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Role of Information Technology in Modern Agriculture 
Article ID: 37750 

Sunil Kumar1, Lalit Kumar1, L. R. Meena1, PC Ghasal1 
1ICAR-Indian Institute of Farming Systems Research, Modipuram. 

 

 
 

In present day scenario agriculture not only plays a key role in food security and sustainable development 

of vast population of under developed and developing country but also play an important part of economic 

management.  Presently, by being virtue of popularization of internet the adjustment as well as the 

structural improvement of agricultural information industries has been accelerated. The wide applicability 

of information technology can also be a boost in economic management of rural areas. In India, as compare 

to the developed nations agricultural information industry started very late besides its applicability is also 

late due to poor education standard of the farmers. Therefore, the present article deals with the advantages 

and disadvantages of agricultural economic management information techniques by comparing modern 

production factor and agriculture economic information management carried out by means of agricultural 

data collection. It is evident that as compare to the use case test of agricultural information platform data 

collection, information technology-based techniques can effectively improve the efficiency of agriculture 

production. Experimental results show that information technology can effectively be applicable as a tool 

to make up for the lack of economic information management in agricultural production and life. However, 

for its effective applicability, the government should increase capital investment in personnel training to 

promote agricultural economic management information. 

Agriculture and its Contribution to Poverty Reduction 

Reports are available those shows that agriculture can contribute a lot towards poverty reduction of poor 

farmers by being posing direct effect on their income. Development in agriculture not only stimulates the 

economic development of other industries but also lead to higher job and overall growth creation. Increase 

in agricultural productivity was found to link directly with increase in several economic indicators viz., 

farm income, food supply, reduction in food prices and provide greater employment opportunities in rural 

and urban areas. Higher income of individual in turn can increase the consumer demand for goods and 

services. Such kind of multiplier effects link with the agricultural sector growth and the wider economy 

would enable developed countries to diversify its population to other sectors where growth is higher and 

wages are better since it already being proved that coming out of peoples from agricultural sector to some 

other sector highly linked to faster development of a country. This is particularly true in rural areas where 

about 70% of the world’s poorest people live (IFAD 2011a). As per Haggblade et al (2002) nearly one fourth 

of rural population is being employed full time in non-agriculture sectors those contributes nearly 35-40% 

of rural incomes. This does not only hold true in case of wealthier rural population but the 20% of poor also 

earn nearly 30% of their income from nonfarm sources (DFID 2005).  

Agriculture still has a large portion of share in gross domestic product (GDP) in spite of high percentage of 

its produce being utilized by poor as food. It was observed that the countries where constant increase in 

agricultural productivity achieved simultaneously nonfarm sector activities also got developed and those 

were remained less dependent on agriculture for their economy. Thus, growth in agricultural sector that 

largely depend on the changes in productivity and the size of farms contributes to wider growth and poverty 

reduction. 

This increase in land and productivity should be focus to pro poor growth and initially land and labor 

productivity must rise to reduce poverty. To create additional employment on farm it is essential that 

https://www.soas.ac.uk/cedep-demos/000_P534_PPM_K3637-Demo/unit1/page_20.htmland productivity should 

rise to a faster speed that on turn would benefit the poor and leads to create demand for non-farms goods 

and services. It was also observed that as soon as the growth in agriculture sector increases more and more 

employment opportunities found available in non-agricultural sectors too. Thus, wage rates for farm 

laborers also rise due to come out of labor from agricultural sector. However, at this stage, it is imperative 

to enhance labor productivity which is essential to maintain regular food supply and to control prices. 

https://www.soas.ac.uk/cedep-demos/000_P534_PPM_K3637-Demo/unit1/page_20.htm
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Modern Agriculture Opportunities 

Farmers, in begging domesticated cereals, fruits, vegetables and animals. This helped to preserve many 

species selected for their high nutrient content and reliable harvests. Depending on their locations, initially 

farmers grew a large variety of foods but due to advent of rail and other rapid transport facilities in the 

19th century this habit of farmers eventually got changed and as a result a shifting in farming methods 

took place. Now a day’s more emphasis is being given by farmers on production of high yielding varieties 

of few reliable grain crops thereby a reduction in global hunger could be achieved. Today, agriculture also 

relies on global trade. Since the human population in world would approach nearly to 10 billion of people 

by 2050 therefore, to meet out the demand of food of such a huge population a continued growth in 

agricultural sector is essential. According to an estimate over 60 percent of world population either directly 

or indirectly engage in agriculture and its allied activities viz., farm equipment manufacturers, food 

processing plants, transportation, milk and milk produce industries, infrastructure and manufacturing 

units etc for their livelihood survival hence agriculture sector offer grave opportunities in developing 

nations to lift out people from poverty. 

Developments in Farming Suitability 

Though, in one-way modern agriculture provide some short of food security but huge reliance upon few 

crops also invites some of the challenges and crop failure due to climate change is more important. Now a 

day’s modern farming approaches are also focus to fight against malnutrition and obesity besides the 

various human health and food security aspects to accomplish this better crop diversity is needed and this 

would also lead to create markets for new crops. In order to secure the food and water supply more 

environmentally friendly farming techniques of set climate challenges developed by inclusion of drought 

tolerant crops, and encourage better livestock health is needed to protect local ecological systems. It is 

observed that sustainable farming methods not only create better food diversity but also preserve water 

with more efficient manner.  In this way organic agriculture could be a way forward for sustainable food 

supplies and to safeguard our environment. Farmers engaged in organic farming work to improve soil 

fertility by rotating crops, using cover crops and tilling the soil and remained less dependent on pesticides 

and other chemicals thereby quality and cleanliness of sallow ground water also got maintained. Hence 

organic farming not only encourages biodiversity in crops and maintain more natural environments in and 

around farms but also create better habitats for flourishing of flora and fauna in field. 

Farmers Improve their Communities 

In present day scenario rapid expansion of farmers markets is also a positive development in agriculture. 

Farmers market not only offers better opportunity for small farmers to interact directly with consumers 

but also eliminates the need for long distance transportation thereby the food system remains within the 

local economy moreover locally grown food demand rises due to its cheaper and healthier food options. This 

kind of market facility not only found beneficial to local consumer but farmers also get benefitted by being 

getting new opportunities to sell their crops moreover their children can also learn from this transaction 

as first hand experience.  This kind of farmer’s interaction with market machinery can also be beneficial to 

entire communities to whom they serve. Agriculture always plays an essential role in the economy of entire 

world it’s not only provide foods for the entire population of a country but also offers opportunities to 

farmers to connects and interacts with all the related industries of that country. It is usually believed that 

in countries where agricultural sector is very stable the country is more social, political and economically 

stabile. However, it was also seen that in developing countries where peoples are much more depend on 

agriculture for their living beings are much poorer as compare to those where they work in other sectors of 

the economy. Therefore, to improve the economic condition of agricultural force in these nations there is a 

need to bring out improvement in agricultural sector because it had grave ability to create job opportunities 

to its citizens. In case of under developed and developing countries agriculture not only contribute to nearly 

30-60% of their total GDP but also employs about70 percent of the total work force of that country. 

Therefore, in developing countries agriculture industry can be considered a major source of employment as 

compare to other sector of economy and further improvement in this sector would definitely benefit in 

decreasing their unemployment rate. A stable agriculture industry also plays a crucial role in insuring food 

security of the nation.  This is an issue that related to the whole society and sufficient action must to be 

taken from now on. Since information technology has a grave capacity to improve the efficiency of 
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agriculture industry vis a vis production therefore certain APPS were developed and being successfully 

utilized to help agriculture industries some of them are described below. 

Kisan Diary: The Android app developed by Digital Green being utilized by farmers to capture, analyze 

and control their financial data in better management of their house hold expenses. This app provides free, 

safe and secure services to the farmers in four different languages. This also provides an estimate of crop 

and time based profit /loss analysis to the farmers.   

Mobile course ware: Mobile course ware is a video-based device generally being utilized to train the 

frontline workers and it’s also available in 6 languages. This is a quizzes-based app with contents related 

to agriculture and nutrition to help in keeping track of the learning curve.       

Market Engagement: This is also a Mobile app developed by Digital Green that offers logistics service to 

the farmers in order to sell their fresh produce in Bihar and Bangladesh. The app is very useful for 

smallholder farmers to fetch best possible price and improve income gains from their limited production 

without wasting much time from farming or their family.    

Interactive Voice Response: A video approach developed by Digital Green to disseminate information 

by integrating other technology/ channels to its program. It is one of the mis Interactive Voice Response 

kind approaches that help the institutions to establish direct contact with their beneficiaries at anytime, 

anywhere, in a very cost-effective manner by using even a feature phone.   

Loop: It is an app based logistic service offer to farmers on payment bases. It explores model for farm to 

market linkage in order to fetch better prices and increased convenience for market associability.     

Satellite yield Estimation: The approach of Satellite yield Estimation is focused on physically visiting 

and observing the adopted agricultural practices by farmers and to validate satellite-based yield estimation 

with reality on the bases of the information received by personal interactions. Video Kheti is a responsive 

web application that provides access to our video library through an easy to navigate interface for low 

literate farmers and extension workers on any device. The navigational layer uses graphics, audio, and 

touch interaction to make simple choices in crop, crop phase and activity to reach the desired video.  

Farmer Book: It is an open access platform that displays detailed time line-based activities of farmers of 

various villages plotted on Google Maps to whom we are working. The application stimulates healthy 

competition among partners, village facilitators and community members through the sharing of 

performance data and community feedback. 
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Abstract 

Recently the production of dragon fruit is done in a large scale commercially but the information on 

pollination of this fruit is little known. The flowers are opened at night, and responsive until 7 a.m. the 

following morning, and on gloomy days, they may even stay open until 9 a.m. At night, when bee activity 

is limited, the moths and bats are act as effective. But pollination by bats and moths has not frequently 

been seen. However, at daytime several honeybee species, such as Apis cerana (Honeybee), Apis mellifera 

(European honeybee) and Apis dorsata (Rock bee) are found to pollinate the flower. But for proper fruit 

setting and boosting the yield of fruits, hand pollination is suggested as an effective pollination method. 

Keywords: Pollination, Hylocereus spp., Apis mellifera, hand pollination. 

Introduction 

The ‘superfruit’ dragon fruit, which was just introduced in India, is thought to be a lucrative and promising 

fruit crop. This fruit originated in Mexico, has a very attractive colour, mellow pulp that melts in our mouth; 

edible seeds that are black in colour, and a tonne of nutritional value that entice gardeners from all over 

India to plant this fruit crop (Morton, 1987). 

It is a plant with a long growing season and lovely night blooms known as “Queen of the Night” or “Noble 

Woman” or in addition to these names, the fruit is also referred to as the Dragon Fruit, Night Blooming 

Cereus, Belle of the Night, Strawberry Pear, Cinderella Plant, and Jesus in the Cradle etc. The major 

benefit of this crop is that it can be grown for about 20 years after being planted, and one hectare can 

support roughly 800 dragon fruit plants. Israel, Vietnam, Taiwan, Nicaragua, Australia, and the United 

States all practice commercial cultivation of it (Merten, 2003). It begins to bear fruit two years after 

planting and reaches maximum production in five years. 

Because of the bracts or scales on the fruit's skin, the fruit is called pitaya, which means "the scaly fruit." 

Due to the beauty of their big, creamy-white flowers, which bloom at night, it has decorative value also. 

Hylocereus undatus, which has white flesh with pink skin, Hylocereus costaricencis, which has violet-red 

flesh and pink skin, Hylocereus polyrhizus, which has red flesh with pink skin, and Hylocereus (Selenicerus) 

megalanthus, which has white flesh with yellow skin, are the few varieties of the fruit, all of which have 

leathery, slightly leafy skin (Tel-Zur et al., 2011). Due to their night blooming nature and lack of self-

pollination ability, dragon fruit flowers are extremely reliant on bats, moths, or bees for pollination. 

 
Flowers of Drago fruit 
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Bees visiting the flower of Drago fruit 

 
Hand pollination in Drago fruit 

Role of Different Pollinators in Pollination 

A greater fruit set and size will be ensured by cross-pollination amongst the various kinds in the planting. 

Few studies have been done on the various species of this fruit to determine its pollination needs. The work 

of pollination is never over—even after dark! While some flowers close when the sun goes down (the 

technical term for this is floral nyctinasty), most flowers are still accessible at night.  Despite being 

nocturnal, the flowers are open and responsive until 7 a.m. the following morning, and on gloomy days, 

they may even stay open until 9 a.m (Le Bellec et al., 2006).  When our day-active (diurnal) pollinators turn 

in for the evening, nocturnal pollinators such as moths, bats, beetles, and even some species of bees take 

on the night shift to feast on nectar.  

 Since both nocturnal and daytime visitors to flowers have the ability to serve as pollinators, it has been 

shown that the species, Hylocereus undatus and H. polyrhizus have different needs for biotic pollination. 

While H. undatus has a high fruit set rate and can self-pollinate without the help of floral visitors, H. 

polyrhizus has a lower self-pollination rate and needs biotic pollinators to produce the most fruit (Valiente-

Banuet et al., 2007). For both the species, the function of biotic pollinators on fruit quality is still unknown. 

Flowers open at night, when bee activity is limited, therefore moths (Sphingidae) and bats are effective 

pollinators at that time. Pollination by bats and moths, however, has not frequently been seen. Some 

varieties' flowers are still open and accessible to pollinators in the early to midmorning hours. An 
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alternative method of hand pollination is to gather pollen (or full stamens) from one flower and put it to 

the stigma of other flowers in the early hours of the morning. 

The flower of dragon fruit exhibits symptoms of chiropterophily (available to bats) syndrome, including 

large, open, exposed, white or light-colored evening flowers, powerful nocturnal scents, significant volumes 

of pollen and/or nectar, lasting only one night, and closing early the following morning. As a result, bats 

are acknowledged natural pollinator of this flower (Rech et al., 2014). Some varieties of dragon fruit do not 

generate nectar, and bats do not frequently visit these cultivated flowers. Pollination is therefore done 

manually in crops where there is a dearth of a natural pollinator. This method of pollination has grown 

common and yields good results in terms of the weight and quality of the fruits, but it raises production 

expenses. On the other hand, the honeybee Apis mellifera, a frequent visitor of Hylocereus undatus and H. 

polyrhizus flowers, had a significant influence on the pollination. The insects involved in the effective 

pollination process were identified as Apis cerana (Honeybee), Apis mellifera (European honeybee) and Apis 

dorsata (Rock bee) of the family Apidae. These bee species can help to pollinate flowers of dragon fruit, 

boosting fruit yield and/or enhancing its physicochemical and physical properties. Among these, A. 

mellifera would therefore be used as a managed pollinator of the crop, justifying its usage, and preventing 

additional costs associated with human pollination. 

Conclusion 

According to reports, poor pollination occurs in many nations where the crop is planted as a novel crop 

since there aren't enough natural pollinators present in the local habitats. So, it has been suggested that 

hand pollination be used to boost fruit set and fruit weight. Therefore, artificial cross-pollination of suitable 

clones could be used to accomplish efficient pollination. Therefore, mixed plantings with multiple genotypes 

and hand pollination may be advised to prevent low fruit set and smaller fruits. 
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Abstract 

In the present scenario, the utilization of pseudocereals is increasing day by day among consumers due 

toits various environmental and nutritional security. Pseudocereals are edible seeds belonging 

todicotyledonous plant species as gluten-free grains, due to its excellent nutritional and nutraceutical 

valuethey are embellishing a contemporary trend in human diets. Some of the known pseudocereals 

arebuckwheat (Fagopyrum esculentum) and amaranth (Amaranthus spp.), not overfamiliar plants like 

quinoa (Chenopodium quinoa), huazontle (Chenopodium nuttaliae), kaniwa (Chenopodium pallidacuale) 

and chiaseeds (Salvia hispanica). These grains are resistant to several abiotic stresses like drought, 

temperature,salinity, heavy metal stress and can even grow on marginal lands that are not applicable for 

cereal grains.Hence, they are known as future crops to combat malnutrition and future food crises. 

Defining Cereals and Pseudo-Cereals 

Cereals are members of the grass family (Gramineae) that are grown for their edible starchy seeds. Pseudo-

cereals are grown for the same purpose, but are not members of the grass family. Since they are grouped 

based on use rather than the biology of the plant, this aspect will be considered separately. Initial 

development of cereal plants involves seminal roots that vary from three to eight in number. They arise 

directly from the hypocotyl. Further plant development includes the development of a second set of roots 

which are permanent and arise from the point just a little below the surface of the ground. These roots are 

fibrous rather than tap and are noted for their ability to control soil erosion through an extensive network 

of root hairs. They extend outward and downward in all directions from the crown, providing the primary 

nutrition for the plants. 

Nutritional Compositions of Pseudocereals 

Pseudocereals are packed with different active constituents particularly polyphenols, flavonoids 

(kaempferol, rutin and quercetin), amino acids, dietary fibre, lignans, vitamins, minerals, 

antioxidants,unsaturated fatty acids (linolenic acid), phytosterols and another key element like fagopyritol. 

Incomparison with cereals, the quality and quantity of protein is considerably better in pseudocereal, 

hencethey act as functional food. Starch granules in pseudocereals are featured by low amylose content 

(exceptfor buckwheat). The leading differences in the starch properties of pseudocereals are processing 

properties,which are close to waxy-type cereal starches and seed morphology that determine their 

functionalproperties. Functional properties of pseudocereals such as high viscosity, water binding capacity, 

swelling capability, good freeze–thaw stability is remarkable. They are enriched with amino acids like 

arginine,tryptophan, lysine and histidine, which are vital for infant and child health. They are also 

recognized assuitable food supplement for infants and children. The net protein utilization, protein 

efficiencyratio,pProtein digestibility or bioavailability of protein in pseudocereals is more advanced than 

cereals.Due to low prolamin content its utilization for curing celiac disease patients is creditable. These are 

alsorich in micronutrients like vitamin A, B2, B3 B6, E, C and folic acid.In, buckwheat, proteins, complex 

carbohydrates lipids, rutin, polyphenols and vitamin- B complex areextensively present. They are the rich 

source of total dietary fibre and soluble dietary fibre which aids inprevention of obesity and diabetes. 

Buckwheat is also a vital source of fagopyritol, which help in glycemic control in non-insulin dependent 

diabetic person. 

Amaranth, specifically crucial crop for developing countries carries large amount of crude fibre, 

protein,tocopherols, squalene which has cholesterol-lowering function. Ferulic acid, caffeic acid and 

phydroxybenzoicacid are the major phenolic compounds present in the amaranth seeds. 
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Quinoa is the unique accessible grain loaded with natural important amino acid balance especially rich 

inisoleucine, leucine, phenylalanine, histidine, threonine, tryptophan and valine, lysine and 

methionine.These grains are also enriched with minerals (K, Ca, P, Mn, Zn, Cu, Fe and Na), dietary fibres 

and VitaminsC and E. These seeds are abundant source of flavonoids, flavanols, kaempferol and quercetin. 

Ample amounts of saponins (anti nutritional factors) are also present in quinoa seeds, which vary from 0.01 

to 4.65% in different varieties of quinoa. 

Potential Health Benefits of Pseudocereals 

Being packed with variety of nutrients and gluten-free property, these crops are regarded the best forgluten 

intolerants. The inefficiency to absorb phytosterols by human intestine inhibit intestinal 

cholesterolabsorption because of same structure to cholesterol thus decreasing low density lipoprotein and 

totalcholesterol levels in plasma. Incorporation of pseudocereals in wheat flour increase the quality of 

proteincontent in flour due to presence of high amount of lysine, thus elevate the nutritional quality of 

bread.Squalene and tocotrienols found extensively in amaranth aids in reducing the low-density lipoprotein 

andblood cholesterol. Due to the presence of functional components such as protein, flavonoids and 

phytosterolsin buckwheat is used for the new functional food development. Anti-inflammatory, anti-cancer, 

antiatherogenicand antioxidant activity in the buckwheat reveals the presence of secondary metabolites 

suchas rutin, which help in minimization of cholesterol and cancer effect in animals. Pseudocereals have 

beenalso recognized as the significant source of bioactive components and are very useful for the 

preparation ofdifferent functional value-added food products which aids in prevention of various diseases 

such as cancer,diabetes, cardiovascular diseases. 

Effects of Processing 

To reduce the anti-nutritional components and to enhance the nutritional quality, pseudo-cereals are 

treated with different processing treatments such as fermentation, cooking, popping, soaking, germination 

etc. These processed crops can be used for the preparation of porridges, soups, stews, noodles, beverages, 

pancakes and different bakery and confectionary products. Fermentation and germination also considered 

as the proper techniques for releasing polyphenols, which is known as health advancing antioxidant 

compounds. Furthermore, all these processing treatments give rise to an alteration in the nutritional 

quality either by depletion of antinutrients or an enhancement in digestibility or availability of nutrients. 

Likewise, pseudocereals are now obtaining much interest from nutritionists and food scientist due to 

potential health benefits. 

Conclusion 

Being as a gluten-free grains, their flour or products aids in celiac diseases. Beside this feature it also 

contains high quality protein, ample quantities of fibre and minerals such as iron and calcium with many 

bioactive compounds like polyphenols, phytosterols, squalene and saponins with health-promoting effects. 

Numerous processing treatments like puffing, fermentation, germination and cooking are used to boost 

organoleptic and nutritional features. Now-a-days, breakfast cereals, snack foods, granolas, and cereal-

based beverages are the vital pseudocereal based food products vended on the market. Moreover, both at 

national and international level a collaborative approach is required to accelerate the domestication of 

these functional crops. 
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Abstract 

Phalsa, commonly known as star apple, is an underutilized Indian minor fruit with a wide range of health 

benefits. It is full of nutrients, vitamins, minerals, necessary amino acids, and other beneficial compounds. 

Almost every component of the phalsa plant is utilized medicinally. Unripe fruits were used in the 

treatment of respiratory, cardiac, and blood diseases, as well as fever. Rheumatism has been treated with 

root and bark, and the infusion has been used as a demulcent. On skin problems, the leaves were used. 

Antioxidants, antifertility, antihyperglycemic, radio protective, antifungal, antibacterial, analgesic, 

antipyretic, and antiviral and hepatoprotective properties are all present in the plant. This article focuses 

on the various health benefits and value-added products of phalsa.  

Keywords: Phalsa; antioxidants; antidiabetic; value added products. 

Introduction 

Phalsa (Grewia subinaequalis L.) is a berry fruit native to Southeast Asia and the Indian subcontinent that 

is grown in Pakistan, India, Nepal, and Bangladesh (Khan et al., 2019). It is a member of the "Tiliaceae" 

family. This family contains approximately 41 genera and 400 species, the majority of which are found in 

the tropical and subtropical regions of the world, and some of which have medicinal use. It has a good 

drought resistance (Dave et al., 2016), nutritional and therapeutic properties (Mishra and Deen, 2017). 

Phalsa can be found growing wild in Uttar Pradesh, Haryana, Rajasthan, MP, Punjab, West Bengal, and 

other regions of India. Because to the small fruit size, extended ripening period, repetitive harvesting, and 

highly perishable nature of the fruits, this crop's popularity is limited. Phalsa is known by a various name 

in Indian languages, including Phalsa, dhamin, parusha, and shukri in Hindi, dhaman in Punjabi, shukri 

in Begali, mirgi chara and pharasakoli in Oriya, man-bijal in Assamese, phalsi in Maharashtra, palisa, and 

tadachi in Tamil.  (Tripathi, 2009). 

 
Fig. 1.   Phalsa fruiting plant and ripe fruits 

Nutritional Composition 

The phalsa fruits are good source of carbohydrate (6.8% to 25.8%), sugar and acid (0.42 to 2.5%), and low 

in protein, calorie, and fat content. Citric acid is the most prevalent acid in the fruit, with small amounts 

of malic acid. Vitamin A, C, minerals (calcium, phosphorus, and iron), and fibre are abundant in ripe phalsa 

fruits. Essential amino acids like threonine and methionine can be found in both the pulp and seeds of 

fruits. Anthocyanins, phenolics, steroids, saponins, flavonoids (quercetin, quercetin-3-O-D-glucoside, and 

naringenin-7-O-D-glucoside), tannins are among the bioactive chemicals found in the fruit. The fruit peel 

has the highest antioxidant activity, followed by the pulp and seeds. It contains very high antioxidants in 
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indigenous system of medicine. Apart from linoleic, palmitoleic, heptadecanoic, linolenic, and arachidic 

acids, air-dried phalsa seeds are high in linoleic acid. (Tiwari et al., 2014). 

Table 1. Nutritional value of phalsa fruits: 

Beneficial Effects on Human Health 

Various components of this nutritionally and clinically significant plant have been reported to provide a 

variety of health benefits. In recent years, a number of studies have been done to investigate the 

pharmacological and nutritional potential of this fruit plant. As a result, it is crucial to recognize this plant's 

and its fruit's potential for improving overall human health. The fruit of the Phalsa plant includes a variety 

of photochemical and bioactive primary and secondary metabolites that are beneficial to human health and 

well-being. Almost all species and plant components of the genus Grewia are used as folk medicine for a 

variety of diseases and disorders, with claims of efficacy in the treatment of inflammatory, respiratory, 

cardiac, blood issues, stomach (Vyas et al., 2016) as well as fevers (Gupta et al., 2018). Similarly, phalsa 

sherbet mixed with sugar and lemon is beneficial in alleviating stomach and chest burns, as well as sour 

burning. Hiccups and respiratory problems can be relieved by drinking hot phalsa juice mixed with ginger 

and rock salt. Stomach cooling, anaemia, wound healing, diabetes control, controlling urinary tract 

infections, nausea, vomiting, dead foetus removal, anorexia, indigestion, thirst, toxaemia, spermatorrhoea, 

diarrhoea, tuberculosis, and sexual debility troubles are some of the other therapeutic properties of Phalsa 

fruit and pulp (Khan et al., 2018).  

Rheumatism has been treated with root and bark, and the infusion has been used as a demulcent. On skin 

problems, the leaves were used. Antioxidant, antihyperglycaemic, radioprotective, antibacterial, 

hepatoprotective, antifertility, antifungal, analgesic, antipyeretic, and antiviral properties of the plant 

make it beneficial to cardiovascular and chronic disorders (Sinha et al., 2015). The juice is incredibly 

refreshing and is thought to have a cooling effect, which is especially beneficial during the hot summer 

months. Anticancer properties of aqueous extracts of leaves and fruits against liver and breast cancer. 

Phalsa seeds have been documented to have anti-implantation and abortifacient properties. 

Processing and Value Addition 

The fruit of the phalsa plant (Grewia subinaequalis L.) is highly perishable and has a short shelf life. Since 

the fruit is exceedingly perishable, it must be consumed within 24 hours of being picked. Due to 

fermentation, the colour of the fruits turns dark red, the fruit becomes flaccid, and the taste of the fruits 

becomes bitter. Their freshness cannot be maintained for an extended period of time, and after a few days 

at room temperature, the fruit begins to decay, limiting distribution to distant markets. Post-harvest losses 

in phalsa are extremely substantial, although they can be mitigated by adding value to the fruits. If packed 

under modified atmospheric packing (MAP), dehydrated phalsa powder can be stored for lengthy periods 

of time. Pickle preparation can be done using somewhat unripened but mature entire fruit (green colour) 

dipped in vinegar or oil. By gently boiling the unripe fruit in sugar syrup, preserves can be made. Another 

Nutrients Nutrient value per 100 g edible portion 

Moisture (%) 80.8 

Carbohydrate (g) 21.1 

Protein (%) 1.5 

Fat (%) 0.9 

Fibre (%) 1.2 

Calcium (mg) 129 

Phosphorus (mg) 39 

Potassium (mg) 375 

Sodium (mg) 17.3  

Iron (mg) 3.1 

Vitamin B3 (mg) 0.3 

Vitamin C (mg) 22 

Vitamin A (ug) 16.11 

Riboflavin (mg) 0.264  

Carotene (ug) 419 
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product that can appeal to consumers' senses is a carbonated phalsa beverage. Fruit pulp and sugar are 

combined to make phalsa jam, which can be utilized to top baked products. To produce a nutritious and 

aromatic herbal tea, leaves and fruits may be boiled in water. After mixing with sugar and preserving with 

sodium benzoate, syrup and squash can be made from phalsa fruit juice (Tiwari et al., 2014). Phalsa juice 

is particularly popular in local areas because of its pleasant flavour and deep crimson-red colour. Phalsa 

juice can also be made into ready-to-serve (RTS) and carbonated beverages due to its exceptionally 

refreshing qualities. 

1. Method for juice extraction for further utilization in value added products: 

Ripe fruits 

 
Washing with tap water 

 
Addition of water (1:0.5) 

 
Heating for softening 

 
Crushing 

 
Pressing through pulper 

 
Straining 

 
Collection of juice in clean glass bottles 

2. Method for preparation of RTS: 

Extracted juice 

 
Mixing with syrup (Sugar + water + citric acid) 

 
Heating 

 
Addition of sodium benzoate 

 
Mixing 

 
Bottling 

 
Crown corking 

 
Pasteurization at 85°C for 15 min. 

 
Cooling 
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Storage. 

3. Method for preparation of Phalsa squash: 

Ripe Phalsa fruit 

 
Washing and cleaning 

 
Extraction of juice 

 
Mixing with syrup (sugar+ water + citric acid) 

 
Heating 

 
Addition of sodium benzoate 

 
Mixing 

 
Bottling 

 
Packaging, labeling and Storage 

4. Method for preparation of Phalsa sherbet: 

Soaking of fresh phalsa in water (30 min) 

 
Strain out the fruits 

 
Mashing and removing the seed 

 
Addition of additives (cumin, rock salt, jaggery or sugar to the water) 

 
Mixing 

 
Chilling in refrigerator 

 
Storage or serving 

Conclusion 

Phalsa is a small shrub or tree native to India and used for its nutritional and therapeutic characteristics, 

as well as various raw and processed items. Phalsa fruits are rich in vitamin A, C, minerals, fibre, vitamins, 

and many vital amino acids. They have a cooling impact on the body, are helpful for heart, blood issues, 

fever, diarrhoea, throat problems, and have aphrodisiac effects. The unripe fruits and bark of the phalsa 

plant are used to treat biliousness, Vata and Kapha imbalances, urinary problems, and burning sensation 

of reproductive system. Santhal tribe uses the root for strangury, gleets, gonorrhea, and rheumatism. Buds 

are also prescribed by some doctors for the treatment of diseases. Phalsa can be used to make a variety of 
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value processed products, including ready-to-serve (RTS), squash, and syrup, among others. This fruit's 

medicinal benefits should be recognized, and it can be cultivated on a commercial scale. 
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Introduction 

Food packaging serves as a silent salesman and similarly attracts patronage. It has now become a common 

practice for the company to invest in packaging materials with attractive colours, logos, symbols and 

captions with the aim to promote the product, irrespective of the fact that these non-biodegradable 

packages are increasingly becoming the major source of environmental pollution. Since people are opting 

ready to eat items, the global food packaging market has been rising abruptly. Each year production of 

plastic packaging reaches 78 million metric tons, out of which only 14 percent is recycled [1]. Rest is only 

contributing towards waste generation. Keeping in view of this critical scenario, concept of edible packaging 

is being introduced. Edible packaging as the name suggest is prepared from food grade material or 

compounds in order to enhance nutrition, polysaccharide, proteins lipids and/or resins, and other edible 

components act as satisfactory raw materials. Package represents variety of form such as sheets, film, 

edible coatings, and pouches, considered as integral parts of food products. Being made from edible 

components, it is easily biodegradable and hence environmentally friendly [2]. Oranges and lemons coated 

with edible waxes in order to reduce the moisture loss, marked the history of edible packaging dated back 

to 12th and 13th centuries. Another milestone is invention of “Yuba” films, during 15th century, using soy 

milk proteins after boiling and drying [3] Gelatin film achieved first US patent in 19th century for meat 

products [3]. Since 1930s, commercial waxing and lipid applications had been widely used in fruits and 

vegetables sector [4]. Edible packaging can be discussed into two broad categories: films, and coatings. 

Difference exists in the manner of preparation. Former is formed separately and then applied to the food 

product, which edible coating involves formation and direct application to food items. Packaging material 

must possess certain properties such as non-toxicity, inertness, biodegradable, high stability, resistant etc. 

in order to be termed as edible films/coating. 

  

Figure 1: Forms of Edible Packages Figure 2: Edible Cup 

Market Scenario 

In 2018, global edible packaging market size was valued at USD 727.6 million which is expected to rise at 

a CAGR of 6.2% over the estimated period. Drastic change in lifestyle, escalate concern regarding food 

safety and increased consumption of processed foods, can be considered as key factors in rising of Edible 

Packaging market. Much of the progress had been made using Protein as dominant material in making 

edible films. Films made from casein, whey, collagen, gelatin, plants, zein, soy, and gluten shows better gas 

barrier properties and also possess better mechanical properties. By acting as an efficient barrier towards 

oxygen and carbon dioxide permeability at low and moderate humidity, polysaccharides are also 

categorized as a significant material in formation of edible films. According to the reports offered by Market 

Research Future (MRFR), by Material (Polysaccharides, Lipid, Protein Films and Others), by End User 

(Food & Beverage, and Pharmaceutical) and by Region – Forecast to 2030, Edible Market is expected to 

rise at USD 2.14 billion by 2030. 



 

 
Volume 04 - Issue 08 - August 2022       16 | P a g e  
 

 
Figure 3: Edible Packaging Market 

Materials Used 

Raw material for preparation of edible films generally falls into 4 major categories; proteins, 

polysaccharides, lipids, and resins. Plasticizer forms the category of additive, is incorporated to enhance 

flexibility. Out of these four major categories, Proteins offer infinite variety of film- forming materials and 

can be used directly for the same purpose. Edible films prepared from proteins shows remarkable 

mechanical and optical properties as well act as a good barrier against gases such O2, CO2, aroma, and 

also to some extent, towards lipids [6]. Process involves Coagulation and denaturation of protein through 

the action of heat, solvents, acids, followed by formulation of protein film matrices through association of 

extended peptide chains, later subjected to fabrication and conditions for modification of protein film. 

Protein extracted from many food commodities can be formulated into edible films such as gluten extracted 

from wheat, zein protein from corn, Soy protein isolate, Collagen and gelatin, Milk protein such as casein 

and whey and many more. 

Similarly, polysaccharides also possess remarkable properties for the formulation of edible films. Edible 

Films formulated from polysaccharides retains good mechanical and gas barrier properties and also serves 

as effective barrier against oil and lipids but offer little resistance to water migration. Preparation involves 

many processes such as alteration in physiochemical properties by salt addition, solvent changes, heat 

gelatinization, pH changes and also in chemical properties through modification of hydroxyl groups, cross-

linking of polysaccharides, hydrolysis of polysaccharides, and employing nanotechnology. 

Lipids are also used in preparation of edible films on account of its moisture retention capacity. Unlike 

other materials lipids and resins possess low polarity, and hence their contribution in edible film forming 

materials is only to acts as moisture barrier. Besides this, lipids also contribute to greasy taste and texture. 

Recent Advances 

With the aim of reducing waste at packaging level and also to supply fresh, non-contaminated food 

products, new ideas of edible packaging have been evolved. Herald Plastic, UK disposable manufacturer 

and supplier introduced edible straw with variety of flavours including lemon, strawberry, ginger, etc. 

Researchers of Nottingham University came up with the idea of edible 100% biodegradable food films from 

the combination of starch and konjac flour, protein or cellulose. Eco bags made from cassava root starch 

and other natural resins had been a successful move by Indonesian sustainable disposable company, Avani, 

with the aim to minimize plastic pollution to safeguard aquatic life. These bags are biodegradable in nature 

and can be converted into compost with the help of microorganisms. Introduction of edible spoons by Indian 

edible cutlery manufacturer Bakeys, contributed in reduction of waste generation to some extent [10]. 

Notpla, a form of edible packaging made from brown seaweed is gathering attention due to its unique 

feature of disappearing naturally. It is cheaper than plastic and can encapsulate any beverage including 

water, soft drinks, spirits, condiments and cosmetics. With the aim of ‘creating a world without plastic 

pollution’, Evoware a sustainable packaging company is involved in a mission to innovate biodegradable 
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alternatives to single ware-use plastic products using seaweed. It has replaced plastic sachet products with 

disposable and edible sachet made from seaweed. Unique safety feature of water-soluble films introduced 

by Monosol's stands as an outstanding initiative in the track of reducing food waste. This film, made up of 

PVOH dissolves as it comes in contact with water and the remaining is consumed by bacterial micro-

organisms. As a result, it does not persist in environment and thus contribute to sustainable development. 

‘Design to Disappear’ packaging material is prepared using seaweed intelligence by Loliware. Similarly, 

many institutes are engaged in product of edible packages in order to reduce packaging waste. David 

Edwards in 2012, invented WikiCells, which imitate an eggshell as an edible package for foods and liquids. 

WikiCells are made of charged polymers and food particles that can be filled with many things like orange 

juice, wine, or chocolate. 

 
Figure 2: Effectiveness of Edible Packages 

Conclusion 

As discussed earlier, a major portion of municipal solid waste is contributed by Food Packages. Edible 

packaging is gathering everyone’s attention in terms of pollution control which is currently the most serious 

issue. As demand of food will keep on increasing so as the production and with it comes packaging. This 

initiative will work as ‘Eat all that you buy’. Since these edible packages are prepared from food grade 

materials, by consuming it one can get additional nutrition. Leftover food waste can simply be converted 

into attractive, nutritive and edible packages that can same way reduce the environmental pollution crisis 

such as whey protein generates as a by-product during cheese manufacturing, chitosan from crus-tacean 

shells, corn zein from ethanol production, fish proteins from surimi wash water, potato starch from potato 

chip waste all can be formulated as edible packaging. 
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Abstract 

Mushrooms are difficult raw materials for the processing industry: fresh mushrooms cannot be stored for 

long periods moreover during processing they readily change colour and texture. In order to guarantee 

acceptable quality of canned and processed mushrooms, fresh pilei should be kept at low temperatures. 

Before processing they should undergo preliminary treatment using substances preventing changes in 

colour and texture the storage conditions for finished products must be appropriate to the processing 

method applied. The most frequently used methods of processing are drying, marinating, sterilization and 

freezing. 

Keywords: edible mushrooms, storage, preliminary treatment, processing. 

Introduction 

Many mushrooms are white to gray in colour while, they are growing. Under certain storage circumstances, 

however, the enzymes react with oxygen and form brown pigments. Such discoloration seriously decreases 

the quality of mushrooms. Mushrooms are 85-95% water. There are no barriers to water loss from their 

surface. 

Water loss in the mushrooms after harvesting is influenced by the status of the mushrooms the humidity, 

fresh air and atmospheric pressure. When mushrooms wilt and shrivel the quality of fresh mushrooms is 

lowered. Fresh mushrooms have a short shelf life. Therefore, it is necessary that they are either marked 

soon after harvesting or preserved with special care such as in cold storage or other controlled environment 

storage. Hence, following proper processing and storage methods is of supreme importance. Two types of 

preservation techniques are available:  

1. Short term preservation. 

2. Long term preservation. 

Short-Term Preservation 

Low temperature is effective for short-term preservation. Mushrooms may be packed in wooden cases with 

three compartments; ice is placed in the central compartment and mushrooms are packed in the two other 

sections. Mushrooms may also be packed in bamboo baskets and transported by airfreight. An aeration 

channel is formed at the centre of the basket and dry ice, wrapped in paper is placed above the mushrooms. 

Mushrooms stored in a perforated plastic box at 10-15ºC have excellent keeping quality for up to 4 days 

and the loss of moisture is less than 5 per cent. Cold-preservation of mushrooms is the most important 

aspect of the storage and can be classified in two categories: 

Refrigeration and freezing: Household and commercial refrigerators usually run at 4– 7 ̊C. Cold or chill 

storage may use a slightly lower temperature (–1 to –4 ̊C) depending upon the freshness of the mushrooms 

to be refrigerated. Freezing is done at a temperature of below -18 ̊C. Chill storage will preserve perishables 

for days or weeks and frozen storage (deep freezing) will preserve for months or even years 

Low temperature: It retards the growth of microorganisms reduces the rate of postharvest metabolic 

activities of the mushroom tissues and minimizes the moisture loss. The choice of the cooling system 

depends upon the quantity to be handled; it may be a refrigerator for a small grower or consumer a cold 

room with all the facilities for a commercial grower. Forced-chilled air, ice bank or vacuum cooling systems 

are the other systems in vogue at commercial level. The mushrooms should not be stored in the same cooler 

along with fruits as the gases produced by fruits cause discoloration of mushrooms. 
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Long-Term Storage 

Canning, pickling, and drying, preparation of papads is employed for long-term storage. These processes 

are not always suitable for all types of mushrooms. The quality of the finished product is rarely comparable 

with that of fresh mushrooms  

1. Drying: Drying is a method of preserving edible mushrooms such as shiitake and wood ear mushrooms. 

It is not often used for n button or oyster mushroom, but oyster mushrooms can also be stored and marketed 

in dried form. Drying preserves the mushrooms by removing enough water to inactivate the enzymes and 

microorganisms. Dried mushrooms prevent deterioration and convenient for long term storage and 

transportation. The moisture content of fresh mushrooms is 70-95% depending upon the harvest time and 

environmental conditions; that of dried mushrooms is near to 10%. There are several methods commonly 

employed for mushroom drying. Sun drying. Thermal drying and hot air drying are the types of drying. 

2. Canning and Bottling: Canning is by far the most common process used for preserving mushrooms. In 

general terms, canning is divided into seven basic operations: cleaning, blanching, canning, sterilization, 

cooling, labeling and packing. This method is widely used by the industry. An appropriate level of sodium 

metabisulphite or ascorbate is incorporated for colour retention. The mushrooms are then rinsed and 

blanched for two minutes. Blanching is used to reduce the activity of enzymes. After blanching, the 

mushrooms are placed in cans containing 2.5% sodium chloride and 0.24-0.5% citric acid. The cans are then 

sealed and sterilized. Sterilization methods vary according to the type of equipment used. The most 

commonly used method is the batch process in which the cans are placed in an autoclave and sterilized for 

one hour 120-130°C. The cans are then rapidly cooled in the wash sink. The principle of bottling is the same 

as canning but requires much less instrumentation and therefore bottling can be adopted by small-scale 

growers without difficulty. The mushrooms should then be sorted in terms of size and quality and then 

boiled in water containing 0.1% succinic acid and 1% salt for 4-6 minutes of blanching. During blanching a 

weight loss of 35-40% is likely. Brine should be prepared according to the salinity desired by the consumers. 

The bottles are filled with brine and the blanched mushrooms in a desired proportion. After closing the cap 

halfway in order to allow air to escape from the bottles are boiled for 30 minutes or more depending on the 

size of the bottles. The caps are then closed tight before the bottles are taken out and cooled.  

3. Pickling: In this process, the mushrooms are sorted and washed. They can be sliced if desired. Then 

they are blanched with 3% salt water for three to four minutes in boiling water. After the water drained 

off, they are placed immediately in cold water to cool. They are then transferred a jar or bottle, and brine 

(22% salt) is added with a little vinegar sugar and other spices such as vitamin C or citric acid to give the 

mushrooms some fresher color. The jars are then loosely closed and steamed for one hour. The lids are 

tightened when cooled and the contents chilled before eating. It is a useful mode of mushroom preservation 

4. Papads: Utilization of dried & powdered oyster mushrooms into traditional foods has increased these 

days. Papad is the one of most popular Indian snacks consumed either after deep-fat frying or roasting and 

it is one such snack where mushroom powder can be added. Mushroom papads prepared in the present 

study were good in protein, dietary fiber, iron, calcium and phosphorus. It can be concluded that oyster 

mushroom powder can be incorporated in papad without affecting the sensory quality. 

Conclusion 

The above review of the literature shows that edible mushrooms are difficult raw materials for the 

processing industry. Owing to the presence of various enzymes, the technological issue is to adapt the 

preliminary treatment to the kind of the raw material and to the processing method. The basic aim of 

preliminary processing is to prevent adverse changes in colour and to minimize the weight loss in 

mushrooms and changes in their nutritive value and sensory quality. Of the numerous methods of 

mushroom processing the most popular are drying, preserving in air tight containers, salting and freezing. 

The last method is one of the most rapidly developing trends in food processing. 
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Fruits and vegetables account for nearly 90% of the total horticulture production in the country. India is 

now the second largest producer of fruits and vegetables in the world. We are living in the world, where 

one third food is wasted every year. It is more than enough to feed millions of people in the world. Most 

considerable reason for food wastage is food spoilage. In the modern era of technology and with increasing 

dependency on smart techniques like mobile phone, there is requirement of solving daily life tasks in a 

quick and easy ways.  We could overcome this problem by using sensors by continuously sensing the signals 

from the food and also sending the alert message to the registered mobile phone. 

Introduction 

Fruits and vegetables account for nearly 90% of the total horticulture production in the country. India is 

now the second largest producer of fruits and vegetables in the world. Fresh vegetables are fairly rich in 

carbohydrates (5% or more), low in proteins (about 1 to 2%), and, except for tomatoes, have high ph. 

Microorganisms grow more rapidly in damaged or cut vegetables. The presence of air, high humidity, and 

higher temperature during storage increases the chances of spoilage. When starts spoilage and become 

pungent, it is most often due to the growth of spoilage microbes such as bacteria, yeasts and mold. Odours 

can come from two sources: chemicals that are released from the food as the microbes decompose it, or 

chemicals produced directly by the microbes themselves. Spoilage odours come in many flavours, depending 

on the type of spoilage microbe and the food being spoiled. 

