role of Farming System 
 
 

 
Minimize environmental pollution 

 In Punjab, Haryana and western Utter Pradesh, burning of rice residue is common practice, 
which increased the concentration of greenhouse gases in atmosphere, in addition to huge 
amount of nutrient loss. 

 Such situation could be avoided by introduction of some more enterprises like animal 
husbandry on the farm. 

 Rice straw may be used as animal feed. 
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A Model for the Cycling of Matter and Flow of Energy 

 
 
 
Energy production and flow 
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Energetic parameters 
 

Energetic parameters Definition Unit 

Direct energy input (Ed) Input of diesel GJ/ha/year 

Indirect energy input (Ei) Seed+ fertilizers+ pesticides+ machines GJ/ha/year 

Energy input (E) E=Ed+Ei GJ/ha/year 

Energy output (EO) Energy in the harvested biomass 
(main product+ by product)-energy 
in the seed 

GJ/ha/year 

Net energy output (NEO) NEO=EO-E GJ/ha/year 

Energy intensity (EI) EI=E/GE MJ/grain equivalents 

Output/input ratio (OI) OI=EO/E ------------- 

By this tabular representation we can calculate the various energetic parameters which are 
needed for us. 
 
Table: Energetic consumption and energy indicators for different system 

Energy indicator Machinery Irrigation Fertilizers Pesticides Total (MJ/ha) 

0 17429 7766 13354 1766 40315 

7 3821 0 5234 315 9370 

10 3400 0 0 0 3400 

                                                            (Pervanchon et al., 2012) 
Another experiment was conducted by pervanchon and Co-workers on the energetic consumption and 
energy indicators for different. Zero indicates conventional system where energy consumption is very 
high and ten indicates organic system where energy consumption is very low. Seven indicates IFS where 
energy consumption is lies between both conventional and organic system so it has advantages of both 
the system. 

 
CONCLUSION 

Efficient utilization of scarce and costly resources is the need of the hour to make crop production a 
viable proposition in the present day competitive scenario. Following the concept of Integrated farming 
systems through supplementation of allied agro- enterprises by recycling the waste of one enterprise in 
another is a right step in this direction. It provides alternate and sustainable avocation to marginal and 
sub-marginal farmers. Fruit, mushroom, apiary, animal production and poultry have been more viable 
with them. The crop residues and biomass available in plenty in the crop production system need to be 
properly managed to harness full benefits. Improving the integrated approach not only enhances farm 
income but also overcomes environmental pollution. A better planning and utilization of the available 
resources will usher in bright prospects for the farm economy as a whole. 

REFERENCES: 
[1]. Pervanchon, F., Bockstaller, C., and Girardin, P. 2012. Assessment of energy use in arable 

farming systems by means of an agro-ecological indicator: the energy indicator. Agricultural 
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A New Era in the Cultivation of Tea Varieties 
Invited article id:  AFM-I-008                                                
Bhopal Singh 

 
Assistant Professor (Dairy Technology) 
Faculty of Science 
Dayalbagh Educational Institute (Deemed to be University), Agra (U. P.) 

Tea (camellia sinensis) belongs to the family of Theaceae, is a plantation crop that was originated 
from China and known as the “National Drink of China”. This aromatic beverage is prepared by 
pouring the tea flakes in boiled water for the extraction of its flavour and nutritional components 
that is served after straining. 

                      
The large scale production was started in the early of 1820’s by the East India Company in Assam 
(India). After 1947, large scale of production of tea increased rapidly. The Indian tea industry 
introduced many tea varieties over the decades. In the current year tea industry revealed some 
special varieties that have different characteristics, flavour and obtained by different processing 
methods. Manohari (Assam), Harmutti (Assam), Oolong (China) Golden Needle (Arunachal Pradesh) 
are the some tea varieties that have known for their different flavour.  
 
The Golden Butterfly tea (Assam) variety is one  of this class, was cultivated from last ten years but it 
was successfully cultivated and gain the market value in September 2019 i.e. Rs. 75000/kg, that is 
highest in the world. The atmospheric conditions of Assam are essential for producing this variety. 
The name of this variety was given as “golden butterfly” because of its soft golden tips was used for 
preparing this rare tea and cultivators spotted the presence of a swarm butterflies in the tea field.  
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The best possible trial for the cultivation of this variety was done in the month of June (A month of 
highest temperature in India). Only eight kilogram of tea was produced successfully in which one 
kilogram was graded for selling.  It is difficult to say whether this tea will be produced in the next 
years or not hence, categories as rare variety of tea. This variety was sold by Guwahati Tea Auction 
Centre (GTAC) and created another international history followed by Maijan Golden Tips tea as Rs. 
70501/Kg. This tea was cultivated and processed by the Dikom Tea Estate near Dibrugarh (Assam) 
and purchased by Assam Tea Traders that is oldest tea shop in Guwahati. 

 
The GTAC (India) is an emerging organization in the marketing of tea, started in 1970’s and provides 
opportunity to sellers. All varieties of tea sold by this organisation get the best possible prices on 
basis of quality parameters.  This exotic tea is judged by its colour and unique flavour characterised 
by extremely mellow and caramel flavour that matches with exoticness. 
This is the new era in the cultivation and processing of tea so that it is not possible to say about its 
flavour & nutritional components that provides nutritional significance hence there are lots of 
possibilities for researchers for finding its physico-chemical, microbial and nutritional significance. 
Researchers should develop techniques for reducing the cost of cultivation so that it can be easily 
reach to hands of common man. 
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