Need of Spoilage Detector 

India is the second major producer of fruits and vegetables and ranks next to Brazil and China respectively, 

in the world. It contributes 10 percent of world fruit production and 14 per cent of world vegetable 

production. Fruits and vegetables are more prone to spoilage than cereals due to their nature and 

composition, and this spoilage occurs at the time of harvesting, handling transportation, storage, marketing 

and processing resulting in waste. Efficient management of these wastes can help in preserving vital 

nutrients of our foods and feeds, and bringing down the cost of production of processed foods, besides 

minimizing pollution hazards. According to India Agricultural Research Data Book 2004, the losses in fruits 

and vegetables are to the tune of 30 per cent. Taking estimated production of fruits and vegetables in India 

at 150 million tonnes, the total waste generated comes to 50 million tonnes per annum. (Rawat, 2015). In 

the post-harvest technologies Spoilage detector for perishable horticultural produce serve as an effective 

tool to help in avoiding wastage both at production site and distribution centres, which will help in 

regulating the market infrastructure. 

Spoilage Detecting System 

Fruits and vegetables spoilage detector using Arduino make use of an Arduino system which is connected 

to the MQ3 gas sensor. n Arduino software is installed in the PC. The spoilage detecting program is 

installed in the microcontroller of the Arduino. A MQ3 sensor and a buzzer is connected to the Arduino and 

also the GSM module is connected to the Arduino through which the user gets readings on the mobile. 

When spoiled fruits or vegetables come near to the sensor, it senses the gas evolved by fruits or vegetables 

in the graphical format which is then convert into digital format by using microcontroller.  Also, user gets 

the spoilage indication by the buzzer when the reading increases over a determined reading. The Arduino 

based gas sensors were able to sense the spoilage such as bad smell from the food. The level of emitted gas 

can be correlated with how much food is degraded. The system which includes embedded system along with 

sensors are sensitive to sense low emissions of the gases like ammonia and methane emitted due to spoilage 



 

 
Volume 04 - Issue 08 - August 2022       22 | P a g e  
 

of food article. The level of gases emitted will vary depending on the decay of food. The detection of these 

gases can be used to control the decay of food. The humidity sensors can be employed to sense the humidity 

content in the food. Various other sensors like temperature, pressure, moisture etc can also be used to 

detect bad virus and bacterial growth in the food. 

Conclusion 

The early detection of the gases from different Fruits and vegetables items like ammonia, methane etc can 

help the gas sensor are able to detect gas emission from food items even before the presence of any visible 

sign of spoilage. The consumer gets the information about the food item wherein he can monitor the perish 

ability of that food item. This will help in maintenance of health and prevents the consumer from consuming 

bad food. The use of technology helps in food processing industry wherein they can mention the duration 

of perish ability of the food item on the packet so that proper control on consumption can be done. The 

monitoring and detection of the food items is very necessary as most of the consumers buy packed food from 

the malls wherein date of expiry is important parameter. 
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Abstract 

Chaetomium is a genus of fungi in the Chaetomiaceae family. In 1817 Gustav Kunze established the 

genus Chaetomium to classify the species C. globosum and C. elatum. The endophytic fungus Chaetomium 

sp. was isolated from the tissues of the stem of the plant Salvia officinalis growing in Morocco. The fungal 

strain was identified by PCR. It was cultivated and found to produce a novel benzonaphthyridinedione 

derivative, chaetominedione. In addition to the known fungal metabolites, 2-furancarboxylic acid and 5-

(hydroxymethyl)-2-furancarboxylic acid were obtained. 

Introduction 

The genus Chaetomium identified approximately 100 species, depending on the consulted documents. 

Indoors, these fungi live on cellulose, and are found on wood, compost, sheet rock, straw, and similar 

materials. It is also known as a soft-rot fungus for softwood and hardwood timber. Members of the genus 

Chaetomium are capable of colonising various substrates and are well-known for their ability to degrade 

cellulose and to produce a variety of bioactive metabolites. 

Favourable Condition 

Some Chaetomium grow well between 16 and 25°C, and most species grow best between 25 and 35°C. A 

few species being thermotolerant or thermophilic. Their ascospores may germinate at temperatures in the 

4-10°C to 38°C range, optimally at 24-28°C. 

Morphology 

Members of this genus typically have superficial, ostiolar perithecia, covered in hairs. Asci are often 

clavate and evanescent, bearing eight spores. Ascospores are usually lemon-shaped, commonly colored 

olive-brown. Mycelia often grows in conglomerate masses that resemble ropes. 
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Mass Production of Chaetomium Sp. 
Phase 1: Preparation of pure culture and propagation of mycelia: 

Growing the pure culture of fungus 

 
Propagation of fungal mycelia 

Phase 2: Production of spores on solid substrate: 

Preparation or solid substrate 

 
Inoculation of solid substrate 

 
Fermentation of Inoculated substrate 

Phase 3: Harvesting, Drying, Mixing, and Packaging: 

Harvesting of spores 

 
Collection of spores 

 
Drying of spores 

 
Grinding of spores 

Chaetomium Sp: Biocontrol for disease: 

Chaetomium sp Crop Disease control 

Chaetomium globosum Potato Biocontrol for late blight of 

potato caused by the fungus 

Phytophthora infestans  

Salvia officinalis  

 

Bioactive secondary metabolites 

Rice var IR44 Better plant starnds  

 

Barley Antagonistic effect on powdery 

mildew which is caused 

by Blumeria graminis 

f. sp. hordei development on 

primary leaves of barley  

Cotton  Suppresses cotton aphid 

reproduction on aboveground 

foliage 

Biocontrol for Pest 

1. The fungal endophyte of Chaetomium globosum YY-11 with anti-fungal activities was isolated from rape 

seedlings 

2. Pinellia ternata agglutinin (pta) gene was cloned into YY-11 mediated by Agrobacterium tumefaciens. 

3. The recombinant endophytes colonized most of the crops, and the resistance of rape inoculated with 

recombinant endophytic fungi significantly inhibited the growth and reproduction of Myzus persicae. 
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4. Some reserchers demonstrated the endophytic Chaetomium  

5. Exhibited to antibitosis against nematodes e.g., root-knot nematode (Meloidogyne incognita) and hatch 

of soybean cyst nematode (H. glycines) and Globodera pallida (cyst nematode) or insects e.g., cotton aphids 

(A. gossypii) and beet armyworms (Spodoptera exigua). 

6. Ch. globosum TAMU 520, is endophyte from cotton (G. hirsutum) and systemically colonize the cotton 

plants through seed treatment. The endophytic Ch. globosum suppressed the infection of root-knot 

nematode (Meloidogyne incognita). 

7. Ch. globosum YSC5 showed nematicidal metabolite activities against the second stage juveniles 

of Meloidogyne javanica. 

8. The combined use of entomopathogenic fungi C. globosum and azadirachtin for the biological control of 

sucking insect pests such as Bemisia tabaci in sweet potato. 

Conclusion 

As a corollary, we argue that Chaetomium fungi species may play a significant role in both the natural 

environment and in human activities. Temperature and carbon sources are the limiting factors for the 

growth and development of these fungi. Depending on the type of water damaged building material, 

Chaetomium sensu lato are found in 16–66 % of environmental samples. Our survey shows a high species 

diversity of Chaetomiaceae in the indoor environments worldwide and based on phylogenetic analysis and 

morphological examination 30 indoor species lineages were recognised. These species were scatter.  

The concept of Chaetomium has been challenged in the study of the non-ostiolate genus Chaetomidium. 

Based on a six-locus analysis, three species of Chaetomidium, including its type C. fimeti, are closely related 

to the type species of Chaetomium, C. globosum. As these three Chaetomidium species are all within the 

C. globosum species complex, the genus Chaetomidium was rejected and the three non-ostiolate species 

were transferred into the genus Chaetomium. 
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Abstract 

Nesolynx thymus is known to possess various desirable attributes of a biocontrol agent viz., short life cycle, 

amenability to mass production under laboratory conditions, high parasitisation potential, efficient host 

searching ability, good adoptability to survive under field conditions, ability to synchronize its life cycle 

with that of host. Chemical control measures of pests are widely adopted by farmers and its hazardous 

effects on human health and beneficial organisms are to be considered. Release of natural enemy N. 

thymus, which is an ecto-pupal parasitoid reduces the usage of hazardous chemical into the field. Thus, 

mass production and utilization of bio-control agent N. thymus found more suitable, affordable and effective 

for Uzi fly control for increasing cocoon yield and profit at farmers level. 

Introduction 

Nesolynx thymus is an ecto-pupal parasitoidof Uzifly (Exorista bombycis). It is gregarious in nature. It is 

also a natural enemy of Blepharipa zebina, Conopomorpha cramerella, Exorista bombycis. Nesolynx thymus 

is produced on house fly pupa. It is used as Biocontrol agent for the Uzifly, a major endo-larval parsitoid of 

Silkworm moth (Bombyx mori). 

 

 

Fig 1. Female adult of N.thymus Fig 2. Male adult of N.thymus 

Favourable Condition 

It requires temperature 25-30℃ and relative humidity 70%. 

Life Cycle 

Life cycle is completed in about 15 days. 
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Fig: Life cycle of N. thymus 

Mechanism of Action 

1. When parasitoid was allowed to parasitize the host pupa, it exhibited a series of distinct behavioural 

responses that culminated in oviposition. These responses included  

a. Host recognition. 

b. Drumming. 

c. Tapping. 

d. Drilling. 

e. Grooming or oviposition. 

2. Release N. thymus (a pupal parasitoid of the uzi fly) inside rearing house on 2nd day of V instar. 

3. After mounting of all spinning worms transfer the same pouches near the bamboo tray. 

4. After harvesting of cocoons keep the same pouches near the manure pit. 

5. Two pouches are required for 100 dfls. 

  
Fig 3. Nylon net Pouch Fig 4. Pouch placed in rearing house 

Mass Production of Nesolynx thymus on Housefly 

Step I: Production of housefly pupae: 
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Step-II: Production of N. thymus on house fly pupae: 

 

Conclusion 

Inclusion of biological agent, Nesolynx thymus worked effectively resulting in suppression of Uzifly 

infestation. It helps in controlling Uzi fly attack in silkworms resulting in better cocoon harvesting which 

in turn improves the economic status of Sericulturists. To reduce the incidence of pest attack of silkworm, 

good quality DFLs must be purchased from the reputed chawki rearing centres. Use of Nesolynx thymus 

pouches in the rearing house and mountage sheds is suggested. 
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Abstract 

Plant diseases pose serious hazards to contemporary agriculture, and managing their control is still 

difficult. Therefore, one of the primary goals of every crop enhancement programme has always been the 

management of plant diseases. Plant biologists have employed a variety of techniques to create disease-

resistant plants in an effort to lessen the losses brought on by plant diseases. Among these, RNA silencing-

based resistance has been one of the potent tools employed over the past 20 years to create resistant crops. 

Protozoa, fungi, plants, and animals all exhibit RNA silencing, which is the detection of a target RNA and 

the beginning of a sequence-specific RNA breakdown pathway in the cytoplasm. Recent years have seen 

significant improvements in our comprehension of post-transcriptional gene silencing (PTGS). In plants, 

double-stranded RNA (dsRNA), which is produced during viral replication, activates this mechanism, 

which is thought to operate as a natural antiviral defence system. By employing dsRNA to precisely prevent 

virus infection in plants, we have broadened prior results on RNA interference (RNAi) in animals in order 

to create fresh strategies for plant defence against virus infections based on PTGS. This strategy uses PTGS 

to achieve pathogen-derived resistance, although it varies from approaches based on transgenic expression 

of RNAs (PDR). The benefit of using RNAi as a novel gene therapy to treat viral and fungal infections in 

plants is that it controls gene expression by inhibiting the translation of target genes, degrading mRNA, 

and remodelling chromatin with tiny non-coding RNAs the application of tissue-specific or inducible gene 

silencing, with the use of appropriate promoters to silence several genes simultaneously should enhance 

researchers’ ability to protect crops against diseases. This summarises a general discussion on the history 

of RNAi and its use to the control of plant diseases. 

Introduction 

Food crops are susceptible to a number of illnesses caused by bacteria, fungus, and viruses, which can lead 

to significant financial losses. Thus, it is possible to increase crop resistance to a variety of diseases. 

Approaches to disease control rely on resistant cultivars and agrochemicals, which are usually very 

effective once used. Significant concerns include defending crops against newly emerging pests and diseases 

and creating resistant cultivars in order to increase yield. 

A biological mechanism called RNA interference (RNAi) uses double-stranded RNA (dsRNA) molecules to 

cause post-transcriptional gene silencing (PTGS), which suppresses the expression of particular genes. A 

genome's hundreds of genes that are responsible for crop improvement could be found and their functions 

evaluated using RNAi mechanisms. In addition to assessing the changes that take place in signalling 

pathways, this intriguing approach also lends its useful and efficient role to short interfering RNA 

molecules to knock down the expression of any specific gene in any target cell. Inhibiting the production of 

targeted genes with RNA interference (RNAi) has recently developed into a potent and more reliable 

method. It may also be used to identify the phenotype of a gene that has lost its function, which can then 

be used to analyse the function of the gene. 

RNAi in Plants 

Technology for RNA-mediated gene control has opened up new avenues for creating environmentally 

benign molecular tools for crop development. RNAi inhibits the specific genes that cause certain stresses 

in plants, enhancing new features like disease resistance. Based on their synthesis and function, the two 

primary groups of tiny regulatory RNAs in plants are (miRNAs) and (siRNAs). Recent research has 

revealed that siRNAs and miRNAs are crucial, highly conserved regulators of gene expression in plants. 

Now, molecular biology research is creating tools based on the mechanisms by which short RNAs regulate 
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gene expression at the transcriptional and post-transcriptional levels. subsequent work has shown that 

RNA silencing works on at least three different levels in plants: (i) cytoplasmic silencing by dsRNA results 

in cleavage of mRNA and is known as PTGS (ii) endogenous mRNAs are silenced by micro-RNAs (miRNAs), 

which negatively regulate gene expression by base pairing to specific mRNAs, resulting in either RNA 

cleavage or arrest of protein translation (iii) RNA silencing is associated with sequence-specific methylation 

of DNA and the consequent suppression of transcription (TGS). 

RNAi for Plant Disease Resistance 

In addition to having a considerable negative economic impact on agricultural productivity, pathogens pose 

a threat to the extinction of all plant species. Plant pathologists and plant biotechnologists have used many 

strategies to create genotypes that are resistant to pathogens, but over the past ten years, RNAi-induced 

gene silencing has become a powerful tool for engineering pathogen-resistant plants. This strategy worked 

well to build resistance against some economically significant diseases brought on by bacteria, fungi, and 

viruses. In RNA interference, double stranded RNA (dsRNA) acts as a spark plug by activating homologous 

mRNAs and preventing their translation and transcription in order to quiet the vulnerable genes. This 

RNAi strategy has created new opportunities for the creation of environmentally friendly plant 

enhancement methods as specific genes are suppressed which cause stress and expression of novel genes 

for disease resistance. 

In plants, an approach known as host gene silencing-hair pin RNA interference (HGS-hpRNAi) has been 

demonstrated to be more stable. Through genetic engineering of the host plant, it is possible to modify the 

gene expression against pathogens, increasing the host plant's resistance to bacterial and fungal illness. In 

order to improve the disease resistance signalling pathway in Arabidopsis, flagellin, a bacterial component, 

can induce the expression of a particular miRNA. By interfering with plant defence pathways, the fatty 

acid (N-acylethanolamines) metabolism gene AtFAAH, which is overexpressed in Arabidopsis, can change 

phytohormone signals and boost tolerance to bacterial infections. In rice, RNAi can reduce the activity of 

OsSSI2 (OsSSI2-kd), which increases resistance to the bacterial pathogen Xanthomonas oryzae pv. oryzae 

that causes leaf blight and the blast fungus Magnaporthe grisea. By transforming the pathogen's ipt and 

iaaM genes into precursors for the manufacture of auxin and cytokinin, siRNAs have been shown to be 

effective against the crown gall disease that affects the plant species Arabidopsis, Nicotiana, and 

Lycopersicum. Host-induced gene (Avra10), which results in restricted fungal disease attach in wheat 

(Triticum aestivum) and barley (Hordeum vulgare), can be used to silence genes. Silent point mutations 

make this gene expression resistant to RNAi. This implies that RNA from the host plant is transferred to 

the fungal pathogen Blumeria graminis, leads to RNAi-based plant protection against these pathogens. 

RNA silencing also employs as a natural antiviral defense mechanism to cause resistance against viral 

diseases by virus-induced gene silencing. RNA silencing hosts target protein translation and process the 

virus-mediated dsRNA, which results by pathogen replication into vsiRNAs (virus-mediated siRNAs). The 

vsiRNAs then target and suppress gene expression and protein translation in the virus genes. For 

stabilization of the defense system, virus encodes ‘viral suppressor of RNA silencing protein’, that has been 

identified and isolated from various plant virus. Scorza et al. (2001) revealed for the first time RNAi role 

for virus resistance in woody perennial species and produced Plum pox virus (PPV) resistant plants 

containing the PPV coat protein gene. Plants can also control viral diseases by RNAi and reveal resistance 

when having proper anti-sense or hairpin RNAi constructs. 

RNAi-Mediated Virus Resistance 

In 1998, the first RNAi-mediated virus-resistant potato transgenic lines were reported, which were 

transformed by simultaneous expression of both sense and antisense transcripts of the helper-component 

(HC-Pr) gene and showed complete resistance against Potato virus Y (PVY).  Missiou et al.  developed potato 

transgenic lines that were highly resistant to three strains of PVY by expressing the dsRNA derived from 

the 30 -terminal end part of viral coat proteins (CP), which has been reported as the highly conserved region 

of PVY isolates. Over recent years, many RNAi-mediated virus-resistant cultivars targeting the viral coat 

protein have been produced i.e., Beet necrotic yellow vein virus (BNYVV)-resistant tobacco, Plum pox virus 

(PPV)-resistant Prunus domestica and N. benthamiana and Bean golden mosaic virus (BGMV)-resistant 

Phaseolus vulgaris. Tobacco streak virus (TSV)-resistant transgenic lines of both tobacco and sunflower 
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(Helianthus annuus L.) were produced by RNAi technology using a 421-bp-long coat protein gene 

containing both sense and anti-sense coat protein sequences. 

RNAi-Mediated Fungal Resistance 

According to research, RNAi technology can be employed to improve fungus resistance in genetically 

modified crops. In numerous plant-pathogenic fungus, including Cladosporium fulvum, Venturia 

inaequalis, N. crassa, and Magnaporthe oryzae, gene silencing has been explored utilising homologous 

transgenes (co-suppression), antisense, or dsRNAs. The downregulation of the GST (glutathione S-

transferase) enzyme gene via RNA interference has been found to increase N. tobacum's resistance to 

Phytophthora parasitica var. nicotianae. One of the most harmful illnesses to affect bananas is fusarium 

wilt, which is brought on by F. oxysporum f. sp. Cubense (Foc). Intron hairpin RNA (ihp-RNA)-mediated 

production of si-RNA was used to create transgenic banana lines that shown improved resistance to Foc. 
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Abstract 

Cacti and succulents are a group of such plants which have specialized parts to store water in thick fleshy 

leaves or stems. They survive best in sunny situations and are light loving plants. Cactus is characterized 

by the presence of areoles, which often look like woolly cushions carrying spines, hairs or glochids and the 

flowers arise from or near the areoles. The spines in a cactus are modified leaves which provide shade 

against scorching sun and help in conservation of moisture besides protecting against birds and animals. 

Keywords: Cacti and succulents, areoles, glochids, spines, modified leaves. 

Introduction 

Among different types ornamental plants, cacti and succulents are such group of plants which have special 

structures to store water in thick fleshy leaves or stems. All the cacti are succulents on account of storing 

water but all the succulents are not cacti. Cacti and succulents are very popular amongst gardeners and 

they are used to decorate sunny situations of gardens, parks, houses, window sides, highways and rock 

gardens etc. Cactus is characterised by the presence of areoles, which often look like woolly cushion carrying 

spines, hair or glochids and the flowers arise from or near the areoles. The spines in cactus are modified 

leaves which provide shades against scorching sun and helps in conservation of moisture, besides protecting 

against birds and beasts. These are group of plants which has developed a special capacity to store water 

in thick fleshy leaves or stems. They thrive best in sunny situations and they are light loving too. They 

need less care except their actively growing stage. All the cactus are succulents on account of storing water 

but all the succulents are not cacti. 

Cactus and succulents are very popular among gardeners, horticulturist, landscapers, armatures and 

hobbyists which are used to adorn sunny situations of gardens, buildings, highways, parks, houses, window 

sills and rock gardens etc. Popular names have been given to these plants like Mother in law’s chair, 

Oldman, moon cactus, silver torch, old lady, sea onion, beads, old man’s tooth, airplane plant, African milk 

barrel, Arab’s turban, etc. 

   
Airplane plant (Crassula 

falcata) 

Arab’s turban (Crassula 

hemisphaerica) 

Beads (Sedum stahlii) 
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Elephant foot tree 

(Beaucarnea recuruata) 

Mother in law’s chair 

(Echinocactus grusonii) 

Old lady (Mammillaria 

hahniana) 

   
Oldman (Cephalcocereus 

senilis) 

Mr. Red cap (Gymnocalycium 

mihanovichii) 

Sea onion (Bowea volubilis) 

 
African milk barrel (Euphorbia horrida) 

Tribes of Cactus 

All the cactus plants belong to family ‘Cactaceae’ which is further divided into following three tribes viz. 

1. Pereskieae (Tribe I): 

a. This is the most primitive form of cactus and these are near to original forest trees. 

b. Plants of this tribe are leafy bushes, generally look like citrus trees and have stalked flowers in 

clusters resembling wild roses.  

c. Spines are present but not glochids or barbed bristles. Example: Rose cactus and Pereskia 

aculeata. 

 
Rose cactus (Pereskia grandiflora) 

2. Opuntieae (Tribe II): 

a. Plants of this tribe are characterized by the presence of glochids or sharp, easily detached bundles 

of barbed bristles in the aerioles. 

b. Stem or branches are fleshy, loosely joined either flat or pad like or cylindrical having spines but 

without ribs. 
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c. They produces flowers which are without petioles and tubes and are generally of wheel shape e.g. 

opuntia sp. 

 
Opuntia Sp. 

3. Cereae (Tribe III): 

a. This tribe is the largest group of cactus and members which are characterized by their ribbed, 

fleshy stems of continuous growth in columns or globes. 

b. In this tribe, glochids are absent from areoles. 

c. They produce flowers which are tubular in shape and are very showy except riphalis section. They 

are attached directly on the plant without stems. 

 
Melocactus matanzanus 

Raising of Cacti and Succulents 

Climatic requirement: 

a. Cacti and succulents are adoptable to wide range of climatic conditions. 

b. They can tolerate temperature above 35oC but exposure to direct scorching sun results into 

yellowing and finally rotting in them. 

c. Therefore, they should be shaded to protect them. 

d. Very low temperature also inhibits the growth of cacti and succulents 

e. Cacti and succulents also have resting period. At this period, they need some care and irrigation. 

f. Active growth starts again during spring season and continues till autumn. 

Soil requirement: 

a. Cacti grow well in porous and rich calcareous soil. 

b. The general ideal pot mixture for cacti should consist of 2 parts garden soil: 1 part sand: 1 part 

leaf mould: 1 part well rotten mixture: 1part old mortar or lime stone gravel and ½ part charcoal. 

c. Plants become succulent and susceptible to rotting by excessive addition of chemical fertilizer and 

thus, frequent application should be avoided. 

d. Undecomposed organic matter causes rotting of roots. 

Propagation method: 

a. Cacti can be propagated sexually as well as asexually. 

b. Sexual propagation is done through seeds which are collected from ripened fruit and are sown 

from March to September in pots. 

c. However, vegetative methods are very popular to multiply cacti. Division of off set or clumps or 

root suckers is an easy method which is generally followed in Mammillaria, Rebutia, Trichocereus, 

Cleistocactus, Echinocereus etc. 

d. Cutting is also an easy method. 
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e. Grafting is a useful method and grafted cacti are generally preferred. Weakly growing plants are 

grafted over strongly growing rootstocks. The ideal season for grafting is spring to autumn. 

Watering: 

a. Cacti and succulents do not need liberal watering. 

b. Judicious application of water is required for successful growing of these plants. 

c. In winter months i.e., during rest period watering is to be done very sparingly. 

d. Little frequent watering is done during summer months when cacti grow. 

e. Over watering should be avoided. 
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Abstract 

The coccinellid Cryptolaemus montrouzieri Mulsant (Coleoptera: Coccinellidae) has been used all over the 

world as a biological control agent against mealybugs C. montrouzieri, also known as the mealybug 

destroyer, is a very efficient natural enemy of mealybug pests since its larvae and adult life stages both 

feed on the prey. It has also been successfully mass-reared within insectaries and transferred to citrus 

orchards and grape vineyards, as well as into glasshouses where mealybugs were a major problem. 

Keywords: Cryptolaemus montrouzieri, mealybugs, predator. 

Introduction 

C. montrouzieri has been introduced from Australia for the control of Coccus viridis (soft scale insect) on 

coffee.  But the predator has established on many species of mealybugs and green shield scale.  In the field 

its practical use for the suppression of mealybugs viz., pink mealy bug, pink hibiscus mealy bug, citrus 

mealy bug, passion vine mealy bug, tailed mealy bug, Striped mealy bug and mealy scale Pulvinaria 

maxima on citrus, coffee, grapes and several other fruit crops and ornamentals has been demonstrated. 

Use of C. montrouzieri is the breakthrough in applied classical biological control. The coccinellid predator 

is native of Australia. In 1892, it was introduced into California by Albert Koebele for the control of citrus 

mealy bugs. Following the success, the beetle was introduced into India in 1898 by New Port. It has given 

effective control of mealy bugs in fruit crops like citrus, grapes, guava, etc. C. montrouzieri is one of the 

outstanding examples in the biological control history. Its importance is also evident by its growing 

commercialization in India. About 150 species of lady beetles occur in California. These include the 

mealybug destroyer and over 2 dozen Scymnini species with larvae that cover their body with waxy 

filaments. 

Morphological Character 

The adult mealybug destroyer is a type of lady beetle (ladybug or ladybird beetle). It is dome shaped 

(convex) on top, flat on the bottom, and oblong when viewed from above. The hard body is 1/8 to 1/6 inch 

(3–4 mm) long with short, clubbed antennae. On top the abdomen of adults is blackish to dark gray and 

the head and thorax are dark brown to orange. Larvae grow up to 1/2 inch (12 mm) long and closely 

resemble a mealybug. However, mealybug destroyer larvae are faster moving and at maturity more than 

twice size of an adult female mealybug. Eggs are oblong and yellow. Eggs occur singly or in groups in the 

waxy egg sacs of host insects. 

 
Fig:1 Cryptolaemus montrouzieri 
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Habitat 

Mealybug destroyer adults and young larvae prefer to feed on mealybug eggs and young nymphs. Older 

larvae feed on mealybugs of any age. Mealybug destroyers also feed on egg sacs producing scale insect and 

sporadically other soft-bodied insects such as aphids. 

Life Cycle 

 
Fig:2 Life cycle of Cryptolaemus montrouzieri 

  
Fig:3  Cryptolaemus eggs Fig:4 Cryptolaemus nymphs 

  
Fig:5 Cryptolaemus pupae Fig:6 Cryptolaemus adult 
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Production Procedures of Predator 

 

Management 

Manage mealybugs by conserving their natural enemies and reducing ant numbers and dust problems. 

Insecticide application is rarely required. 

Conclusion 

Both the larvae and adults of this member of the lady beetle family feed on mealybugs. They may also feed 

on aphids and immature scale insects. Each adult female lays hundreds of eggs that mix with mealybug 

eggs. When the beetle larvae hatch, they eat all the immature mealybugs. Mealybug destroyers need warm 

temperatures and high humidity, so are better suited for greenhouses. Gardeners often buy them to live in 

greenhouses and protect plants. 
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Introduction 

Heavy metals are generally defined as metals with relatively high densities, atomic weights, atomic 

numbers. Some heavy metals are either essential nutrients (typically iron, cobalt and zinc, or relatively 

harmless (such as ruthenium, silver and indium), but can be toxic in larger amounts or certain forms. Other 

heavy metals, such as cadmium, mercury and lead are highly poisonous. Potential sources of heavy metal 

poisoning include mining, and industrial wastes, agricultural run-off, occupational exposure and paint and 

treated timber.   

They are relatively scarce in the Earth's crust but are present in many aspects of modern life. They are 

used in, for example, golf clubs, cars, antiseptics, self-cleaning ovens, plastics, solar panels, mobile phones 

and particles accelerators. These metallic elements (mercury, arsenic and lead) that are able to induce 

toxicity even at lower levels of exposure are considered systemic toxicants. 

Sources and Emission 

Environmental pollution from hazardous metals and minerals can arise from naturals well as 

anthropogenic sources. With rapid industrialization and consumerist life style, sources of environmental 

pollution have increased. The pollution occurs both at the level of industrial production as well as end use 

of the products and run-off. These toxic elements enter the human body mostly through food and water and 

to a lesser extent through inhalation of polluted air, use of cosmetics, drugs, poor quality herbal 

formulations’ (Herbo-mineral preparations) and `Unani’ formulations, and even items like toys which have 

paints containing lead. 

The Different Sources of Heavy Metals are 

1. Chromium -Mining, Industrial Coolants, Chromium salts manufacturing, Leather tanning 

2. Lead - Lead acid batteries, Paints, Electronic waste, smelting operations, Coal based thermal power 

plants, Ceramics, Bangle industry 

3. Mercury - Chlor-alkali plants, Thermal power plants, fluorescent lamps, Hospital waste (damaged 

thermometers, barometers, sphygmomanometers), electrical appliances etc. 

4. Arsenic - Smelting operations, Thermal power plants, Fuel 

5. Copper- Mining, Electroplating, Smelting operations 

6. Vanadium - Spent catalyst, Sulphuric acid plant 

7. Nickel -Smelting operations, Thermal power plants, Battery industry 

8. Cadmium -Zinc smelting, Waste batteries, electronic waste, Paint sludge, Incinerations and Fuel 

combustion. 

9. Molybdenum- Spent catalyst. 

10. Zinc- Smelting, Electroplating. 

Mercury 

It is considered the most toxic heavy metal, has become part of the environment owing to anthropogenic 

activities including agriculture, municipal wastewater discharge, mining, incineration, and discharges of 

industrial wastewater. It exists in nature as an elemental or metallic form, in inorganic salts and as organ 

mercurial compounds. Inside the body, average half-life of inhaled mercury is approximately 60 days. The 

symptoms attributed to high level exposure to metallic mercury include pulmonary toxicity, mucous 

membrane changes, vomiting, diarrhoea, nausea, skin rashes, increased heart rate or blood pressure, renal 

https://en.wikipedia.org/wiki/Atomic_weight
https://en.wikipedia.org/wiki/Atomic_weight
https://en.wikipedia.org/wiki/Structure_of_the_Earth#Crust
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dysfunction, and severe neurologic abnormalities. Intellectual disorder that leads to behavioural changes, 

anxiety, depression, tremors and reduced coordination of muscles are common neurological symptoms. 

Arsenic 

Despite being the 20th most abundant element in the earth’s crust, it ranks highest on the list of hazardous 

substances toxic to public health. Volcanic activity, weathering of rocks, geothermal waters and forest fires 

constitute some of the natural sources of arsenic. Humans generally encounter arsenic by natural as well 

as manmade sources through soil, water, air and food. Its mere presence in rice, a staple food crop 

worldwide makes its entry into the human body easier than other sources.  

Adhering to WHO safety guidelines, the maximum permissible level of arsenic in drinking water is 10g/L. 

Due to their significant toxicity, arsenic compounds are associated with a wide range of health problems 

like gastrointestinal disturbance,  development of neoplasms, particularly of the skin, liver, kidney, 

lymphatic cancer, reduction in  production of erythrocytes and leukocytes, damage to blood vessels, nausea 

and vomiting, abnormal heart beat and pricking sensations in the hands and legs, its exposure for long 

time periods often leads to skin lesions, peripheral vascular disease, pulmonary disease and cardiovascular 

diseases, neurological problems, diabetes mellitus and certain types of cancers. 

Lead 

Its use is associated with many industries, including mining, smelting, refining, battery manufacturing, 

and so on. In addition to industry, its abundance and widespread usage makes it a well-recognized 

environmental and occupational toxicant, particularly in the urban environment. People with heavy 

workplace exposures to lead have been found to have blood lead concentrations many times higher than 

the average blood lead concentration in the general population. Several studies have looked for a link 

between exposure to lead in the workplace (mainly among battery workers and smelter workers) and lung 

cancer. 

Cadmium 

Waste water and air pollution is the key source of environmental cadmium contamination. Plants that are 

grown in contaminated soils take up cadmium and lead to human dietary exposures. Diets high in meat 

(especially liver and kidneys) or products from marine mammals may result in a particularly high intake 

of cadmium. The main human organ impacted by cadmium exposure is the kidney in both the general 

population and the occupationally exposed. 

Copper 

It is an essential nutrient for humans and animals in small amounts. The major sources of environmental 

copper are mining, smelting and refining, industries producing products from copper such as wire, pipes 

and sheet metal, and fossil fuel combustion. Water pipes are often made of copper and bath fixtures may 

be made from brass and bronze alloys that contain copper. The principal source of copper in drinking water 

results from the leaching of copper from pipes and bath fixtures due to acidic water.  Copper is a component 

of several enzymes necessary for normal metabolic functions in humans.  

Food sources rich in copper include shellfish, organ meats, nuts, beans and cocoa. Effects of copper 

deficiency can include anemia, low numbers of white blood cells, osteoporosis in infants and children, and 

defects in connective tissue leading to skeletal problems. Short-Term (Acute) Effects Acute poisoning from 

ingestion of excessive copper can cause temporary gastrointestinal distress with symptoms such as nausea, 

vomiting, and abdominal pain. Liver toxicity was seen in doses high enough that resulted in death. High 

levels of exposure to copper can cause destruction of red blood cells, possibly resulting in anemia. Symptoms 

of liver toxicity (jaundice, swelling, pain) usually do not appear until adolescence. 

Nickel 
It is a compound that occurs in the environment only at very low levels. Humans use nickel for many 

different applications. The most common application of nickel is the use as an ingredient of steal and other 

metal products. Foodstuffs naturally contain small amounts of nickel. Humans may be exposed to nickel 

by breathing air, drinking water, eating food or smoking cigarettes. Skin contact with nickel-contaminated 
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soil or water may also result in nickel exposure. In small quantities nickel is essential, but when the uptake 

is too high it can be a danger to human health. Exposure to nickel and its compounds may result in the 

development of a dermatitis known as “Nickel Itch” in sensitized individuals. 

Treatment 

The main treatment of heavy metal poisoning is termination of exposure to the metal. Treatment also 

consists of the use of various chelating agents that cause the toxic element to bind with the drug and be 

excreted through the urine. There are many common drugs like Dimercaprol, Calcium EDTA, 

Penicillamine used for treatment of metal poisoning.  Each of these works by binding actions that permit 

the metals to be eliminated from the body through the urine. In the case of inhaled poisons, affected 

individuals should be removed from the contaminated environment and their respiration supported. 

Occupational exposure to heavy metals requires prevention through the use of masks and protective 

clothing. 
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Abstract 

Background: The consumption of fruits and vegetables has been linked to a lower risk of chronic diseases 

and weight management. The World Health Organization (WHO) and the United Nations Food and 

Agriculture Organization recommend that adults consume at least five servings of fruits and vegetables 

per day, excluding starchy vegetables. This review focuses on the significance of fruits and vegetables, as 

well as the advantages and progress of nutrition education in increasing intake.  

Methods: For this article, over 100 relevant scientific articles from various databases (e.g., Science Direct, 

Pub Med, Researchgate and Google Scholar) were searched using the keywords Fruit and vegetable, 

Nutrition education, Value addition and Processing. 

Results: Value addition is a profitable business in India due to the nutritional benefits. The government 

of India is also encouraging farmers to become farmer-entrepreneurs in order to improve their standard of 

living and earn more money than through direct sales of fresh produce. The Indian government has set a 

target of increasing processing to more than 10% by 2025. There is also a distinct range of processed 

products in various consumable forms for all consumer groups. 

Keywords: WHO, Value Addition, Processing. 

Introduction 

At the moment, one of the major global challenges is ensuring nutritional security for the world's ever-

growing population while also ensuring sustainable development. There are three fundamental phases of 

agricultural growth and revolution: inductive, stimulative, and simulative (Acharya et al. 2015). The 

inductive phase of agriculture is distinguished by intensive crop production with the assistance of several 

basic critical inputs. This inductive phase has a clear emphasis on producing as much as possible in the 

shortest amount of time, all in order to combat the threat of famines, to grow industry, or to keep supply 

lines well-stocked with food and fruits attuned to the war field. This stage has been marked by significant 

corporate social responsibility and the incubation of agro-based small and large ventures in order to 

facilitate the inevitable transformation of green agriculture into silvery agriculture. The value addition 

process took a quantum leap here, resulting in a ferocious market for agri-horti products.  Future 

projections, digitized configuration, and precision production factors characterize the simulative phase of 

agricultural growth and development.  

It has been observed that the current availability of fruits and vegetables meets only about half of the 

requirement of different vitamins and minerals; thus, there is a need to increase vegetable and fruit’s 

nutritional quality production and handling in order to improve the nutrition of rural and urban poor. As 

a result, it is necessary to supplement vegetable processing by developing techniques that are not only 

feasible but also sufficient to produce economically quality products. 

Parameters for Value Addition 

1. Unique- The product should be unique in its own privilege, utilising crop and variability indigenous to 

our country. 

2. Novelty- The product should be new and unusual, so that no one can compete. 

3. Export Potential- The developed product should have a demand in the international market in order to 

maximize the return and appreciation of global trade benefits. 

4. High value- For ease of trading and distribution, the product should have a high value for a low volume. 

5. Availability- The product's consistent availability in the required quantity should be ensured. 

6. Market- Any developed product should have a market because it is the key to success. 
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The Reason for Growing Demand for Value Added Products 

1. Lower prices for fresh produce because prices in India are determined by demand and supply. During 

peak season, when there is a glut in the market, prices plummet dramatically, and farmers do not even 

recover their production costs. 

2. Horticultural production is increasing year after year as productivity rises due to hybrid variety 

cultivation.  

3. Inclusion of the corporate sector in horticultural marketing and the processing industry. 

4. Rising demand for processed goods in both the domestic and global markets. 

5. Processing industries use low-wage labour, and overall production costs must be kept low. 

In comparison to European and American countries, such requirements are easily met in India. 

Research Studies on Value addition in Horticultural Crops 

Various research studies on the value addition of various fruits and vegetables such as carrots, tomatoes, 

potatoes, sweet potatoes, ginger, green leafy vegetables, and spices have been conducted in the department 

of Foods and Nutrition, College of Home Science, Pantnagar, where different value-added products that 

are important sources of nutritional security have been developed.  

Carrot 

Carrot (Daucus carota L.) is another popular root vegetable that is grown and consumed all over the world. 

Carrots have nutraceutical properties such as antimutagenicity, chemoprevention, photoprotection, and 

immunomodulation. Carrots' biological and medicinal properties may be attributed to their high 

concentration of antioxidant carotinoids, particularly beta-carotene. Carrots are also high in fibre content 

and have been reported to be effective in a variety of applications, leading to the development of various 

processing operations for the production of various products like Carrot juice, Carrot powder, Carrot flakes, 

Canned carrot, Carrot candy, Carrot Halwa, Carrot grits, Carrot soup, Carrot Dalia and Fabricated baby 

foods. 

  

 

Carrot Flakes Carrot Powder Canned Carrot 

Tomato 

Tomato (Solanum lycopersicon) is a herbaceous plant in the Solanaceae family that is one of the most 

popular protective foods due to its high lycopene content, high nutritive value, antioxidant properties, and 

medicinal properties. It is high in minerals such as calcium, magnesium, phosphorous, iron, sodium, 

potassium, and vitamins A and C. As a result, tomatoes must be processed in various forms that are 

preferred by consumers, have a long shelf life, and have a low production cost. Fresh tomatoes can be 

processed to create the Various value-added products like, Tomato puree, Tomato paste, Tomato flakes, 

Canned tomatoes, Tomato ketchup, Tomato soup, sauce and Tomato powder (Kulshrestha, 2018). 
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Potatoes 

Potatoes contribute significantly to the nutritive value of a meal because they contain good quality edible 

grade protein, dietary fibre, several minerals and trace elements, essential vitamins, and little or no 

fat.Potatoes are versatile because they can be eaten boiled, fried, baked, roasted, steamed, and even in a 

variety of pressed forms such as French fries, chips, papad, flakes, dice, cubes, granules, flour, canned 

potatoes, potato flour, potato grits, potato flakes,  potato granules, potato cubes and so on (Kulshrestha, 

2018). 

   
Canned Potato Potato Flakes Potato Granules and Flour 

Ginger 

Ginger (Zingiber Officinale) is one of India's five most important spices, along with chilli, garlic, and 

turmeric. Ginger processed products include:  Paste, Candy, Preserve, Pickle, Chocolates, Beverages, 

Powder, Juice, Ice cream, Oleoresin and Ginger ale. 

 
 

 
Ginger ale Ginger candy, powder& Flakes Ginger Pickle 
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Guava 

Guava comes in two varieties: red (P. guajava var. pomifera) and (P. guajava var. pyrifera). Guava is known 

as the "poor man's apple" because of its low cost, easy availability, and high nutritional value. It bears fruit 

twice a year, but the best quality fruit is obtained during the winter months. Because guava is a perishable 

crop, it could be processed into powder during gluts to retain its goodness by extracting the pulp and 

preparing guava powder, which could then be used in baked goods. 

 

 
Guava Flour Guava Juice 

Peaches 

Peaches were obtained from a local market, and juice was extracted, thermally processed, and bottled 

according to Lavelli et al, 2008, and powder from pomace was formed by drying Biscuits (Source: 

http://www.tarladalal.com) prepared by incorporating peach powder to add phytonutrients to it. 

 
Peache Powder 

Spices 

Value addition of spices in the form of convenient masala mixes/powders will not only reduce losses but 

also increase income during its peak harvesting period. India's cuisine is best known for its spices. Every 

dish in India is made with a gravy base. It is a concoction of herbs, spices, and other thickening agents, the 

most common of which are onion, ginger, garlic, and green chilli. The ingredients used are either perishable 

or semi-perishable. 

Onion, ginger, garlic, and green chilli were purchased from a local market and were washed, graded, and 

cut into 5 mm thick slices. Placed in aluminium trays and dried in a hot air tray dryer set to 60°C. (Until 

the moisture content reaches 4%) (Yadav and colleagues, 2010). Response surface methodology is used to 

create gravy mixes by combining onion, ginger, garlic, and green chilli in various proportions (RSM). 
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Conclusion 

This has been the value addition generation, with a focus on and with branding, market segments, and 

value chain management, and inclusive growth occurs through a denial of geographic, temporal, and spatial 

barriers. Nutrition education intervention programmes, despite their challenges, are regarded as a good 

investment in terms of cost-benefit ratio. Many countries have seen rapid improvements in nutrition 

education trends, and the majority of interventions have been successful in increasing fruit and vegetable 

nutritional content. To ensure better outcomes, health professionals should use multiple interventions to 

deliver information in smaller doses over time. 
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Introduction 

Identification and documentation of all forms of life on earth and proper nomenclature of species provide 

the framework for organizing biological information. For identification morphological based traditional 

approach can be followed but are difficult as they depend on phenotypic characters and can lead to incorrect 

identifications and overlooks morphologically cryptic taxa. So, Molecular level discrimination is essential 

for identification of species. Thus, DNA barcoding has emerged and established itself as an important tool 

for species identification and phylogenetic studies in taxonomy. 

DNA Barcoding 

DNA barcoding is a technique for characterizing species using a short DNA sequence from a standard and 

agreed upon position in the genome.  DNA barcode is one or more short gene sequences taken from a 

standardized portion of the genome used to identify species. (Herbert et al., 2003).  

Features of DNA Barcode Gene 

1. Low intra species variability  

2. Species-level genetic variability and divergence. 

3. Short sequence length. 

4. Size of sequence: 600 – 700 bp. 

5. Universality. 

6. Short enough to be quickly sequenced. 

7. Easily identified in all species of organisms. 

8. Variable enough to provide a unique sequence for each species. 

Why to Go for Barcode of Life 

1. Works with fragments: Barcoding can identify a species from any piece of the organism that is 

available.  

2. Works for all stages of life: Barcoding can identify a species in its many forms, from eggs and seed, 

through larvae and seedlings, to adults and flowers.  

3. Unmasks look-alikes: Barcoding can identify differences in look-alikes among species thus can guide 

in identifying dangerous organisms masquerading as harmless ones and also enables to view biodiversity 

with accuracy.  

4. Reduces ambiguity: Written as a sequence of four discrete nucleotides, ATGC – along with a uniform 

locality on genomes, a barcode of life provides a digital identifying feature.  

5. Makes expertise go further: The bewildering diversity of about 2 million already known species 

confines even an expert to morphological identification of only a small part of the plant and animal 

kingdoms. With the view that lot more species to be identified, the barcoding system could speed up the 

process of identification of known organisms as well as to detect unknown species.  

6. Democratizes access: It will make possible identification of species, whether abundant or rare, native 

or invasive, engendering appreciation of biodiversity locally and globally.  

7. Opens the way for an electronic handheld field guide, the Life Barcoder: Barcoding makes it 

possible to link the biological identification to DNA sequencing, miniaturization in electronics, and 

computerized information storage. Integrating those links will lead to portable desktop devices and 

ultimately to hand-held barcoders.  
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8. Sprouts new leaves on the tree of life: Already barcoded 2 million species will pave the way to draw 

the tree of life on Earth. Barcoding newly discovered species will provide sprouting new leaves on the tree 

of life.  

9. Demonstrates value of collections: Barcode library will strengthen to preserve Earth’s biodiversity.  

10. Speeds writing the encyclopedia of life: Barcode library linked to vouchered specimens and their 

binomial names will enhance public access to biological knowledge, thus paves way to create an on-line 

encyclopedia of life on Earth. 

Procedure of DNA Barcoding 

1. Collecting tissue/sample 

2. Isolation of DNA 

3. Amplification of DNA 

4. Analysing PCR products 

5. Analysing the result.  

Criteria for Selection of Potential Barcoding Loci 
Erickson et al. (2009) proposed five factors in selecting a plant DNA barcode: 

1. Universal PCR amplification. 

2. Power of species differentiation. 

3. Complementation among loci. 

4. Breadth of taxonomic application. 

5. Bioinformatic analysis. 

Applications 

1. Controlling Agricultural Pest 

2. Identifying Disease Vectors 

3. Sustaining Natural Resources 

4. Protecting Endangered Species 

5. Monitoring Water Quality 

6. Routine Authentication of Natural Health Products. 

7. Identification of medical plants. 

Barcode Markers Used in Plants 

Genera Barcode marker 

Lemnaceae atpF - atpH 

Asteraceae ITS2 

Fabaceae  matK 

Rutaceae  ITS2 

Orchids  matK 

Cycas  ITS 

Pteridophytes  psbA-trnH 

Solanum  trnS- trnG 

Organisations Involved in Barcoding 

1. Canadian centre for DNA Barcoding (CCDB) 

2. Consortium for Barcode of life  

3. FINBOL – Finnish Barcode of Life 

4. FISH-BOL 

5. NOR-BOL 

6. GBOL- German Barcode of Life. 
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Conclusion 

1. DNA barcoding is a novel system designed to provide rapid, accurate and automatable species-

identification by using short, standardized gene regions. 

2. It is an important tool for species-identification and phylogenetic studies in taxonomy.  It has proved 

useful in protecting endangered animals, identifying agricultural pests and disease vectors, tracking 

adulteration in products and thereby sustaining environment. 

3. It will not be an exaggeration to state that DNA barcoding is simultaneously serving science and society. 
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Introduction 

The word ‘protein’ is derived from Greek word ‘proteios’ meaning ‘first-class’, which emphasizes the high 

importance of protein for life. Proteins take part in maintaining the structural integrity of the cell, 

transport and storage of small molecules, catalysis, regulation, signaling and the immune system. The 

linear protein chains fold up into specific three-dimensional structures and their functional properties 

depend intricately upon their structures. 

Protein plays a key role in almost all biological process. Proteins take part in maintaining the structural 

integrity of the cell, transport and storage of small molecules, catalysis, regulation, signaling and the 

immune system. The linear protein chains fold up into specific three-dimensional structures and their 

functional properties depend intricately upon their structures. Proteins perform various functions like 

interaction with other molecule (protein or DNA or other small molecules). When it comes to protein 

structure, it is a three-dimensional arrangement of atoms in an amino acid chain molecule. Proteins are 

polymers specifically polypeptides formed from sequences of amino acids, the monomers of the polymer. 

Protein structure depends on its amino acid sequence and local low-energy chemical bonds between atoms 

in both the polypeptide backbone and in amino acid side chains. 

Levels of Protein Structure 

The folding of a protein is a complex process, involving four stages, that gives rise to various 3D protein 

structures essential for diverse functions. The structure of a protein is hierarchically arranged, from a 

primary to quaternary structure. The wide variation in amino acid sequences accounts for the different 

conformations in protein structure (Al-Lazikani, B., et al 2001). 

1. Primary structure refers to the linear sequence of amino-acid residues in the polypeptide chain. 

2. Secondary structure is generated by formation of hydrogen bonds between atoms in the polypeptide 

backbone, which folds the chains into either alpha helices or beta-sheets. 

3. Tertiary structure is formed by the folding of the secondary structure sheets or helices into one 

another. The tertiary structure of protein is the geometric shape of the protein. It usually has a polypeptide 

chain as a backbone, with one or more secondary structures. The tertiary structure is determined by the 

interactions and bonding of the amino acid side chains in the protein. 

4. Quaternary structure results from folded amino-acid chains in tertiary structures interacting further 

with each other to give rise to a functional protein such as hemoglobin or DNA polymerase. 

Protein Structure Prediction 

1. Experimental method: 

a. X-ray crystallography (XRC) is the experimental science determining the atomic and 

molecular structure of a crystal, in which the crystalline structure causes a beam of incident X-

rays to diffract into many specific directions. 

b. Nuclear magnetic resonance spectroscopy of proteins (usually abbreviated protein NMR) 

is a field of structural biology in which NMR spectroscopy is used to obtain information about the 

structure and dynamics of proteins, and also nucleic acids, and their complexes 

c. General secondary structure composition can be determined via circular dichroism. Vibrational 

spectroscopy can also be used to characterize the conformation of peptides, polypeptides, and 

proteins. 

2. Computational method: 

https://en.wikipedia.org/wiki/Crystal
https://en.wikipedia.org/wiki/X-rays
https://en.wikipedia.org/wiki/X-rays
https://en.wikipedia.org/wiki/Diffraction
https://en.wikipedia.org/wiki/Structural_biology
https://en.wikipedia.org/wiki/NMR_spectroscopy
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Nucleic_acids
https://en.wikipedia.org/wiki/Circular_dichroism
https://en.wikipedia.org/wiki/Vibrational_spectroscopy
https://en.wikipedia.org/wiki/Vibrational_spectroscopy
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a. Comparative modeling: It is the prediction of 3D structure of a target protein from amino acid 

sequence of a homologous protein for which X-ray or NMR structure is available. 

i. Homology modeling: it is based on reasonable assumption that two homologous proteins 

will share very similar structures. 

ii. Protein threading: protein threading scans the amino acid sequence of an unknown 

structure against a database of solved structures. 

b. De novo Protein Modeling: De novo or ab initio, protein modeling methods seek to build 3D 

protein models ‘from scratch’ from amino acid sequence alone. The de novo methods assumes that 

the native structure corresponds to the global free energy minimum, accessible during the lifespan 

of protein and attempt to find this minimum by an exploration of many conceivable protein 

conformation. 

Applications of Protein Structure Prediction 

Protein’s structure prediction is the important to understand the biological processes and functions of 

protein. Prediction methods have wide range of application in the process of drug discovery, crop 

improvement and other biological studies. Protein structure plays a key role in its function; if a protein 

loses its shape at any structural level, it may no longer be functional. The shape of a protein is critical to 

its function because it determines whether the protein can interact with other molecules. Protein structures 

are very complex, and researchers have only very recently been able to easily and quickly determine the 

structure of complete proteins down to the atomic level. 

Drug discovery:  Computational modeling plays a central driving force in early drug discovery. To be 

effective as a drug, an organic compound must typically fit into a cleft or pocket of a protein and alter its 

biological activity (Lengauer, T., & Zimmer, R. 2000). Protein structure is very useful in the study of 

interaction between drug candidate and target protein in early stages of drug discovery. It is also helpful 

in the study of changes in the protein structure due to the binding of small molecules to protein. It provides 

information of toxic effects due to structural changes (Takeda-Shitaka, M., et al. 2004). 

Crop improvement: It helps in redesign of substrate specificity with great potential for changing 

metabolic pathways and generating novel molecules for health and nutrition. It facilitates more extensive 

applications in knowledge-based targeted mutations for modified protein function (Rao AG. 2008). It helps 

to understand the changes in protein functions in due to biotic and abiotic stress and helps to develop new 

varieties which are resistance to this stress. It’s also used in the development of transgenic plants (Ullrich, 

K. K., et al. 2015). 

Other Applications 

1. Enhance understanding of how proteins function and how they interact with each other 

2. Explain antigenic property of protein/protein complexes. 

3. Helps in the development of plant-based vaccines (Monreal-Escalante, E., et al. 2022) 

4. Provide an understanding about DNA-binding specificity, etc.  
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Introduction 

India is a land with diverse group of people. The country is a home for more than 400 tribal groups, who 

still depend upon traditional agriculture and forest for their livelihood and survival Tribal people fully 

depend upon nature and have developed a symbiotic relationship with surrounding ecosystem. There are 

many tree species which play an important role in forest. Tree has at one time supplied virtually all culture 

with food, shelter, clothing and medicine. There are approximately 10 to 15% of roughly 300,000 species of 

higher of trees have been used in traditional medicine system from several years and flow from generation 

to generation. 

There is probably no other Indian tree that holds as much importance for tribal india as mahua also called 

the ‘Tree of life of tribal India’. Madhuca indica is a tree of Indian origin having tremendous therapeutic 

and potential use but due to unawareness of people it is not fully utilized. The Madhuca indica is known 

as Mahua tree is approximately 20 to 30 meters in height and evergreen or semi-evergreen foliage. Mahua 

tree is generally valued for its seeds, flowers, fruits. Seeds have abundant amount of oil-bearing capacity 

and flowers are mostly used in production of alcohol and sweet candy and it also used as animal feed.  

In India is about 0.12 million tones seeds produce of Mahua tree. Seeds collecting from different part of the 

country in organized sector and utilize for oil extraction. The estimated production of Mahua flowers is 

more than one million tons in the country and the collection of flower and seed are encouraged by the state 

government of India. They provide basic support price for it for source of income for poor people as they 

collect it and then sell it to government agency or local buyer. 

Family: Sapotaceae 

Local Name: English (Indian butter tree), Marathi (Mahua, Mohwa), Hindi (Mahua, Mauwa) Bangali 

(Mahwa, Mahwla, Maul), Gujrati (Madhuca), Telgu (Ippa). 

Habitat and Distribution 

In India there is all type of climatic condition for the better propagation and cultivation, which varies from 

hot to cold, humid to dry to go different part in India. The Mahua is an important economic tree growing 

throughout the subtropical region of Indo-Pakistan subcontinent. 

And the large numbers of Mahua trees are found in the state of Dehradun, Chota Nagpur, Uttar Pradesh, 

Madhya Pradesh, Orissa, Jharkhand, Gujrat, Maharashtra, Bihar, Karnataka and West Bengal. 

Identification 

The green forest part of India up to an altitude range of 1200 meter. It is fast growing tree species that 

grow approximately 12 to 20 meter in height and medium sized to large deciduous tree, usually with the 

short hole and large rounded crown, bark thick dark colored cracked, inner bark dark red, milk, trunk short 

and numerous branches. 

Generally, leaves are 10 to 30 centimeter long and thick. Also, leathery most of leaves are pointed at the 

tip, clustescent glabrred near end of branches and epileptic or elliptic oblong 7.5 to 23cm into 3.8 to 11.5cm 

(Patel et al., 2012). Flowers are fleshy and small, dull or pale white in color and fruits are 2 to 6 centimeter 

long and kind of berry, egg shape, fleshy and greenish and Bark is dark in color, cracked. 
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Fig. Some useful parts of Madhuca indica 

Cultivation and Collection 

The mahua tree can be cultivated and self-sown and the fruits are ready to harvest by 3rd may to June. 

Flowers are the medium size tree and collect the flower season is march to April in every year. The collection 

periods of seed are first week of June and the maturity standards in different genotype of mahua and the 

different under condition to observed that the fruit growth. 

Some Useful Parts of Tree 

All plants of every part of useful to have medicinal properties. either in small and large proportion. The 

mahua tree consist of several parts to classified according to the function. They are roots, bark, leaves, 

flowers, fruits, seeds, oil. 

Leaves: Mahua tree leaves are very high nutrient value for goat, sheep and cattle and the tree lopping to 

fodder in almost of every states. Leaves are also used to food served during festival in rural and tribal 

people to some district like Eastern UP, Bundelkhand and some part of Jharkhand etc. leaves are also used 

as substitute of palash for making plates. The chemical constituents of mahua leaves are crude protein 

(9.4-10.02%), Digestible crude (0.03%), and Total digestible (37.04%). 

Flowers: Mahua flowers are the rich source of sugars which is responsible for its sweet taste. Mahua 

flowers contains good amount of vitamin-C and vitamin-A. The fat and protein also present in flower for 

few amounts. Flowers are also used for making alcohol in tribal area. Dry flowers are also utilized to make 

fermented products like brandy, acetone, and lactic acid. Flowers have present in medicinal properties like 

antibacterial, antihelmenthic, analgesic, antioxidant and anticancer. 

Fruits and Seeds: The fruits and seeds (oil) are extracted from its seed cure arthritis, acute tonsillitis, 

chronic ulcers and bleeding gums. Mahua seeds oil have been preferred cooking oil for many north Indian 

villages because of its ghee like texture. And the tribal people still used the oil for cooking and substitute 

for ghee. Fruits is also used for food and its benefits for health and also known as butter tree. Seeds yield 

30-40 % oil and hence 60-70 of total seed production yields is Mahua seeds. Mahua seed-meal was found to 

be a better source of proteins as well as essential amino acids compared to Sal seed meal. 

Medicinal benefits of mahua: There are many medicinal properties of mahua like Anthelmintic activity, 

Antibacterial activity, Anti-inflammatory activity, Antihyperglycemic activity, Antibacterial activity and 

Anticancer activity. 
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Conclusion 

Mahua tree is the important tree of forest and rural areas for their importance. It is also important for 

their medicinal properties. All three parts are useful to human being. It is useful to industries. The Mahua 

tree for use a various purpose like vegetables, edible fruits and cure to certain diseases. Generally, this 

plant Madhuca indica is known only for its liquor making purpose. 
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The Greek term “nano” which means dwarf, is the origin of the name "nanotechnology." There is plenty of 

room at the bottom, a famous quote by Nobel Prize winner Richard Phillips Feynman that has a significant 

bearing on the development of nanotechnology. Nanotechnology refers to the fields of science, engineering, 

and technology that operate at the nanoscale (about 1 to 100 nanometers). Regarding horticulture, the use 

of nanomaterials appears crucial for boosting production, improving product quality, and lowering fruit 

and vegetable post-harvest losses. It has been estimated that physiological processes and microbiological 

deterioration account for up to 30% of the loss of horticulture crop products in underdeveloped nations. 

This quantity of post-harvest losses can be greatly reduced by using antibacterial nanomaterials in 

nanofilm and nanopackaging. 

Effects of Nanomaterials on Horticultural Crop Growth and Development 

Solid colloidal particles known as nanoparticles are made up of macromolecular substances. The 

nanoparticles can capture, dissolve, encapsulate, or absorb active components like medication molecules or 

bioactive compounds. The use of nanofertilizers, which promote extremely effective plant nutrition and are 

environmentally friendly, increases agricultural yield. The following three methods of providing nutrients 

to crop plants are used by nanofertilizers: (i) the nutrient can be coated by nanoparticles in the form of 

nanoporous materials or nanotubes; (ii) wrapped in a thin protective polymer film; and (iii) delivered as an 

emulsion or nanoscale particles. Nanofertilizers are given to the plants gradually, precisely and effectively. 

Additionally, nanofertilizers are used in horticulture to boost floral fertility, pollination, and vegetative 

development, which increases fruit tree productivity and improves product quality. Under salt stress 

circumstances, exogenous nano-Ca supplementation on blueberries results in higher vegetative growth and 

increased chlorophyll content in the leaf. 

Similar results are seen when nano-boron is sprayed on the leaves of mango trees, increasing the overall 

yield and chemical characteristics of the fruits. This positive effect is most likely due to the leaves' increased 

chlorophyll content and the presence of essential nutrients like nitrogen, phosphorus, potassium, 

manganese, magnesium, boron, zinc, and iron. The application of nano-zinc to mango plants increases 

output, fruit weight, and fruit content. 

Use of Nanomaterials to Extend the Shelf Life of Horticultural Crops 

Most fruits and vegetables don't have good shelf lives when stored under normal settings because of their 

perishable qualities. There are a number of conventional preservation methods, however they are all costly, 

ineffective at extending shelf life, or constrained by an unfavourable residue. Due to many regulatory 

properties of nanoparticles, shelf-life expansion techniques based on nanotechnology have the potential to 

decrease the downsides of traditional approaches. 

Nanomaterials for Extending Fruits' Shelf-Life 

The goal of investigations using nano-based techniques to improve the stability and shelf-life of horticulture 

crops, particularly fruits and vegetables, is to increase the shelf-life of these products. In recent years, 

coating materials for fruits with short shelf lives have included organic and synthetic coating NPs including 

chitosan, Si, TiO2, and their derivative composites. 

For instance, these nanoparticles modify the mechanical and antibacterial properties of Chinese bayberry, 

loquat, and strawberry to prolong their shelf life. The following subsections provide information on a few 

promising NPs and their possible impact on extending the shelf life of agricultural commodities. 
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Enhancing the Vitality of Cut Flowers 

Cut flowers are very significant commercially and have ornamental value, but because of increasing 

microbial contamination, their shelf life is quite short. Early flower wilting is caused by microbial and stem 

barrier infection, which results in stem blockage that restricts water uptake and transport and produces 

water imbalances. Therefore, it is crucial to manage microbial infections in order to overcome stem 

obstruction. According to some research, nano-silver may be able to extend the vase life of cut flowers. The 

most significant nanoparticle, graphene oxide (GO), is a graphene mimicking carbon-based NPs with a 

large surface area and a lot of oxygenated groups. This gives it a great ability to transport nutrients for 

slow-discharge fertilizers. 

Precision Horticulture Using Nanosensors 

Any instrument that is able to transmit information and proof about the actions and traits of NPs at the 

nanoscale level to the macroscopic level is referred to as a nanosensor. Real-time monitoring of field crop, 

crop growth, and pest and disease incidence requires nanosensors. Metal nanotubes, nanowires, nanofibers, 

nanocomposites, nanorods, nanostructured polymers, and various allotropes of carbon, such as carbon 

nanotubes, graphene, and fullerenes, are examples of nanoscale materials that can be utilized to make 

sensors. With real-time monitoring, agricultural production can use fewer pesticides and fertilizers than 

necessary, lowering both production costs and environmental impact. Utilizing nanosensors transforms 

traditional farming into intelligent agriculture, which is more energy- and environmentally-friendly for 

sustainable. 
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Tomato is one of the important vegetable and important factors of Indian kitchen without it no vegetable 

is supposed to be completed. India is the 2nd largest producer of tomato in world whose share in world 

market is 11.5 %. Tomato botanically known as Solanum lycopersicum belongs to solanaceae family. It is 

known as poor man orange. The fruit of tomato is known as berry. The cultivation of tomato is not only 

affected by various infestations of insect and disease but it largely affected by various abiotic stress. In 

India it is cultivating in open field as well as in the greenhouse conditions. Tomato is cultivating in area of 

about 0.81 million hectares with the production of 20.51 million metric tons (Horticultural statistics, NHB, 

2018-19). Physiological disorders of tomato fruit are abnormalities in fruit morphology, color or both which 

are not caused by infectious diseases or insects. The fruit abnormalities occur as a result of environmental 

stress on the plant. The crop’s productivity is severely harmed by these illnesses. Tomato is adversely 

affected by various physiological disorders and the control measures which should be followed to minimize 

them are explained in this review. 

Physiological Disorders 

1. Blossom End Rot: Blossom end rot is a physiological disorder of tomato that can appear on fruits at 

any time in their development, but most commonly appears when fruits are one-third to one-half grown. 

The initial symptoms are water-soaked spots on the blossom end of the fruit. These spots later enlarge and 

become black. Secondary infection by other decay causing organisms usually follows. The cause of this 

disorder is considered to be calcium deficiency in the developing fruit. Extreme fluctuations in moisture, 

root pruning and excessive nitrogen fertilization can also result in blossom end rot.  

Management: Avoid excessive application of Nitrogen particularly in ammonium form. Application 

of lime or calcium-based fertilizers such as CAN as basal dose is commonly used to control this 

physiological disorder. Liming with high-calcium limestone 2-4 months before planting can alleviate 

blossom-end rot. Foliar spray of Calcium chloride (3 g litre-1 of water) also controls this disorder. 

2. Fruit cracking: Two types of cracking commonly observed in tomato fruit (Radial and Concentric 

cracking). Concentric cracking is a splitting of the epidermis in circular patterns around the stem scar. 

Radial cracking is a splitting that radiates toward the blossom end from the stem scar. Radial cracking is 

more likely to develop in full ripe fruit than in mature green. Fruits exposed to sun develop more concentric 

cracking than those, which are covered with foliage. Cracks occur on tomatoes as they near maturity, 

depending on the cultivar. Less susceptible cultivars do not crack until the breaker stage; more tolerant 

cultivars do not crack until they are red ripe; resistant cultivars rarely crack at all. Fruit that has reached 

the ripening stage during dry weather may show considerable cracking if the dry period is followed by 

heavy rains.  

Management: Cracking in tomato can be minimized by planting cultivars tolerant to cracking, 

proper water management, practicing good nutritional program to prevent overly succulent plants, 

and preventing defoliation due to foliar diseases to limit fruit exposure. If the cracking is associated 

with the Boron deficiency, it can be minimized by Soil application of Borax @ 15-20 kg/ha and also 

Spraying of borax 0.25% 2-3 times fruiting stage to ripening stage.  

3. Cat-facing: Cat face tomatoes are misshapen, with enlarged scars and holes in the blossom end of the 

fruit. Cold weather at the time of blossom set distorts and kills certain cells that should develop into fruit, 

resulting in the deformities. The disorder is most often observed among first-formed fruit. Generally, any 

disturbance to flowers can lead to abnormally shaped fruits. Extreme heat, drought, low temperature, and 

contact with hormone-type herbicide sprays may cause flower injury.  
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Management: In greenhouse, heating to avoid low temperatures can reduce cat-facing. This 

includes temperature control for the growing of transplants for field planting. Other than keeping 

herbicides away from flowers, control for cat-face is planting less susceptible tomato varieties.  

4. Puffiness: The outer wall of the fruit is normal, but the tomato is hollow inside. One of the seed cavities 

is usually empty. Cause: Extreme high or low temperatures, excessive nitrogen fertilization, and heavy 

rains may interfere with normal pollination, resulting in puffy fruit. Puffiness occurs most frequently on 

early fruit.  

Management: No effective controls. Puffiness should decline later in the summer. Optimum dosage 

of fertilizers should be applied to minimize the disorder.  

5. Sunscald: Green fruits exposed to direct sunlight ripen unevenly so that yellow patches appear on the 

side of the tomato fruit when it ripens. Symptoms are most likely to appear at the mature green to breaker 

stage of development. The lesions are infected by secondary infection of fungus which shows black dark 

spots making tomatoes units for consumption. Sunscald caused due to High fruit pericarp temperature 

40oC. In bright sunlight, surface temperature may be more than 10oC highest than the air temperature. 

Management: The best protection against sunscald is to utilize cultivars with enough foliage to 

cover the fruit and to provide enough water and pest protection to maintain the healthy foliage. 

Crop are planted at higher densities are less susceptible to this malady. Cultivation of 

indeterminate /semi-determinate varieties without staking also could be helpful.  

6. Blotchy ripening: This disorder also known as the gray wall is recognized as grayish appearance caused 

by partial collapse of the wall tissue hence the term gray wall. The affected area remains green or yellow 

are usually found nearly at the stem end of the tomato fruit. It was due to the deficiency of potassium (K).  

Management: Use of balanced fertilizer dose in the crop prevents the occurrence of blotchy 

ripening. Adjust the planting date to achieve favorable light intensity for good fruit development.  

7. Blossom drop: In this malady, tomato plants fail to set fruits due to extremes in temperature and dry 

conditions may result in poor pollination and cause the flowers to drop from the plant without setting fruit. 

Blossom drops on tomatoes occurs when night temperatures are below 55oF or above 75oF.  

Management: Water the plants deeply once a week during dry weather. Fruit set should increase 

when temperatures moderate. Hormone sprays, such as "Blossom Set", may prevent some blossom 

drop due to low temperatures. However, the resulting fruit are often misshapen. Hormone sprays 

do not prevent blossom drop due to high temperatures.  

8. Chemical injury: Major chemical damages to tomatoes are caused by herbicides. A common herbicide 

injury problem in tomatoes is caused by phenoxy herbicides such as 2,4-D and dicamba. These are hormone-

type herbicides that are common components of products used to control broadleaf weeds in lawns, pastures 

and grain crops. These herbicides are prone to drift or move with water to non-target sites. Symptoms of 

phenoxy herbicide injury appear primarily as a distortion of new growth that occurs following exposure to 

the herbicide. Young leaves do not fully expand, are narrow and pointed, and tend to curl downward.  

Management: To avoid herbicide injury, spray of the herbicide should be avoided when wind may 

carry spray drift toward tomatoes or other sensitive crops. Also, herbicide spray should be with low 

pressures coarse spray nozzle, and spray should be applied as close to the ground as possible. 

Conclusion: Physiological disorder affect the shape, color even the yield. These disorders are due to 

abiotic stress and nutrient deficit. These disorders can be minimized by adopting resistant cultivars 

and proper application of nutrient and fertilizer in required dose in order to get the healthy and 

fresh produce. 
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Introduction 

A population distribution is the distribution of all possible values and their frequency of occurrence. The 

nature and shape of the distribution depends on the kind of variable involved, whether discrete or 

continuous, as well as on other characteristics. A probability distribution is a statistical function that 

describes all possible values and likelihoods that a random variable can take within a given range. In many 

applications, the events are rare to occur i.e., p or q is very small, less than 0.1 where p is the probability 

of occurrence of event and q is probability of its non-occurrences. For instance, the number of insects’ counts 

in field plots. To observe such an event a large sample must be taken. The Poisson distribution is used to 

describe the distribution of rare events in a large population for example, at any particular time, there is a 

certain probability that a particular cell within a large population of cells will acquire a mutation. Mutation 

acquisition is a rare event. The Poisson distribution is a discrete distribution and describes discrete 

occurrences over an interval with each occurrence independent of the other occurrences.The Poisson 

distribution when extended over the set of all integers is known as extended Poisson distribution. Extended 

Poisson distribution is the reflected version of Poisson distribution along y axis. Extended Poisson 

distribution was proposed by Bakouch et al. (2016). 

A random variable X є E-Po (p, λ) with parameters λ >0 and 0 ≤ p ≤ 1 if its probability mass function is 

defined as: 

(X =  x) =

{
 
 

 
 

 e−λ  ;     if x =  0,

   pe−λ
λx

x!
 ;         if x =  1, 2, … ,

(1 −  p)e−λ
λ|x|

|x|!
 ;  if x = ⋯ ,−2,−1.

 

It can be expressed as 

P(X =  x)  =  p P(Y =  x) I{x ≥  0}  + (1 −  p) P(Y =  |x|) I{x ≤  0} 
where Y is a Poisson random variable with parameter λ > 0 

Mathematical Properties 

1. Probability generating function: 

GX(s)  =  e−λ [pesλ + (1 − p)e
λ
s] 

2. Moments: 

Mx(t) =  e−λ [peλe
t
+  (1 − p) e

λ

et   ] 

E(Xk) = {MY
(k) (0)                  ;    if k even 

{(2p − 1)MY
(k)(0) ;     if k odd 

where, 

           My(t) = E(ety) = Gy(e
t) = e−λ(1−e

t) 

Parameter Estimation 

1. Method of moments estimation: For calculating the moment estimates, sample moments are equated 

with its corresponding distribution moments which are function of parameters and by solving this system 

of equations parameter estimates are obtained as:  

 p̂ =
1

2
(
∑ 𝑥𝑖
𝑛
𝑖=1

nλ
+ 1) , λ ̂ =

1

n
∑ |xi|
n
i=1      and     it can be seen that:         
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∑ |xi| 
n
i=1 ̴ Poisson(nλ)      

                                                                        

 ∑ I{Xi = 0}  ̴ Binomial (n, e
−λ)n

i=1  

 

2. Method of maximum likelihood estimation: Parameter estimates are obtained as 

λ̂n =
1

n
∑ |xi|
n
i=1 , 

     

p̂n =
∑ I{Xi>0}
n
i=1

∑ I{Xi>0}
n
i=1 +∑ I{xi<0}

n
i=1

    

 

variance of estimates is: 

V (λ̂n) ≈ 
 λ̃n

n
,      Cov (λ̂n,p̂n ) ≈0, V ( p̂n) ≈ 

p(1−p)

n(1−e−λ)
 

It can be seen that λ̂n and p̂n  are asymptotically independent. 

Illustration Using Simulated Data 

The data has been generated by simulation in R and fitting of E-Po distribution has been done. Chi-Square 

was performed to test the goodness of fit. 

Table 4.1: generated data and their frequencies: 

X -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 

Frequency  2  3  1  4  8  6  5 2 9 24 13 10 6 6 1 

Table 4.2: Descriptive Statistics: 

Minimum 1st Quartile Median Mean 3rd Quartile Maximum 

-7 -1 2 1.15 3 7 

Table 4.3: Distribution Fitting and Chi-Square test: 

X Observed Frequency (O) Expected Frequency (E) (O − E)2

E
 

≤ - 4  10 15.406  2.501 

-3    8 6.379  0.411 

-2    6 6.337  0.017 

-1    5 4.196  0.153 

0    2 4.380  1.699 

1    9 10.440  0.225 

2  24 15.410  4.104 

3  13 15.023  0.570 

4  10 11.097 0.363 

5    6 7.306  0.233 

≥ 6    7 4.264  0.572 

Total 100 100.240  10.85 

Since ∑
(O−E)2

E
=10.8543 and χ0.05,10

2 =18.307. Hence E-Po distribution fits the data well. 

 
Probability curve 
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Estimated value of parameters 

Parameters Estimate Standard error 

λ̂ 3.04 0.17 

p̂ 0.73 0.04 

Summary 

Poisson distribution has been extended to the set of all integers. This extension has two parameters. 

Various mathematical properties of this extension have been given and its parameters were estimated by 

the methods of moments and maximum likelihood. Simulated data application of the extension has also 

provided showing it fits well on data set. 
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Introduction 

In life time data analysis, monotone hazard rate occurs commonly which is modelled by using Weibull and 

gamma distribution. Weibull distribution is inappropriate when hazard rate is unimodal. Gamma models 

do not have closed form expression for hazard function as it includes incomplete gamma integral. 

Consequently, maximum likelihood estimation is difficult which limits use of gamma distribution in 

lifetime data. Exponential extension distribution introduced by Nadarajah and Haghighi (2011) is an 

alternative to the gamma, Weibull and the Exponentiated Exponential distribution. There are many 

physical processes like daily rainfall, daily snowfall which have their mode at zero for most of location in 

the world. When mode of data set is zero i.e., pdf is monotonically decreasing but ExpExt distribution allow 

for increasing, decreasing and constant Hazard rate functions. 

Definition 

A random variable X is said to follow exponential extension distribution with parameters λ > 0, α >0 and 

x>0 if its cumulative distribution function is defined as 

             
( ) ( ; , ) 1 exp 1 1F x x


  = − − +

                                   𝛼, 𝜆, 𝑥 > 0  
the probability density function {𝑓(𝑥; 𝛼, 𝜆)} is obtained from cdf as 

( ) 
( ) ( ) 

1 exp 1 1
( ) 1

( ; , ) 1 exp 1 1

d x
dF x

f x x x
dx dx




 
    

 
− − +

  − = = = + − +
                  

As particular case when 𝛼 = 1, equation (1.2) reduces to the exponential distribution. 

Characteristics of ExpExt Distribution 

1. Survival function: 

The corresponding survival function is, 

Survival function {S (x; α, λ)} = probability of no failure before time x. 

 
( )  ( ) ( ) 1 ( ) 1 1 exp 1 1 exp 1 1S x F x x x

 
 

 
= − = − − − + = − +

                                   

2. Hazard rate function (hrf): 

The hazard function is the probability that a failure occurs in a specified interval given no failure before 

time t. 

( ) ( ) 
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1
1 exp 1 1

( ) 1
( ) 1
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−
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−
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The hazard function of the ExpExt distribution behaves like the hazard function of the Weibull distribution, 

which is quite different from the hazard function of the gamma and Exponentiated Exponential 

distribution. 

3. Quantile Function: 

 

1

1
( ) 1 log(1 ) 1Q p p





 
 = − − −
 
         

4. Shapes of pdf and hazard function: 

 
( ) ( ) 1

( ; , ) 1 exp 1 1f x x x
 

    
−

= + − +
  ( ) 0f x →  as 0x→  , ( )f x  is monotonically decreases. 

Hazard rate function { ( )h x = ( ) 1
1 x


 

−
+

} exhibit following shapes: 
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a. If  1  , then h(x) monotonically decreases with h (0) =   and ( ) 0f x →  as 0x→ . 

b. If  1  , then h(x) monotonically increases with h (0) =   and ( ) 0f x →  as 0x→ . 

c. If 1 = , then ( )h x =  
t
. 

5. Moment Properties 

If X follows exponential extension distribution with pdf as in (1.2). Then its kth order moment is given by: 

( ) ( ,0,1)kE eI kx =  

Where ( )

( 1)1 !
( , , ) 1,( 1) 11 ! !0

a ba b ia iI a b c cc
a i a ii




− + + −=  +− −  + −  =              

1( , ) exp( )aa t x dxx
t


− = −

  

Parameter Estimation 

Method of moments estimation: For calculating the moment estimates, sample moments are equated 

with its corresponding distribution moments which are function of parameters and by solving this system 

of equations parameter estimates are obtained.  

Method of maximum likelihood estimation: To obtain the MLE’s of α and λ, maximize the log 

likelihood equation. Simultaneous solution of two normal equations will give maximum likelihood 

estimators. 

Simulation Study 

1. Comparison between exponential extension distribution and other distribution: 100 

observations from the unit exponential distribution are simulated using R software which has its mode at 

zero. Gamma, Weibull, exponentiated exponential and exponential extension distributions are fitted. 

Table1: Fitting of the distributions by maximum likelihood method: 

Distribution Parameter estimate (with standard error) 

 �̂� �̂� 

Gamma 0.92 (0.11) 0.82 (0.13) 

Weibull 0.97 (0.08) 1.11 (0.12) 

Exponentiated exponential 0.91 (0.12) 0.84 (0.11) 

Exponential Extension 1.13 (0.36) 0.74 (0.36) 

 
Figure1: Graph of fitted pdfs with unit exponential variate on x-axis 

It can be seen from the graph that only exponential extension distribution has its mode at zero hence only 

this distribution provides the valid fit. 

2. Data analysis: 100 observations from the exponential extension distribution has been generated by 

simulation in R software which has its mode at zero. Fitting of ExpExt distribution has been done. Chi-

square test and Kolmogorov Smirnov test was performed to test goodness of fit. 

Table2: Estimates of parameters by maximum likelihood method (Log likelihood log L=391.09): 

Goodness-of-fit test: Chi square p value = 0 

 estimate Std.error 

�̂�     0.48     0.07 

�̂� 535.93 179.58 
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Figure2: Density curve of fitted ExpExt distribution 

Fitted distribution has mode zero.  Also, the p value for chi square test is 0 which is less than 0.05. Hence, 

ExpExt provide the valid fit. 

Summary and Conclusion 

Exponential Extension distribution is an important class of probability distribution which can be 

considered as a generalization of exponential distribution. This distribution can be widely used in lifetime 

data analysis where mode of data is zero always. A comparison of ExpExt distribution has been done with 

other distribution using simulated data generated from unit exponential distribution which always has its 

mode fixed at zero and it is seen that only this distribution provides a valid fit. Hence for such situation it 

can be used as alternative to Gamma, Weibull, exponentiated exponential distributions. Further, the 

distribution has been fitted using a simulated data generated from exponential extension distribution. The 

parameters of the distribution are estimated using MLE. Based on the simulation study it has been 

observed that the exponential extension distribution fits well to the considered data as established by 

goodness of fit test along with graphical tests. 
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Multiple frames are preferably used when it is difficult to obtain a single sampling frame that covers the 

whole population or two or more cheaper sampling frames are available from different sources covering the 

whole population. Sometimes, even it is possible to use unique frame but it may be very costly to prepare 

the same, thus, the use of additional frames to cover the whole population may be economically 

advantageous. 

The main purpose of using MF surveys is to reduce cost while maintaining estimation efficiency almost at 

par with single frame surveys. In some cases, a frame that covers the entire population is very expensive, 

so an alternate frame may be available that does not cover the entire population but is cheaper to sample 

from. 

Sampling costs depend on many factors as the size of the sample or the mode of interview. For example, in 

the estimation of sugarcane production, making the list of all the farmers producing sugarcane in a 

particular region is expensive whereas getting lists of the farmers supplying sugarcane to the sugarcane 

factory in a region is quite cheaper. Also, the frame developed with the help of the sugarcane factory is the 

overlapping with the frame of all the farmers producing sugarcane. Such motivation for reducing cost for a 

given precision level was the starting point in the justification of multiple frame (MF) surveys. 

Dual Frame (DF) surveys are a special case of MF surveys considering two frames covering the entire 

population. Dual frame surveys are applicable in those situations, where, one frame may cover the entire 

population but is very expensive to sample; so, an alternate frame may be available that does not cover the 

entire population but it is easily available. 

In situations, when there are two sampling frames i.e. A and B, covering the population under 

consideration. Independent probability samples are taken from frames A and B, and information from the 

two samples is combined to estimate quantities of interest. Hartley (1962) noted that a dual frame design 

can result in considerable cost savings over a single frame design with comparable precision. The notations 

used by Hartley can be illustrated by assuming two overlapping frames, A and B, thought to be completely 

covering the whole population.  

These two overlapping frames generate three groups of elements called domains. Let us denote these 

domains by (a), (ab) and (b) (say). Domain (a) represents the set of units included in frame A only, domain 

(b) is the set of units included in frame B only and domain (ab) is the overlap domain i.e., the set of doubly-

counted units, included both in A and B. Capital letter subscripts are used to indicate population sizes, 

sample sizes, sample values, sample means, population means, population totals, and costs when they refer 

to a sampling frame. Small letter subscripts are to be used for the same quantities when they apply to 

domains. Suppose the number of population units in frames A and B is denoted by 𝑁𝐴 and 𝑁𝐵, respectively. 

Similarly, the number of population units in the domain (a), number of population units in the domain (b) 

and number of population elements in overlap domain (ab) are represented by 𝑁𝑎, 𝑁𝑏 and 𝑁𝑎𝑏 respectively. 

In general, the union of the Q frames are assumed to cover the finite population of interest U. Then the 

universe may be divided into 2Q-1 mutually exclusive domains. Usually, the investigator draws 

independent probability samples from frames A and B, and information from the two samples is combined 

to estimate quantities of interest. Thus, samples of size 𝑛𝐴 are taken from frame A and another independent 

sample of size 𝑛𝐵 are taken from frame B. The population structure for two overlapping frames can be 

schematically presented by the following figure: 
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Figure: Population structure resulting from the application of two overlapping frames 
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The theory and applications of sample surveys have grown considerably in the last 50 years. As the number 

and utilization of sample surveys have grown, so has the demand for data analysis and interpretation 

methodologies. It is often designed to analyze and interpret the resulting voluminous data by swifter 

methods.  A basic requirement of a good survey is that a measure of precision is provided for each estimate 

computed from survey data collected based on the survey design. The most commonly used measure of 

precision is the variance of the survey estimator. 

An important question now is, how to choose an appropriate variance estimator? The choice, in general, is 

a very difficult one. Factors like the efficiency of the variance estimator, timeliness, cost, simplicity and 

other administrative conveniences must be considered.  Estimate of variance should be computed following 

the complexity of the sample design, neglect of that complexity is a common source of serious mistakes 

(Kish and Frankel, 1970). On the other hand, trying to obtain more exact and complicated statistics like a 

measure of variation (variance, standard error, mean square error) of first-order statistics would become 

too difficult with non-linear statistics from complex surveys. In the case of non-linear statistics, there are 

many methods of variance estimation including the jackknife method and bootstrap method. Jackknife and 

bootstrap methods are the most popular resampling techniques. The sample reuse approach for variance 

estimation involves taking replicated sub-samples from the total sample and forming survey estimates 

from the sub-samples. The variability of the sub-sample estimates is then used to estimate the variance of 

the total sample estimate. 

Jackknife Method of Variance Estimation 
Jackknife Method was proposed by Maurice Quenouille (1949) and John W. Tukey (1958). The term 

"Jackknife" was coined by John Tukey (1958) to refer to it as a statistical tool for all purposes. This method 

derives estimates of the parameter of interest from each of several sub-samples of the parent sample. It 

estimates the variance of the parent sample estimator from the variability between the sub-sample 

estimates. The delete one jackknife procedure is to obtain the value of the statistic from various sub-

samples, deleting one observation at a time. The jackknife method is found to be useful in bias reduction 

(Quenouille, 1949, 1956) and variance estimation (Tukey, 1958). The Jackknife can be used for any 

estimator that is a sampled analogue of a parameter. For instance, the Jackknife can be used on the 

following: the sample mean as an estimator of the population mean, the sample variance as an estimator 

of the population variance, the sample minimum as an estimator of the population minimum and so on. 

This can be extended to any population characteristic especially non-linear in nature. 

Bootstrap Method of Variance Estimation 
There are several methods of variance estimation for complex sample surveys out of which the bootstrap 

method is the most recent technique of variance estimation. Recently, considerable attention has been paid 

to the problems of estimation of variance for non-linear statistics such as ratio, regression and correlation 

coefficients, etc. Due to the vast increase in computer power that has become available in the recent decade, 

the whole scenario of statistical data analysis seems to have changed. The revolution in the field of 

electronic computation has led to the development of new statistical theories and methods, particularly the 

upsurge of computer-intensive statistical methodology such as bootstrap methods, non-parametric 

regression, generalized additive models, etc. The most significant point about these methods is that fewer 

distributional assumptions are required for their application than the corresponding classical statistical 

methods. 

Efron proposed the bootstrap method in 1979, showing that it accurately estimates the variance of a sample 

median, a case where jackknife is known to fail. Bootstrap methods are basically simulation methods 
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conducted on high-speed computers and aimed at generating new data sets from the observed original data 

set.  The term ‘bootstrap’ - derived from the old saying about pulling yourself up by your own bootstrap-

reflects the fact that one available sample gives rise to a large number of other samples. It is essentially a 

highly computer-intensive resampling technique to extract as much information as possible from the data 

on hand. It substitutes a considerable amount of computation in place of theoretical analysis. The bootstrap 

can routinely answer questions that are far too complicated for traditional statistical analysis. Even for 

relatively simple problems, computer-intensive methods like the bootstrap are an increasingly good data 

analytic bargain in an era of exponentially declining computational costs. The bootstrap method needs no 

prior assumptions about the distribution of observations as well as the estimators. It provides estimates of 

bias, standard error apart from estimates of other distributional properties of the estimators, however, 

complex it may be. In a case when jackknife is known to fail, the bootstrap method successfully estimates 

the variance of order statistics. 

The original bootstrap method, also known as Naïve bootstrap method, proposed by Efron (1979) was given 

only for independently and identically distributed (i.i.d.) samples and he suggested drawing Simple 

Random Sampling with Replacement (SRSWR) sample of size n repeatedly from an original i.i.d. sample 

of size n. In sampling from finite populations, the original Naive bootstrap fails to capture the dependence 

imposed by without replacement sampling. Rao and Wu (1984) proposed a rescaling of Naive bootstrap 

method by taking with replacement bootstrap samples and named it as Rescaling Bootstrap with 

Replacement (RSBWR). While discussing about the problem of variance estimation without replacement 

sampling designs, Ahmad (1996, 1997) proposed a bootstrap method of variance estimation known as 

Rescaling Bootstrap Without Replacement (RSBWO). This method was further extended for stratified 

random sampling and two stage cluster sampling designs. 
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Missing values are a common phenomenon in census and survey data. Such incomplete data may arise 

when some or all of the responses are not collected for a sampled element or when some responses are 

deleted because they fail to satisfy edit constraints. Such incomplete datasets affect the estimates by 

introducing both bias and increase in sampling variance due to reduction in effective sample size. 

Hence, efforts are needed to eliminate the effect of non-response in the data collection phase of a survey. 

During the estimation stage, there is also a need to develop procedures minimizing the effect of non-

response biases. In those situations, imputation techniques can be implemented to compensate for non-

response at the estimation stage various imputation procedures have been used in practice which may 

result in different magnitudes of the bias and of the increase in variance. 

Imputation i.e., filling in for missing values is a very common technique for handling non-response (Platek 

and Gray, 1979, Kalton et. al., 1981, 1982). The obvious advantage of imputation is that once the values 

have been filled in standard data Analysis methods may be used.  

The imputation procedures have the desirable features as: 

1. It aims to reduce biases in survey estimates arising from missing data. 

2. By assigning values at the micro-level and thus allowing analysis to be conducted as if the data set is 

complete, it makes analysis easier to conduct and results easier to present. 

3. The results obtained from the different analysis are bound to be consistent, a feature which need not 

apply with an incomplete data set. 

During the last few decades, investigators have applied several methods for imputing missing values, which 

include various ad hoc methods as well as advanced model-based approaches. One of the most primitive 

techniques is to fill in the missing value with the mean of non-missing values. 

While this technique is simple and easy to apply, it causes underestimation of standard deviations and 

standard errors, as there is no variation in the imputed values. It also ignores correlations that often occur 

in spatially and temporally varying data. There are several other traditional imputation techniques like 

zero substitution, random substitution, average of preceding and succeeding observations, etc. generally 

found to be effective to deal with non-response. 

Bootstrap is a distribution-free approach for computing standard error. Thus, we will take bootstrap 

samples from the incomplete data and then carry out Imputation on incomplete bootstrap samples. Bello 

(1994) modified the standard bootstrap method to ensure that representative bootstrap samples having 

both complete and incomplete cases are present in each bootstrap sample using with replacement so that 

effective use of imputation techniques is possible. 

Ahmad (1996) and Ahmad et al. (2003) considered the case of variance estimation in case of without 

replacement sampling design for the data with missing values and suggested that sampling design involved 

in the bootstrap method should be close to the original sampling design as much as possible. They 

successfully implemented the proposed Proportional Bootstrap Without Replacement (PBWO) method for 

variance estimation in the context of different complex designs using imputation techniques. 
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Multiple frame surveys were first introduced by Hartley in 1962 as a device for reducing the costs derived 

from data collection while still covering the whole target population. The concept of multiple frame 

sampling scheme is similar to the concepts of post-stratification and domain estimation. The notation that 

Hartley (I962) introduces for multiple frame surveys will be followed in this article, whenever required, 

additional notations will be used. Capital letter subscripts are used to indicate population sizes, sample 

sizes, sample values, sample means, population means, population totals and costs when they refer to a 

sampling frame. Small letter subscripts are to be used for the same quantities when they apply to either 

post-strata or domains. 

Multiple frames are preferably used when it is difficult to obtain a single sampling frame that covers the 

whole population or two or more cheaper sampling frames are available from different sources covering the 

whole population. Sometimes, even it is possible to use unique frame but it may be very costly to prepare 

the same, thus, the use of additional frames to cover the whole population may be economically 

advantageous. The main purpose of using MF surveys is to reduce cost while maintaining estimation 

efficiency almost at par with single frame surveys. In some cases, a frame that covers the entire population 

is very expensive, so an alternate frame may be available that does not cover the entire population but is 

cheaper to sample from. Sampling costs depend on many factors as the size of the sample or the mode of 

interview. For example, in the estimation of sugarcane production, making the list of all the farmers 

producing sugarcane in a particular region is expensive whereas getting lists of the farmers supplying 

sugarcane to the sugarcane factory in a region is quite cheaper. Also, the frame developed with the help of 

the sugarcane factory is the overlapping with the frame of all the farmers producing sugarcane. Such 

motivation for reducing cost for a given precision level was the starting point in the justification of multiple 

frame (MF) surveys. 

Suppose 𝑛𝑎 be the number of units among 𝑛𝐴 units that belong to the domain (a) and 𝑛𝑏 be the number of 

units among 𝑛𝐵units that belong to the domain (b). Further, note that, 𝑛𝑎𝑏  is the number of elements 

sampled from frame A that fall in the domain (ab), and that 𝑛𝑏𝑎 is the number of elements sampled from 

frame B that fall in the domain (ab). Therefore,  

𝑛𝑎 + 𝑛𝑎𝑏 = 𝑛𝐴 and  𝑛𝑏 + 𝑛𝑏𝑎 = 𝑛𝐵 

Schematic presentation of the notation of samples from both frames is shown in Figure. 

 
Figure: The composition of the sample sizes and means when sampling from two overlapping 

frames 
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Underlying the above schematic presentations is the assumption that it is possible to determine whether 

each element included in the sample is contained in the other frame. Hartley (1974) used simple random 

sampling (SRS) to draw independent random samples from two overlapping frames and provided an 

estimator to obtain population total and found that a dual frame survey may cost far less than a single 

frame survey that achieves the same precision.  However, the sampler is afforded the flexibility of 

employing different sampling designs in the two frames if the composition of the frames is sufficiently 

different. One frame may be an area frame consisting of a list of geographical units from which a cluster 

sample could be drawn. If the second frame is a list of names, it could be sampled in a simple random 

manner. 
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Balanced Sampling plans Excluding Contiguous units (BSEC plans) introduced by Hedayat et al. (1988). 

BSEC plans are those sampling plans in which pair of contiguous units never appear in the sample whereas 

all other pairs appear equally often in the samples. Stufken (1993) has generalized the concept of BSEC 

plans by excluding all those pairs of units whose distance is less than or equal to m. These plans were 

termed as Balanced Sampling Plans Excluding Adjacent units or BSA (m) plans by Stufken (1993). In 

BSA(m) plans, all the first order inclusion probabilities are equal and second order inclusion probabilities 

for pairs of adjacent units at a distance less than or equal to m are zero and constant for all other pairs of 

non-adjacent units which are at a distance greater than m. Here, first order inclusion probability (πi) is the 

probability that a unit i , i = 1, 2,…, v will be included in the sample and second order inclusion probability 

(πij) is the probability that a pair of units (i, j), i ≠ j = 1, 2,…, v,  will be included together in a sample, where 

v denote the population size. In BSA (m) plans usually a circular ordering of units in the population is 

assumed, i.e., if there are v units in the population, units 1 and v are considered adjacent. Circular ordering 

is assumed for convenience and simplicity. Another arrangement that may exist in natural ordered 

populations is linear ordering of units.  

The first and second order inclusion probabilities of BSA (m) plan for drawing a sample of size k from a 

population of size v with a circular ordering of units are given by  

πi = v

k

, i = 1, 2,…, v ;  

πij = )12(

)1(

−−

−

mvv

kk

, i ≠ j = 1, 2, …, v if δ (i, j) >m and πij = 0 if δ (i, j) ≤ m (1)            

where δ (i, j) is the distance between 2 units i and j. Here, v is the population size and k are the sample 

size. These inclusion probabilities are valid for circular structures only. Stufken et al. (1999) introduced 

Polygonal Designs (PDs) and showed that PD’s are equivalent to BSA plans. A definition of polygonal 

designs is given in the sequel. 

Definition 
A polygonal design is an arrangement of v symbols in b blocks of size k with r replications and distance m 

such that  

▪ any two symbols i, j with distance less than or equal to m do not appear together in a block. 

▪ any other pair of symbols i, j with distance greater than m appear together in precisely λ blocks. 

 In this case the parameters of the design are v, b, r, k, λ and m. The parameter of the design satisfies the 

following conditions. 

 

i) vr = bk;                                                                        (2)                 

ii) λ(v – 2m – 1) = r (k – 1)      

If m = 0, a polygonal design reduces to Balanced Incomplete Block (BIB) design.  

Let a sample of size k is taken from a population of size v. Consider PD of parameters v, b, r, k, λ, m. Let k 

treatments in each block be considered as the units in the sample, of the b blocks constitute the sample 

space S, then selecting one block randomly with probability of selection p(s) =1/b ∀ s = 1, 2, …, b is 

equivalent to BSA(m) plan. Using the parametric relations of polygonal designs given in (2), the first order 

inclusion probability will be, 𝜋𝑖 =
𝑟

𝑏
 , i = 1, 2, …, v and second order inclusion probability will be, 𝜋𝑖𝑗 =

𝜆

𝑏
,  i 
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≠ j = 1, 2, …, v, for distance between units greater than 𝑚 and 
0=ij

,  i ≠ j = 1, 2, …, v, for  distance 

between units less than or equal to 𝑚. We now give some examples of polygonal designs. 
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The concurrence matrix of the polygonal designs under circular ordering is known. For given m, the 

distance between adjacent units, r, replication of each treatment and λ, the number of blocks in which pair 

of treatment at a distance greater than m appears together, the structure of concurrence matrices for m 

=1, 2, 3, 4 and 5 respectively are given in the sequel. 

Concurrence matrix for m = 1 

 

Concurrence matrix for m = 2 

 

Concurrence matrix for m = 3 

 

Concurrence matrix for m = 4 
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Concurrence matrix for m = 5 

 

The algorithmic approach based on linear integer programming for generating efficient binary incomplete 

block designs developed by Mandal et al. (2014) has been modified to obtain polygonal designs after 

incorporating the concurrence matrix. The algorithm constructs incidence matrix from concurrence matrix. 

First row of incidence matrix is taken at random such that number of replications is matched. Subsequent 

rows are added in the incidence matrix with the constraint that (i) number of replications of that row is 

matched and (ii) number of concurrences of that row with previous rows is also matched. 
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Introduction 

An ecological niche is defined as the role or position occupied by a particular species in its ecosystem. A 

niche is comprised of conditions created by the biotic (living) and abiotic (non-living) components of an 

ecosystem that influence how successfully the species can reproduce and obtain necessary resources - i.e., 

food, water, and shelter. A niche also involves the influence that the species, in turn, has on its ecosystem. 

Over the years, the ecological niche has been defined under various perspectives, ranging from broad 

geographical to local scale and including a functional link with the environment. The term niche was first 

time used by Grinnell in 1924 as the functional and distributional unit of one species or sub species over a 

region, while niche was described as interaction of organisms within the community on the basis of 

functional attributes by Elton (1927). Niche is multidimensional in nature and that encompasses various 

abiotic factors along with interacting biotic factors that influence the species survival and reproduction rate 

in that ecosystem. 

Different Aspects and Factors Affecting Ecological Niches 

Ecological niche contains various attributes that is controlled by environmental and biological factors 

associated with niche. The factors that influence functions of ecological niche are: 

1. Temperature: Temperature affects the diversity of floral and faunal community over a region. 

Temperature determines the availability of resources and also has profound effect on physiology of a species 

in an ecosystem. For example, polar bear found in cold region is far more different from animals found in 

warmer areas.  

2. Availability of Nutrients: All living creatures require energy and nutrient sources for their growth 

and survival in an ecosystem. Higher competition in a niche for organisms limits their growth and they 

migrate to lower competitive niche.  

3. Predators: Predators control the number and growth of a species in a niche including physiological 

traits, anatomical aspects and colonization i.e., behavioural aspects of a species in ecosystem. The release 

of certain chemicals and unfavourable conditions developed by predators limit the species growth. 

Different Types of Ecological Niches 

There are two types of ecological niche as described by G. Evelyn Hutchinson, a zoologist in 1957 as: 

1. Fundamental Niches: Fundamental niche explore all necessary conditions for a species growth and it 

could persist in that ecosystem excluding biotic interactions like competition. The overall generalized 

conditions for a species survival are included in fundamental niche.  

2. Realized Niches: Realized niche includes all biotic and abiotic aspects, interactions and conditions for 

a species growth in an ecosystem. It adds the competitive nature of an organism in an ecosystem. 

Importance of Ecological Niches 

Ecological niches play a key role in species existence in nature or in an ecosystem as it provides a suitable 

habitat without creating competition among organisms for growth along with its survival. Similarly, we 

can understand that if bee populations severely decrease on our planet, we might have problems growing 

sufficient food in the future. Multiple scientific principles and theories related to ecological niches have 
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been developed over the years. Specific theories related with ecological niches uses modelling which take 

the help of environmental data and process it with computer algorithms to predict the specific species 

existence in an ecosystem. 

Theories Associated with Ecological Niche 

The Competitive Exclusion Principle: This competitive exclusion principle states that it is impossible 

for the two species to occupy same niche forever in an ecosystem. With passage of time and resource limiting 

condition, any one species or both the species with occupy different niche or will cease to exist. The invasive 

species are the suitable example for this principle as they occupy an area or niche try to cast off local species 

from that niche which led to extinction. Two theories are there to satisfy this principle is: 

a. R-Theory: Multiple species cannot co-exist in a niche until and unless they use different 

resources and differentiate their niche from each other. During lowest resource density, the most 

limited resource that influences the species population will be excluded.  

b. P-Theory: The consumers can share their niche and exist at high density of resources.  

Resources Partitioning: Resource partitioning means separating and using the existing resources at 

different time period by different organisms in an ecosystem or in a niche, where species can coexist and 

grow.  For example, the Darwin’s finches in which beak shape of the animal changes with evolution over a 

time period in which same niche was used by different organisms. 

 
Fig-1: Resource Partitioning in an Ecosystem 

Conclusion 

Niche provides a habitat for the growth and proliferation of a species in an ecosystem. This niche provides 

resources and marks the interactions among different species. Ecological niche uses ecological concepts and 

various models associated with ecosystem and along with computer-based algorithm helps in identification 

of specific habitat for specific organism to grow. Resource partitioning mechanism can help the species to 

coexist in an ecosystem and limits the competition among them. 
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Introduction 

Global human population is rising dramatically every day. In the future, intensive agriculture will be 

required to supply the basic needs of a growing population, such as food, feed, fibre, and shelter. There is 

no denying that with intensive agriculture, we have multiplied the amount of food we can produce, but it 

has also created several management issues with weeds, pest insects, and nutrients, as well as 

environmental degradation. Some of the significant new dangers to Indian agriculture are the improper 

use of pesticides, the reappearance of minor pests, and insect pesticide resistance. Soil solarization has 

proven to be a successful non-chemical strategy for managing weeds, nematodes, insects, and diseases that 

are soil-borne. During the hot summer months, a transparent plastic film is placed on top of the soil, which 

is then sterilized via a hydrothermal process known as soil solarization. The majority of diseases and pests 

acquired over the crop cycle can be removed by increasing soil temperatures at different depths thanks to 

effective soil solarization. The maximum temperature peaks in the soil can be found up to 30 cm deep, and 

sufficient time (about one month) is needed for soil sterilization. When solarization is being practiced, these 

circumstances depend not only on the materials used but also on the weather, which can occasionally be 

adverse. Additionally, it brings about intricate alterations in the soil's physical, biological, and chemical 

composition that promote plant growth and development. In order to promote plant growth, reduce soil 

water evaporation, eradicate weeds, enhance soil health, and lessen soil losses due to erosion, it creates a 

protective coating against cold or warmed soil. As a safer alternative to fumigation, soil solarization can be 

used to manage soilborne issues. It is appropriate for both commercial and domestic use because it can be 

simply applied on both large and small scales. 

Principles of Soil Solarization 

The process of "soil solarization" involves covering moist soil with plastic sheeting to passively heat it by 

solar radiation (usually transparent polyethylene). The procedure of solarization is straightforward, but its 

overall mode of action, which involves a number of interconnected processes that take place in treated soil 

and improve crop plants' health, growth, yield, and quality (Stapleton, 1997). Under a transparent 

polyethylene covering, soil solarization collects the radiant energy of sunshine. When the soil is sufficiently 

saturated, the heat generated pasteurises the soil, eradicating plant pathogens as well as insect and weed 

pests while preserving populations of several beneficial soil microorganisms that foster plant growth. The 

top six inches of soil can reach 140 F in arid conditions. The effect of solarization is greatest at the surface 

and decreases with depth. However, under optimal conditions, heating is sufficient in the top 12 inches of 

soil to be effective against a wide range of pathogens and pests. 

Method of Soil Solarization 

1. Soil Preparation: Solarization is most effective when the plastic sheet (tarp) is laid as close as possible 

to a smooth soil surface. Preparation of the soil begins by disking, rototilling, or turning the soil by hand to 

break up clods and then smoothing the soil surface. Large rocks, weeds, or any other objects or debris that 

may raise or puncture the plastic should be removed from soil surface. 

2. Laying the Plastic: Plastic is laid either in complete coverage or strip coverage. Complete coverage is 

recommended if the soil is heavily infested with pathogens, nematodes or perennial weeds. Care must be 
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taken to avoid deep tillage that could bring untreated soil to the surface. The ends of the plastic sheets 

should be held in place by burying them in the soil. 

3. Irrigation: Wet soil conducts heat better than dry soil and makes soil organisms more vulnerable to 

heat. Soil under plastic sheets must be saturated to at least 70% of field capacity in the upper layers and 

moist to depths of 60 cm for soil solarization to be effective. Fields treated by strip coverage can be irrigated 

by drip lines on or in the bed. 

4. Duration of Treatment: The plastic sheets should be left in place for 4 to 6 weeks to allow the soil to 

heat the greatest depth possible. To control the most resistant species, plastic sheet should be left in place 

for 6 weeks. In this practice, the greatest concern is to solarize the soil during a period of high solar 

radiation with little wind or cloud cover; there is little or no need to take the temperature of the soil. 

5. Removal of the Plastic and Planting: After completion of solarization, the plastic may be removed 

before planting or the plastic may be left on the soil as mulch for the following crop by transplanting plants 

through the plastic. Clear plastic may be painted white or silver to cool the soil and repel flying insect pests 

in the following crop. If the soil is needed to be cultivated for planting, the cultivation must be shallow (less 

than 5 cm) to avoid moving viable weed seed to the surface. 

Plastic Sheeting Material 
1. Colored Vs. Transparent Plastic: Transparent or clear plastic is most effective for soil solarization. 

Black plastic, often used for mulching, does not heat the soil as compared to clear plastic.  It can be used 

for solarization but its main effect is reducing weed growth. In areas where solarization is ineffective 

because of low solar radiation or a heavy infestation of weeds, black plastic may combine some solarization 

benefit with residual weed control. Other colors of plastic, such as green or brown, require longer treatment 

times to give the same results. 

2. Types of Plastic: The thinner the plastic, the greater the heating will be. Although effective and 

affordable, polyethylene (PE) plastic with a 0.025 mm thickness is not highly resistant to tearing by wind 

or piercing by animals. Consider using plastic sheets that are between 0.038 and 0.050 mm thick if you live 

in a windy environment. The plastic should be fixed using transparent patching tape if it does get holes or 

tears. When used for solarization, plastic sheets set down by hand can frequently be reused, albeit doing 

so is less effective if the plastic is unclean or dusty. An additive that allows polyethylene sheets to absorb 

infrared (IR) radiation and enhance heat retention is a possibility. 

Impact of Solarization 

1. Soil Temperature: With increasing soil depth, the soil solarization's heating impact becomes less 

effective. At a depth of 5 cm, the temperature of soil that has been solarized in a field typically ranges from 

108° to 131°F (42° to 55°C). The top 10 to 30 cm are often the best for controlling soil pests. By utilising a 

double layer of plastic sheeting or within greenhouses, it is possible to raise soil temperatures and deepen 

soil heating. 

2. Improvement of Soil physical and chemical properties: The physical and chemical qualities of soil 

are altered by solarization, which benefits plant growth and development. It accelerates the decomposition 

of organic matter in the soil, releasing soluble nutrients like nitrogen, potassium, calcium, magnesium, 

fulvic acid and increasing their availability to plants. Additionally, improvements in soil tilth due to soil 

aggregation have been noted. 

3. Management of Pests: The heat produced by the soil's solarization makes it more susceptible to the 

fungus and bacteria that serve as its natural enemies. Numerous worms, weed seeds, and plant diseases 

are all killed by daily heating during solarization. Many species that can tolerate solarization become more 

fragile as a result of the heat. Solarization controls populations of many important soil-borne fungal and 

bacterial plant pathogens (Table. 1) 

Table. 1. Fungal and bacterial plant pathogens controlled by soil solarization: 

Pathogens Scientific Name Disease Caused Crop 

Fungi Didymella lycopersici Didymello stem rot Tomato 

Fusarium oxysporum f. sp. lycopersici Fusarium wilt Tomato 
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Pyrenochaeta lycopersici Corky root Tomato 

Fusarium oxysporum f. sp. 

onglutinans 

Fusarium wilt Cucumber 

Fusarium oxysporum f. sp. fragariae Fusarium wilt Strawberry 

Fusarium oxysporum f. sp. Vasinfectum Fusarium wilt Cotton 

Plosmodiophora brassicae Club root brassica crops 

(cabbage, broccoli, 

cauliflower, etc.) 

Phoma terrestris Pink root Onion 

Sclerotium cepivorom White rot Garlic& 

Onion 

Rhizoctonia solani Seed rot or 

Seedling disease 

Many crops 

Verticillium dahlia Verticillium wilt Many crops 

Pythium ultimum, Pythium spp Seed rot or 

Seedling disease 

Many crops 

Phytophthora cinnamomi Phytophthora root 

rot 

Many crops 

Bacteria Streptomyces scabies Scab Potato 

Clavibacter michiganensis Canker Tomato 

4. Management of Weeds: Many annual and perennial weeds are controlled by soil solarization (Table 

2). Some weed species are extremely susceptible to soil solarization, but others are only moderately 

resistant and need the right conditions (excellent soil moisture, tight-fitting plastic, and high radiation) to 

be controlled. In fall-seeded crops like lettuce, onions, garlic, carrots, and other brassicas, soil solarization 

is very successful at weed control. 

Table. 2. Weeds controlled by soil solarization 

Weed Name  Scientific Name Common name  

Velvetleaf  Abutilon theophrasti Buttonweed or Indian mallow 

Lambsquarters Chenopodium album Bathua 

Field bindweed Convolvulus arvensis Hirankhuri 

Bermudagrass Cynodon dactylon Dub/Hariali 

Barnyardgrass Echinochloa crusgalli Sanwak, samak 

Goosegrass Eleusine indica Mandla 

Branched broomrape Orobanche ramose Sarson Banela 

Purslane Portulaca oleracea Kulfa/ Nunia 

Black nightshade Solanum nigrum Makoy 

Sow thistle Sonchus oleraceus Dudhi 

Johnsongross Sorghum halepense Baru/ Jangli-jowar 

Common chickweed  Stelloria media Buch-bucha 

Common cocklebur  Xanthium strumarium Chota Gokhuru/ Ghaghra 

Advantages and Disadvantages from Soil Solarization 

Sr. No. Advantages Disadvantages 

1. Easy and non-chemical way It’s restricted to areas with warm to hot 

summers 

2. No need of any registration or permission During the summer, land must be put out of 

production for 4 to 6 weeks. 

3. Improve soil tilth May not fit in with some crop rotation 

4. Tends to enhance soil fertility Less effective in cooler coastal areas 

5. Increases soluble NO3-, NH4+, Ca2+ , Mg2+ 

, K+ and soluble organic matter 

Limited number of retail outlets for uv - 

inhibiting plastics 



 

 
Volume 04 - Issue 08 - August 2022       82 | P a g e  
 

6. Can speed up composting of green manure at 

field 

Difficult for farmers having small land 

holdings 

7. No health or safety problems  Recycling of large amounts of plastic 

8. Controls multiple soil-borne pests and 

diseases 

No pest control in the furrows between 

strips (if applied in strip coverage) 

9. Crops produced are pesticide -free and may 

command a higher market price 

Some pests cannot be managed or are 

challenging to manage. 

10. Selects for beneficial microorganisms Damage of plastic by speedy winds and 

animals may occur 

Current Usage & Future Prospects 

The adoption of soil solarization as a replacement for synthetic chemical toxins is widespread although on 

a small scale. As methyl bromide is phased out due to its ozone-depleting characteristics, its use is 

anticipated to rise. Similar to other soil disinfestation techniques, solarization offers advantages and 

disadvantages of its own. It is a quick and easy method that works well when paired with chemical and 

biological control techniques. For certain agricultural and horticultural purposes, soil solarization can be a 

successful soil disinfectant. It may be necessary to combine solarization with other de-infestation 

techniques in order to improve the efficacy and predictability of the therapy. In any respect, emerging ideas 

like solarization and other applications of solar energy in agriculture will probably progressively gain in 

significance as global environmental value considerations develop in importance along with the growing 

human population in the 21st century and beyond. 
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Abstract 

By 2050, the global population is projected to increase by about one third, which the UN Food and 

Agricultural Organization has said requires a 70% increase in food production. One in every two Indians 

relies on agriculture for livelihood, yet India still has the second highest number of undernourished people 

in the world. Farming sector is at the crossroads with rising demand for food items and relatively slower 

supply response in many commodities resulting in spike in food inflation. The need for a second green 

revolution is being experienced more than ever before. It said special attention is required to increase 

production of nutrition rich crops like pulses, fruits and vegetables which remained untouched in the first 

green revolution. The use of biotechnology and breeding will be important in developing eco-friendly, 

disease-resistant, climate-resilient, more nutritious and diversified crop varieties, better post-harvest loss-

management and a revamp of co-operative movement through formation of Farmer Producer Organisations 

(FPOs) can arrest the volatility in food prices and farmers’ income and help harness the true potential of 

the primary sector. A new approach, termed “precision farming”, will be key.  

Keywords: Green Revolution 2, Precision Farming, Horticulture. 

Indian Horticulture 

About 42 per cent of India’s total workforce is employed in agriculture and allied activities, accounting for 

nearly 20 per cent of the country’s Gross Domestic Product (GDP), as per data from the Economic Survey 

2020-21. Of this, horticulture accounts for a third of the total agricultural gross value added. It is 

horticulture that holds the key to boosting farmer incomes as well as our country’s overall economic output. 

Despite horticulture occupying only a fraction of the area under agriculture (about 20% of the total area 

under foodgrain in 2018-19), its productivity was 12.3 tonnes per hectare versus 2.3 tonnes per hectare 

given by agriculture.  Food grain production exceeds horticulture production before 2009-10, but post 2010 

horticulture production surpassed it.  Horticulture is highly profitable as it deals with high value output. 

It has low crop failure chances compare to food grain because of its low water intake, along with the added 

advantage of multiple cropping facilities. Thus, farmers were expected to switch from food grain to 

horticulture, a more lucrative business opportunity. 

India currently stands as the second largest producer of fruits and vegetables in the world, next to China. 

It is, therefore, no surprise that a large amount of fruit consumed by the worlds such as grapes, mangoes, 

pomegranates, oranges, etc. and spices such as black pepper, ginger, turmeric, cinnamon, saffron, etc., take 

their roots in India. The average horticulture farmer household income grew from 0.73 lakh per annum to 

1.30 lakh per annum (an average of 78% rise) ever since the National Horticulture Mission programme has 

been implemented, as per a study conducted by the Institute for Social and Economic Change in 2017. 

Challenges 

While unpredictability brought on by nature remains a constant, horticulturalists also face hurdles such 

as difficulty in accessing institutional loans and a lack of insight into the market needs and opportunities. 

From practitioners’ point of view there was a gap between total yield and marketable yield. This was 

because of on-farm and postharvest losses. On-farm loss occurs due to lack of use of modern technology 

(Birthal et al., 2008) as in case of poor seed quality and chemicals and pesticides.   

Among postharvest loss the most important reason was price instability which makes small farmers prone 

to low price in the market during peak season. Here supply chain system can be of much help. Unlike other 

agricultural crops, horticulture does not enjoy a safety net in the form of MSP. It is a formidable challenge 

for small and marginal farmers to cope with the high price fluctuations especially when supply exceeds 
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demand. Further, markets do not have market intelligence which deters them in capitalizing on export 

business opportunities. India’s share in the export of processed fruits and vegetables are less than one 

percent of the global market.  

When compared to food grain production, horticulture requires a farmer to tend to each of the plants on 

the farm, thereby making it much more labour-intensive. Therefore, input costs for horticulture are also 

much higher in comparison, making the transition from agriculture to horticulture a difficult step for many 

farmers. For those already practising horticulture farming, the gap in the availability of infrastructure 

such as cold-storage facilities right from the village level makes it difficult to keep the high-value fruits 

and vegetables safe from the weather conditions. Despite the country being the world’s second-largest 

producer of fruits and vegetables, nearly 30-35 per cent of the output is said to be wasted due to post-

harvest losses arising from an inefficient supply chain. 

Consequences of Green Revolution 

Pest & Pesticide: There has been a significant increase in the usage of pesticides, and India became one 

of the largest producers of pesticides in the whole of Asia.  Although the average amount of pesticide usage 

is far lower than in many other countries, there is high pesticide residue in India. This causes a large 

amount of water pollution and damage to the soil. Another major issue is the pest attack, which arises due 

to an imbalance in the pests. Due to increased pesticide usage, the predator and prey pests are not in 

balance, and hence there is an overpopulation of one kind of pest that would attack certain crops.  

Water Consumption: India has the highest demand for freshwater usage globally, and 91% of water is 

used in the agricultural sector now. Currently, many parts of India are experiencing water stress due to 

irrigated agriculture (Davis et al., 2018). The crops introduced during the green revolution were water-

intensive crops. Most of these crops are cereals, and almost 50% of dietary water footprint is constituted by 

cereals. Since the crop cycle is less, the net water consumed by these crops is also really high.  

Air Pollution: Air pollution introduced due to the burning of agricultural waste is a big issue these days. 

In the heartland of the green revolution, Punjab, farmers are burning their land for sowing the crops for 

the next cycle instead of the traditionally practiced natural cycle. There was a repetition of the crop cycle 

for increased crop production and reduced crop failure, which depleted the soil's nutrients.  

Impact on Soil: Similarly, as there is no return of crop residues and organic matter to the soil, intensive 

cropping systems resulted in the loss of soil organic matter (Singh and Benbi, 2016). To meet the needs of 

new kinds of seeds, farmers used increasing fertilizers as and when the soil quality deteriorated (Chhabra, 

2020). The application of pesticides and fertilizers led to an increase in the level of heavy metals, especially 

Cd (cadmium), Pb (lead), and as (arsenic), in the soil. 

Need for Second Green Revolution 

While the first Green Revolution aimed at undertaking mass agricultural production, the second Green 

Revolution should be to promote agricultural production by the masses. This is the Gandhian approach to 

equitable sharing of prosperity by involving the poor in development.  

For achieving this goal, we need to search for technologies which can be adopted by the farmers in arid and 

semi-arid regions, and those who are dependent on rainfall for crop production. Despite surplus production 

in many of the commodities, food inflation and volatility in prices continue to remain high causing 

inconvenience to consumers and low and fluctuating income for farmers.  

Supply side hindrances like low public investments, inadequate cold storage capacity, and nascent food 

processing industry are partly responsible for volatility in food prices in the country. Public and private 

sector investment can play a critical role to build up the agricultural infrastructure required for efficient 

post-harvest practices, we are on the cusp of another full-scale green revolution, one with the potential to 

address some of the unintended consequences of its predecessor—including those related to both resource 

use as well as the economic and social well-being of farmers in emerging economies. 

Government should invite private big companies like Tata, Patanjali, Dabur, Reliance, ITC and agro start-

ups to play the major role in the area. The big corporate houses with large funding capabilities. Technology 

has been able to create a manifold impact for horticulture farmers and their crops, as per the National 

Bank for Agricultural and Rural Development (NABARD) research. For instance, high-tech farming has 

https://www.frontiersin.org/articles/10.3389/fsufs.2021.644559/full#B10
https://www.frontiersin.org/articles/10.3389/fsufs.2021.644559/full#B42
https://www.frontiersin.org/articles/10.3389/fsufs.2021.644559/full#B6
https://www.frontiersin.org/articles/10.3389/fsufs.2021.644559/full#B6
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been able to increase yield up to an average of 5-8 times more and save on inputs such as water (upto 50%), 

fertilisers (25%) as well as pesticides.  

Farmers are now able to predict the incomes they can achieve through their farming practices.  Leveraging 

emerging technologies such as the Internet of Things (IoT), Artificial Intelligence (AI), Machine Learning 

(ML), Blockchain, etc., several agtech companies are able to bring predictability and precision into farming, 

aspects that could never be tied to farming before. Big data is helping in efficient supply chain management, 

yield prediction, and therefore, predictable income for farmers.  

Second green revolution will likely make use of very different tools and techniques than the first. It will 

likely be grounded in the use of data to inform more efficient and effective farming practices and drive 

associated environmental and social benefits.   

This is where the importance of precision farming, driven by data and analytics, comes into play.Climate-

smart agriculture is necessary for achieving the goal. Consequently, the adoption of new techniques in less-

developed areas should start with a basic, affordable, and effective mix of technologies and practices.  

Precision farming is an approach where inputs are utilised in precise amounts to get increased average 

yields, compared to traditional cultivation techniques. Precision farming is basically the ‘right-input’ at the 

‘right-time’ in the ‘right-amount’ at the ‘right-place’ and in the ‘right-manner’ for improving productivity, 

conserving natural resources and avoiding any ecological or social tribulations. Precision farming is an 

integrated crop management system which uses remote sensing (RS), GPS, and geographical information 

system (GIS) to monitor the crop field at ground level. The disparities in crop or soil properties within a 

field are recorded and mapped. Then management decisions are taken as a result of continuous assessment 

of the spatial variability within that field. 
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Introduction 

Although synthetic polymers offer wide range of applications, there are nevertheless several setbacks such 

as high cost, non-renewable, toxic and negative impact on environment.  There are also other demerits of 

using synthetic polymers in tissue engineering as they exhibit poor biocompatibility, poor processing ability 

and release of acidic degradation products which can be detrimental. However, natural gum 

(polysaccharides) offers better options because of the following reasons: they are biodegradable, cost 

effective and renewable without leaving negative impact on human and environment. 

Modifications of Natural Polymer 

Natural polymer cannot be used as such which required certain modification to widen its application. This 

allows incorporation of unlimited number of different products by variation in nature and relative amount 

of the monomer units in the copolymer. Grafting is one most commonly employed method which results 

into retention of desirable properties of base polymer and incorporation of favorable properties. There are 

various methods to attained grafting (Fig.1) which are explained below. 

1. Conventional method: Conventional method of synthesis relies on free radical initiators such as redox 

reagents (Fenton’s reagent (Fe+2/H2O2), Persulphate, Peroxides) etc. However, this method however has 

low reproducibility, time consuming, requires inert atmosphere and furthermore this method is not suitable 

for commercial scale graft copolymer synthesis.  

2. Radiation Induced Technique: In recent years, the radiation induced graft copolymerization 

techniques have received increasing interest. The accelerated electrons have sufficient energy to induce 

cleavage of the chemical bonds in the polymeric structure, to form macromolecules radicals, which 

subsequently initiate graft copolymerization. 

3. High Energy Radiation Induced Grafting: The history of high energy radiation for the synthesis of 

graft polymers began in early 1960s and since then, it has been investigated in great depth. The main 

radiation sources are high energy γ radiation and ion beam. Since radiation interacts with macromolecules 

to produce free radicals, cations and anions, all three types of paths are possible. This method is not suitable 

for synthesis of grafted polysaccharide due to high probability of damage to the polysaccharide backbone 

(radiolysis). The processes of high energy radiation induced graft copolymerization are especially suitable 

for fluro-polymers, due to their exceptional stability  

4. UV -Radiation Induced Grafting: Since UV radiations are unable to penetrate deep into solutions. 

Hence, in presence of suitable photosensitizor, UV radiation can also be used to initiate grafting. However, 

low penetration of UV-rays makes it suitable only for surface grafting. 

5. Microwave Radiation-Induced Grafting: However, most efficient technique often employed is 

microwave radiations. Microwave radiation lies in the frequency range of 0.3GHz-300GHz. The technique 

employed ‘selective excitation’ of only the polar bonds, leading to their rupture/cleavage – thus leading to 

formation of free radical sites. The ‘C–C’ backbone of the preformed polymer being relatively non polar, 

remains unaffected by the microwave radiation. This technique is fast, cheap and easy. Microwave 

irradiation is of two types i.e 1) Microwave initiated synthesis and 2) Microwave assisted synthesis. 

Microwave initiated technique employs microwave irradiation alone as a means for grafting while in the 

later method, involved the used for chemical for free radical polymerization. 
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Fig. 1. Schematic diagram depicting various techniques employed for graft copolymerization. 
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Introduction 

The term micro-irrigation describes a family of irrigation systems that apply water through small devices. 

These devices deliver water onto the soil surface very near the plant or below the soil surface directly into 

the plant root zone. In irrigated agriculture, microirrigation is used extensively for row crops, orchards, 

gardens, greenhouses and nurseries. 

Need of Micro Irrigation 

1. To make agriculture productive 

2. Environmentally sensitive and capable of preserving the social fabric of rural communities 

3. Help produce more from the available land, water and labor resources without either ecological or social 

harmony 

4. Generate higher farm income 

5. On-farm and off-farm employment. 

Different types of micro irrigation systems are drip irrigation (both on-line and in-line systems), sprinkler 

irrigation system, micro sprinklers, micro jets, rain guns, gravity fed drip system. 

Rain has never been a reliable source of water for agriculture. In ancient China, farmers irrigated their 

fields by burying water-filled unglazed clay pots among their crops. Since then, the most significant 

advance in modern agriculture is the drip-irrigation system invented in Israel by Simcha Blass and his son 

Yeshayahu in 1959. Drip irrigation increases crop yield, quality and consistency, while using less water 

per unit of land benefiting farmers, consumers and the planet. 

Advantages of Drip Irrigation 

1. Increased yield 

2. Provides sufficient amount of water throughout growing season  

3. Early maturity 

4. Water saving 

5. Fertilizer saving 

6. Increased Fertilizer efficiency 

7. Energy saving 

8. Labor saving 

9. Marginal lands can be irrigated 

10. Use of saline water is possible for irrigation 

11. Reduced weed growth 

12. Less problem of disease and pest 

13. Makes interculture operations easy. 

Components of Drip Irrigation System 

Water Source: The source of water should be open wells, bore wells, canals, rivers, reservoirs etc. 

Pump: The water from the source has to be supplied under appropriate pressure and discharge. 

Filters: In this drip irrigation system, drippers, laterals consisting of small holes are being used. If foreign 

particles, leaves, algae, etc. coming with water are not filtered, they will clog the drippers and drip tape 
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holes resulting in obstructing the water to the plants. To prevent this problem, a filter is connected with 

the main line. 

Points should be Considered While Choosing the Type of Filter 

1. Efficiency in separating particles larger than the required filtration level. 

2. Efficiency, convenience, and simplicity of washing and cleaning process. 

3. Filter body: Metal, plastic, fiber glass, or stainless steel. 

4. Filtration elements: Disc or Screen. 

5. Availability of service and replacement parts. 

6. Manual or automatic washing.  

Sand filter: It stops the impurities and allows only clean water to go ahead, thus preventing clogging of 

the system. It is available in 30, 60, 90 litres.  

Screen filter: A screen filter is a type of filter using a rigid or flexible screen to separate sand and other 

fine particles out of water for irrigate.  

Hydro cyclone filter: The principle of hydro cyclone filter is centrifugal separation of solids from the 

water.  

Disc filter: Primary filter for bore wells & secondary filter for open water sources.  

Type of filter selection is according to water source, water quality and required flow rate. 

Pressure gauge: It is a device indicating pressure in a filter system. Provides a determination of how the 

system is operating, and informs us when service is required. 

Fertigation equipments: Venturi injector, fertilizer tank are used for the fertigation. 

a. Venturi injector: This system of injection is very low cost and works by creation of partial 

vacuum in the system and suction of the fertilizers into the irrigation system through venturi action. 

The vacuum is created by diverting a percentage of water flow from the mains and pass it through 

a constriction which increases the velocity of flow thus creating a drop in pressure. When pressure 

drops the fertilizer solution is sucked into the venturi through a suction pipe from the tank and from 

there enters into irrigation stream. The suction rate of venturi is 30 to 12 litres per hour. 

b. Fertilizer tank: In this system part of irrigation water is diverted from the mainline is flow 

through a tank containing the fertilizer in a fluid or soluble solid form, before returning to the main 

line. The pressure in the tank and the mainline is same but slight difference in pressure is created 

between the off take and return pipes for the tank by means of a pressure reducing valve. This 

causes water from main line to flow through the tank causing dilution and flow of the diluted 

fertilizer into the irrigation system. With this system the concentration of fertilizer entering the 

irrigation water charges continuously with time.  

Throttle valve: Throttle valve has gun metal body. It regulates the flow of liquid and is available in 2’’ 

and 3’’ sizes  

Main line: This is PVC pipe line used to carry water from water source to sub-main. 

Sub-main line: Sub-main line is also a PVC pipe line that takes water from main line and supply water 

to the laterals.  

Drippers / emitters: Water coming from the laterals reaches the plant root zone through drippers. Types 

of crops, soil and water requirements are deciding factors for drippers spacing on the lateral. Drippers are 

of two types, point source and line-source emitters. Point source type emitters are attached external to the 

pipe. Point source systems discharge water from individual or multiple outlets that are spaced at least 1 m 

apart. Water applied from the point source emitter usually forms a round deep wetting spot. Line-source 

systems have perforations, holes or porous walls in the irrigation tubing that discharge water at close 

spacing or even continuously along a lateral line. Point source systems are used for widely spaced crops 

and line-source systems for close growing crops. 

Special Features of Inline Drip Tube 

1. Made from the high quality linear low density polyethylene material. 

2. Maximum resistance to blockage. 
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3. Easy to reel out during non-application days.  

Valves: Drip system is provided with different types of valves. To control the water pressure, bypass valve 

is provided before filter. Gate valve is provided to prevent the pressure difference for the chemigation and 

fertigation. Control valve is provided at the inlet of the sub main. Flush valve is provided at the end of the 

sub-main, fitted to facilitate regular cleaning of main and sub-main. Air release valve is installed at the 

highest point of the main line to release the entrapped air during start of the system and to break the 

vacuum during shut off. 

Drip Irrigation System Design 

There are two types of drip irrigation systems, online and inline. Generally online drip irrigation system is 

useful for orchard crops like mango, sweet orange, acid lime, Sapota etc. Inline drip irrigation system is for 

crops like vegetables, chilies, cotton, onion, banana etc.  

Important steps to be followed in drip irrigation system: 

a. Find out the water availability from the source – bore / open well. 

b. Survey the field to know the topography. 

c. Consider the peak water requirement of crop. 

d. Calculate the water requirement of selected crop to arrive the no. of sections required. 

e. Calculate the head loss of the water delivery system. 

f. Based on the water requirement and maximum permissible length of lateral, decide the position 

of sub-main in the field and size of sub-main. 

g. Each section should provide with a valve. 

h. Consider the power availability hours while making sections.  

Water requirement for Tree crops: Daily water requirement per tree (liters) = (AxBxCxD)/E  

        Where, A= Evaporation rate in mm/day, 

        B= Crop factor, 

        C= Canopy factor, 

        D= Area of plant = (plant spacing x row spacing), 

        E= Efficiency of the irrigation system (0.8 for the drip, 0.8 for the sprinkler system) 

First we have to calculate the water availability. 

                                              75 x Pump HP x (Pump efficiency (0.85) x Motor efficiency (0.75)) 

WATER AVAILABILITY =  -------------------------------------------------------------------------------- 

                                                                                            Head (m) 

       Head = Installation Depth (m). 

       If bore well, add 14 to water depth. 

       If Open well, add 20 to Water depth. 

Water Requirement 

For Online drip system: No. of plants x Dripper discharge x No. of drippers 

   No. of plants = Area / (lateral spacing x Dripper spacing) 

   Dripper Discharge = we can use 8lph or 4lph 

   No. of drippers = Above 8 years use 8 no. of drippers 

   For new plants use 4 no. of drippers. 

                                   Area (m2) 

For Inline: ------------------------------------------ x Dripper discharge 

                  (Lateral Spacing x Dripper Spacing). 

Emitter Selection 

Total area to be wetted 

No. of emitters =    ---------------------------------------------------- 

                              Radius of wetted area of a single emitter 

Radius of Wetted Circle 

Thumb rule is for sandy soil 2 to 3 feet, loamy soil 4 to 5 feet, clay soil 6 to 8 feet. 
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Fertigation 

Fertigation is the application of fertilizer nutrients through irrigation water. The drip system offers an 

opportunity for precise application of water, soluble fertilizers and other nutrients to the soil at appropriate 

times in desired concentration. 

Advantages of fertigation: 

a. Better timing 

b. Uniform distribution 

c. Less damage to crop and soil 

d. Better recovery of fertilizer nutrients by the plant 

e. Minimum loss of plant nutrients due to leaching 

f. Higher yield. 

Fertilizers and chemicals applied through drip system have to meet the following criteria 

a. Avoid corrosion, softening of plastic pipes and tubing or clogging of the component system 

b. Not react adversely to salts and other chemicals present in irrigation water 

c. Be completely soluble in water 

d. When more than one fertilizer is used, they should not react with each other to form a precipitate. 

Solubility, pH and other characteristics of different fertilizers: 

Product Max. 

amount (kg) 

dissolved in 

100 l at 20oC 

Time to 

dissolve 

(min) 

pH of the 

solution 

Insolubles (%) Comments 

Urea 105 20 9.5 Negligible Solution cools as 

urea dissolves 

Ammonium nitrate 

NH4NO3 

195 20 5.62 - Corrosive to 

galvanized iron 

and brass. 

Solution cools as 

product dissolves 

Ammonium Sulphate 

(NH4)2SO4 

43 15 4.5 0.5 Corrosive to mild 

steel 

Mono-ammonium 

phosphate 

40 20 4.5 11 Corrosive to 

carbon steel 

Di-ammonium phosphate 60 20 7.6 15 Corrosive to 

carbon steel 

Muriate of Potash (KCl) 34 5 7.0-9.0 0.5 Corrosive to 

brass and mild 

steel 

Sulphate of potash 

(K2SO4) 

11 5 8.5-9.5 0.4-4 Corrosive to mild 

steel concrete 

K-spray (K2SO4) concrete 11 1 8.5-9.5 0.4-4 Corrosive to mild 

steel 

Potassium nitrate 

(KNO3) 

31 3 10.8 0.1 Solution cools as 

product 

dissolves. 

Corrosive to 

metals. 

Most favoured form of nitrogen fertilizer for use in drip system is urea because it is highly soluble in water. 

Injection of phosphorus fertilizers is not recommended as they create physical or chemical precipitation 

and clogging of the system. Potassium chloride can be used provided it is not incompatible with other 

fertilizers used. Most crop needs for nutrients may be met in the drip irrigation system with a concentration 

of 100 mg/l in irrigated water. Fertilizer is applied in the drip system through fertilizer tanks or fertilizer 
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pumps or venturi type meters. fertiliser units must be capable of operating with a dilution ratio of 1:200 or 

1:100. 

Clogging: Clogging is by particulate, chemical and biological material. Small passages in drip system are 

easily clogged by organic debris and mineral particles carried in irrigation water and by chemical 

precipitates and biological growths that develop within the system.  

Physical, chemical and biological contributors to clogging of drip system: 

Physical (Suspended 

particles)  

Chemical (Precipitation)  

 

Biological (Bacteria and 

Algae)  

 

Organic 

Mass, aquatic plants and algae 

Fish, snakes etc.,  

Calcium carbonate Filaments  

 

b)     Inorganic sand, silt, clay b)   Calcium sulphate b) Slime  

 

c) Heavy metal, hydroxides, 

oxides, carbonates, silicates, and 

sulphides  

c) Microbial decomposition, iron, 

sulphur, manganese  

 

d) Fertilizer phosphate, aqueous 

ammonia, iron, zinc, copper, 

manganese  

Control of clogging: Injection of acids, oxidants, algaecides and bactericides into the drip system control 

clogging due to chemical and biological contributors. Filtration removes suspended particles. Chlorine in 

the form of bleaching powder is used to control algae and bacterial slimes. Technical hydrochloric acid 

(36%) of 0.5 2.0% concentration introduced into the system for 10 minutes removes precipitates. Acid 

treatment is given when Ca and Mg in irrigation water exceeds 50 ppm of each. Sulphuric and hydrochloric 

acids are injected once in 15 days to reduce chemical precipitates. Occassional chemical treatment of water 

with sodium hypochlorite at 500 ppm helps to remove clogging of drippers.  

Sprinkler irrigation: Application of water to crops in the form of spray above the crop like rain. Water 

under pressure is carried and sprayed into air above the crop through a system of overhead perforated 

pipes, nozzle lines or through nozzle. It is also known as overhead irrigation. The spraying has a refreshing 

effect on plants. Water is applied at a rate less than the intake rate of soil, so no runoff loss occurs. 

Measured quantity of water is applied to meet the soil water depletion. Saving in irrigation water ranging 

from 25-50% by the use of sprinkler irrigation compared to surface irrigation. This method of irrigation is 

well adapted in areas of undulating topography, in arid regions, in places where water is scarce and costly, 

and for irrigating high-value crops. 

Components of Sprinkler System 

Pumping unit: Centrifugal pump is used when the distance from the pump inlet to the water surface is 

less than 8 m. For pumping water from deep wells or more than 8 m, a turbine pump is suggested. 

Pump capacity is calculated by the equation 

                          A x D x 27.8 

                 Q =  ---------------- 

                             F x H x E 

Q - pump capacity (l/s) 

A  - Area of the field to be irrigated 

D – Depth of irrigation (cm) 

F – irrigation interval (days) 

H – duration of operation (h/day) 

E – field application efficiency (fraction) 

27.8 – conversion factor  
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Main line, submains, laterals: Aluminium pipes are generally used for portable systems, while steel 

pipes are usually used for centre-pivot laterals. Asbestos, cement, PVC and wrapped and wrapped steel 

pipes are used for buried laterals and mainlines. 

Sprinklers: Two types, rotating and fixed type. Sprinklers are effective with pressure of about 10-17 cm 

head at the sprinkler. Rotating type can be adopted for a wide range of application rates and spacing. Fixed 

head sprinklers are used are commonly used to irrigate small lawns and gardens. Performance of a 

sprinkler depends on operating pressure, nozzle geometry, riser and wind velocity. A sprinkler is fixed on 

a riser which in turn is fixed on a lateral. Sprinkler has to be above the crop height so that its jet is not 

obstructed by the crop foliage. 

Types of Sprinkler Irrigation Systems 

Portable:  Portable pipeline and pumping unit 

Semiportable: Portable pipeline but pumping unit is stationary 

Semi-permanent: Portable laterals, permanent mainline with a stationary pumping unit and mainlines 

are usually buried 

Permanent: Buried pipeline and stationary pumping unit. 

Disadvantages of Sprinkler Irrigation 

1. High winds (> 12 km/hr) cause improper distribution of water. 

2. Evaporation losses are high from sprinkler irrigation especially under high temperature and low relative 

humidity conditions. 

3. The initial investment on the purchase of the sprinkler system is high. 

4. Higher energy is required for operating the sprinkler system. 

5. Successful operation of the sprinkler system needs knowledge. 

Raingun Irrigation 

Over Head Sprinklers / Rain Gun: Rain gun systems use large volume sprinklers operating at relatively 

high pressures (3-6 bars), mounted on a riser stand or towed through the field. Following are three types 

of rain gun System. 

Permanent System: In permanent system of installation raingun riser stands are permanently fitted to 

solid set pipeline network. Riser can also be supported by cement concrete block around the riser.  

Semi-Permanent System: In semi-permanent system pipeline network can be permanent and rain gun 

riser stand or only rain gun shifted from one location to other. Rain gun riser stand can be made detachable 

by using HDPE Quick-Connect® male connector at riser end and Quick-Connect® female connector at pipe 

end. HDPE pipe in coil/hose of required size & length attached with G.I. insert joint on one end and Quick-

Connect® female joint on the other end, can also serve as the pipe network. Alternatively, raingun alone 

can be shifted over permanently installed risers using quick release key and/or quick coupling valve. 

Shift able System: In shift able system entire pipeline network along-with raingun riser stand and rain 

gun can be shifted from one location to another. Easily detachable Quick-Connect pipes are used for this 

purpose. Quick-Connect pipes can be connected to rain gun riser stand. Flexible HDPE coil/hose can also 

be used in shift able system.  

Types of rain gun sprinklers: 

a. Rotating Rain gun Sprinkler: Device which by its rotating motion around its vertical axis 

distributes water over a circular area or part of a circular area.  

b. Impact type Rain gun sprinkler: Rain gun sprinkler designed to irrigate the area by rotating 

with the help of arm impact.  

c. Gear driven Rain gun sprinkler: Rain gun sprinkler designed to irrigate the area by rotating 

with the help of gear mechanism. 
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Most of the analytical methods used in a soil testing laboratory for soil, plant and water analysis involve 

some kind of instrument. Although some tests are conventionally carried out using simple titrimetric or 

gravimetric techniques, use of common as well as sophisticated instruments undoubtedly increase the 

precision of the results and speedup analytical work. Advanced instruments used in the laboratory are 

atomic absorption spectrophotometer (AAS), autoanalyser, inductively coupled plasma atomic emission 

spectrophotometer (ICP-AES) etc. 

Atomic Absorption Spectrophotometer (AAS) 

In the analysis employing Atomic Absorption Spectrophotometer (AAS), the sample in the form of a 

homogenous liquid is aspirated into a flame where free atoms of the element to be analyzed are created. A 

light source (hollow cathode lamp) is used to excite the free atoms formed in the flame by the absorption of 

the electromagnetic radiation. The decrease in energy (absorption) is then measured which follows the 

Lambert-Beer law, i.e. the absorbance is proportional to the number of free atoms in the ground state 

(Baker and Suhr 1982). 

Most of the leading instrument manufacturers have launched tandem models of AAS with interchangeable 

flame and graphite furnace versions. The graphite furnace has added advantage of analyzing large number 

of elements including mercury, arsenic and selenium with greater precision up to ppb level. With the help 

of on-line dilution and calibration in the fully PC-based models, the sample throughput has increased 

tremendously, while minimizing the human error at various steps. AAS is used in chemical analysis for 

determination of metal cations. The instrument is extensively used in micronutrient analysis. 

Autoanalyser 

The autoanalysers are extremely versatile and modularized instrument used for a variety of chemical 

analyses of soil, plant and water samples. These systems are mainly of two types i.e. 

a. Continuous flow analyser (CFA). 

b. Flow injection analyser (FIA). 

These are designed to offer automatic simulation of operations used in manual procedures for the 

estimation of an element on a conveyer belt principle. Normally the same reagents which are used in 

manual assays are used in autoanalysers also. In the autoanalysers based on continuous flow mechanism, 

the samples are loaded into cups or test tubes on the sampler. The samples and a number of streams of 

reagents are made to flow from one module to the next through plastic or glass tubings by the action of 

multiple channel peristaltic pumps operating continuously. Each module automatically performs a 

different function in the analysis. 

Inductively Coupled Plasma-Atomic Emission Spectroscopy 

ICP-AES has been used for simultaneous multi-element analysis of biological material and soils. This 

technique offers following advantages over AAS: 

1. Matrix problems are eliminated or minimized through use of the high temperature argon plasma. 

2. ICP-AES has multi-element capability at all concentration levels. 

3. Plasmas are noted for relative freedom from chemical and ionization interferences that are common with 

AAS. 
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4. Detection limits are equal to or better than AAS, depending on the element to be analysed. 

5. Elements such as Al, P, S and B which are either poorly measured at low concentrations or not measured 

with AAS, are readily determined with higher sensitivity by ICP-AES. 

Mobile Soil Testing Laboratory 

There is absolutely no difference in the methodology adopted in the static and mobile laboratories, except 

that the mobile unit can be taken out to the field for quicker on the spot tests. Generally, the mobile 

laboratory is a compacted one with two running benches of about 4m x 0.5m size on the two sides. All 

essential equipments, chemicals and glassware are to be carried in specially designed shock-proof 

containers to avoid damage during transport. Soil sample processing, washing etc. are carried out on the 

ground. A power generator is also fitted for an assured current supply. The daily analysing capacity of 50 

samples will be appropriate for a moderate laboratory. Since distilled water, chemicals, glassware and 

apparatus have to be replenished from time to time, it is quite desirable that the mobile unit works in close 

collaboration with a static one for better efficiency. 

Modern Tools and Techniques 

Dris: Diagnosis and Recommendation Integration System is a nutrient recommendation method developed 

by Beaufils in 1973, in which leaf analysis values are interpreted on the basis of inter-relationship among 

nutrients, rather than nutrient concentration themselves. DRIS is based on comparison of crop nutrient 

ratios with optimum values from a high yielding group (DRIS norms). The DRIS provides a means of 

simultaneous identifying imbalances, deficiencies and excesses in crop nutrients and ranking them in order 

of importance. Nutrient ratios in plant are considered for fertilizer recommendation. Consideration of more 

than one ratio at a time improves the chances of making better diagnosis. This technique is based on the 

use of many ratios. This approach is used to interpret leaf or plant analysis results, identifying all the 

nutritional factors, which limit crop production and thus provides a basis for improved fertilizer 

recommendations.  

Leaf Colour Chart: LCC is usually a plastic ruler-shaped strip containing four or more panel that range 

in colour from yellowish green to dark green. Nitrogenous fertilizers are recommended based on leaf colour 

to rice. This method integrates soil supply and nutrient requirement.  

Spad Chlorophyll Meter: Chlorophyll meter (SPAD meter) is used for application of N as top dressing. 

Leaf nitrogen content normally influences the leaf chlorophyll content. Measures the light attenuation at 

430nm (The peak wavelength absorption by chlorophyll ‘a’ and chlorophyll ‘b’) and at 750nm (near infrared 

with no transmittance). The unit less value measured by the chlorophyll meter is termed as SPAD 

chlorophyll meter reading. SPAD meter is a simple hand-held instrument, which operates with DC power 

of three volts.  

Modeling Approach: Modeling approach is suitable for recommendation of nitrogenous fertilizers where 

soils are rich in organic matter as in temperate regions. Soil contribution of nitrogen is estimated based on 

the fact that mineralisation depends on soil temperature. 

                                    Y=K[(T-15) x D]n 

     Y = Amount of mineralised nitrogen 

     T = Soil Temperature (oC) 

     K = Coefficient related to the Potential of mineralised nitrogen 

     n = Constant related to the pattern of nitrogen mineralisation  

     15 is threshold temperature 

     D = Incubation Period. 

Soil Test Based Fertilizer Recommendation 

Based on soil test values, soils are classified as low, medium and high for organic carbon, P2O5, K2O of soils. 

Values for low, medium and high are different marginally in different states. The low, medium and high 

values are for soils irrespective of the crop. Fertilizers are suggested based on the soil test value and 

recommended fertilizer dose by the crop in that state. Generally, soil-test based crop recommendations are 
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more balanced and profitable than blanket or general recommendations. As organic matter is generally low 

in most of the soils, full dose of N is recommended in almost all laboratories.  

Crop Logging: Crop logging is the graphic record of the progress of crop growth and contains a series of 

chemical and physical parameters which indicate the general condition of plant and suggest necessary 

changes in management practices for maximizing yields. The system is based on the use of a critical 

nutrient concentration approach.  

Nutrient Deficiency Symptoms: Fertilizers are recommended based on deficiency symptoms especially 

for micronutrients. Generally foliar sprays are recommended to overcome the deficiency symptoms 

immediately. 

Nutrient Management Based on Previous Crop 

1. Legume crop without addition of crop residue: reduce N by 25% and P and K normal dose. 

2. Legume crop with incorporation of crop residue: reduce N by half, reduce P and K by 25%. 

3. Cereal (sorghum or maize) with or without residue: 25% higher dose of nitrogen 

4. Sunflower or castor: 25% higher dose of N. Response to succeeding crop depends on size or yield level 

of the preceding crop. 

Nano Technology 

It is the manipulation or self-assembly of individual items, molecules or molecular clusters into structures 

to create materials and devices with new or vastly different properties. The prefix ‘nano’ is the Greek word 

meaning dwarf. Nanotechnology utilizes structures of 0.1 to 100 nm in size. Application of this technology 

to agriculture and food industries was first addressed by a United States Department of Agriculture Road 

map in September, 2003. It enhances the ability of plants to absorb nutrients.  

Integrated Plant Nutrient Supply (IPNS): An approach in which the external nutrient needs of a crop 

are met through conjoint use of fertilizers, crop residues, recyclable wastes, organic manures and 

biofertilizers. Application of organic manures, green manures, blue-green algae and biofertilizers along 

with use of inorganic fertilizers for higher yields and improving the soil productivity.  

Site-Specific Nutrient Management (SSNM): It involves nutrient application on soil test basis, yield 

goals, factors influencing crop response to nutrient applications. SSNM approach emphasizes feeding crops 

with nutrients as and when needed. SSNM strives to enable farmers to dynamically adjust fertilizer use to 

optimally fill the deficit between the needs of a high yielding crop and the nutrient supply from naturally 

occurring indigenous sources such as soil, organic amendments, crop residues, manures and irrigation 

water. 

Variable Rate Technology or Precision Farming 

Cultivation of crops by considering spatial and temporal variation in soils, rainfall. Infield variability is 

taken into account and according to the local circumstances of a given field, seeding, nutrient management, 

plant protection measures are taken up. Efficient use of resources occurs in precision farming. Timely 

collection and analysis of spatial and temporal variant information of crops, soils and environment is 

required. This can be done by new emerging technologies such as GPS, GIS, Remotes Sensing, Yield 

monitors etc. The site-specific application of inputs such as seed, fertilizer and crop protection chemicals 

have the potential to reduce input costs, maximize crop yields and benefit environment. 

Hydroponics: Hydroponics developed in Latin America and can be defined as cultivation of plants in water 

without soil. Prof William Frederick Gericke of California University, Berkley defined hydroponics as crop 

growth in mineral nutrition solutions with no solid medium for the roots. Growers all over the world are 

using hydroponics technique due to the lack of a large water supply on fertile farmland. 

Aeroponics: System where roots are continuously or discontinuously kept in an environment saturated 

with fine drops of nutrient solution (a mist or a aerosol). The method requires no substrate and entails 

growing plants with their roots suspended in a deep air or growth chamber with the roots periodically 

wetted with a fine mist of atomized nutrients. This technique has proved to be commercial successful for 

propagation, seed germination, seed potato production, tomato production, leaf crop and micro greens etc.  
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Biofertilizers: Some microorganisms are capable of fixing nitrogen, while some increase the availability 

of nitrogen and phosphorus. Consortium of microorganism will act synergistically and increase growth of 

plants. Similarly, double or triple inoculation with either rhizobium or in combination with phosphorus 

solubilizing bacteria, plant growth promoting Rhizobacteria help in higher nutrient supply and increase 

growth of plants. The synergistic effect of plant growth promoting rhizobacteria and arbuscular 

mycorrhizal fungus is observed in wheat. Triple inoculation of Azotobacter chroococcum with Bacillus and 

Glomus fasciculatum significantly increased the drymatter of wheat by 2.6-fold above control. 

Starter Solutions: Refers to solutions of fertilizers generally consisting of N: P2O5:K2O in ratio of 1:2:1 

and 1:1:2. These solutions are applied to young vegetable plants at the time of transplanting to help the 

plants to establish.  

Enriched Compost: Compost fortified with the addition of fertilizers during its production to raise its 

nutrient content and narrow down the C:N ratio. Urea, SSP and rock phosphate are used to enrich the 

compost. 

100% Water Soluble Fertilizers 

Water soluble fertilizers have low salt index to minimize the chances of burning of plant tissue. They have 

high purity and are applied in lower doses. They possess very high nutrient use efficiency. They are used 

in fertigation.   

     e.g. potassium nitrate (13-0-45) 

     Calcium nitrate 

     Urea Phosphate (17-44-0). 

Slow-Release Fertilizers 

Fertilizer whose nutrients are present as a chemical compound or in a physical state such that their 

availability to plants is spread over a longer period of time. E.g. sulphur coated urea, neem coated urea, 

CDU, IBDU. 

Urease inhibitors are used to temporarily reduce the activity of the enzyme and slow the rate at which urea 

is hydrolyzed. E.g. N-(n-Butyl) triphosphoric triamide (NBTPT), phenylphosphorodiamidate (PPD/PPDA), 

hydroquinone and ammonium thiosulfate. 

Controlled Release Fertilizers 

Release rates of controlled release fertilizers are predictable. CR fertilizers use sophisticated polymer 

coating technologies to carefully manipulate nutrient release characteristics to meet the specific nutrient 

uptake needs of specific crop and the particular climatic conditions. Temperature is the key factor in 

nutrient release from all of these products. 

Fortified Fertilizers 

Fortified fertilizers are used to address the problem of increasing deficiency of micronutrients in Indian 

soils. Fortified fertilizers are a group of straight and complex fertilizers fortified with secondary or 

micronutrients. 

Application of fortified fertilizers with Zinc and Boron will help to mitigate the deficiency of zinc and Boron 

in Indian soils. e.g. Zincated urea (43-0-0-2 of NPKZn) 

Boronated Single super phosphate (16% P2O5 and 0.15-0.20% B). 

Customized Fertilizers 

Customized fertilizers being crop, soil and area specific show a good promise to maintain soil health by 

ensuring appropriate fertilization. A large number of customized fertilizer grades proposed by a number of 

companies have been included in Fertilizer Control Order which are multi-nutrient carriers designed to 

contain macro, secondary and micro nutrients, from inorganic or organic sources. 

During 22 November 2010 the first officially customized fertilizer in India was launched by the Tata 

Chemicals Fertilizers Limited, which is known as ‘Paras Formula’ and it contains N 10%, P2O5 18%, K2O 

25%, S 3% and 0.5% Zn. 
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Trichoderma is a free-living fungus which is common in soil and root ecosystems. It is highly interactive in 

root, soil and foliar environments. It reduces growth, survival or infections caused by pathogens by different 

mechanisms like competition, antibiosis, mycoparasitism, hyphal interactions and enzyme secretion. 

Method of preparation of Fortified Trichoderma viride mixture: Mix 1 kg of Trichoderma talc   

formulation in 90 kg of farmyard manure and 10 kg of Neem cake cover it for 7 days with gunny bags. 

Sprinkle the heap with water intermittently. Turn the mixture in every 3-4 days interval.  After observing 

the white mycelium growth on the heap and then broadcast in the field. 

Benefits of Trichoderma 

1. Disease Control: Trichoderma is a potent bio control agent and used extensively for soil borne diseases. 

It has been used successfully against pathogenic fungi belonging to various genera, viz. Fusarium, 

Phytopthara, Scelerotia etc. 

2. Plant Growth Promoter: Trichoderma strains solubilize phosphates and micronutrients. The 

application of Trichoderma strains with plants increases the number of deep roots, thereby increasing the 

plant's ability to resist drought. 

3. Biochemical Elicitors of Disease: Trichoderma strains are known to induce resistance in plants. 

Three classes of compounds that are produced by Trichoderma and induce resistance in plants are now 

known. These compounds induce ethylene production, hypersensitive responses and other defense related 

reactions in plant cultivars. 

4. Transgenic Plants: Introduction of endochitinase gene from Trichoderma into plants such as tobacco 

and potato plants has increased their resistance to fungal growth. Selected transgenic lines are highly 

tolerant to foliar pathogens such as Alternaria alternata, A. solani, and Botrytis cirerea as well as to the 

soil-borne pathogen, Rhizectonia spp. 

5. Bioremediation: Trichoderma strains 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. 

Method of Application 

1. Seed treatment: Mix 6 - 10 g of Trichoderma powder per Kg of seed before sowing. 

2. Nursery treatment: Apply 10 - 25 g of Trichoderma powder per 100 m2 of nursery bed. Application of 

neem cake and FYM before treatment increases the efficacy. 

3. Cutting and seedling root dip: Mix 10g of Trichoderma powder along with 100g of well rotten FYM 

per liter of water and dip the cuttings and seedlings for 10 minutes before planting. 

4. Soil treatment: Apply 5 Kg of Trichoderma powder per hector after turning of sun hemp or dhainch 

into the soil for green manuring or Mix 1 kg of Trichoderma talc   formulation in 90 kg of farmyard manure 

and 10 kg of Neem cake cover it for 7 days with gunny bags. Sprinkle the heap with water intermittently. 

Turn the mixture in every 3-4 days interval and then broadcast in the field. 

5. Plant Treatment: Drench the soil near stem region with 10g Trichoderma powder mixed in a liter of 

water. 
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Table No 2 DO’S and DON’TS in usage of Trichoderma viride: 

Do’s Don’ts 

Fortified Trichoderma viride mixture prepare 

under shade condition only 

Don't use chemical fungicide after application of 

Trichoderma for 4-5 days. 

Cannot mix with Chemicals.  Don't use Trichoderma in dry soil. Moisture is a 

essential factor for its growth and survivability. 

Use Trichoderma viride talc powder within 6 

months. 

Don't put the treated seeds in direct sun rays. 

Use only Gunny bags or Dry Grass or Coconut 

leaves on the Fortified Trichoderma viride 

mixture heaps.  

Don't keep the treated FYM for longer duration. 
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Silvopasture is the intensive management and growing of perennial grasses or grass-legume mixes in a 

forest stand for livestock pasture. In Indian agriculture, livestock is vital to the advancement of mankind, 

while crop cultivation is seen as a complementing occupation. There is about, 35.6, 11.0 and 44.0 % shortage 

of green fodder, dry fodder and feed concentrates respectively in India. 

The demand of fodder is expected to rise further to about 1012 (green fodder) and 631 million tonnes (dry 

fodder) by 2050. To meet fodder, demand its supply has to be enhanced by 1.69 % annually (IGFRI 2015). 

With agricultural land shrinking, not much increase in utilization of agricultural land for fodder cultivation 

is expected in India. A significant source of fodder may come from silvipastoral systems. A key tactic for 

ensuring sustainability and addressing the needs of rural people is the diversification of land use systems 

using silvipasture. It is essential for managing land resources and ensuring the livelihoods of those who 

are economically underprivileged. 

With dwindling per capita land availability, silvipasture systems that combine perennial multipurpose 

forest trees species with pastures grasses and legumes, are most sustainable technology modules to 

maximize overall land productivity, mitigate climate change, and ensure nutritional and fodder security to 

animals. 

Tree leaves have several advantages over the conventional cultivated fodder crops. They can produce green 

fodder per unit area comparable to cultivated crops; can withstand severe adverse climatic conditions; do 

not need heavy inputs (fertilizers, irrigation, labour, pesticides etc.); help in soil moisture conservation and 

also protect the environment (Datt et al. 2008). Multipurpose trees and shrubs (MPTs) play a vital role in 

agroforestry systems and have a good potential in raising the ruminants’ productivity by lessening the gap 

between demand and supply of fodders, the deficit of feeds being the main constraint in most parts of the 

world. 

Also, it is pertinent to evaluate them for various nutritional characteristics so that balanced rations could 

be formed. The silvopastoral systems have been studied for their advantage over existing agricultural 

practices for their growth and productivity. silvopasture system is the sustainable forage production system 

for the semi-arid tropics of India. (Mishra et al. 2010). The importance of forages and livestock sector is 

being increasingly realized in recent times due to their multifaceted role in sustainable production, 

employment generation, drought proofing, natural resource conservation, nutritional security and export 

potential (Ghosh et al. 2016). 

There are a number of reasons for very low adoption of silvipasture: 

a. Poor awareness of the potential of integration and the benefits and value addition of silvopastoral 

systems. 

b. Strong resistance by the crop-oriented plantation sector. 

c. Absence of policies to encourage integrated system. 
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Trees/grasses found suitable for Arid and Semi-arid regions 

Trees/shrubs Grasses/legumes 

• Ficus benghalensis  

• Ficus recemosa   

• Ficus glomerata 

• Ficus religiosa  

• Azadirachta indica  

• Engenia jambolans 

• Artocarpus   

heterophylus 

• Madhuca latifolia 

• Bauhinia variegate 

• Zizyphus jujuba  

• Sesbania 

grandiflora 

• Manihot esculenta 

• Acacia nilotica    

• Sesbania sesban 

• Grewia oppositifolia 

• Zizyphus 

nummularia 

• Morus alba  

• Gliricidia maculata  

• Prosopis cineraria 

• Acacia nilotica 

• Acacia tortilis  

• Albizia lebbek  

• Alianthus excelsa  

• Clerodendron 

phlomidis 

• Capparis zeylanica 

• Dichrostachys 

nutens  

• Gymnosporia 

spinosa  

• Leucaena 

leucocephala 

• Gliricidia sepium 

• Grevillea robusta 

• Leucaena 

leucocephala 

• Parkinsonia 

aculeata 

• Prosopis cineraria 

• Ziziphus mauritiana 

• Melia dubia  

• Acacia albida 

• Acacia nilotica 

• Acacia tortilis 

• Albizia lebbeck 

• Azadirahta indica, 

• Dalbergia sissoo 

• Eucalyptus 

camaldulensis 

• Lasiurus sindicus 

• Macroptilium 

atropurpureum  

• Panicum antidotale 

• Sehima nervosum 

• Stylosanthes 

hamata 

• Atylosia 

scarabasoides 

• Cenchrus ciliaris 

• Cenchrus setigerus 

• Chrysopogon fulvus 

• Desmodium 

triflorum 

• Dichanthium 

annulatum 

• Heteropogon 

contortus  

• Stylosanthes scabra 

Soni et al. (2016) 

Tree Species – Selection and Management 

1. Must be compatible with planned livestock and forage species 

2. It should have higher rates of carbon sequestration potential 

3. Rows should be oriented in an east-west orientation where feasible and practical to allow maximum 

sunlight onto grass strips 

4. Resistant to pests and diseases 

5. Have high value product potential 

6. Open-crowned to allow good forage production 

7. Trees should be planted at an appropriate density to allow acceptable forage production and wood 

products 

8. The invasive potential of the species must be known when selecting plant species  

9. Deep-rooted to avoid competition with forage for moisture and nutrients  

10. Tree species must be adapted to the site to assure strong health and vigour management. 

Total Carbon storage under agro-forestry systems in different regions of the country 

Region Agroforestry systems and components  Total C storage References 

(t C / ha) 

Semi – arid region Silvi-pastoral system (age 5 years) 

Acacia nilotica + natural pasture 

A. nilotica + established pasture 

Dalbergia sissoo + natural pasture 

D. sissoo + establed pasture 

Hardwickia binata + natural pasture 

H. binata + established pasture 

9.5-17.0 

19.7 

12.4 

17.2 

16.2 

17.0 

Arid – region 

(Rajasthan) 

Agri- silvicultural system (age 8 years) 

Emblica officinalis + Vigna radiate 

Hardwickia binata + Vigna radiate 

Colophospermum mopane + Vigna 

radiata 

12.7 -13.0 

8.6 - 8.8 

4.7 - 5.3 

Fanish & Priya (2013) 
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Role of Silvipasture Systems for Environmental Benefits 

Animal milk and overall productivity will also decline due to heat stress posed by climate change. In such 

scenario, tree-based farming, that essentially includes integration of trees and shrubs with 

annual/perennial food-fodder crops production can sustain human and animal life by providing shade, a 

steady supply of nutrient and vitamin rich food, fodder, other multiple products and sustainable income. 

Moreover, these silvipasture systems have capability to arrest land degradation, restore soil fertility, 

conserve soil moisture, diversify income sources of human and mitigate climate change. Further, climate 

change can reduce the productivity and quality of fodder crops and grasses due to extreme climatic 

conditions. In such cases integrating grasses and fodder crops with trees can increase their productivity 

and quality as trees have capability to improve microclimate conditions. Silvi-pasture systems have good 

production potential of forage on degraded /rangelands depending upon species of tree, pasture 

combinations and agro-climatic conditions. 

Conclusions 

Silvipasture, is an integrated land use practice that has been proven to be economically and 

environmentally sustainable both at small and large scales. Scientific evidence has proved that 

silvipastures can sustain nutritious fodder supply to livestock, restore degraded land, provide high 

economic return to the farmers and mitigate climate change. Silvipatures systems should be promoted in 

various agro-climatic zones of India for sustaining nutritional security to animals. Alternate lands, like 

wastelands, barren lands and grasslands in India can be utilized for establishing aforesaid climate resilient 

tree-based forage production system. 
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Introduction 

Indian agriculture has a long history. India is now one of the top three countries in the world for the 

production of a wide variety of crops, including wheat, rice, cotton, pulses, peanuts, fruits, and vegetables. 

The greatest herds of buffalo and cattle are found in India. Additionally, it is the biggest producer of milk. 

The safety and quality of farm food must be guaranteed at all stages of production in light of the enormous 

agricultural productivity. 

We must strike a balance between the needs of food safety and security. Adopting Good Agricultural 

Practices will help solve this difficult issue (GAPs). One of the best methods to boost output and enhance 

quality is through good agricultural practices, which are frequently combined with efficient input 

utilisation. GAPs improve the creation of healthy, high-quality meals. These procedures guarantee that the 

finished product is handled, stored, and transported in a manner that is suitable and safe for the 

environment. 

Good Agricultural Practices 

According to the Food and Agriculture Organization of the United Nations, Good Agricultural Practices are 

“practices that address environmental, economic and social sustainability for on-farm processes, and result 

in safe and quality food and non-food agricultural products. 

Objectives of GAP 

1. Ensuring safety and quality of produce in the food chain 

2. Capturing new market advantages by modifying supply chain governance 

3. Improving natural resources use, worker’s health and working conditions, creating new market 

opportunities for farmers and exporters in developing countries. 

IND GAP (India Gap) 

The Quality Council of India has created the India Good Agricultural Practices (INDGAP) accreditation 

programme to improve good agricultural practices in India. The programme adheres to ISO 17065, a global 

standard for product and process certification. The plan is built with both the home and foreign markets in 

mind. The Small and marginal farmers are also included in the plan since they can gain from this 

arrangement as well.  

In addition to addressing the quality and quantity of the product received from a unit area, INDGAP focuses 

on many areas of food safety, pre-and post-harvest procedures, worker health and safety, and a maintained 

supply of produce of the unit area. Even though the INDGAP's scope includes all agricultural products, it 

is organised in a how to help small and marginal farmers by creating certification standards meeting their 

needs as Basic GAP to enable them to transition to international GAP gradually. 

Certification Process 

Applicants can apply for certification under any of the 2 options (individual or group certification). The 

options are based on the constitution of the legal entity applying for certification. The following options 

shall be available for certification. 
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Individual Certification 

The individual manufacturer certifies themselves after applying. Note: The term "producer" refers to a 

person (individual) or a business (individual or producer group) who is legally responsible for the production 

of products and who is legally accountable for the items that the farming business sells. 

Group Certification 

A producer/farmer group applies for group certification and the farmer group, as a legal entity gets 

certification. 

Compliance Levels of Certification 

Three different types of compliance requirements are outlined in the standard and must be met by the 

producer. They are major, minor, and crucial requirements that must all be met before certification. The 

level of compliance shall be established based on the following 

1. Critical - 100% compliance of all critical control points. 

2. Major - 90% compliance with all applicable Major control points is compulsory. 

3. Minor - 75% of compliance with all applicable minor control points is compulsory. 

The Application Process in INDGAP 

Application 

 
Evaluation of Application for acceptance 

 
Cost estimation and payment 

 
Signing of Agreement 

 
Product and Site Evaluation 

 
Recommendation for certification 

 
Surveillance and compliance 

Certification Bodies in INDGAP 

1. TQ FOODCERT 

2. ECO CERT 

3. SAI GLOBAL 

4. AGROCERT 

5. BUREAU VERITAS. 

Conclusion 

Although GAP implementation has major challenges like record keeping, affordability, mindsets etc. Still, 

there is a bright future for these standards to spread all over the country. Initially, the government need 

to work hard for conducting various capacity-building programs to sensitize the growers about GAP and its 

applications. 

Although GAP-certified products have their own demand in the market without proper channelization price 

realization to growers cannot be met so the provision of suitable market access should be there. By focusing 

on these things successful implementation of GAP can be made viable and it creates a win-win situation 

for a farmer and the market side (consumer point of view). 
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Introduction 

No single measure, or group of measures, can hope to capture the complexity of family functioning 

completely. Indeed, measures are often developed with a particular purpose in mind, for example to assess 

the extent to which a particular familial factor is correlated with a particular disorder, such as harsh 

parental discipline with conduct disorder. Other measures have been developed within a clinical or 

therapeutic context, as is the case with many of the global measures of family functioning. 

Nature and Definition of Marriage 

Humankind’s most basic and oldest social unit is the family. It is a social institution primarily established 

by society to ensure its continuity and to regulate the sexual behavior of its members. The family is the 

primary group where the child is initially socialized and initiated in the ways of life of his group. The family 

provides the child’s social, psychological, and emotional needs – warmth, intimacy, affection, love, 

nurturance, care and security. Marriage is another human construction to ensure the continuity of the 

family and the eventual perpetuation of the human species. Marriage as a special contract of permanent 

union between a man and a woman entered into in accordance with law for the establishment of conjugal 

and the family life. 

Roles and Responsibilities in Marriage 

Responsibilities of husband Responsibilities of Wife 

Serve to family diligently Be a helper to husband 

Be committed to wife Submit to the leadership of husband 

Responsibilities of Protection of his family Be a good home maker 

Listen to every family member attentively Stay faithful 

Proactively determine family needs  Work diligently for the wellbeing of the home 

Be confident Aspire to meet needs of all family members 

Function of Families 

First, the family is the primary unit for socializing children. No society is possible without adequate 

socialization of its young. In most societies, the family is the major unit in which socialization happens. 

Parents, siblings, and, if the family is extended rather than nuclear, other relatives all help socialize 

children from the time they are born.  

Second, the family is ideally a major source of practical and emotional support for its members. It provides 

them food, clothing, shelter, and other essentials, and it also provides them love, comfort, and help in times 

of emotional distress, and other types of support. 

Third, the family helps regulate sexual activity and sexual reproduction. All societies have norms governing 

with whom and how often a person should have sex. The family is the major unit for teaching these norms 

and the major unit through which sexual reproduction occurs. One reason for this is to ensure that infants 

have adequate emotional and practical care when they are born. 

1. Survival of offspring: Families help to ensure that children survive to maturity by attending to their 

physical needs, health needs, and safety 

2. Economic function: Families provide the means for children to acquire the skills and other resources 

they need to be economically productive in adulthood 

3. Cultural training: Families teach children the basic values in their culture. 
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Norms of Marriage on the Selection of Potential Marriage Partners 

Endogamy- It is a rule that requires a person to marry someone from within his or her own group—tribe, 

nationality, religion, race community, or any other social grouping. 

Exogamy- It is a rule that requires a person to marry someone from outside his/her own group. 

Sororate- Prescribes that a widower marries the sister or nearest kin of the decease wife. 

Levirate- Prescribes that widow marry the brother nearest kin of the deceased husband. 

Forms of Marriage 

Monogamy marriage- Between one man and one woman. 

Polygamy or plural marriage has three forms: 

a. Polygyny- one husband and two or more wives 

b. Polyandry- one wife and two or more husbands 

c. Group marriage- two or more husbands and two or more wives. 
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Introduction 

Vegetables can also be categorized by colour and nutrient content. Pigments like chlorophyll, anthocyanin, 

carotenoids make vegetables colourful. These colours are indications for the specific nutrients in it (Davies 

et al., 2004). The darker vegetables have higher content of nutrients in them. Green colour in vegetables 

indicates the richness of vitamins C and B complex, calcium, iron, phosphorus, fiber and beta carotene (pro-

vitamin A). Yellow and orange vegetables are rich in pigments like lutein, zeaxanthin and carotenoids 

(Toyoda et al., 2002). 

Table 1 Nutraceutical/Photochemical pigments in Vegetables (based on colour): 

Colour of Vegetables Type of Vegetables Nutraceutical 

pigments 

Medicinal uses 

Green Colour 

Vegetables 

Asparagus, Broccoli, 

Brussel sprout, Celery, 

Chinese cabbage, 

Cucumber, Green 

beans, Green cabbage, 

Green onion, Green 

peppers, Lettuce, Okra, 

Peas, Spinach 

 

Chlorophyll, fiber, 

lutein, zeaxanthin, 

calcium, folate, vitamin 

C, calcium and beta- 

carotene 

Reduce cancer risks, 

lower blood pressure 

and LDL cholesterol 

levels, normalize 

digestion time, 

support 

retinal health and  

vision, fight harmful 

free-radicals, boost 

immune system activity 

 

 White Colour 

vegetables 

Cauliflower, Garlic, 

Ginger, Mushrooms, 

Onions, Potato, 

Shallots, Turnip, 

Radish 

Beta-glucans, EGCG, 

SDG and lignans 

Provide powerful 

Immune boosting 

activity. These 

nutrients also 

activate natural killer B 

and T cells, 

reduce the risk of colon, 

breast, and prostate 

cancers and 

balance hormone levels 

thus reducing the risk of 

hormone-related 

cancers 

Red colour vegetables Beets, Red 

Bell peppers, Red  

chili peppers, Red 

onion, Red potato, 

Tomato, Red Carrot 

Lycopene, ellagic acid, 

quercetin and 

hesperidin 

Reduce the risk of 

prostate cancer, 

lower blood pressure, 

reduce tumor 

growth, 

lower LDL 

cholesterol levels, 

scavenge harmful free-

radicals, and 

support joint tissue 

in arthritis cases 
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Yellow/Orange 

Vegetables 

Carrot, Papaya, 

Pumpkin, Sweet potato, 

Yellow peppers, Yellow 

potato, Yellow summer 

squash, Yellow bell 

peppers, Yellow tomato, 

Yellow winter squash 

Beta- carotene, 

zeaxanthin, flavonoids, 

lycopene, potassium 

and vitamin C 

Reduce age-related 

degeneration and the 

risk of prostate cancer, 

lower LDL cholesterol 

and blood pressure, 

promote collagen 

formation and healthy 

joints, fight harmful 

free radicals, 

encourage alkaline 

balance 

Blue/Purple Vegetables Black salsify, Egg plant, 

Purple Belgian endive, 

Purple Potato, Purple 

asparagus, Purple 

cabbage, Purple carrot, 

Purple fig, Purple bell 

peppers, Purple onion, 

Purple broccoli, Purple 

cauliflower, Purple 

kohlrabi, Purple broad 

beans 

Lutein, zeaxanthin, 

resveratrol, vitamin C, 

fiber, flavonoids, ellagic 

acid and quercetin 

Support retinal health, 

lower LDL cholesterol, 

boost immune system 

activity, fight 

inflammation, reduce 

tumor growth, act as an 

anti-carcinogen in the 

digestive tract, and 

limit the activity of 

cancer cells 

Conclusion 

Vegetables are recognized as an indispensable component of balanced diets because they provide different 

vitamins, minerals, dietary fiber and phytochemicals in food we consume. Vegetables constitute a main 

part of the human diet across the globe and occupy crucial role in human nutrition by acting as sources of 

phytoneutraceuticals which includes different vitamins (viz., C, A, B1, B6, B9, E), minerals, dietary fiber 

and phytochemicals. 
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Abstract 

Quality and nutrients with minerals enriched food materials are necessary for humans as well as animals 

for their growth and survival in the ecosystem. Nutrient rich food helps us to be healthy and remain disease 

free during different life growth stages with augmenting cell health with enhancing optimum cell functions 

in our body. Our life expectancy is declining day by day due to exposure of radiations, improper life style 

and diet habits which is devoid of natural vitamins, proteins and minerals. Essentiality of nutrients, 

minerals and vitamins are of much more important now a days.  

Keywords- Nutrients, Vitamins, Growth, Fat, Human. 

Introduction 

Nutritional value or nutritive value of food It is the measure of a balanced ratio of the essential nutrients 

like carbohydrates, fat, protein, minerals, and vitamins in food items or diet concerning the nutrient 

requirements of their consumer. Nutritional value plays an important role in growth and development of 

human body. 

Major Nutrients in Food 

1. Carbohydrates 

2. Vitamins 

3. Mineral 

4. Fat 

5. Proteins. 

 
Fig-01: Nutrition -Pyramid 

Carbohydrates 

Carbohydrates are defined as they are the source of energy for the body. Carbohydrates are the sugars, 

starches, and dietary fiber that occur in plant foods and dairy products. Carbohydrates play vital roles in 

living organisms by providing energy to living tissues 

Another name of carbohydrates and are also known as saccharides or carbs, provide energy for the body. 

Each gram of carbohydrates provides 4 calories. The body breaks down Carbohydrates into glucose, which 

serves or glucose act as primary energy source. 
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Vitamins and minerals generally categorized as same, but they are different from each other. Basically, 

Vitamins are organic substances and these organic substances are produced by plants or animals. They 

often are called "essential" because vitamins are not synthesized inside the body except for vitamin D). 

Vitamins are of Two Type 

Fat soluble vitamins: Fat soluble vitamins are those or A vitamin that can easily dissolve in fats and 

oils.Fat-soluble vitamins easily  absorbed along with fats in the diet and get  stored in the body’s fatty 

tissue and in the liver. They are found in many plant and animal foods and in dietary supplements. 

Example of fat-soluble Vitamins A, D, E, and K. 

Water soluble vitamins: Water soluble vitamins are those or a vitamin that can dissolve Only in water. 

Water-soluble vitamins are carried to the body's tissues but are not stored by the body They are found in 

many plant and animal foods and in dietary supplements and must be taken in daily. example -B vitamins 

– folate, thiamine, riboflavin, niacin, pantothenic acid, biotin, vitamin B6, and vitamin B12 – and vitamin. 

these all are water soluble vitamins. 

 

Table-1: Water- and Fat-Soluble Vitamins, functions and deficiency symptoms: 

 



 

 
Volume 04 - Issue 08 - August 2022       113 | P a g e  
 

 
Table-2: Other Important Fat-Soluble Vitamins, Functions and Deficiency Symptoms 

Table-03. Essential Minerals with Functions 

Protein: A protein is a naturally occurring substance or it is a, complex substance that consists of amino 

acid residues and proteins are joined or linked by peptide bonds. Proteins are present in all living organisms 

and include many essential biological components.  

Fats: are nutrients that occur in food and further fat is used by body to build cell membranes, nerve tissue 

(including the brain), and hormones. Fat also acts as fuel for body. If fats eaten aren't burned as energy or 

used as building blocks, they're stored by the body in fat cells. 

 
Fig -4: Classification of Fat 

Fat supplies energy 9 kcal/g. Fats are essential for absorption of fat-soluble vitamins. 

MUFA- Mono Unsaturated Fatty Acid 

PUFA- Poly Unsaturated Fatty Acid 
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Gram Pod Borer 

Helicoverpa armigera; Family: Noctuidae; Order: Lepidoptera Distribution: worldwide. 

Bionomics:                      

a. Eggs are spherical in shape and  

b. Creamy white in colour laid singly  

c. Pupa brown in colour occurs in soil, leaf, pod and crop debris.  

d. Adult _ Light pale brownish yellow stout mouth. 

e. Forewing grey to pale brown with V shaped speck.  

f. Hind wings are pale smoky white with a broad blackish. 

Symptoms Of damage: 

a. Skeletinization of leaves feeding chlorophyll only leaving veins by young larvae defoliation. Feeds 

flower and green pods.  

b. In green pods _ make circular holes and feed the grains and make empty. 

Management: 

a. ETL:2 early instar larvae/Plant 5-8 eggs/Plant. 

b. Pheromone traps for Helicoverpa armigera 12/ha. 

c. Bird Perches 50/ha. 

d. Ha NPV 1.5x 1012 POB/ha with teepol (1ml/lit). 

e. Hand picking of grow up larvae and blister beetles. 

f. Apply any one of the following (spray fluid 625ml/ha). 

g. Dichlorovos 76 WSC 625 ml/ha Neem seed kernel extract 5%(31.0kg/ha) twice followed by 

Triazophos 40 EC 780ml/ha. 

h. Neem oil 12.5 lit/ha 

i. Phosalone 35 EC 1.25 lit /ha. 

j. Insecticide /Ha NPV Spray should be made when the larvae were upto third instar. 

Tobacco Caterpillar 

Spodoptera litura; Family: Noctuidae Order: Lepidoptera. 

Bionomics: 

a. Egg Masses appear golden brown. 

b. Larva pale greenish with dark markings. 

c. Adult forewings are brown in colour with wavy white marking, hind wings are white in colour 

with a brown patch along the margin. 

Symptoms of damage: 

a. The young larvae first feed gregariously and scrape the leaves. 

b. Older larvae spread out and may completely devour the leaves resulting in poor growth of plants. 
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Management: 

a. Plough the soil to expose and kill the pupae. 

b. Grow castor along border and irrigation channel as trap crop. 

c. Flood the field to drive out the hibernating larvae. 

d. Set up light trap @1/ha. 

e. Pheromone traps (Pherodin SL) @15/ha to attract male moths. 

f. Collect and destroy egg masses in castor and tomato. 

g. Hand pick grown up larvae and kill them. 

h. Spray SI NPV @ 1.5X1012 POBs/ha +2.5 kg crude sugar + 0.1% teepol. 

Semilooper 

Autographa nigrisigna; Family- Noctuidae; Order-Lepidoptera. 

Bionomics: 

a. Moths have typically patterned forewings. 

b. The larva 25mm long is semiloopers 

Symptoms of damage: 

a. Skeletinization of leaves and the plant becomes whitish. 

b. The larvae feed on leaf buds, flowers, tender pods and developing seeds. 

c. Ragged and irregular pod. (This is in contrast with the neat and round hole, characteristic of pod 

borer damage). 

Management: 

a. ETL 10%affected parts 

b. Deep summer ploughing in 2-3years to eliminate quiescent pupa. Avoid closer plant spacing. 

c. Grow tall sorghum as comparison crop to save as biological bird perches. 

d. Collect and destroy larvae and adults to the extent possible. 

e. Install pheromone traps at a distance of 50m @ 5 traps/ha for each insect pest. 

f. Install bird perches @ 50/ha. 

g. Setting of light traps (1light traps/5acre) to kill moth population. 

h. Control is achieved by releasing of Trichogramma chlionis at weekly intervals @1.5 lakh /ha/week 

for four times. 

i. Conserve green lacewing, predatory stink bugs, Spider, ants. 

j. Application of NPV 250 LE/ha with teepol 0.1% and Jaggery 0.5% thrice at 10_15 days interval 

commencing from flowering stage. (Insecticide /Ha NPV spray should be applied when the larvae 

are in early stage.). 

k. Bt @ 600g, neem oil /pungum oil 80 EC @ 2ml/lit. 

l. Spray NSKE 5% twice followed by triazophos 0.5%. 

m. Apply anyone of insecticides at 25 kg /ha. 

n. Chlorpyriphos 1.5% DP, quinalphos 4D, carbaryl 5D. 

o. Spray insecticides like Carbaryl 10%DP. (OR) Quinalphos 25 EC @1000 ml/ha. 

Bionomics: 

a. Eggs_ are laid on earth clods, chickpea stem bases and on both sides of leaves. 

b. Larva is dark brown with red head. Pupation takes place in earthen cocoon. 

Cut Worm 

Agrotis ipsilon; Family -Noctuidae ; Order – Lepidoptera 

Bionomics: 

a. Eggs_ are laid on earth clods, chickpea stem bases and on both sides of leaves. 

b. Larva is dark brown with red head.  

c. Pupation takes place in earthen cocoon Adult _Moth is brownish with numerous wavy lines and 

spot, measuring 3 to 5 cm across wings. 

Symptoms of damage: 

a. The caterpillar remains the soil at a depth of 2_4 inches. 
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b. The caterpillar cut the tender plants at the base and branches or stems of growing plants. The 

caterpillar drag the cut parts into soil for feeding. 

c. The buried stem or branches is almost the sure index of the place where the caterpillar is hiding. 

Management: 

a. Deep summer ploughing. 

b. Well decomposed organic manure. Adapt crop rotation. 

c. Early sowing in the last week of October. 

d. Intercropping with wheat or linseed or mustard reduces infestation. 

e. In the early stages pic the insects and destroy. 

f. The adult insect can be controlled by light traps. 

g. Spray insecticides like quinalphos 25 EC @ 1000 ml/ha. 

h. In case of severe infestation spray insecticides like spark 36 EC at the rate of 1000 ml/ha. 

Profenophos 50 EC @ 1500 ml/ha. 

i. Dilute the above in 500_600 litres water and spray. 

j. Do not grow tomato or lady finger in nearby field. Grow marigold on bunds. 

Bionomics: 

a. These are social insects, live in termitaria, in distinct castes, workers, kings and queens. 

b. Eggs are laid on plants and on the soil. 

Termites 

Odontotes obesus; Family Termitidae; Order - Isoptera 

Bionomics: 

a. These are social insects, live in termitaria, in distinct castes, workers, kings and queens. 

b. Eggs are laid on plants and on the soil. 

c. ‘Worker’ are small (4 mm) and have a soft, white body and a brown head. 

Symptoms Of damage: 

a. Termite bores into the roots and stem. Due to the bore the plant soon dries. 

b. Attack may continue to the standing crop also especially during the period of drought. 

Management: 

a. Frequent intercultural operation and irrigation before sowing. 

b. Field sanitation, timely disposal of crop stables and under composed plant parts. 

c. Under composed FYM or composed should not be used. 

d. Two three deep ploughing could also help control this pest. 

e. Destroy the termite bunds in and around the field and kill the queen and complimentary form. 
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Introduction 

Polyphagous pest is those which feed on plants belonging to diverse taxonomic groups. Generally, these 

pests multiply in large number are voracious feeders and cause damage to agricultural crops. List of 

important polyphagous pest are Locust, Grasshopper, Termites, Hairy caterpillar and Cutworms. 

Locust 

Locust are grasshopper that conglomerate in large number as larvae and swarm to fly long distance as 

adults destroying vegetation. There are 5000 species of grasshopper found in the world but only 9 are 

recognised as locust.  

Italian locust- Calliptamus italicus 

Moroccan locust- Dociostaurus maroccanus 

Red locust- Nomadacris septemfasciata 

Brown locust- Locustana paradalina 

South american locust- Scistocerca paranesis 

Australian locust- Chortoicetes terminefera 

Bombay locust- Patanga succinata 

Migratory locust- Locusta migratoria  

Desert locust- Scistocerca gregaria 

Desert Locust 

SN: Scistocerca gregaria, Order: Ortoptera and Family: Acrididae 

Identification:  It has found in two phases, solitary phase and gregarious phase. 

Damage:  The locust is harmful in both the hopper and the adult stages. These gregarious and voracious 

feeders eat almost any vegetation. When in swarms, they can consume all the green vegetation and cause 

a famine. 

Management: 

a. Cultural control: Ploughing, digging, and harrowing of places where eggs are laid on large scale 

and destroying laborious. 

b. Mechanical control: Collecting hoppers with catching machine.Killing them with flame 

throwers.Crushing them with rollers. 

c. Chemical control:  

i. Adult beetles controlled by, carbaryl 0.1%, monocrotophos or chloropyriphos 0.05% 

ii. Grubs controlled by soil application – phorate 10G @ 25kg/ha, carbofuran 3G @ 35kg/ha 

iii. Spraying the crop with NSKE. 

Grasshopper 

Sporadic grasshopper- Oxya nitidula 

Surface grasshopper- Chrotonous trachypterus 
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Sporadic Grasshopper 

SN: Oxya nitidula, Order: Orthoptera, Family: Acrididae 

Identification: Eggs: 30-40 yellowish eggs are laid in groups and covered with gummy like substance. 

Nymphs feed on grasses and paddy and Adult is1 inch in length with transverse brownish lines above the 

pronotum. 

Damage:  Irregular feeding on seedlings and leaf blade, Cutting of stem at panicle stage. Completely 

defoliate the plants leaving only the mid ribs. 

Management: 

Cultural method: Flooding the stubbles,trimming the bunds, sweeping along the bunds and adult 

grassopper can be picked directly from the foliage at night because of sluggish. Expose the eggs to 

be picked by birds after ploughing and trim the bunds. 

Chemical control: Dusting the crop with 5-10% methyl parathion 2% @ 25-30 kg/ha. Dusting 

malathion 5% @ 20kg/ha. 

Biological control: 

i. Scelionid wasps parasitize the egg of short horned grasshopper. 

ii. A platystomid fly and mite prey on eggs of oriental migratory locust. 

iii. Different species of ants feed on nymphs and adults. 

Termites 

Odontotermes obesus, Order: Isoptera and Family: Termitidae. 

Identification: Eggs: Dull, kidney shaped and hatches in 30-90 days, Nymphs: Moult 8-9 times and are 

full grown in 6-12 months and Adult Creamy coloured tiny insects resembling ants with dark coloured 

head. 

Damage: Termites bores into the roots and stem. Due to bore the plant soon dries. Attack may continue to 

standing crop also especially during the period of drought. 

Management: 

Cultural method: Frequent intercultural operation and irrigation before sowing. Field 

sanitation,timely disposal of crop stubbles . 

Physical method: Destroy the termite bund in and around the field and kill the queen and 

complementary farm. 

Chemical method: Treat the soil with lindane 1.6D @ 50kg/ha or chlorpyriphos 20EC 0.04% for 

5mins. Seed treatment with chlorpyriphos @ 4ml/kg of seed. 

Hairy Caterpillar 

Red hairy caterpillar-Amascta moorei 

Bihar hairy caterpillar-Spilarctia obliqua 

Bihar Hairy Caterpillar 

Spilosoma oblique, O: Lepidoptera and F: Arctiidae 

Identification: Eggs laid in cluster on the underside of leaves. Larva is covered with long yellowish to 

black hairs and Adult is medium sized brown moth with a red abdomen 

Damage: Young larvae feed gregariously on chlorophyll mostly on the under surface of the leaves, due to 

which the leaves look like brownish-yellow in colour. In later stages the larvae eat the leaves from the 

margin. The leaves of the plant give an appearance of net or web. 

Management: 

Cultural method:  

i. Deep summer ploughing. 

ii. Avoid pre monsoon sowing. 

iii. Use optimum seed rate. 
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iv. Adequate plant spacing should be provided 

v. Intercrop soybean either with (early maturing) pigeon pea variety or maize or sorghum in 

the sequence of 4:2 should be practiced. 

vi. Collect & destroy infested plant parts, egg masses and young larvae. 

vii. Field Sanitation: Remove the infested plant parts at least once in 10 days and bury them 

in compost pit to monitor and reduce the population. 

Light Trap: Install one light trap (200W mercury vapour lamp) per hectare to catch the adults of 

some nocturnal pests such as hairy caterpillar (positively phototropic). 

Chemical method:  

i. Apply chlorpyriphos 20 EC @ 1.5 lit/ha or trizophos 40 EC @ 0.8 Lit/ha or quinalphos 25 

EC @ 1.5 lit/ha. 

ii. Dust Chlorpyriphos 1.5% DP quinalphos 1.5% @ 25kg/ha when the population is likely to 

reach 10/m row length (ETL). 

Cutworm 

Gram cutworm- Ochropleura flammatra. 

Greasy cutworm- Agrotis ipsilon. 

Greasy Cutworm 

Agrotis ipsilon, Order: Lepidoptera and Family: Notuidae 

Identification: Eggs creamy white, dome-shaped eggs, laid singly on lower surface of the leaves. Larvae 

is newly emerged young larva is yellow in colour. The full-grown larva is dark or dark brown with a plump 

and greasy body. Pupa is dark brown pupae are found in earthen cells lying underground in the potato 

fields and Adult is dark with some grayish patches on the back and dark streaks on the forewings. 

Damage: Young larvae feed on the epidermis of the leaves. Older larvae come out at night and feed young 

plants by cutting their stems. They also damage the tubers by eating away part of them. 

Management: 

Cultural method:  

i. Flood the infested fields 

ii. Handpick and destroy the larvae in morning and evening hours on cracks and crevices in 

the field 

iii. Plough the soil during summer months to expose larvae and pupae to avian predators. 

Biological method: Set up light trap @1/ha and Pheromone traps @12/ha to attract male moths. 

Chemical control: Spray insecticides like chlorpyriphos 20 EC @1 lit/ha or neem oil @ 3%. 
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Mustard Sawfly:  Athalia lugens proxima 

Red Hairy Caterpillar: Amsacta albistriga 

Symptoms: Caterpillars cause defoliation-leaving main stem alone. 

Identification of the pest: 

a. Larvae: Hairy caterpillar reddish brown with black band on either end having long reddish-brown 

hairs all over the body. 

b. Adult: Moth with white wings. Forewings - white with brownish streak all over & yellowish streak 

along the anterior margin and head. Hind wings are white with black marking. 

Management: 

a. Dig out and destroy the pupae from the field bunds. 

b. Phosalone 35 EC 750 ml/ha in 375 l of water. 

Leaf Minor - Aproaerema modicella 

Symptoms: 

a. Young larvae - mine into the leaflets, feed on the mesophyll and form small brown blotches on the 

leaf. 

b. Later - web the leaflets together feed & remaining within the folds. 

c. Severely attacked field looks "burnt" from a distance. 

Identification of the pest: 

a. Eggs: Shiny white laid singly on underside of leaflets. 

b. Larvae: Green - dark head and prothroax 

c. Adult: Brownish grey moth, 6 mm long & 10 mm wing span. Forewings - white spot on the costal 

margin. 

Management: ETL: 1 larvae/meter row 

a. Set up light traps @12/ha 

b. Insecticides - Dimethiate 30 EC 660 ml/ha, Malathion 50 EC 1.25 l/ha. 

Gram Pod Borer - Helicoverpa armigera 

Symptoms: 

a. Larvae feed foliage, flowers and buds. 

b. Tender leaf buds - symmetrical holes or cuttings - unfolding leaflets. 

Identification of the pest: 

a. Eggs: Spherical creamy white colour, present singly. 

b. Larva: Greenish to brown.Dark brown grey lines on body with lateral white lines . 

c. Pupa: Brown in colour, occurs in soil, leaf, pod and crop debris 

d. Adult: Light pale brownish yellow stout moth. Forewings - olive green to pale brown with a dark 

brown circular spot in the centre. Hind wings are pale smoky white with a broad blackish outer 

margin. 
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Management: 

a. Deep summer ploughing 

b. Use Trichogramma chilonis @ 1 lakh/ha or Chrysoperla carnea @ 50000/ha at 40 and 50 days after 

sowing  

c. Insecticides; chloropyriphos 3ml/lit of water, Imidacloprid 2ml/lit of water. 

Sesame 

Death’s head/sphinx moth: Acherontia styx, Sphingidae – Lepidoptera. 

Symptoms: Feed voraciously on leaves and defoliate plants. 

Identification: 

a. Larva is stout, green with yellowish oblique stripes and curved anal horn, Pupae are reddish 

brown in colour. 

b. Adult - giant hawk moth brownish.  skull marking on the thorax. violet yellow bands on the 

abdomen. 

c. Hind wings yellow with black markings. 

Management: 

a. Deep ploughing exposes the pupae for predation to insectivorous birds 

b. Hand picking collection and destruction of caterpillars 

c. Two rounds of dusting with phosalone 4% or malathion 5%, first at 30 days after sowing (DAS) 

and second at 45 DAS. 

Sunflower 

Head/Capitulum Borer: Helicoverpa arrmigera, Noctuidae – Lepidoptera 

Symptom:  Larva feeds on leaves & tunnel inside capitulum. 

Identification: 

a. Egg – spherical creamy white in colour. 

b. Larva – Greenish to brown in colour. Dark brown grey lines on 

c. Body, lateral white lines. 

d. Pupa – brown colour. Occur in soil, leaf, pod. 

e. Adult - greenish to brown with a ‘v’ shaped speck on forewings & 

f. Dull black border on hind wings. 

Management: 

a. Sow trap crops like marigold at 50 plants/acre 

b. Pheromone traps (4 traps/acre) & light traps (1 light trap/5 acre)  

c. Release predators like coccinellids, Chrysoperlacarnea @1larva/ head 

d. Release parasitoides like Trichogramma spp.@ 20,000/acre. 

e. Spraying of 5% Neem oil or 5% Neem Seed Kernal extract before egg laying. 

Bihar Hairy Caterpillar:  Spilosoma obliqua, Erbidae (arctidae) – Lepidoptera 

Symptom: Larvae feed gregariously mostly on the under surface of the leaves, in severe infestation whole 

crop is defoliated. 

Identification: 

a. Egg:  cluster - underside of leaves. 

b. Larva: Covered with long yellowish to black hairs. 

c. Adult: Medium sized brown moth with a red abdomen. 

d. Wings pinkish with numerous black spots. 

Management: 

a. Summer ploughing 

b. Intercropping -pigeon pea at a row ratio of 2:1   

c. Collection and destruction of larvae 

d. Spray phosalone 35 EC at 1000ml/ha. 
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Tobacco Caterpillar:  Spodoptera litura, Noctuidae - Lepidoptera 

Symptoms: Larvae feed on tender leaves, shoots, bracts developing seeds and petals & causing defoliation 

Identification of the pest: 

a. Egg: Egg masses - golden brown 

b. Larva: Pale greenish with dark markings & gregarious  

c. Adult: Forewings - brown colour with wavy white marking. 

d. Hind wings are white in colour with a brown patch along the margin 

Management: 

a. Hand pick the Helicoverpa larvae and destroy 

b. Spray any of the following insecticides 

c. Dichlorvos 76 EC 500 ml/ha 

d. Phosalone 35 EC 1000 ml/ha 

e. Phosalone 4 D 25 kg/ha. 
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Leafhopper: Amrasca devastans (Cicadellidae: Hemiptera) 

1. Damage symptoms: Both nymphs and adults suck the sap from the under surface of leaves, tender 

leaves turn yellow, leaf margins curl downwards and reddening sets in. In the case of severe infestation 

leaves get a bronze or brick red colour which is typical “hopper burn”. Crop growth retarded. 

2. ETL: 50 nymphs / adults per 50 leaves or yellowing and curling from the middle to upper portion of the 

plants in 25 % of plants in the field.    

3. Bionomics: 

 

Management: 

a. Early sowing and close spacing of cotton reduces pest infestation if the rainfall is heavy. 

b. Setup light trap to monitor the broods of leaf hopper and to attract and kill.  

c. Release predators viz., Chrysopa carnea. 

d. Spray monocrotophos 36 WSC @ 1000 ml/ha and NSKE 5% @ 25 kg/ha or 750 ml endosulfan 35 

EC in 1000 L of water per hectare. 

e. Use resistant varieties like MCU 3, MCU 5 and MCU 9. 

Cotton Aphid: Aphis gossypii (Aphididae: Hemiptera) 

Host plants: Cotton, bhendi, brinjal, chillies, guava 

Damage symptoms: It is a potential pest on cotton infesting tender shoots and under surface of the leaves.  

They occur in large numbers, suck the sap and cause stunted growth, gradual drying resulting in death of 

the plants.  Development of black sooty mould due to the excretion of honey.  

Bionomics: 
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Management: 

a. Conserve natural enemies viz., Monochilus sexmaculatus, Coccinella septumpunctata, Aphelinus 

mali, A. flavipes, Phylloscopus tristis  

b. Spray Methyl demeton 500 ml, Dimethoate 500 ml and Monocrotophos 1000 ml. 

Thrips: Thrips tabaci (Thripidae: Thysanoptera) 
Damage symptoms: Both nymph and adult lacerate the tissue and suck the sap from the upper and lower 

surface of leaves and in cases of severe infestation they curl up and become crumbled. Silvery sheen on the 

lower surface can be seen in early stages of attack. 

Bionomics: Adults small, slender, yellowish to brown with fringed wings and drift away on disturbance. 

Nymph very minute, slender, yellowish and microscopic. 

 

Management: Monitor the nymphs and adults from the 14th day after sowing. Spray Buprofezin 25 SC 

1000 ml, Profenofos 50 EC 1000 ml, Diafenthiuron 50 WP 600 g, Thiacloprid 21.7 SC 100-125 ml, Fipronil 

5 SC 1.5-2.0 L, Thiamethoxam 70 WS 430 g 

Whitefly: Bemisia tabaci (Aleyrodidae: Hemiptera) 

Damage symptoms: Nymphs and adults suck the sap from the under surface of leaves.  Severe infestation 

results in premature defoliation, development of sooty mould, shedding of buds and bolls and poor boll 

opening.  It also transmits the leaf curl virus disease of cotton.  The insect is highly polyphagous and known 

to have biotypes. 

ETL: 5-10 nymphs / leaf 

Bionomics: 
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Management:  

a. Use white fly tolerant varieties like LK 861, Amravathi, Kanchan, Supriya, LPS 141 

b. Treat 100 kg seeds with Imidacloprid 48 FS 500-900 ml or Imidacloprid 70 WS 500-1000 g 

Thiamethoxam 30 FS 1.0 L l or Thiamethoxam 70 WS 430 g 

c. Timely sowing with recommended spacing, preferably wider spacing is essential, avoid late 

sowing. 

d. Avoid the alternative cultivated host crops of the whitefly (Brinjal, bhendi, tomato and tobacco) 

in the vicinity of the cotton crop.  

e. Grow cotton only once in a year either in winter or summer season in any cotton tract. 

f. Adopt crop rotation with non-preferred hosts such as sorghum, ragi, maize etc., to check the 

buildup of the pest. 

g. Remove and destroy alternate weed hosts like Abutilon indicum, Solanum nigrum from the fields 

and neighbouring areas.  

h. Follow judicious irrigation management and nitrogenous fertilizer application to arrest the 

excessive vegetative growth and pest the buildup. 

i. Monitor the activities of the adult whiteflies by setting up yellow pan traps and sticky traps at 1 

foot height. Also monitor through in situ counts 

j. Collect and remove whitefly infested leaves from the plants and those which were shed due to the 

attack of the pest and destroy them. 

k. Spray NSKE 5% and neem oil 5 ml or fish oil rosin soap at 1 kg / 40 L of water (or) in combination 

with recommended dose of insecticide (2 ml/L). 

l. The use of the synthetic pyrethroids should be discouraged / minimized to 2-3 sprays in cotton to 

avoid the problem of whitefly. 

Mealy Bug: Phenacoccus solan (Pseudococcidae: Hemiptera) 

Host range: Polyphagous pest. Ornamental plants, fruit crops, vegetables and field crops. Ninety-one host 

plants spread across 24 families has been recorded in India till date. 

Damage symptoms: Plants infested during vegetative phase exhibit symptoms of leaf curling, distorted 

and bushy shoots, crinkled and/or twisted and bunchy leaves. Plants dry become stunted and dry. Late 

season infestation during reproductive crop stage results in late opening of bolls, reduced plant vigour, 

early crop senescence, affecting the yield badly. 

Bionomics: 

 

Management: 

a. Early crop termination, Destruction of cotton stalks. 

b. Destroy alternate weed host growing on field bunds, water channels and wastelands. Use acid 

delinted seeds for sowing. Regulaarly monitoring of the pest. Grow pigeonpea, bajra or maize as 

border crop wherever possible. 

c. Neem Seed Kernel Extract (NSKE 5%) 50ml/L + Neem oil 5ml/ L + detergent powder 1gm/L or 

Fish oil rosin liquid 10 ml mixed with neem10ml/L or Karanj oil 10ml /L can be sprayed as spot 

application on infested stalks. 

d. Use Cryptolaemus montrouzieri adults /grub@ 10 per infested plants wherever available. 

e. Spray biopesticides viz., Verticillium lecanii (Potency 2 X 108 C.F.U /gm) 10gm/l and Beauveria 

bassiana (Potency 108 spores/ml) 10ml/l. 
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f. Spray less hazardous insecticides, such as acephate, 75 SP 2.0 kg, malathion 50 EC 2 L, buprofezin 

25 SC 2.0 L/ha. As the last option, spray moderately hazardous insecticides: Quinolphos 25 EC or 

Chlorpyriphos 20EC  3 L or Profenophos 50EC Thiodicarb 75WP 5.0gm/l 2.5 L in 800- 100 L of water 

per ha. 

Red Cotton Bug: Dysdercus cingulatus (Pyrrhocoridae: Hemiptera) 

Damage symptoms: The damage is caused by both nymphs and adults by sucking the sap of the plant as 

well as that of bolls and stain the lint.  They are also, therefore, termed as cotton boll stainers.  The bugs 

are gregarious in habit.  Attacked seeds loose viability.  The bacterium Nematospora gossypii enters the 

site of injury and stains the fibre.                           

Management:  

a. Biocontrol agent Harpactor costalis is predaceous on nymph and adult; 

b. Since the pest feeds gregariously, the infested leaves or bolls can be shaken in water and drowned. 

Plough the field to expose the eggs.  

c. Spray Endosulfan 35 EC 750 ml/ha. 
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Mechanical Factors 

Mechanical damage is major cause of grain deterioration during storage. Grain quality is greatly affected 

by method of harvesting and handling. In these operations, grains are subjected repeatedly to many 

impacts on metal surface. In nearly all handling operations grains are accelerated to some velocity and 

then discharged on to stationary objects.       

Storability of grains is greatly influenced by the degree to which they have deteriorated prior to storage. 

Grains are subjected to weathering before harvest, mechanical damage during harvesting, threshing, 

processing does not store well even though they have fairly good initial germination. 

Reduction in germination ability immediately after intensive mechanical injury. A small injury has not 

been observed to cause an immediate loss in germination but with ageing during storage the injured portion 

will bring infection in adjoining healthy tissue which may produce abnormal seedlings ultimately reducing 

the germination percentage. 

Causes of Grain Damage 

Damage During Harvest: The first cause of grain damage is harvesting. A large cause of grain damage 

is mechanical damage incurred during the threshing process in a combine. This process of stripping the 

grain from the plant can often cause cracks and other damage. Many harvest factors can affect the amount 

of damage that grain will incur during harvest.  

Some of these are uncontrollable by the operator such as moisture content. However, many of the 

parameters of the combine can be varied in an attempt to reduce grain damage and obtain better yields. 

Some of these parameters include rotor speed, ground speed, concave settings, sieve settings, and fan 

speeds. Research indicates that the rotor speed has the largest effect on grain damage, with damage 

increasing exponentially with rotor speed.  grain damage can actually increase as the forward speed, or 

ground speed, of the machine is decreased. 

Damage During Handling 

Free fall and spouting: Combine using auger to unload into grain cart. Grain undergoes free fall during 

many handling processes. The grain is conveyed out of the combine and dropped into some other storage 

device, usually a grain cart or semi. It also undergoes free fall when unloaded into bins or silos.  

Grain can be damaged from free fall anytime it is dropped into a new storage device. This damage is 

dependent on many factors such as type of grain, the height of travel, contact surfaces, discharge size, and 

impact angle. As grain drop height increases, so does the amount of mechanical damage incurred due to 

the impact.  

For the same distance dropped, the highest percent of breakage will be in maize, followed by soybeans and 

then wheat. Grain throwers may be used spread grain in an attempt to reach the full load capacity of a 

storage space, and can increase damage due to the grain undergoing yet another handling process. 
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Conveyors: There are many options for moving grain from one location to another. Some of these options 

include conveyors such as belt conveyors, drag conveyors, screw conveyors, and pneumatic conveyors. Belt 

conveyors cause the least damage to grain due to the lack of contact forces, however, they cannot be used 

for steep inclines. Another commonly used conveyor is screw conveyors. Screw conveyors, also known as 

augers, are conveyors made from a helical blade with rotational motion to move grain. They are on many 

types of farm equipment, including combines and grain carts for example. In addition, augers tend to cause 

high levels of mechanical damage to the grain.Grain damage increases with increased rotational speed.  

Grain elevator: Pneumatic conveyors use a moving air-stream to propel grain, and are used in situations 

when the path of the grain is complex. Grain damage can occur especially at any changes in the tube path, 

but can be minimized when air speeds are kept below 25 meters per second. Grain damage increases 

exponentially above air velocities of 20 meters per second.  

Elevators: The grain elevator may contain several types of these conveyors, such as belt or drag conveyors. 

In addition, they utilize bucket elevators to lift the grain from the drop off point to the storage bins. Bucket 

elevators can be used in many places of final storage or use, after grain is dropped off by whatever form of 

transportation was used to get it there. Bucket conveyors often impart little mechanical damage because 

the grains are not continually moving with respect to each other. Grain damage is only imparted when the 

kernels are loaded into the buckets at the bottom of the elevator and when they are discharged at the top. 

Transportation: Grain and silage handling safety does not end with the harvest. Transportation storage 

and non-farm processing of grain and silage all have an associated hazard. The equipment used to move 

grain varies from farm tractors pulling gravity wagons to semitrailer trucks. Regional transfer facilities in 

larger town and cities will aggregate grain from surrounding country elevators into numerous large 

elevators for long distance transport by rail or tractor. 
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Defoliators 

Safflower caterpillar- Condica capensis, Noctuidae, Lepidoptera. 

Biology: The female lays an average of 345-371 green-coloured eggs either singly or in clusters on the crop 

foliage. The larval duration varies from 2-3 weeks. The pest pupates in soil and it last about a week. The 

adult is a dark brown in colour, medium sized moth with pale wavy marks on forewings. Caterpillar is 

stout, green and smooth. The anal segment is humped and the body has some purple markings 

Damage symptoms: The larva feeds on the leaves and sometimes on capitulum. It also feeds on bracts, 

flowers, capsule. Enormous yield losses of 62.6 to 100% have been encountered due to excessive foliage 

feeding by a large number of larvae. 

Management: 

Cultural control: Intercropping with non-host crop like wheat and excessive application of 

nitrogen should be avoided. 

Chemical control- Spray carbaryl 50 WP @ 2.5- 3.0 kg \ha and fenvalerate 20 EC@ 250 ml/ha. 

Biocontrol agents- Lacewings, ladybug, beetle, spider, red ant, robber fly. 

Borrers 

Flower Head Borrer- Helicoverpa armigera, Noctuidae, Lepidoptera 

Biology: Egg are spherical, yellowish eggs are laid singly on tender parts and buds of plants. The egg 

period lasts for 2-4 days. Caterpillar are of varying colour, initially brown and later turn greenish with 

darker broken lines along the side of the body. Body covered with radiating hairs. When full grown, they 

measure 3.7 to 5 cm in length. The larval period lasts for 18-25 days. The full-grown caterpillar pupates in 

the soil. Pupation takes place inside the soil in an earthern cell. Pupal stage lasts 7-15 days. Moth is stout, 

medium sized with brownish or greyish forewings with a dark cross band near outer margin and dark spots 

near coastal margins, with a wing expanse of 3.7 cm.  

Damage Symptoms: In early stage of crop growth lartvae feed on the shoot apices later the leaves shift 

to the developing capitula. The symptoms are perforated leaves, perforated involucral bracts, partially or 

completely eaten capitula in the bud stage and bored developing capitula. 

Management: 

Cultural control: Intercropping with host crop like wheat or barley, avoid chickpea as intercrop 

and excessive application of nitrogen should be avoided  

Chemical Control: Spray monocrotophos 750 ml/ha in 600-800 lit of water per ha  

Biocontrol: Ha NPV can be applied at 250 -300 larval equivalents/ha and conserve Campoletis 

chloridae, Enicospilus sp., etc. 

Safflower Semi Looper 

Eublemma rivula, Noctuidae and Lepidoptera. 

Biology: The female moth lays around 450 eggs blue green rounded eggs singly on the castor plant at 

night. The eggs are laid singly on both sides of the leaves. The eggs when freshly laid is round. Pale green 

in colour and measures about 0.9mm in diameter. The newly hatched caterpillar is yellowish green in colour 
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with light brown head and thorax and measures 3.5 mm long. the full-grown larva is dull greyish brown 

and measures 60-70mm long. Five distinct larval instars are present. Pupation takes place either in the 

soil amidst the fallen leaves or sometimes amidst the folded leaves on the plant. the pupal period lasts from 

10 to 27 days. Adults are greyish brown in colour. Forewings have pale reddish brown patch black patch. 

black hindwings have white stripes in the middle and 3 large white spots on outer margin. 

Damage symptopms: The larva bore into stem as well as flower head and feed the contents. Upto 51 % 

flower heads are infested during heavy infestation. The adult moth is small with buff coloured wings having 

an oblique line in the middle of each fore wing. 

Management: 

Cultural control: Hand picking of older larvae during early stages and destroy. Provides bird 

perching points @7 to 10/ha. 

Chemical control: Spray methyl parathion 50 EC @1 ml/lit of water. 

Biological control: Number of hymenopteran parasites attack the pest during the various stages 

of its life cycle and Trichogramma australicum – egg parasitoid. 

Safflower Bud Fly 

Acanthophilus helianthii, Tephriditidae and Diptera. 

Biology: Eggs are laid in clusters of 6to 24 which hatch in a day, pupation takes place in flower buds, The 

adult flies are ash coloured with light brown legs.the flies are active during march and infestation of flower 

buds takes place after a week 

Damage symptoms: Newly hatched maggots feed on the soft parts (ovaries of florets and thalami of 

capitula) of capsules and later instars feed on the soft part within. The infested buds rot and given an 

offensive smelling fluid.  

Management: 

Cultural control: Remove the collateral host and Bird perches 50/ha 

Chemical control: Applications of dimethoate 30 EC @ 500-600 ml/ha or malathion 50 EC @1 

lite/ha or phosphomidon 100 EC @150-200 ml/ha. About 600 to 650 litre of water is needed for 

spraying in about one ha area.  

Biological Control: Use predators like green lacewing, lady bird beetle, red ant. 

Sucking Pests 

Leaf thrips:  Frankliniella sulphurea, Thripidae and Thysanoptera 

Biology: Nymphs and adult feeds on all the stages of crop growth, the life cycle of thrips consists of the 

egg stage followed by two larval stages, followed by two pupal stages and finally the adult stage, males are 

smaller than females, both mated and unmated females can lay eggs. 

Damage symptoms: Nymphs and adults feed on leaves in all stages of crop growth. It causes crinkling of 

leaves due to sucking of sap from the leaves. 

Management: 

Cultural method: Submerge infected crops intermittently for 1-2 days and drag a wet cloth on the 

seedlings and use resistant /tolerant varieties. 

Chemical Method: Spray phosphamidon 40 SL 50 ml/ha or monocrotophos 36 SL 40 ml /ha 

Biological Method: Coccinelid beetles anthocarid bugs and staphylinid beetles are biological 

control agents that feed on both the nymphs and adult. 

Safflower Aphid 

Euroleucon carthami, Aphididae and Hemiptera. 

Biology: Nymphs are reddish brown. nymphal stage with four instars lasted in an average of 9 Days. 

Aphid are soft bodied insects and 1.5 to 2 mm in length. Adults are large sized, black with pear shaped 

body and conspicuous cornicles, winged or wingless. An average fecundity of 89 off springs per female has 

been reported. adult longevity, pre- reproductive and reproductive periods last for 14 days respectively. 
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Damage Symptoms: During pre-flowering stage both nymphs and adults suck the sap from shoot apices, 

peduncle leaves and stem, secrete a honey dew like secretion on upper surfaces of the leaves and plant 

parts forming a black sooty mould, Finally the plants dry up and about 40-50% yield losses are observed 

due to this insect. 

Management: 

Cultural Control: Intercrop with sorghum, coriander and wheat reduces the insect pest 

population, intercropping with coriander increases the predatory population. 

Biological Control:  Predators- Lacewings, lady bird beetles, reduviid bugs, spider, red ant robber 

fly, hover fly. Non chemical controls are suggested as most insecticides will destroy beneficial insects 

along with the pests. Parasitoids: Aphelinus sp. Pseudondaphis sp. 

Chemical control: Thiamethoxane at 0.2 gm/l, acetamiprid and followed by imidachloprid were 

founf more effective and economical and Seed treatment with carbosulfan 25DS at 20 gm /kg of seed 

-proved effective. 

 



 

 
Volume 04 - Issue 08 - August 2022       132 | P a g e  
 

Tulsi - A Holy Plant with High Medicinal Values - A 

Review Article 
Article ID: 37795 
Dr. Sonika Kalia1 

1Assistant Professor, Chandigarh School of Business, Jhanjheri, Mohali. 

 

 
 

Abstract 

The main purpose of the article to review the pharmaceutical aspects of the plant genus Ocimum.  The 

review highlights the anti-inflammatory, antidiabetic, antifertility, anticancer and thyroid activity of the 

plant. It belongs to family Lamiaceae, treated as medicinal plant contains a very potent secondary 

metabolite, having many therapeutic properties. The present review revealed that Tulsi has an enormous 

array of medicinal uses, as evidenced by various studies followed; due to lack of clinical trials its use in 

allopathic medicine is still limited. 

Keywords: Anti-inflammatory, antidiabetic, antifertility, anticancer, thyroid activity, Tulsi, karyotype. 

Introduction 

Tulsi is a shrub which is aromatic in nature belongs to family Lamiaceae which has its origin in central 

India. Tulsi is considered as tonic for body, mind and spirit which provides solutions to almost all the 

problems. Its taste is bitter and normalizes kapha and vata. It has various health promoting properties 

and is recommended in range of conditions like cough, asthma, fever, eye diseases, vomiting, gastric, back 

pain, insect and snake bite and malaria.  

Plants are potent biochemist and provide many phytomedicine since time immemorial. Plant-based natural 

constituents can be derived from any part of the plant like bark, leaves, flowers, roots, fruits, seeds and so 

on, that is any part of the plant may contain active components.  The Increasing Population is also a 

problem to tackle the issues of food security, rural poverty, hunger, environmental degradation and climate 

change a shift in agriculture is needed from a “green revolution” to an “ecological intensification revolution. 

This has been highlighted in a recent United Nations document titled “Wake Up Before It's Too Late,” 

which calls for the global community to endorse and advocate for local solutions to toxicity, food insecurity 

and poverty, such as the use of organic and small-scale farming over the use of genetically modified 

organisms and monocultures.  

The use of tulsi in many hindu rituals is a testament to Ayurvedic wisdom and gives an example of ancient 

knowledge which offer solutions to modern problems. Tulsi uses in ayurvedic medicine and its extracts are 

used in ayurvedic remedies for common colds, headaches, stomach disorders, soreness, heart sickness, a 

range of poisoning, and malaria. 

Traditionally, Tulsi plant is taken in different forms: as an herbal tea, dried powder, fresh leaf, or mixed 

with Honey or Ghee. This traditional shrub belongs to Labiatae, it is recognized by square stem and definite 

aroma. There are traditionally two types of Osmium sanctum or common Tulsi plants are present. one with 

green leaves known as Ram Tulsi other with purple leaves known as Krishna Tulsi 

According to Hindu mythology, Tulsi is known to have its origina as one of the 14 “Ratnas (gems or 

treasures)” from some ocean considered as the ultimate sacred plant 

Botanical Description 

Kingdom: Plantae, Division: Magnoliophyta, Class: Magnoliopsida, Order: Lamiales, Family: Labiatae, 

Genus: Ocimum Species: sanctum 

Morphological Description 

Tulsi is believed the “Queen of Herbs” 

The plant is erect, much branched, softly pubescent under shrub, 30-60 cm hight. Leaves are simple, 

opposite, decussate, exstipulate, ovate, serrate, pubcscent on both sides, minutely gland dotted, with 
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slender, hairy petioles, sharp tip. Inflorescence is Vertcillaster. Flowers are bracteate, pedicellate, 

complete, hermaphrodite, hypogynous, zygomorphic, pentamerous. Androecium; stemens 4, epipetlous, 

didynamous, posterior stemen absent, dithecous, dorsifixed, introse. Gynoecium; Bicarpellary, 

syncarpous,superior, gynobasic style, axile plcentation, hypogynous, necter secreting disc present. Fruit is 

schizocarpic, having four nutlets. The fruits are small and the seeds are reddish-yellow in colour. 

 

Medicinal Uses 

Different parts of Tulsi plants are used for prevention and cure of many illnesses and everyday ailments 

like common cold, headache, cough, flu, earache, fever, colic pain, sore throat, bronchitis, asthma, hepatic 

diseases, malaria fever, as an antidote for snake bite and scorpion sting, flatulence, migraine headaches, 

fatigue, skin diseases, wound, insomnia, arthritis, digestive disorders, night blindness, diarrhea, teeth 

disorders, kidney disorder and influenza 

It is blood purifier, good source of vitamin K. It cures fever and kidney stones naturally. It is highly helpful 

in mouth infections, teeth and eye disorders and effective in managing overall mental health by reducing 

all kinds of stress through its therapeutic effects. 

Antinflammatory activity: When the methanolic extract (500mg) of Ocimum sanctum’s was used, it 

proved to have anti-inflammatory activity in rats. Plant has shown the ability to block cycloxygenase and 

lipoxygenase pathways of arachidonic acid metabolism by the fixed oil and linolenic acid present in tulsi. 

Anti-diabetic activity: The Ethanolic extract of O. sanctum L. significantly has shown to reduce the blood 

glucose, glycosylated hemoglobin, urea with an increase in glycogen, hemoglobin and protein in 

streptozotocin-induced diabetic rats. This extracts also causes increase in peptide levels, insulin and 

glucose tolerance. 

The constituents of O. sanctum L. leaf extracts have stimulatory effects on physiological pathways of 

insulin secretion, which may underlie its reported antidiabetic action. 

Anti-fertility activity: Benzene extract of O. sanctum L. leaves have a reversible anti-fertility effect, 

as O. sanctum L. extract of amount (250 mg/kg body weight) for continous 48 days is known to decrease the 

total sperm count, sperm motility. The amount of abnormal sperm increased in caudal epididymal fluid 

and the fructose content decreased in the caudal plasma of the epididymis and the seminal vesicles. 

Thyroid activity: The extract of O. sanctum L. leaf extract (OSE) on the changes in the concentrations of 

serum Triiodothyronine (T3), Thyronine (T4) and serum cholesterol were investigated [11]. OSE at the 

dose of 0.5 g/kg body weight for 15 days known to decrease serum T4 concentration. It appears that plant 

is antithyroidic in nature. 
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Anti-cancer Activity: Tulsi is known to prevent cancers caused by toxic compounds by decreasing DNA 

damage and inducing apoptosis in precancerous and cancerous cells, thereby reducing the growth of 

experimental tumors and enhancing survival. It enables the body to more effectively transform and 

eliminate them by enhancing the activity of liver detoxification enzymes such as the cytochrome P450 

enzymes, which deactivates toxic chemicals and enables them to be safely excreted. 

Anticoagulant Activity: Ocimum sanctum fixed oil (3 ml/kg, ip) was studied for anticoagulant activity. 

Blood clotting time was observed and known to prolong and the response was comparable to that with 

aspirin (100 mg/kg). The effect appears to be due to the anti-aggregatory action of oil on platelets. 

Divine Tulsi 
In Hinduism, tulsi is worshipped as a goddess and every part of the tulsi plant is revered and considered 

sacred, including the leaves, stem, flower, root, seeds and oil. Tulsi has a calming effect that leads to clean 

thought, along with a more relaxed and calm disposition. 

Karyotype Analysis 

Four Ocimum L. specimens were found to possess different somatic chromosome number such as 2n=36 in 

O. tenuiflorum (Green form), 2n=34 in O. tenuiflorum (Purple form), 2n=54 in O. basilicum and 2n=40 in 

O. gratissimum. 

Conclusion 

It has been observed that Ocimum species is religious herb and has many therapeutic actions. It has health 

promoting properties. The herb is very effective in the treatment of chronic disease. Huge evidence has 

accumulated that, in addition to Tulsi's many specific therapeutic applications, the herb's powerful general 

adaptogenic properties offer significant preventive and curative potential with respect to the stress-related 

degenerative diseases. Clinical investigation which is still going on of Tulsi's health promoting qualities 

will definitely has a lot in store for future. 
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Introduction 

Spirulina is a multicellular blue-green microalga (prokaryote) belongs to the phylum Cyanophyta 

(Cyanobacteria). These algaes are photosynthetic and convert carbon dioxide into organic substances and 

produce oxygen and showed maximum biomass productivity with the highest CO2 fixation rate. They have 

ablility to grow in alkaline and saline water therefore their cultivation will not waste fresh water and allow 

their production in barren areas and donot need fertile land. This environmentally friendly Spirulina shows 

rapid growth, and requires less energy input and less water per kilogram than soya and corn proteins. 

Spirulina platensis and Spirulina maxima are mainly two species of Spirulina grown globally for 

commercial purposes. They have been employed in mainly the food, dietary supplement, and feed 

supplement industries. Spirulina has a long history as a dietary supplement due to its high content of 

nutritious elements. It has a higher amount of protein, vitamin, and mineral content than many foods. 

They contain all essential amino acids and also high in B vitamins, potassium, magnesium, iron and many 

other vitamins and minerals, as well as antioxidants. In addition, Spirulina also shows positive effects on 

flesh, egg and plumage color, milk yield and fertility therefore efficiently used as forage. These algae also 

show recognized effects as anti-viral, anti-bacterial, anti-oxidant, anti-diabetic, anti-cancer and anti-

inflammatory substance. According to The Food and Drug Administration (FDA), Spirulina products has 

categorized as “generally recognized as safe” (GRAS) for human consumption. The Dietary Supplements 

Information Expert Committee (DSI-EC) also found that consumption of Spirulina has not a serious risk 

to health. Therefore, due to their versatile utilization as food supplements and health benefits, they are 

designated as “super food”.  

Spirulina has long been used as a dietary supplement by people of Chad where it   is naturally found in 

alkaline lakes. This traditional food was rediscovered by European scientific mission and therefore onwards 

it is widely cultured throughout the world for human health food industry. In many African countries it is 

collected from natural water, dried and eaten, as a major source of protein and it is used as protein 

supplement and as health food in many Asian countries. It has been also used as a complementary dietary 

ingredient of feed for poultry, fish, shrimp and also to the aquafeeds as a protein and vitamin supplement. 

Biochemical Composition 

The biochemical composition of Spirulina varies depending on the growing conditions, particularly the 

salinity of the growing media. A changed biochemical makeup has been found in the salt-adapted Spirulina 

cells with lower protein and chlorophyll concentration and higher carbohydrate content. It has been also 

reported that the algae grown in the laboratory differ in their biochemical composition than those collected 

in the wild or in mass growth systems where various agro-industrial waste effluents are used. The 

biochemical composition of Spirulina can be summarized as follows: 

Proteins: Spirulina has a very high protein content, ranging from 55 to 70% by dry weight depending on 

the source. It is a complete protein, having all essential amino acids, consists of eight essential amino acids 

(lysine, leucine, isoleucine, threonine, methionine, phenylalanine, valine, tryptophan) as well as the non-

essential amino acids (alanine, cystine, serine, arginine, proline, histidine, glycine, tyrosine, glutamic acid 

and aspartate) than standard proteins like eggs, meat or milk. It outperforms all typical plant proteins like 

those found in legumes such as dry soybeans (35%), peanuts (25 %) or grains (8–10%).  
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Essential fatty acids: Spirulina is rich in essential fatty acids i.e., polyunsaturated fatty acids (PUFAs) 

which account for 1.5–2.0 percent of the total lipid (5–6%). In these, linolenic acid, linolenic acid (ALA), 

linoleic acid are particularly high in content (36% of total PUFAs) and also arachidonic acid, stearidonic 

acid (SDA), docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) are found in fairly good amount. 

Vitamins: The vitamins content in Spirulina is also high. It contains vitamin B1 (thiamine), B2 

(riboflavin), B3 (nicotinamide), B6 (pyridoxine), B9 (folic acid), B12 (cyanocobalamin), vitamin C, vitamin 

D and vitamin E.  

Minerals: Spirulina is also a good source of minerals and contains potassium, magnesium, calcium, 

phosphorus, zinc, iron, chromium, copper, manganese, sodium and selenium.  

Photosynthetic pigments: Spirulina is extremely rich in natural pigments. It consists of 0.5% 

carotenoids (yellow, orange, or red pigments), 1% chlorophyll (green pigment) and 14% phycocyanin (blue 

pigment) and. Chlorophyll a, beta-carotene, xanthophyll, diatoxanthin, canthaxanthin, zeaxanthin, 

betacryptoxanthin, oscillaxanthin myxoxanthophyll, 3-hydroxyechinenone, phycocyanin, allophycocyanin 

and phycobiliproteins are the pigments found in Spirulina. 

All the vital componennts in Spirulina have a high bioavailability; that is, they can absorb can be absorbed 

efficiently without much loss On the one side all the nutrients are balanced in composition in Spirulina, 

and on the other side,  these Spirulina species are  only surrounded by a typical Gram negative cell wall 

unlike other algae, which  mainly consists of peptidoglycan and can easily be absorbed by the human body 

(digestibility of 86%)  and does not require chemical or physical processing to make them digestible. 

Therefore, due to their vital nutrients’ composition and curative and prophylactic action the World Health 

Organization predicts that Spirulina will become the food of twenty-first century. 

Table 1: Analysis of nutrients per 100 grams for Spirulina: 

Item  Amount 

General  

Protein (g) 67 

Total Calories (Kcal) 333 

Calories from Fat (Kcal) 50 

Total Fat (g) 5 

Saturated Fat (g) 2.2 

Dietary Fiber (g) 7 

Total Carbohydrates (g) 16 

Sugars (g) 0 

Cholesterol (mg) 0 

Carotenoids & Phytonutrients  

C-Phycocyanin (mg) 8000 

Gamma Linolenic Acid (GLA) (mg) 1067 

Chlorophyll (mg) 1000 

Total carotenoids (mg) 500 

Zeaxanthin (mg) 300 

Superoxide dismutase (units) 36000 

Table 2: Amount of Vitamins and Minerals per 100 grams for Spirulina: 

Item  Amount Item  Amount 

Vitamins  Minerals  

Vit A (as Beta carotene) (IU) 375000 Calcium (mg) 333 

Niacin (B3) (µg) 13333 Iron (mg) 217 

Riboflavin (B2) (µg) 4667 Phosphorous (mg) 1100 

Vitamin K1 (µg) 2000 Manganese (mg) 13 

Vitamin B6 (µg) 1000 Copper (mg) 0.7 

Vitamin K2(µg) 500 Iodine (µg) 500 

Vitmain B12 (µg) 300 Magnesium (mg) 500 

Folate (µg) 200 Zinc (mg) 3 
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Thiamin (B1) (µg) 117 Selenium (µg) 30 

Pantothenic acid (µg) 150 Chromium (µg) 1333 

Biotin (µg) <33 Sodium (mg) 1000 

Vitamin E (IU) 7 Potassium (mg) 2000 
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Abstract 

As part of the agrotechnological revolution, nanotechnology is helping to transform the resilient 

agricultural system while also offering food security in the near future. A broad range of formulations based 

on nanoparticles, including insecticides, fungicides, fertilisers, and sensors in nanometric sizes, have been 

studied extensively for managing plant health and improving soil. Nanomaterials are also used to increase 

the wear resistant of agricultural implements and to increase the engine performance. It is similarly helpful 

for industrial food processing with expanded food production with excellent market value, raised 

nutritional and sensory property, greater safety, and better antimicrobial protection. Nanotechnology may 

help minimize post-farming losses by prolonging the shelf life with the use of nanoparticles. The 

nanomaterials are also used for soil and water conservation and waste water management. 

Introduction 

An ecologically diverse ecosystem is critical to ensuring food security because it protects crops from 

environmental stressors that may otherwise lead to crop failure. Many kinds of animals and plants in the 

biodiversity for food and agriculture, are used for food, fodder, fuel, and fibre by the world's growing 

population. As a result, food security is directly affected by environmental challenges. New methods and 

approaches are constantly being developed in order to cope with these pressing concerns. As a result of this, 

nanomaterial (NM) based products have been introduced to revolutionise contemporary agricultural 

techniques (Fig. 1). Due to their huge surface area–to-volume ratio and new physicochemical features, 

these materials have a high reactivity and may be easily modified to meet the needs of an increasing 

demand. 

Application of Nanomaterials in Agricultural Production 

1. Nanomaterials (NMs) for Plant Growth and Seed Germination: Increased development and vigour 

are dependent on NMs' capacity to pierce seed coats and enable water importation. Barley, soybeans, and 

corn are some of the crops that are affected by the use of Multi walled Carbon Nano-tubes (MWCNTs) 

(Mittal et al., 2020). Cellular machinery reacted with NPs, resulting in a positive effect on plant 

development. By interacting with chloroplasts, mesoporous silica nanoparticles (MSNs) may promote 

photosynthesis, resulting in higher seed germination, total protein content, and chlorophyll content. 

2. NMs for fertilizer, herbicides and pesticides: The creation of pesticides that are both effective and 

safe is a difficult and costly task, but nanotechnology offers a new and better way to do this. In light of 

current agricultural and food industry improvements, it seems to be promising. Rather than only being a 

tool for controlling pests on plants, nanotechnology may also be used to reduce waste, monitor plant 

development, provide higher food quality, and assure an increase in global food supply. Nano herbicides, 

nano insecticides, nano nematocides, and nano fungicides are among the most often tested nano pesticides. 

When sprayed in tiny quantities, nano fertilisers may deliver nutrients to plants or boost the impact of 

fertilisers.  Encapsulating fertilisers in nano form increases nutrient uptake, which lowers nutrient loss, 

enhances crop quality and output, and reduces environmental degradation risk. 

Pathogen detection, crop cultivation and harvesting, and soil characteristics (pH and nutrients) are only a 

few possible applications for nano-sensors. NPs are well-suited for improved sensing systems due to their 

unique surface chemistry, electrical and thermal properties, improved sensitivities, and improved detection 

limits. 
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a. Applications of Nanomaterials in Farm Power and Machinery Sector: Nanomaterial 

coatings for a variety of purposes, such as increased strength, improved bending and sheeting 

properties, protective coatings resistant to corrosion, scratches, wear, and nanocomposites, have 

been used because of their high strength and durability against environmental factors. These 

coatings are also used in machinery because they are essential for providing sunlight and wear 

resistance. Nanomaterials are also used in engine to improve the performance by increasing the 

thermal efficiency and reducing the exhaust emissions. In other hand, nanomaterials also improve 

the lubricants properties by increasing the surface area at the point of contact of different parts of 

the machines (Zein El-Din et al., 2021). Durable components are even more important in 

agricultural machinery because of the harsh working circumstances, such as those seen on tractors, 

combines, and other machines found in the fields or gardens. It's possible to lighten and even replace 

metal elements in agricultural equipment using nanocomposites with better mechanical qualities 

than standard composites. According to the theory, these materials may be extruded or moulded 

into the final form, while maintaining the same level of strength and weight as metal. 

b. Applications of Nanomaterials in Soil and Water Conservation: Carbon nano-tubes, clay 

nanocomposite, nanofertilizers, cellulose nanocrystals, and nanofibres are all examples of 

nanotechnology applications that can be used to improve soil fertility, productivity, and quality of 

the soil. Similarly, zerovalent iron nanoparticles, metal oxide nanoparticles, and metal oxide 

nanoparticles are all examples of nanotechnology applications that can be used to degrade various 

pollutants in the soil. Agricultural nanotechnology is expected to revolutionise the utilisation of 

inputs, as well as production and cost, by reducing input costs and increasing efficiency. 

 
Fig.1 Applications of nanomaterials in different sector of agriculture 
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3. NMs as sensing system - Applications of nanomaterials in food processing industries: There 

has been an increasing demand for the use of nanoparticles in a variety of food-related fields, including 

biotechnology, science, processing, packaging, functional food development, food safety, pathogen detection, 

and extending the shelf life of food and food products, thanks to nanotechnology applications (Singh et al., 

2017). The food production business may benefit greatly from the use of nanomaterials in improving food 

safety. It is also possible to use biofilms to cover food processing equipment (through biofilm coating), 

nanofabricated sieves and membranes, nanocomposite-based and nano-sized adsorbents and catalytic 

agents to aid in food processing. When food is packed with nanoparticles, it is hoped that this would 

alleviate friction and reduce the need for valuable raw resources and waste creation. 

Conclusion 

The use of nanotechnology in contemporary agriculture contributes to the growth of the global economy in 

several ways. The introduction of NPs significantly contributes to addressing these pressing issues, 

expanding the use of conventional pesticides and fertilisers to enhance crop production, ultimately harming 

the natural environment, given the various challenges posed by the increasing population, plant diseases, 

animal diseases, and climate change. As NPs have become more widely available, their efficacy and 

agronomic efficiency have increased significantly. Traditional industries will profit from nanostructured 

coatings, which have high performance and long-term durability, and will ultimately be replaced by newer 

technologies. The importance of nanomaterials in farm machinery and food industries is very important 

with respect durability, cost, and environmental aspects. 
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The light is the ultimately powered by the energy metabolism of plants itself (Michael Strano). 

Introduction to Glow Plants and Bioluminescence 

 

1. These are called as fluorescent plants and bioluminescence plants which emits light in dark.  

2. It is the emission of light by living organism as the result of an enzyme catalyzed chemiluminescence 

reaction. 

3. It is the form of luminescence or cold light emission; it should not be confused with structural coloration 

and phosphorescence. 
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4. MIT engineers have taken critical first step toward making that vision a reality. By embedding 

specialized nano-particles into leaves of watercress plant. They induced the plants to give off dim light for 

nearly four hours. The vision is to make a plant that will function as a desk lamp – a lamp that u don’t 

have to plug in. 

5. The aim of nanobionics to give plants novel features by embedding them with different types of 

nanoparticles. 

Implementations 

1. To create their glowing plant, MIT team turned to luciferase (enzyme) which gives glow to fire fly. 

2. Luciferase acts on molecule called luciferins, causing it to emit light. 

3. Silica nanoparticles about 10nm in diameter to carry luciferase, they used slightly larger particles of the 

polymers PLGA and chitosan to carry luciferine and coenzyme A. 

4. Plants immersed in the solution and then exposed to high pressure, allowing the particles to enter the 

leaves through tiny pores called stomata. 

 

5. Particles releasing luciferin and coenzyme A were designed to accumulate in the extracellular space of 

mesophyl an inner layer of leaf, while the smaller particles carrying luciferase enter the cells that make up 

the mesophyl. 

6. The PLGA particles gradually release luciferin which then enters the plant cell, where luciferase 

performs the chemicals reactions that makes luciferin glow. 

 

Functionality and Benefits 

1. A tree becomes fluorescent when absorbed light photons releases photons of another wavelength, this 

happens when the absorbed photons are in the ultraviolet range and the triggered emission is in the visible 

spectrum, a substance will glow under black light or simply will glow in dark. 
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2. Electricity cost can be saved. 

3. It provides scenic beauty.  

4. It helps to reduce light pollution due to street lights in major cities. 

5. It’s mostly natural so cost of implementation will be very low. 

6. The idea of using glowing tree is an indigenous one. 

7. A bulb which runs on electricity for 12hrs will consume 720watt/hr, but instead a fluorescent powder 

costs 3$ per kg which can be used to make fluorescent paint and water for 20 trees. 
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Introduction 

Essential building block of certain coenzymes which are indispensable for the normal vital activities. All 

vitamins are essential for human body except vitamin D. Green colour in vegetables indicates the richness 

of vitamins C and B complex and beta carotene (pro-vitamin A). (Toyoda et al., 2002). 

Table Vitamins in Vegetable and their functions: 

Dietary 

nutrients 

Daily 

requirement 

Function/deficiency Rich vegetable sources 

Vitamin A 

(Axerophthol, 

retinol) 

5000 IU (i) Night blindness (nycalopia), 

(ii) xerophthalmia in infants 

and young children causing 

keratinisation in epithelial 

cells of eyes, (iii) Dryness in 

skin 

Carrot (12000 IU), 

amaranthus (9200), palak 

(9770), spinach (9300), 

fenugreek leaves (3744), 

mustard leaves (4195), 

coriander leaves (11168), 

broccoli (3500), musk 

melon (3420), kale (7540) 

Thiamine 1.2 mg Beri-beri, mascular weekness 

and loss of weight, neuritis, 

fluid in body cavities (oedema) 

and impaired function, 

dilation of heart and loss of 

appetite 

Potato (0.40), Palak 

(0.26), pea (0.25), tomato 

(0.19), chilli (0.19), 

muskmelon (0.11), garlic 

(0.16), leek (0.23), 

coriander leaves (0.50), 

hyacinth bean (0.1), lima 

bean (0.21) 

Riboflavin 1.7 mg Dark red inflamed tounge, 

dermatitis (inflammation of 

skin), loss of hair and dry 

scaly skin, diarrhoea, cracks in 

corners of mouths, ulcers in 

oral cavity, cracked lips 

Palak (0.56), chilli (0.19), 

winged bean (0.12), knoll khol 

(0.10), broccoli (0.12), Brussels 

sprouts (0.13) 

Niacin 19 mg Pellagra, nervous breakdown, 

stomach and intestinal 

disorder 

Palak (3.3 mg), amaranth (1 

mg), bitter gourd, giant spine 

gourd, pointed 

gourd, bottle gourd, pumpkin 

(0.5-0.9 mg) 

Ascorbic acid 70 mg Scurvy (dropsy, 

anaemia, bleeding gums, 

and mucus membranes), 

delayed healing      of      

wounds, 

reduced resistance to diseases 

Sweet potato, chilli, cabbage, 

broccoli, kale, drumstick, 

coriander leaves, cauliflower. 

Folic acid 1.0 mg Anaemia (megaloblastic) more 

acute in pregnant women, 

impaired growth 

Palak, lettuce, cabbage, 

spinach, cowpea, French bean 
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and nervous breakdown 

Tocopherol 5.0 mg Degeneration of kidney, 

necrosis of liver, reduction in 

capacity of 

Reproduction 

Green leafy vegetables, sweet 

corn 

Vitamin K 0.015 mg Delayed and faulty 

coagulation of blood cut 

wounds, hindrance in 

Vitamin K 

(Compiled from Som M.G., and Hazra, P., 2015) 
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In rural area most of the rural farmers depends on agriculture and livestock farming for their livelihood 

security. Uncertainty in agriculture due to low rainfall and other extreme climatic conditions most of the 

rural farmers as an alternate depends on livestock rearing for their livelihood security. Though they rely 

on livestock for their livelihood security they were not aware of the utilization of waste that comes from 

livestock and crops because of illiteracy and lack of knowledge on how to recycling of waste to usable energy 

source.  The household activities and most of the livestock farming activities were done by female livestock 

farmers. These female livestock farmers are very patient in doing their both jobs, we must appreciate their 

hard work for balancing both jobs. But due to lack of knowledge on new innovative technologies their hard 

work were not spending on right way. On the other hand, these poor families mostly rely on traditional 

biomass fuels (wood, Charcoal, dung cake) as their principal source of energy for cooking, heating, which 

leads to health hazards (bunging of wood causes tears in eyes, cough, illness) and air pollution. Majority of 

India's rural population still uses firewood for cooking purposes. With vanishing forests, there is a shortage 

of firewood. Biogas is a renewable, as well as a clean, source of energy. Gas generated through biodigestion 

is non-polluting; it actually reduces greenhouse emissions (i.e., reduces the greenhouse effect).    

Biogas is a renewable, as well as a clean, source of energy. Gas generated through biodigestion is non-

polluting; it actually reduces greenhouse emissions (i.e., reduces the greenhouse effect). If some awareness 

created among these female farmers on useful technologies utilization like portable biogas plant for gas 

production and electricity generation. We could really bring noticeable changes in rural poor farmers lives 

by reducing the health hazards and air pollution. Biogas is an environmentally eco-friendly, cost-effective 

renewable energy source produced by directly burning the biomass. Though it can’t change their lives 

overnight but gradually it will motivate them to learn the new technologies and implement them in 

livestock farming activities.  Technologies that can help to manage the growth by considering economic, 

social and environmental sustenance of the society. 

Advantages of Portable Biogas Production 

1. In contrast to pouring concrete, the civil work cost reduced and saves the construction time. 

2. This portable biogas plant is cost effective and easy to maintain, flexible, space saving, high gas 

production, increased efficiency it can be used for food waste as well as sewage waste. 

3. The digested outlet slurry used as soil organic additive or compost for crop production.  

4. It is efficient, energy and money saving and safety operation is possible when compared to LPG gas. 

5. The process is hygienic and is devoid of odour and flies. 

 
5 kg Portable Biogas plant along with single burner gas stove 
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Conclusion 

Portable biogas technology is a cost effective, renewable, environmentally eco-friendly technology. So, 

biogas is a clean, efficient and renewable source of energy which can be used as a substitute for other non-

renewable fuels in order to save energy in rural areas particularly in female livestock keepers who will 

utilize this portable biogas technology in their household cooking and electricity development. 
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Salt affecting soils or problematic soils are those soils in which concentration of salts are present in excess 

amount. When the concentration of salts in soils is in optimum range for plants growth, they are not 

harmful for plants. But, as the concentration of salts increases in soil to excess, it gives toxic effect on plant 

growth and production. The effects of salts become a very serious problem as land use and water supply 

become more limited. Dominance of Chlorides, carbonates, sulphates and bicarbonates in soils result into 

salt affecting soils. The US salinity laboratory staff grouped salt-affecting soils into three distinct classes: 

saline soils, alkaline soils, and saline-alkali soils. 

Saline soils chlorides and sulphate of sodium, calcium and magnesium are predominant in saline soils. 

Saline soils are soils having electric conductivity greater than 4dS/m and pH less than 8.5. The 

exchangeable sodium percentage is less than 15. These soils are also known as reh, thur and white alkali 

soils. 

Alkali soils concentration of chloride and sulphates is much lower. Carbonates and bicarbonates are the 

dominant salts in alkali soils. These soils are also known as black alkali, sodic soils, solod, usar and kallar. 

Alkali soils are soils having electric conductivity or Conductivity of saturation is less than 4dS/m and pH 

greater than 8.5. The exchangeable sodium percentage is greater than 15.  

Saline-alkali soils soils having electric conductivity greater than 4dS/m and pH greater than 8.5 are 

called saline-alkali soils. Exchangeable sodium percentage (ESP) is also greater than 15. Clay particles in 

these soils remain flocculated. 

Salt affecting soils and plant growth due to presence of high concentration of salts in these soils, plant 

growth affect adversely as: 

a. Plant cells divide but do not elongate due to osmotic stress. 

b. Foliage become bluish-green in color. 

c. Plants shows stunted growth 

d. Seeds are unable to germinate 

e. Absorption of some nutrients like Ca, Mg and K ions decreases. 

d. Excess of chloride, sulphate, sodium and bicarbonates may lead to necrosis, burning of leaf tip 

and margins, and eventual death. 

e. Available water is low in these soils. 

f. Production of most agriculture crops decline. 

Management of Saline and Alkali Soils 

Management of saline soils involves basically the removal of salts from saline soils through the processes 

of leaching with water and drainage. Since soluble salts in the soil are transferred by water, the quality of 

water used for dissolving the salts, determines the efficiency of leaching and drainage processes. Hence, 

availability of good quality water is important for the management of saline soils. Areas where surface soil 

is good, but sub surface soil is saline-sodic in nature. 

These areas reclaimed by profile inversion method. Since this method is very cumbersome, it is not followed 

by farmers. Organic matters also act as reclaim agent for salt affected soils. Decomposition of organic 

matter increases the concentration of organic acid in soil which help in dissolving the salts. Application of 

FYM, byproducts of sugarcane, crop residue, green manuring and other organic materials are used as 

biological amelioration for these soils. 
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Salt Precipitation Theory 

Leaching is most important process for reclamation of saline soils. During this process salts leach down 

and mix with ground water which causes ground water saltier. With this view, a new concept was made 

which is called salt precipitation theory. This theory suggests that salts can be leached upto 2m soil depth 

instead of leaching completely. 
  



 

 
Volume 04 - Issue 08 - August 2022       151 | P a g e  
 

Space Farming 
Article ID: 37802 

Aranav Yadav1, Anuka Yadav2 
1Department of Genetics and Plant Breeding, Chandra Shekhar Azad University of Agriculture and 

Technology, Kanpur – 2080 02, Uttar Pradesh, India. 

2Department of Animal Genetics and Breeding, National Dairy Research Institute, Karnal – 1320 01, 

Haryana, India. 

 

 
 

Abstract 

Space farming is the practice of growing crops for food and other purposes in space or on extraterrestrial 

bodies, which is comparable to farming on the moon. Food delivery to space stations and other lengthy 

missions is labor - and financially - intensive. The idea of producing food in flight is quite alluring due to 

the expense of restocking and the impossibility of resupplying interplanetary missions. Specialized space 

greenhouses make use of LED lighting, a porous clay substrate, and controlled release fertilizer to deliver 

water, nutrients, and oxygen to the plant roots. The Advanced Plant Habitat (APH) is a growth chamber 

on station used for plant research. Colonists who want to practise agriculture off Earth will face a range of 

technical difficulties. Now, a number of different companies are stepping up, hoping to lead the food 

production industry up the runway to space. With greater yields, more effective production methods, and 

closed-loop nutrient and water recycling systems that make the most of every resource at our disposal, 

space agriculture has a significant potential to also influence farming practices on Earth. 

 

What is Space Farming? 

Space farming is the practice of growing crops for food and other purposes in space or on extraterrestrial 

bodies, which is comparable to farming on the moon. 

There are many parallels between farming on a space station or colony and farming on celestial bodies like 

the Moon or Mars. Depending on the size of the body, farming on celestial bodies might not be as complex 

as farming in microgravity. The availability of inputs for the space agricultural process would vary 

depending on the environment, including the relative availability of carbon dioxide, nitrogen, and oxygen, 

soil medium, and insolation. 

Why it is Needed? 

Food delivery to space stations and other lengthy missions is labor - and financially - intensive. The idea of 

producing food in flight is quite alluring due to the expense of restocking and the impossibility of 

resupplying interplanetary missions. As plants can be utilised to recycle wastewater, produce oxygen, 

continuously filter the air, and recycle faeces aboard the space station or spaceship, the presence of a space 

farm would help create a sustainable environment. 

How Does it Work? 

Agriculture in space is still developing. There are currently modest, specialized space greenhouses on the 

ISS that carefully regulate the plant environment to allow plants to grow. It makes use of LED lighting, a 
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porous clay substrate, and controlled release fertilizer to deliver water, nutrients, and oxygen to the plant 

roots. When a crop is ready for research studies, the crew gathers plant samples, freezes or chemically 

preserves them, and sends them back to Earth to be examined so scientists may learn more about how 

space influenced their growth and development. 

Advanced Plant Habitat in Space 

The Advanced Plant Habitat (APH) is a growth chamber on station used for plant research. To get water, 

nutrients, and oxygen to the plant roots, it uses LED lights and a porous clay substrate with controlled 

release fertilizer. It doesn't require much daily maintenance from the crew because it is enclosed and 

automated with cameras and more than 180 sensors that are in constant interactive contact with a team 

at Kennedy. It has automatic controls for temperature, atmospheric content, moisture levels, and water 

distribution. It includes more LED light colours than Veggie, including white, far red, infrared, and even 

red, green, and blue lights for imaging at night. 

Can it Change the Face of Agriculture? 

Some of the knowledge and innovations being created for space agriculture may also find extensive use and 

success on Earth. These kinds of developments would lead to higher-yielding food production and harvests, 

which would be advantageous for the entire food system. Researching space agriculture has already 

produced a number of innovations that are now used all over the world and have fundamentally altered 

how agriculture is practiced. As we understand more about how root systems function when crowded closely 

together (as they naturally tend to do in low-gravity conditions), we may better regulate root zones for both 

water and nutrients, leading to a more effective system. Therefore, it is important to continue this research. 

What are the Challenges? 

Colonists who want to practise agriculture off Earth will face a range of technical difficulties. These include 

the effects of increased radiation as well as decreased pressure, illumination, and gravity. The development 

of greenhouses would create its own set of technical difficulties, even though they would offer solutions to 

many of the issues brought on by space. 

Weightlessness is another issue. Although it is possible to prevent plants from floating, they have a harder 

time accessing water and air because of how uniformly they are distributed in the soil. Space itself presents 

a challenge for bio-regenerative life-support systems in space. Plants must have short stems and few 

inedible components because there isn't much room on a spaceship or space station. They must also be able 

to develop effectively in low-light conditions, and the light source must be as energy-efficient as possible to 

minimize needs. 

Future of Space Farming 

Some scientists and business people are looking to the stars as the next big agrarian frontier as the amount 

of arable land on Earth progressively declines. The idea that producing palatable, nourishing food is 

essential to humanity's ability to survive in space is as old as the first science fiction narrative. 

Now, a number of different companies are stepping up, hoping to lead the food production industry up the 

runway to space. (Figure: Samples of plant growth in NASA’s Martian Garden). 
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Race in Space 

The more diversified the group of minds working on growing food in space, the more chance mankind has 

of resolving critical food-related problems, both on Earth and in space. Future issues for food production 

include resource depletion and food security, both of which are being exacerbated by the climate crisis. 

Many people think that in order for mankind to successfully grow food in space, we also need to understand 

how to produce food sustainably here on Earth. 

Conclusion 

In conclusion, research in space farming is still very specialized and unique, with a primary focus on 

developing tools that astronauts can employ to maintain their autonomy while travelling to and from Mars 

in the future. This kind of study will aid NASA in its efforts to better enable long-duration trips and 

comprehend how to preserve plants flourishing in space. With greater yields, more effective production 

methods, and closed-loop nutrient and water recycling systems that make the most of every resource at our 

disposal, space agriculture has a significant potential to also influence farming practices on Earth. 
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Have you ever wondered what differentiates those tangy, delicious dals with a sour taste our tongues yearn 

for even after we finish eating and those basic dals which just act as a soup that are eaten with rice? The 

tart flavour that increases our appetite and makes us end up wanting more of it, what is it that gives those 

dals such a flavour? Yes, it is Tamarind, an underrated fruit. 

 

Its Origin, Nomenclature and Classification 

Tamarind, the name is coined by Arabic traders, where ‘Tamar’ stands for ‘Dry dates’ and ‘Hind’ for ‘India’. 

Hence the name ‘Tamarind’. Tamarindus indica L. is its botanical name. Though the name has ‘indica’ 

as species, the tree is not of Indian origin but is native to the tropical regions of Africa. It is to be observed 

that a fancy term “Monotypic” is accredited to the genus Tamarindus which means it has only one species 

i.e, indica. It is fondly called as ‘Indian date’. The tamarind is a leguminous tree and it belongs to the family 

Fabaceae. Technically speaking, tamarind is classified as a spice owing to its aroma, tart taste and souring 

nature. But the fact that the tamarind is called a fruit by many cannot be denied. 

Soil, Temperature and Climatic Requirements 

The tree is grown in most of the tropical areas and it can live for almost 200 years. The tamarind tree can 

also get to be 70 feet tall and surprisingly, it is wind resistant. It is tolerant to salt and draught and thrives 

in a wide range of soil types that are well drained. But this strong tree is, after all, sensitive to frost. 

Tamarind in India 

India is the largest producer of tamarind and is one of the only nations growing the fruits on a commercial 

scale, adding another feather in our cap. Odisha, Bihar, Karnataka, Andhra Pradesh (United), Madhya 

Pradesh, Kerala, Uttar Pradesh, Maharashtra, Tamil Nadu and the lower Himalayas are the states and 

regions where Tamarind is grown. Tamarind season depends on the region. Karnataka and Andhra 

Pradesh yield Tamarinds in January; Maharashtra in February; and northern states of Madhya Pradesh 

and Uttar Pradesh yield Tamarinds late in February. Tamarind is sold in retail and wholesale markets all 

over the country. Tamarind related-products such as blocks of the sour fruit, tamarind powder, chutney 

and ready-made tamarind paste are easily available throughout the year. Tamarind makes an important 

part of not only Indian cuisines but also cuisines across the world. 

Fruit Ripeness, Yield and Varieties 

Mature fruits’ shell turns brown indicating their maturity. The immature pods have a green skin. However, 

pod skin colour does not change rapidly with maturity and individual fruits mature at different times. 
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Harvesting is carried out selectively. Mature fruits are filled with brown to reddish-brown pulp that is 

sticky to touch. The seeds turn hard at maturity and the pod skin becomes brittle as the pulp shrinks and 

the shell can be broken by mere application of finger pressure. When tapped, the ripe pod makes a hollow 

sound. The yield varies from variety to variety and is dependent on genetic and environmental factors. If 

the yield produced by a young tree is 20-30kg of fruit per year, a fully grown adult tree can easily produce 

an annual yield of 150-200 kg of fruit. 

 
There are both sweet and sour varieties in Tamarind. Though most of the trees in India yield sour fruits, 

the sweeter variants of Tamarind are sold fresh to the consumers. 

Taste of Tamarind 

Here comes the point that distinguishes the speciality of a Tamarind from the others. This fruit has a 

unique and delicious taste. The taste is bold, sharp and sour. It offers an explosive, tart flavour which is 

analogous to a sweet-and-sour candy that kids relish eating. 

Use of Tamarind in Recipes and Cuisines 

1. The sour pulp is often used for dals, curries and sauces as a souring agent. 

2. The sweet tamarind pulp is processed for jams, sweets and the occasional soup recipe.  

3. Tamarind pulp is a key ingredient in flavouring curries and rice (Pulihora) in South Indian cuisine. 

4. Tamarind is soaked in water, the pulp is removed and is used for Sambar, Spicey veg and non-veg gravies.  

5. Tamarind balances the spicy taste of chilli powder or pepper powder which is added in most of the gravies 

and Rasam (famous recipe of South India). 

6. Tamarind chutney is made using several other spices in combination with Tamarind which is very 

nourishing and tasty. 

Health Benefits of Tamarind 

1. The fruit is very rich in flavonoids and polyphenols, which are excellent for controlling the levels of HDL-

LDL (Good cholesterol and Bad cholesterol) and triglycerides in blood. 

2. Tamarind should be taken as a regular food in case of liver toxicity induced by alcohol or non-alcoholic 

fatty liver conditions. 

3. The delicious fruit has been used by many generations for pregnant women against nauseas, morning 

sickness and overeating.  

4. Tamarind contains several useful antioxidants that prevent aging and keep one healthy and young. 

5. Tamarind works against menaces from viruses, fungi and other infections and is proved to be a good 

antiseptic. 

6. Tamarind prevents acne, reduces obesity and acts against inflammatory processes. 
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7. One must also keep in mind that some people are allergic to tamarind and people suffering from digestive 

issues and diabetes must refrain from consuming Tamarind. 

Summary 

Though the fruit has several health benefits, economical uses and is widely used in culinary purposes, it is 

not given the significance it needs and is underrated. It is high time one must glance at what this amazing 

fruit/spice/condiment called “Tamarind” has to offer and make nice use of it. It must be grown on a 

commercial scale across nations and also be exported so that the people across the world could know about 

it and utilize the unique fruit. 
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Abstract 

The quality of a crop at harvest can have a major effect on its post-harvest life.  There are numerous factors 

involved and these frequently interact.  Giving complex interrelationships.  IN tree crops, fruit produced 

on the same tree and harvested at the same time may behave differently.  The factors which influence 

quality include obvious things such as harvest maturity and cultivar or variety, but also the climate and 

soil in which it was grown, chemicals which have been applied to the crop, and its water status. 

Introduction 

Sustained commercial horticultural success depends on satisfying consumer demands no matter where the 

market is located. Appropriate product quality for a particular end use must be attained if continued repeat 

purchases are to be made and if producing enterprises are to remain profitable. Global expansion of major 

supermarket chains has a dramatic effect on the businesses of horticultural producers in many countries. 

This effect is brought about by the struggle of businesses to comply with quality and food safety 

requirements imposed on them. The need to operate within consolidated and integrated supply chains may 

be an imperative for sustained growth and profitability. 

Temperature 

The temperature in which a crop is grown can affect its quality and post-harvest life. For eg. Oranges grown 

in the tropics tend to have a higher sugar and total solids content than those grown in the subtropics. 

However, tropical-grown oranges tend to be less orange in colour and peel less easily. 

Nutritional Status of Crop at Harvest 

1. Excess of deficiency of certain elements from the crop can affect its quality and its post-harvest life.   

2. Crops which contain high levels of nitrogen have poorer keeping qualities that the same variety of crop 

with lower levels. 

3. High rate of nitrogen fertilizer to apple trees can adversely affect the flavour of the fruit. 

4. Nitrogen fertilizer increase their susceptibility to physiological disorders and decrease fruit colour. 

Eg.Apples called ‘bitterpit’. It is principally associated with calcium deficiency and influenced also by the 

dynamic balance of minerals in different parts of the fruit, as well as the storage temperature and levels of 

oxygen and carbon dioxide in the store. 

5. Strawberries are called ‘albinism’ 

6. The ratio of K:Ca and N:ca was found to be greater in such fruit than in red fruit. 

7. Imbalance of fertilizers can result in the physiological disorder of watermelon called blossom end rot. 

Flowering 

1. A physiological disorder of mangoes called ‘jelly-seed’ can develop during storage 

2. Tommy atkins is associated with flowering time delaying flowering by removing all the inflorescences 

from the tree greatly reduced jelly- seed in fruit which develops from the subsequent flowering. These fruits 

were larger than those produces from trees where the inflorescences had not been removed but the number 

of fruits per tree was reduced. 

Light 

Fruits on the parts of trees which are constantly exposed to sun may be of different quality and have 

different post-harvest characteristics from those on the shady side of the tree or those shaded by leaves. 
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Citrus and mango fruits produced in full sun generally had a thinner skin, a lower average weight, a lower 

juice content and a lower level of acidity but a higher total and soluble solids content. 

Day Length 

This is related to number of hours of light in each 24-hour cycle.  Certain crop species and varieties have 

evolved or been bred to require certain day lengths in which to mature. If this requirement is not met then 

the crop may still be immature at harvest. Eg. Onion. 

Water Relations 

Crops which have a higher moisture content generally have poorer storage characteristics.  Some varieties 

of crop naturally have high moisture content. Eg. Hybrid onion cultivars-a high yield of bulbs with a low 

dry matter content and very short storage life. If bananas are allowed to mature fully before harvest and 

harvesting is shortly after rainfall or irrigation the fruit can easily split during handling operations, 

allowing microorganisms infection and post-harvest rotting. 

The incidence of damage in carrots–heavy irrigation during the first 90 days after drilling resulted in upto 

20% growth splitting, while minimal irrigation for the first 120 days followed by heavy irrigation resulted 

in virtually split-free carrot with a better skin colour and finish in leaf vegetables too much rain or 

irrigation can result in the leaves becoming harder and brittle. Susceptible to damage and decay during 

handling and transport. 

Chemical Treatment 

Besides fertilizers, which are applied to the soil and sometimes to the growing crop.  Chemicals are applied 

for other purposes. The control of pests and diseases in commonly achieved by spraying chemicals directly 

onto the crop. These chemicals, particularly fungicides, can have a considerable effect on the post-harvest 

life of the crop. Generally, if a fruit has suffered an infection during development, its storage or marketable 

life may be adversely affected. Bananas which suffer a severe infection with diseases such as leafspot may 

ripen prematurely or abnormally after harvest. Chemicals may also be applied to certain crops in the field 

to prevent then sprouting during storage and thus to extend their storage period Growth regulating 

chemicals have been applied to trees to increase fruit quality and yield. Daminozide applied to Cox’s Orange 

Pippin apples at 2500 ppm in late June and mid-August caused redder colour in the skin and firmer apples 

than unsprayed fruits. 

Pre-Harvest Infection or Infestation 

Frequently crops are infected with microorganisms or infested with invertebrate pests during production.  

Field infestation of yam tubers with parasitic nematodes was shown to increase when the tubers were 

stored in tropical ambient conditions, resulting in areas of necrotic tissue.  However, when the tubers were 

stored at 13oC, there was no increase in nematode population and no increase in necrosis. The potato tuber 

moth may infest tubers during growth if they are exposed above the soil. Mealy bugs on pineapples occur 

in the marketing chain from field infestation. 

Preharvest Fungicidal Sprays for Post-Harvest Disease Control 
Many post-harvest diseases of fresh fruits and vegetables begin during production. The time between 

infection and the symptoms of the disease developing may be lengthy, for example anthracnose 

(Colletotrichium musae) in bananas can take over 5 months. Fungal and bacterial infections can occur 

through mechanical injuries and cut surfaces of the crop, growth cracks or pest or disease damage.  They 

also occur through natural openings in the surface tissue of the crop, such as stomata, lenticels and 

hydrathodes. Eg. Mangoes – anthracnose diseases. Preharvest sprays with chemical fungicides have been 

shown to reduce post-harvest disease but the effects have not always been consistent.  

In UK, single sprays of apples with 0.025% benomyl in June, July or August controlled rots caused by 

infection with Gloeosprorium spp. which developed in subsequent storage from September onwards at 

3.3oC in unsprayed fruit. The control of anthracnose in papaya also caused by C.gloeosporiodes, was 

achieved by preharvest sprays copper oxychloride, 50% wettable powder at 400 g 100 litres-1 water applied 

at 7-10 day intervals. 
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Conclusion 

In today’s world, consumers are becoming more discerning in their purchasing behaviour. Supermarkets 

have a major impact on producers in many countries as they extend their global reach and impose food 

safety and quality standards on the produce they purchase. If growers wish to take advantage of the market 

opportunities created by these global initiatives, then they need to confront the challenge of consistently 

providing high quality products that comply with supermarket requirements as well as meet the taste and 

flavour expectations of the consumers. Having many satisfied consumers returning to repurchase tasty and 

nutritious fruits and vegetables will ensure marketing success and profitability for all members in the 

supply chain, from paddock to plate. To achieve success, it is important to understand the nature of the 

supply chain and to implement supply chain management systems. These systems must ensure that 

movement of the product from the farm to consumer is done efficiently, economically and without loss of 

quality. However, product quality is determined in the field. Postharvest technologies can only maintain 

quality, not improve it. Thus, it is critically important that producers understand how a multitude of 

preharvest factors can interact to influence quality during and after harvest. 
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Abstract 

Trichoderma hamatum strain is unique in that it can promote plant growth, antagonistic activity against 

pre and post -emergence soil pathogens and can induce systemic resistance to foliar pathogens. 

Trichoderma hamatum is naturally occurring rhizosphere dwelling member of the genus which has 

attracted academic and industrial intersest due to its ability to increase plant biomass and its potential as 

a biological control agent. 

Introduction 

Trichoderma is an Ascomycotean fungal organism, the largest group of fungi. Asexual reproduction occurs 

through the production and germination of asexual conidia, in some species of Trichoderma, sexual 

teleomorphic stages (Hypocrea spp.) has, been identified Trichoderma has been exploited in many 

industries including paper, textile, bio fuel and agriculture due to its prolific secretion of degrading enzymes 

and biocontrol activities. 

T.  hamatum isolated from soil. It has been used as a biocontrol agent for certain plant diseases, 

particularly seed and soil borne disease. It produces a wide range of secondary metabolities which is 

responsible for the control of plant   pathogen. 

Characteristics of Trichoderma Spp. 
1. White with appressed mycelial appearance on agar medium where green colour appearrence due to the 

production of conidia. 

2. They have branched conidiophores that cluster into fascicles. Broad and straight/flexuous branches 

3. They may have conidial pigments that are either white or bright green in color 

4. Conidia of T. hamatum appeared too globose to subglobose. 

Benefits 

1. A majority of this species are free-living organisms. As such, they play two important roles as 

decomposers and in their symbiotic relationship with plants. 

2. In rhizosphere region of the fungi helps increase biomass production, by decomposing various organic 

material using their enzymes and also supporting the development of root hairs.  

3. T. hamatum is a new emerging species of Trichoderma, which is used to control various plant diseases. 

  
Fig 1. T. hamatum  culture on agar medium Fig 2: mycelium / hypae 
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Fig 3: conida 

Trichoderma hamatum as Biocontrol Agent 

S.No Crop Disease name Causal organism/ Pest 

1. Rice 

 

Sheath blight 

Rice Blast 

Rhizoctonia solani 

Magnaporthae oryzae 

2 Lentil Vascular wilt Fusarium oxysporum f.sp. lentis: 

3. Maize Fall army worm Spodoptera frungipeda 

4 Green bean Grey mould Botrytis cinereal 

5 Strawberry Root rot Phytophthora fragariae. 

Mode of Action 

 
Fig 04: Mode of action 

Mass Production 

Preparation of Mother Culture: 

Prepare a molasses medium 

 
The medium is prepared and dispensed into conical flask 

 
Sterilized at 15lb pressure for 15 minutes in an autoclave 
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After the medium is cooled it is inoculated with 10 days old fungal disc of T.hamatum 

 
Incubate for 10 days for fungal growth. 

Mass production: 

Molasses yeast medium is prepared in fermentor and sterilized 

 
After the medium is cooled, the mother culture is added to the fermentor @1.5lit / 50 l of the medium 

 
Incubate at room temperature for 10 days 

 
Incubate broth containing the fungal culture is used for commercial formulation preparation using talc 

powder. 

Conclusion 

T. hamatum have the extensive potential to reduce the use of environmentally damaging and on 

sustainable chemical which is required for disease control and also reduces the application of inorganic 

fertilizer usage T. hamatum is one of the frequently isolated fungal genera from soil and plant roots that 

have been extensively studied for their vast metabolites with various applications. T. hamatum are suitable 

antimicrobial agents against pathogenic bacteria, fungi and yeast.  Similarly, they play vital role in 

improving the vegetative growth of plant and nutrient content of soil through decomposition and 

biodegradation. 
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Introduction 

Exon shuffling is a molecular mechanism for the formation of new genes. It is a process through which two 

or more exons from different genes can be brought together ectopically, or the same exon can be duplicated, 

to create a new exon-intron structure. Although interest in evolutionary novelties can be traced back to the 

time of Darwin, studies of the origin and evolution of genes with new functions have only recently become 

possible and attracted increasing attention. The available molecular techniques and rapidly expanded 

genome data from many organisms mean that searching for and characterizing new genes is no longer a 

formidable technical challenge. Besides the comparative studies of genomes help in advance our 

understanding of the evolutionary history of life and helps in explain how the evolution of development 

leads to morphological diversity in living organisms. 

Evolution and Exon Shuffling 

Exon shuffling has been characterized as one of the major evolutionary forces shaping both the genome and 

the proteome of eukaryotes. This mechanism was particularly important in the creation of multi-domain 

proteins during animal evolution, bringing a number of functional genetic novelties. By comparing all 

protein sequences within each species, we were able to characterize exon shuffling signatures throughout 

living organisms in the world. A typical gene structure of eukaryote is depicted in Figure 1. “A protein 

encoded by a gene that contains regions also found in other genes. The existence of such proteins provides 

evidence of exon shuffling” – chimeric proteins (Fig. 2). 

Exon Shuffling and its Splicing Rules 

Exon shuffling follows certain splice frame rules. Intron phase is a very influential factor in intron and exon 

evolution, which refers to the position of a given intron within the codon.  

Introns can interrupt the reading frame of a gene by inserting a sequence between two consecutive codons 

(phase 0 introns), between the first and second nucleotide of a codon (phase 1 introns), or between the 

second and third nucleotide of a codon (phase 2 introns). The exons can be classified into nine different 

groups based on the phase of the flanking introns (symmetrical: 0-0, 1-1, 2-2 and asymmetrical: 0-1, 0-2, 1-

0, 1-2, etc.) (Fig 3). 

 
Figure 1. A typical eukaryote gene structure 
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Fig.2. Evolution of new gene structure 

 
Fig.3. Schematic representation of intron phases and exon classification 

Removal/insertion of introns or exons have very different effects on the reading frame of a gene. Intron 

insertion or removal frequently occurs without any modification in the coding sequence. However, the 

insertion or removal of an exon or a block of consecutive exons in a gene may disrupt the correct reading 

frame of all exons downstream from the insertion point if the exon or exonic block did not contain a number 

of nucleotides that is an exact multiple of three. This latter case will take place when the phase of the two 

introns bordering the exon or exonic block is the same in both extremities. When such type of exon or exonic 

block is involved in an exon shuffling event, it is said that the shuffling unit is symmetric. Because they 

preserve the reading frame of genes created after exon shuffling events, they are believed to be less likely 

a target for purifying selection. Indeed, the excess of symmetric exons in most of the genomes analyzed up 

to now suggests that exon shuffling has been a major player in shaping the genome of eukaryotic species. 

Hence the symmetric exons are the only ones that can be inserted into introns, undergo duplication, or be 

deleted without changing the reading frame. 

Mechanisms of Exon Shuffling 

There are different mechanisms through which exon shuffling occurs: crossover during sexual 

recombination of parental genomes, transposon mediated exon shuffling and illegitimate recombination. 

First one is evolution of eukaryotes is mediated by sexual recombination of parental genomes and since 

introns are longer than exons most of the crossovers occur in noncoding regions. In these introns there are 

large numbers of transposable elements and repeated sequences which promote recombination of 

nonhomologous genes. The second one is transposon mediated: a potential mechanism for exon shuffling 

that is long terminal repeats (LTR) retrotransposon. This mechanism has been proven to be important in 

gene evolution of rice and other grass species through exon shuffling. In maize, the long terminal repeats 
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(LTR) retrotransposon Bs1 has transduced sequences from three different maize cellular genes, namely, 

proton-dependent membrane ATPase (c-pma), xylan endohydrolase (c-xe), and b-1,3-glucanse. Lastly, 

illegitimate recombination (IR) is another of the mechanisms through which exon shuffling occurs. IR is the 

recombination between short homologous sequences or non-homologous sequences. 

Evolution of New Protein 

There are two ways in which rearrangement of domain. a. Shuffling of exons b. Duplication of exons (Fig. 

4). Both cases, modifies the domains that result in newer protein with new function. Segments coding for 

structural domains from completely different genes are joined together to form a new coding sequence that 

specifies a hybrid or mosaic protein. Most of exon shuffling events is studied on vertebrates and in plants; 

some of the genes like Bs1 in maize and chimeric protein in rice are evidence of exon shuffling. Many reports 

evidenced that 19 percent of eukaryote genes are evolved through exon shuffling events. 

 
Fig 4. Domain duplication and shuffling 

Application of Exon Shuffling 

1. Shuffling is to develop protein pharmaceuticals based on natural human gene sequences - therapeutic 

proteins. 

2. Exon-shuffled libraries of unrelated domains that share no sequence or functional homology can 

potentially generate new “humanized” genes with valuable functions. 

Conclusion and Future Thrust 

The study of origination rate (phylogeny) of new gene functions is an exciting measurement that will show 

how quickly organisms have changed their genetic diversity and functional complexity to adapt to variable 

environments. Bioinformatics- computational genomic analyses will be productive in identifying new gene 

functions. However, it is imperative to experimentally test the biochemical or phenotypic functions of new 

genes and to understand how selection works during their formation and evolution. 
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Abstract 

Biofortification is the process of improving or enhancing the nutritional quality of food crops. There are 

three methods for biofortification purpose namely through agronomic practices, conventional breeding or 

biotechnology-based approaches like genetic engineering and genome editing. Various strategies have been 

implemented for the overcoming or preventing the problem of micronutrient deficiencies including the 

micronutrient supplements distribution in pharmacological preparations and other is food fortification, 

with having less investment as compare to in dietary diversification strategies. For this very purpose, there 

are so many l advantages and limitations of using biofortification as a micronutrient mediation. 

Introduction 

Bio-fortification is a combination of two words “bios” means “life” and “fortificare” means “make strong”. It 

is a process involving breeding nutrients into various food crops leads to sustainable, cost- effective, and 

delivering many micronutrients in long-term means. 

Simply, it is a method to increase nutritional value in various crops in terms of vitamins and minerals for 

the people having diet involving micronutrient-poor staple food crops. Bio-fortification involves the process 

of finding crop varieties which contain high densities of certain micronutrients naturally. Use of these 

varieties by plant breeders naturally for development of productive, new, and ‘biofortified’ crop lines for 

farmers to their growing, market and consumption purposes. 

This particular approach leads to lowering the severely malnourished people who have not a wide access 

to market fortified foods and its supplements by maintaining their nutritional status. Biofortified staple 

foods could not give the more vitamins and minerals than industrial fortified food but could increase the 

daily intake of adequate nutrients throughout the life. 

History 

1. By the time of the Green Revolution (1966–1985), the concept of biofortification has been there. 

2. In the early 1990s, Howarth Bouis, an economist started working on biofortification for the solution of 

micronutrient malnutrition. 

3. In 2001, Steve Beebe, the bean researcher coined the term ‘biofortification’.  

4. In 2003, CGIAR's Biofortification Challenge Program was renamed HarvestPlus. 

5. Between 2009 and 2013, the breeding of the first wave of biofortified crops was done and national varietal 

release committees approved it for release, nutritional efficacy trials were then carried out and 

development of delivery plans.  

6. Since 2014, scaling of the delivery of biofortified crops has been done and there were more than 140 

varieties of ten crops were biofortified with iron, provitamin A and zinc have been released in thirty 

countries and were grown and tested in total sixty countries. 

Goal of Bio-Fortification 

The goal of bio-fortification involves the reduction of high existence of specific nutritional deficiencies, 

including iron, zinc and vitamin A, mainly occur in economically low-income populations. 

This purpose is to be achieved by enhancing the micronutrient efficiencies and densities of various staple 

food crops for the production and consumption by these populations and therefore, if bioavailability is 

exhibited, the adequacy of micronutrient intakes is increased. 

By covering all household members, bio-fortification would contribute to overcome the micronutrient 

deficiencies. 
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Fortification vs Bio-Fortification 

1. Fortification involves the process of enhancing the content of an essential micronutrient deliberately in 

a food e.g., vitamins and minerals (including trace elements), so for betterment of the nutritional quality 

of the food and leads to a minimal risk to health i.e., public health benefit. 

2. While, Bio-fortification is the process in which improvement of nutritional quality of food crops done by 

conventional plant breeding, agronomic practices, or modern biotechnology. Bio-fortification is different 

from conventional fortification because bio-fortification objective is to enhance the nutrient levels in crops 

during growth of plants in spite of manual means during crop processing. Bio-fortification, hence exhibit 

the way to cover the populations where conventional fortification and supplementation would be limited or 

difficult to implement. 

Breeding Target 

Breeding Target is defined as the amount of iron, zinc and vitamin A needed in a bio-fortified crop for 

significant influence on nutritional status. 

Methods of Biofortification 

1. Conventional bio-fortification 

2. Agronomic bio-fortification 

3. Transgenic bio-fortification 

Conventional bio-fortification is an excellent tool to overcome the malnutrition problem is the plant 

breeding by use of varieties for development of crop lines that are new, productive and ‘bio-fortified’ for the 

farmers to grow. These techniques are useful to find varieties with high level of desired nutrients. By 

crossing and individual plants selection, the transfer of this characteristic into cultivated varieties for the 

desired characteristics. Breeding approach are useful for development of bio-fortified varieties with high 

micronutrient levels such as zinc or beta-carotene etc. As for example, rice variety, the IR68144, developed 

by crossing in between IR8 and Taichung (Native)-1. This IR68144 is a semi-dwarf variety and has high 

yielding properties, giving the 21 μg/g of Fe concentration in brown rice and keeping about 80% of its Fe 

concentration after polishing as compared to other control varieties. 

Agronomic bio-fortification – includes the use of sprays or fertilizers (micronutrient‐rich) which are 

taken up by the edible portion of the crop temporarily. 

Transgenic bio-fortification – In the particular crop this leads to inserting the genes required for the 

accumulation of a micronutrient which do not exist in that particular crop (not either at all, or in a bio-

available form). 

BIOFORTIFICATION  

THROUGH GENETIC ENGINEERING 

BIOFORTIFICATION  

THROUGH GENETIC ENGINEERING 

BIOFORTIFICATION  

THROUGH GENETIC ENGINEERING. 

Biofortification through Genetic Engineering 

The genetic engineering technique permits the transfer of traits that are heritable in between completely 

diverse species and leads to introduction of new traits into the commercially important plants that could 

not be attained by the traditional breeding. For successful genetic transformation of crop plants, several 

factors of conventional plant breeding methods are there namely tissue culture and regeneration methods, 

Gene constructs preparation with suitable promoters, transformation techniques, multiplication and 

recovery of transgenic plants, characterization of transgenic plants for the introduced traits and transfer 

of transgenes into elite cultivars. But the genetic engineering methods are now a days used for enhancing 

the nutrients like targeted gene editing technologies using artificial nucleases, transcription activator-like 

effector nucleases (TALENs), zinc finger nucleases (ZFNs) and the clustered regularly interspaced short 

palindromic repeat (CRISPR)/CRISPR-associated protein 9 (Cas9) system (CRISPR/Cas9) leads to the 

possibility of precisely modifying genes of interest and hence used for crop improvement.  
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1. These techniques have been widely used in various crops including rice, wheat tomatoes amd others. 

2. Recently, in Glycine max and Medicago truncatula, CRISPR/Cas9 and TALENs technologies were used 

to produce mutant lines for genes involved in small RNA processing. 

3. In cowpeas, CRISPR/Cas9-mediated genome editing technology was done for disruption of symbiotic 

nitrogen fixation (SNF) gene activation. 

4. The very popular example of Golden Rice in the year 2000. 

Advantages and Disadvantages of Biofortification 

Advantages: 

a. Capitalizes the daily regular intake of food staples in low-income households. 

b. Recurrent costs are low after the one-time investment to develop Biofortified seeds. 

c. It is highly sustainable approach. 

d. Biofortified seed not incur a yield penalty. May have important indirect effects in increasing farm 

productivity by helping plants resist to disease and other environmental stresses. 

e. In human beings, for overcoming the mal-nutritions problems. 

f. Increase of nutritional quality in daily diets. 

g. Betterment of crop quality and increase of variability in germplasm. 

Disadvantages: Large amount of investment by developers needed for Bio-fortification for breeding and 

testing purposes. 
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Abstract 

For controlling the resistance to insects, in particular carpophagous and phyllophagous caterpillars, using 

chemical pesticides has led to hazardous to the environment, alternatively the use of entomopathogenic 

fungi as biopesticide could be a sound measure to preserve the environment, biodiversity and ensure good 

quality of crops. This article reviews the insecticidal potential of the entomopathogenic fungi Beauveria 

bassiana on some important insect pest species.  

Keywords: Beauveria bassiana, entomopathogenic, Bio control. 

Introduction 

Beauveria bassiana is a fungus that grows naturally in soils throughout the world and acts as a parasite 

on various arthropod species, causing white muscardine disease.Hence,it is referred as entomopathogenic 

fungi. The fungus spores and mycelia are milky white and found sprouting on the body of lepidopterous 

insects like Bollworm- Helicoverpa armigera,Tobacco caterpillar-Spodoptera litura and Anadevidia 

peponis. 

Life Cycle 

 

Favourable Condition 

Temperature of 30˚C was observed to be optimum for B. bassiana virulence. Lethal time, LT50 varied 

between 4.4 and 6.8 days for 90 % RH while for 100 % RH, it was 4.0–6.7 days. Time of kill indicated 90 

and 100 % humidity variation as the most effective for B. bassiana pathogenecity to housefly larvae. 

Pest Management 

It is used as a biological insecticide to control a number of pests, including termites, thrips, whiteflies, 

aphids and various beetles. 

Sl. No Crop Pest Scientific Name 

1. Onion Onion thrips Thrips tabaci 

2. Palm tree Palm weevil Rhynchophorus ferrugineus 

3. Okra Flea beetle Podagrica spp. 

4. Eucalyptus Bronze bug Thaumastocoris peregrinus 

5. Citrus Natal fruit fly Ceratitis rosa 

https://en.wikipedia.org/wiki/Fungus
https://en.wikipedia.org/wiki/Parasite
https://en.wikipedia.org/wiki/Arthropod
https://en.wikipedia.org/wiki/Entomopathogenic_fungi
https://en.wikipedia.org/wiki/Entomopathogenic_fungi
https://en.wikipedia.org/wiki/Insecticide
https://en.wikipedia.org/wiki/Termite
https://en.wikipedia.org/wiki/Thrips
https://en.wikipedia.org/wiki/Whitefly
https://en.wikipedia.org/wiki/Aphids
https://en.wikipedia.org/wiki/Beetles
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6. Cotton Boll worm Helicoverpa armigera 

7. Cabbage diamondback month Plutella xylostella 

8. Grapes Vine mealy bug Planococcus ficus 

Morphology of B. bassiana 

In culture, B. bassiana grows as a white mould. On most common cultural media, it produces dry, 

powdery conidia in distinctive white spore balls. Each spore ball is composed of a cluster of conidiogenous 

cells. The conidiogenous cells of B. bassiana are short and ovoid, and terminate in a narrow apical extension 

called a rachis. The rachis elongates after each conidium is produced, resulting in a long zig-zag extension. 

The conidia are single-celled, haploid, and hydrophobic. 

 

Mass Production 

Cut carrot into small pieces (40 g) is washed in water and transferred to conical flask (250 ml) and 15 ml 

of distilled water is added 

 
The conical flasks are plugged with cotton and autoclaved for 20 min at 15 psi.  The flasks are allowed to 

cool and taken to laminar flow chamber for inoculation. 

 
From a clean uncontaminated mother culture in slant loopful quantity of B.bassiana spores are 

transferred .The flasks are incubated at room temperature.  The spores are obtained in a fortnight 

Dose: 1 gram/liter of water or 1 Kg/1000 liter of water/ha (Repeat application after 10-20 days interval). 

 

Mode of Action 

B.bassiana attached to the external body surface of the insects in the form of microscopic 

spores(conidia).Under permissive condition of temperature and high moisture, these spores 

germinate,grow as hypae and colonize the insects cuticle ; eventually they bore through it and reaches the 

insect body cavity (hemocoel). 

 

https://en.wikipedia.org/wiki/Mold_(fungus)
https://en.wikipedia.org/wiki/Conidia
https://en.wikipedia.org/wiki/Spore
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Then, the fungal cells proliferate in the host body cavity usually as walled hypae or in the form of wall less 

protoplast (depending upon on the fungus involved). After some times in the insect is usually 

killed(sometimes by fungal toxics) and a new propagules (spores) are formed in the insects; usually high 

humidity required for sporulation. 

Beauvericin 

When the conidia land on the insect body they secrete enzymes that eat through the cuticle and released a 

toxic compound called Beauvericin, a toxic. The fungus replicates and feeds on the host, killing it in about 

three to seven days depending upon the spore production. After the host dies the fungus continues to feed 

off its dead host converting it in a white powdery mould. 

Conclusion 

Beauveria bassiana is typically deployed in one or more inundative application Beauveria bassiana  is a 

popular cos-mopolitan entomopathogenic fungus used for biological  control  of  insect  pests  for  more than 

100 years. The ability of Beauveria bassiana to antagonize, parasitize and kill insects endorses it as an 

efficient biocontrol agent. 
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Hydroponics refers to cultivation of plants without soil, either in water or based on various soil-less media. 

Utilizing this technology, the roots absorb balanced nutrients dissolved in water that meet all the 

developmental requirements of plants. The word hydroponics was derived from the Greek words, HYDRO 

(water), and PONOS (labor), literally "water working". 

Hydroponics system is scientifically possible because in the photosynthetic process, soil is not mentioned. 

Photosynthesis process: (Carbon Dioxide + Water? Glucose + Oxygen) (6CO2 + 6H2O = C6H12O6 + 6O2). 

Hydroponics (or soil-less culture) is a broad term that includes all the techniques for growing plants in solid 

media other than soil (substrate culture) or in aerated nutrient solution (water culture). Soil-less 

cultivation refers to growing wide range of horticultural crops in different growing media or substrates 

contained inside grow bags, pots, conduits, pipes and trays. Soil is usually the most common growing media 

used for growing plants throughout the world as it provides adequate support, nutrition, air and water 

required for optimum growth of the plants. However, soil poses some serious limitations mainly in 

sustainable growing of crops in protected cultivation due to presence of soil-borne diseases, nematodes, 

drainage and other factors. The basic requirements of any hydroponics system are optimum EC and pH, 

optimum aeration and temperature, buffer action of water and nutrient solution on the growing media and 

supply of all micro and macro nutrients to the plants through the growing media. 

Hydroponics or soil-less culture is a technology for growing plants in nutrient solutions that supply all 

nutrient elements needed for optimum plant growth with or without the use of an inert medium such as 

gravel, vermiculite, rockwool, peat moss, sawdust, coir dust, coconut fibre, etc. for important characteristics 

of different hydroponics systems. 

Major Advantages of Hydroponics Cultivation are as Follows 

1. Soil-borne pathogens and diseases avoidance 

2. Soil disinfection and treatment avoidance  

3. Cultivate gre enhouse crops in poor quality soil  

4. Precision nutrition control in inert media 

5. Optimum control of environmental parameters  

6. High yield and better quality of products  

7. High water and nutrient use efficiency  

8. Round the year production. 

Major Disadvantages/Limitation of Hydroponics Cultivation are as Follows 

1. High initial investment  

2. Highly technical  

3. Precision surveillance 

Classification of Hydroponics cultivation depends upon type of substrate and container, nutrient delivery 

system to the plant and drainage.  

Solution culture or liquid hydroponics refers to growing plant in fully liquid medium contained in pipe 

or suitable container.  

In Circulating closed system nutrient solution circulates around the plant root system and it can be 

collected, replenished and reused as per the plant need. 
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a. Nutrient Film Technique (NFT) is a hydroponics system, where the plant roots are directly 

exposed to the thin film of (thickness 0.5mm) nutrient solution flowing through the channel. The 

channel is made of flexible PVC or plastic sheet on the top of which seedlings with growing media 

inside tailor made pots are anchored properly. The growing media absorbs the nutrient solution 

though the porous root system of the plant. The length of channel varies from 5-10 meter kept at 

the slope of 1in50 to 1in70. The flow rate of nutrient solution is 2-3 liters per minute and its salt 

concentration is monitored at regular interval through the important indices like EC, pH and TDS. 

b. Deep Flow technique (DFT) is a hydroponics system in which 2-3 cm deep nutrient solution 

flows through PVC pipes. The plants are inside plastic pots fitted with the PVC pipe at regular or 

desired interval. The main and submain pipes are fixed over the raised platform made inside the 

protected structure. Pump, tanks, valves, timers and other accessories including nutrient 

monitoring system are placed over the floor of the protected structure. PVC pipes are arranged in 

single horizontal plain or in multiple zig-zag vertical plain. 

Non-Circulating Open system is the system in which nutrient solution is not circulated but used 

only once for a longer duration depending upon the EC and pH of the nutrient solution. 

c. Root Dipping Technique: Plants are grown in small pots filled with growing media. The bottom 

2-3 cm of the pots is submerged in the nutrient solution. Roots are hanged in air and also submerged 

in the nutrient solution. This technique is very simple, cheap and can be constructed easily. 

d. Floating Technique: It uses shallow containers (10 cm deep) and is similar to box method. In 

this technique plants are established in small pots and fixed to Styrofoam sheet or other similar 

light plate and allowed to float on the nutrient solution filled in the container. Artificial aeration is 

required for the solution. 

e. Capillary Action Technique: In this technique planting pots of different shapes and sizes are 

used. Pots are filled with highly porous material like old coil dust filled with sand or gravel. Nutrient 

solution rises to the pots filled with porous material by capillary action. This technique is suitable 

for indoor plants and ornamental flowers. Artificial aeration is required for the solution. 

Solid media culture (Aggregate systems): Solid media with high porosity, better aeration, high water 

and air holding capacity and efficient drainage are used in sterilized form for growing plants. The most 

common examples are coco-peat, perlite, vermiculite, vermi-compost, gravel, tur, rockwool, saw dust, 

coconut fibre and peat moss. 

a. Hanging bag Technique: In this technique thick UV stabilized polyethylene bags filled with 

cocopeat or coconut fibre in cylindrical shape one meter high are used to grow plants. The bags are 

suspended vertically and supported overhead and collecting channel is placed below for the nutrient 

solution. Micro sprinklers are attached inside the hanging bag for supply of nutrient and water to 

the plants attached to the holes inserted in the bag. It is suitable for growing lettuce, leafy 

vegetables, strawberry and small flower plants. 

b. Grow Bag Technique: In this technique grow bags made with UV stabilized polyethylene sheets 

of 1 meter length, 15-20 cm width and 8-10 cm height are used for growing plants. Single or paired 

rows can be used with the plant spacing kept at 30-60 cm depending on the type of crops. Fertigation 

is done with special stake drippers fitted with poly tubes and lateral pipes. It is very common, cheap 

and easy technique. The entire floor is covered with white UV resistant polythene before placing the 

grow bags for efficient sunlight supply, lowering of relative humidity and fungal diseases incident. 

c. Trench or trough technique: In this technique plants are grown in trenches or trough made 

with UV stabilized PVC/HDPE sheet, bricks, concrete or other local material. Trench or trough is 

filled with inert organic, inorganic or mixture of materials like coco-peat, sand, perlite, vermiculite 

with the depth ranging from 30-60 cm depending on the type of crops. Fertigation is done with 

special stake drippers fitted with poly tubes and lateral pipes. Drainage is very important, which 

can be provided with holes or separate drainage pipe. 

d. Pot technique: In this technique readymade pots made of plastic in the range of 4 inch to 12 

inch diameter are used for growing plants. Pots are filled with inert organic, inorganic or mixture 

of materials like coco-peat, sand, perlite, vermiculite etc. The volume of the container and growing 

media depends on type of crops and it varies from 01-10 litres. Fertigation is done with special 

single/multiple outlet stake drippers fitted with poly tubes and lateral pipes. 
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Aeroponics technique: It is a technique of growing plants in suspended air in Styrofoam panels with the 

roots hanging inside dark chamber created to promote growth. Plants are supported by tailor made holes 

in Styrofoam panels. The nutrient solution is sprayed in fine mist form to the suspended roots in calculated 

cyclic form for few seconds in every 2-3 minutes. Roots are kept properly hydrated and aerated as per the 

need of the plant. Aeroponics is practised inside protected structures and is found to be suitable for leafy 

vegetables like spinach, lettuce etc. It is found to be very efficient technique for space utilization inside 

protected structures as in some cases almost double no of plants can be grown in aeroponics system. 

Fertigation nutrient solution conc. for mini tuber potato in aeroponics in Table 3. 

Conclusion 

Soil-less culture helps in intensive production of crops in greenhouse. It guarantees flexibility and 

intensification of crop production system in areas with adverse growing conditions. The main advantages 

of soil-less culture are the precise control over the supply of water and nutrients, pH and root temperature, 

elimination of soil-borne diseases, reduction of labour requirement, more crops per year etc. Therefore it is 

necessary to develop a sound fertigation strategy for growing horticultural crops in soil-less media. 
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Abstract 

To obtain a good sustainable crop output, effective fertilizer management is crucial. Only by integrating all 

potential nutrition sources can crops' needs be met, and only then can the yield's sustainability be 

determined. In this situation, organic manure can be crucial. However, because organic manures are heavy 

and have a very poor nutrient profile, a replacement is absolutely necessary. Another method for providing 

crop nutrients is using green manures as an organic source. However, this option has certain limitations 

because it takes 45 to 60 days from seeding to decomposition at the right temperature and with the right 

amount of moisture. Many options are available for this but the viable option can be the brown manuring 

as a tool for integrated nutrient management and weed management as well. 

Introduction 

The current agricultural environment is concerned with the rising cost of farming and the growth in 

agricultural inputs. Fertilizers are one of the basic agricultural inputs that are vital to the growth of crops 

among the other inputs available. Although fertilizers have played a significant role in the incredible 

increase in agricultural output, applying inorganic fertilizers in large quantities over an extended period 

of time causes an imbalance in other nutrient components. By reducing minor secondary and micronutrient 

deficits, boosting the productivity of applied vitamins, and maintaining favourable physical conditions in 

the soil, the combined use of natural manures and inorganic fertilizers makes it possible to maintain yield 

balance. India has enough bio-waste capability that can be transformed into composts and organic manures 

and used in crop fields. However, the sizable quantity of organic waste is not being well and scientifically 

transformed into composts and lost with the aid of numerous manners. Besides, it is also costly to use the 

low nutrient valued bulky organic manure. 

Brown Manuring 

In 1996, the Lock hart district of North-South Wales, Australia, received its first delivery of brown manure. 

Goodens becomes the first person to use brown manuring in practise. This method was used in Australia 

to combat the population of herbicide-resistant ryegrass for winter crops. Brown manuring is the process 

of cultivating green manuring plants like dhaincha, sesbania, sunhemp, and many others as an intercrop 

or mixed crop and killing them with the help of selected herbicides applied for manuring during the post-

emergence. Brown manuring, sometimes known as "no-till" green manuring, is a method of applying a 

selective herbicide to green manure crops before they flower (Das et al., 2021). The current BM method 

calls for planting green manure crops, especially legumes, alongside the main crop during the first 25 to 30 

days after sowing before desiccating them with a selective herbicide. The dehydrated green manure crops 

are left standing on the field with the primary crop without being incorporated and are allowed to degrade 

in the soil. This kind of green manuring is known as "no-till" green manuring. Due to the herbicide spray 

that causes the dried-out leaves of green manure crops to turn brown, the practise is known as brown 

manuring. 

According to brown manuring technique, Sesbania or other green manure crops are cultivated in standing 

crops and killed using the post-emergence herbicide for manuring where the plant residues are left 

standing in the field along with the main crop without incorporating / in-situ ploughing until its residue 

decomposes into the soil with the aim of adding organic manure besides weed suppression by its shade 

effect. The post-emergence herbicide spray on green manure leaves resulting in loss of chlorophyll in leaves 

and showing the brown colour is referred as brown manuring (Tanwaret al., 2010). 
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Benefits of Brown Manuring 

Farmers usually domesticate green manure crops before the crop cultivation and introduce them through 

incorporating into soil. This system of green manuring involves a large wide variety of green manure tillage 

operations leading to a lack of soil moisture and multiplied labour value, irrigation water etc. Due to the 

fact that there is no cultural operation all through the brown manuring for manure crop incorporation it 

saves the cost of manuring. Farmers can develop the manure crop inside the standing main crop for this 

reason, brown manuring is the alternative to green manuring. 

Crops Used for Brown Manuring 

Choice of the brown manure crop is important as extreme opposition with main crops ought to motive 

unfavorable results and result in yield penalty. Preferably, the main crop and brown manure crop have to 

have complementary resource use and area of interest differentiation in area and time to gain optimization 

in aid use. Crop species that are capable of restore atmospheric nitrogen and assist to maximize weed 

management while minimizing input cost and risks are the best acceptable ones. Other preferred criteria 

are affordability and easy availability of seeds, fast crop boom and excessive dry matter production in less 

span of time, excessive competitiveness with target weeds, excessive ground cover to conserve moisture and 

reduce wind erosion. 

Non-leguminous crops: The non-leguminous crops used as a green manuring crop that provides only organic 

matter to the soil. The non-legumes are used for green manuring to a limited extent. 

Example: Niger, Wild indigo, etc. 

Leguminous crops: Crops provide nitrogen as well as organic matter to the soils. Legumes can acquire 

nitrogen from the air with the help of its nodule bacteria. The legumes are also preferably used in green 

manuring crops. 

Example: Sunnhemp, Dhaincha, Mung, Cowpea, Lentil, etc. 

Advantages of Brown Manuring 

1. Brown manuring will increase the soil natural carbon content, thereby presenting required nitrogen 

through biological nitrogen fixation (BNF) to main crop. Thus, a part of nitrogenous fertilizer (upto 25%) 

can be replaced through brown manuring. 

2. It improves the economic status of farmer by increasing the yield. 

3. Brown manuring has a positive impact on soil Physico-chemical properties viz., soil structure, organic 

carbon, bulk density and pH of the soil. 

4. Brown manuring reduces the weed population in the early level because of its excessive growth rate and 

competition with the weeds. 

Conclusion 

Considering the growing cost value of chemical fertilizers, brown manuring can be visible as a alternative 

way of increasing the production and productivity of main crops and therefore improving the earnings of 

farmers. As the technology is cost effective and easy to adopt, it is also suited for resource-poor marginal 

farmers and need to be popularized among farming community. 
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Agricultural development policy for developing countries needs to focus on increasing the productivity of 

the land under cultivation, with lower costs, higher efficiency of products with little or no damage to both 

humans and the environment.  Organic farming systems have attracted increasing attention over the last 

one decade because they are perceived to offer some solutions to the problems currently besetting the 

agricultural sector. Organic farming has the potential to provide benefits in terms of environmental 

protection, conservation of non-renewable resources and improved food quality. 

India is home to 30 per cent of the total organic producers in the world, but accounts for just 2.59 per cent 

(1.5 million hectares) of the total organic cultivation area of 57.8 million hectares, according to the World 

of Organic Agriculture 2018 report.  Organic farming balances the environmental sustainability and also 

controls the detrimental effect both on customer’s safety by creating a positive notion in the minds of the 

customers.  there is significant evidence that organic methods could be favourable for small farmers. 

Objective 

1. To study the importance of organic farming in this era.  

2. To study the benefits and challenges of organic farming.  

The term "organic farming" was coined by Lord Northbound in 1940. The beginnings of the organic 

movement can be traced back to the beginning of the 1800s. In 1840 Justus Von Liebig developed a theory 

of mineral plant nutrition. 

Organic Farming in India 

Ever increasing population as opposed to an ever-decreasing supply of living resources like food and water 

has made it necessary to increase agricultural production and stabilize it in a viable and feasible manner. 

The benefits of ‘Green Revolution’ credited to Dr. MS Swaminathan have now reached a plateau and with 

diminishing returns it has become necessary to devise alternate techniques. In addition, the excess use of 

fertilizers and artificial growth regulators has led to an issue called ‘pollution’. 

India produced around 3.49 million MT (2020-21) of certified organic products which includes all varieties 

of food products namely Oil Seeds, Sugar cane, Cereals & Millets, Cotton, Pulses, Aromatic & Medicinal 

Plants, Tea, Coffee, Fruits, Spices, Dry Fruits, Vegetables, Processed foods etc.  Among different states 

Madhya Pradesh is the largest producer followed by Maharashtra, Karnataka, Uttar Pradesh and 

Rajasthan.  The total volume of export during 2020-21 was 8.88 lakh MT. The organic food export 

realization was around INR 7078 crore (1040.95 million USD) exported to USA, European Union, Canada, 

Switzerland, Australia, Japan, Israel, UAE, New Zealand, Vietnam etc. 

Types of Organic Farming 

1. Pure organic farming: It involves the use of organic manures and biopesticides with complete 

avoidance of inorganic chemicals and pesticides. 

2. Integrated Organic Farming: Integrated organic farming involves integrating techniques aimed at 

achieving ecological requirements and economic demands such as integrated pest management and 

nutrients management. 

Government Initiatives to Promote Organic Farming 

1. Paramparagat Krishi Vikas Yojana (PKVY): Paramparagat Krishi Vikas Yojana promotes cluster 

based organic farming with PGS (Participatory Guarantee System) certification. Cluster formation, 
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training, certification and marketing are supported under the scheme. Assistance of Rs. 50,000 per ha /3 

years is provided out of which 62 percent (Rs. 31,000) is given as incentive to a farmer. 

2. Rashtriya Krishi Vikas Yojna: Assistance for promotion of organic farming on different components 

are also available under Rashtriya Krishi Vikas Yojana (RKVY) with the approval of State Level 

Sanctioning Committee. 

3. One District - One Product (ODOP): The programme aims to encourage more visibility and sale of 

indigenous and specialized products/crafts of Uttar Pradesh, generating employment at the district level.  

The presence of aggregators is imperative to bring about economies of scale for the small and marginal 

farmers. 

4. National Mission on Oilseeds and Oil Palm (NMOOP): Financial assistance@ 50% subsidy to the 

tune of Rs. 300/- per ha is being provided for different components including bio-fertilizers, supply of 

Rhizobium culture/Phosphate Solubilising Bacteria (PSB)/Zinc Solubilising Bacteria (ZSB)/ Azatobacter/ 

Mycorrhiza and vermicompost. 

Challenges in Organic Farming 

1. Shortage of Biomass: 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. 

2. Disparity of Supply and Demand: Non-perishable grains can be grown anywhere and transported to 

any location but this is not the case with fruits and vegetables. It should be produced locally for which there 

should be willing companies, aggregators and farmers around that particular area from where the demand 

is coming. But generally, the demand comes from metros where there are no farmlands to produce organic 

fruits and vegetables. Smart transport and dedicated channels of supply are the solutions  

3. Time: Indeed, organic farming requires greater interaction between a farmer and his crop for 

observation, timely intervention and weed control for instance. It is inherently more labor intensive  

4. High MRP: It is almost obvious that due to the extreme care taken to go along with organic farming, 

the results would be kept at a high price. Once sold to the market, most of the place is devoted to the sale 

of these organic fruits and vegetables. So, we can say that organic items are expensive and not every 

consumer is willing to pay the price for it. 

5. Lack of special infrastructure: Most large organic farms still operate in an industrialized agriculture 

style, including industrial transportation of the food from field to plate. Unfortunately, this involves the 

adoption of the same environmentally harmful practices as those of factory farms. 

Benefits of Organic Farming 

1. Better Taste and More Nutrition: Fruits and vegetables that are organically raised have a much 

better taste than other mechanically farmed ones. This is due to the fact that they are given a much longer 

time to develop and are not pumped with artificial things. The sugar structures in these crops have more 

time to mature and develop into a tasty and nutritious product 

2. Reduces pesticide and chemical residue in soil: Organic farming minimizes the use of pesticides 

and chemicals thereby reducing the major environmental issues. It ensures the health of soil, water, air 

and flora and fauna.  

3. Promotion of Biodiversity: Crop rotation to build soil fertility and raising animals naturally helps 

promote biodiversity, which promotes greater health all living species.  

4. Consumes Less Energy: Organic farming does not rely on the use of synthetic fertilizers as opposed to 

conventional techniques that are generous with these external chemicals. Avoiding fertilizers contributes 

to a greater cause of energy conservation. On average, it’s safe to say that the energy usage is lower by at 

least 30-50% in the organic farming  

5. Long-term sustainability: Organic farming is a long-term, sustainable approach to food production. 

Organic farming takes a proactive, preventative approach instead of dealing with problems after they 

emerge which can be too late. 
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6. Reduced erosion and better water management: Both soil improvement and the concept of keeping 

the ground “covered” as much as possible, either by mulches or cover crops, reduces soil erosion. Soils with 

improved structure and higher content of organic matter and the more compact growth of an organic crop 

also reduces the water consumption in agriculture. 
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Introduction 

The Indian seed programme largely adheres to the limited generations’ system for seed multiplication in a 

phased manner.  The system recognizes three generations namely breeder, foundation and certified seeds 

and provides adequate safeguards for quality assurance in the seed multiplication chain to maintain the 

purity of the variety as it flows from the breeder to the farmer. 

Breeder Seed 

Breeder seed is the progeny of nucleus seed of a variety and is produced by the originating breeder or by a 

sponsored breeder.  Breeder seed production is the mandate of the Indian Council of Agricultural Research 

(ICAR) and is being undertaken with the help of: 

1. ICAR Research Institutions, National Research Centres and All India Coordinated Research Project of 

different crops; 

2. State Agricultural Universities (SAUs) with 14 centres established in different States; 

3. Sponsored breeders recognized by selected State Seed Corporations, and 

4. Non-Governmental Organizations. 

a. ICAR also promotes sponsored breeder seed production programme through the National Seeds 

Corporation (NSC) / State Farms Corporation of India (SFCI), State Seeds Corporation (SSCs), 

Krishi Vigyan Kendras (KVKs) etc. There has been a steady increase in the production of breeder 

seed over the years. 

b. The indents from various seeds producing agencies are collected by the State Departments of 

Agriculture and submitted to the Department of Agriculture and Cooperation (DAC), Ministry of 

Agriculture, Government of India, which is turn compiles the whole information crop wise and sends 

it to the Project Coordinator/Project Director of the respective crops in ICAR for final allocation of 

production responsibility to different SAUs/ICAR institutions. 

c. The allocation of responsibility for production of breeder seed is discussed in the workshop in 

respect of the particular crop and is made to various centres as per the facilities and capabilities 

available at the centres and the availability of nucleus seed of a particular variety.  It may be noted 

that indents are compiled and forwarded to ICAR at least 18 months in advance. 

d. To make the programme systematic, and for proper evaluation of the breeder seed production 

programme, monitoring terms have been constituted and reporting proformae have been devised. 

e. The monitoring terms consist of breeder of the variety, the concerned Project Director or his 

nominee, representative of NSC.  The production of breeder seed is reviewed every year by ICAR-

DAC in the annual seed review meeting. 

Foundation Seed 

Foundation seed is the progeny of breeder seed and is required to be produced from breeder seed or from 

foundation seed which can be clearly traced to breeder seed.  

1. The responsibility for production of foundation seed has been entrusted to the NSC, SFCI, State Seeds 

Corporation, State Departments of Agriculture and private seed producers, who have the necessary 

infrastructure facilities.  

2. Foundation seed is required to meet the standards of seed certification prescribed in the Indian Minimum 

Seeds Certification Standards, both at the field and laboratory testing. 

Certified Seed 

Certified seed is the progeny of foundation seed and must meet the standards of seed certification 

prescribed in the Indian Minimum Seeds Certification Standards, 1988. 
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1. In case of self-pollinated crops, certified seeds can also be produced from certified seeds provided it does 

not go beyond three generations from foundation seed stage-I. 

2. The production and distribution of quality/certified seeds is primarily the responsibility of the State 

Governments. 

3. Certified seed production is organized through State Seed Corporation, Departmental Agricultural 

Farms, Cooperatives etc. 

4. The distribution of seeds is undertaken through a number of channels i.e. departmental outlets at block 

and village level, cooperatives, outlets of seed corporations, private dealers etc. 

5. The production of certified seed by NSC and State Seed Corporations is mainly organized through 

contract growing arrangements with progressive farmers. 

6. The requirement of certified/quality seeds is assessed by State Governments on the basis of the area 

sown under different crop varieties, area covered by hybrid and self-pollinated varieties as well as the seed 

replacement rate achieved. 

7. The availability of seed is ascertained by the State Departments of Agriculture on the basis of the 

production of seed in government farms and production of seeds by State Seeds Corporations and other 

agencies. 

8. The Government of India periodically assesses the requirement and availability of seeds through detailed 

interaction with State Governments and seed producing agencies in the bi-annual Zonal Seed Review 

Meetings and the National Kharif and Rabi Conferences. 
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Ridge gourd (Luffa acutangula Roxb.) a spring rainy season crop belongs to cucurbitaceae family. Genus’s 

name was derived from the product “Loofah” used as bathing sponges, scrubber pads, doormats, pillows, 

mattresses, cleaning utensils etc.  

Both species contain a gelatinous compound called luffein. It is cultivated on a commercial scale and grown 

in homesteads for its immature fruits which are used as cooked vegetable. It is a creeper and has a climbing 

or trailing habit. There is a wide variation in shape and length of fruits.  Fibre of mature dry fruits is used 

as a bath sponge.  As tender fruits are easily digestible and appetizing, it is prescribed for those who are 

suffering from malaria and other seasonal fevers. 

Ridge gourd is an annual, climbing herb. Stem 5- angled, scabrous along ribs. Tendrils robust, puberulous. 

Leaves subcircular, membranous, often 5-7 lobed, median lobe broadly triangular, lateral lobes smaller, 

apex acute or acuminate, margin dentate, sinus subrounded, both surfaces puberulous, petioles scabrous. 

Plants monoecious. 

Male flowers in racemes at the apex of peduncle, pedicels white-puberulous, probracts fleshy, green, ovate 

with 3-10 glistening glands on the upper surface, calyx tube campanulate, lobes lanceolate, apex acuminate, 

slightly reflexed, densely white-pubescent, corolla pale yellow, lobes obcordate, both surfaces subglabrous, 

stamens 3, free, 1 unilocular, 2 bilocular, filaments bearded at the base, anthers puberulous. Female 

flowers peduncles, ovary elongate, apex constricted, style short, stigmas 3, expanded, 2-lipped. Fruits 

clavate-oblong, acutely 10-angled, apex obtuse or slightly acute. Seeds ovate, verrucose, black in color. 

Climate and Soil 
Like bitter gourd, ridge gourd and smooth gourd are typical warm season crops and come up well during 

summer and rainy seasons.  Optimum temperature required is 25-27oC. Ideal soil is fertile well drained 

loam rich in humus. 

Varieties 

CO 1, CO 2, COH 1, PKM 1, Puss Nasdar, Satputia, Arka Sumeet, Arka Sujat, Arka Vikram, Arka Prasan, 

IIHR-8. Khasi Shivani, Konkan Harita, Punjab sadabahar, Swarna Manjari, Swarna Uphar, Pant Torai-1. 

Season 

First season:  June sowing 

Second season: December January sowing 

Seeds and Seed Treatment 

About 1.5 kg of seeds is required for a hectare. The seeds are treated with Trichoderma viride 4 g or 

Pseudomonas fluorescens 10 g / kg of seeds before sowing. 

Sowing and Intercultivation 

Dig pits of size 45 x 45 x 45 cm at spacing of 2 m in row spaced at 1.5 m. Sow three seeds in each pit. After 

germination, thin to 2 healthy seedlings. Instead of direct sowing, the seeds can be sown in poly bags @ 2 

seeds / bag and 15 days after germination, they can be planted @ 2 seedlings per pit. 

As in the other gourds which require support, the ridge gourd is also trained with the help of bamboo stake 

to reach the pandal.  Ethrel @ 250 ppm application is done at weekly interval for 4 times from 15 days after 

sowing.  On 30 th day of sowing 100g of Ammonium sulphate or 50g of urea is applied ins each pit, mixed 

thoroughly and irrigated. 
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Irrigation 

Till germination pot watering would be ideal.  After thinning, the pits can be irrigated through the channels 

formed.  Irrigation once in a week would be necessary for proper growth. 

Drip Irrigation 

Install drip system with main and sub-main pipes and place the inline lateral tubes at an interval of 1.5 

m. Place the drippers in lateral tubes at an interval of 60 cm and 50 cm spacing with 4 LPH and 3.5 LPH 

capacities respectively. 

Application of Fertilizers 

Apply 10 kg of FYM, 100 g of NPK 6:12:12 g mixture as basal dose/pit and N @ 10 g/pit at 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. 

Fertigation 

Apply a dose of 250:100:100 kg NPK/ha throughout the cropping period through split application. 

Plant Protection 

As in the other cucurbits, BHC, DDT, copper and sulphur should not be used.  To control leaf beetle, 

carbaryl 50%Wpand 2g/lit has to be sprayed.  To control fruit fly, malathion and 1ml /lit has to be sprayed.  

To control powdery mildew Bavistin 0.1% has to be sprayed. 

Harvest and Yield 

The first harvest starts from 55-60 days after sowing and it can be continued once in 5-7 days and a total 

number of 8-19 harvest can be made.  Both crops are picked at immature tender stage. To avoid over-

maturity, picking is done at 3-4 days interval.  Harvested fruits are packed in baskets to avoid injury and 

can be kept for 3-4 days in a cool atmosphere. The yield ranges from 15-20 tonnes/ha. 
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Long melon (Cucumis melo var. utilissimus) popularly known as Oriental pickling melon, pickling melon, 

snake cucumber, sweet melon.  Long melon is locally known as kakri or tar which is a popular crop of Bihar, 

Uttar Pradesh and Uttaranchal. It is generally cultivated in river beds or diara. Its fruits are very much 

used as refreshing material to get relief from scorching heats during summer season due to high moisture 

content of fruits. Young immature fruits are used for salad purpose. It is used as cooked form in Bihar and 

eastern U.P. 

Botany 

Annual climber which is monoecious in nature. Fruit length varies from 20 to 100cm. Short fruits are 

generally cylindrical and straight but longer fruits may be curved or coiled. The fruit colour ranges from 

light green to dark green. Corolla is showy, yellow in colour. Petals are 5 in number, united, stamens are 

attached to calyx tubes. Ovary is inferior. The period of bud developmental stage is completed within 12-

15 days in male and within 11-13 days in female bud. 

Climate and Soil 
Long melon is a warm season crop grown mainly in tropical and sub-tropical regions. It grows well at day 

temperature between 25-35˚C. It tolerates cool climate better than musk melon. It cannot tolerate frost and 

strong winds. Low temperature and high relative humidity stimulate the development of female flowers. 

Deep well drained soil with sandy or sandy loam texture is suitable. The pH of the soil should be between 

5.8 to 7.5. 

Varieties 

Pant Kakri-1, Arka Sheetal, Karnal Selection, Punjab long melon-1. 

Sowing and Seed Rate 

It is summer season crop. It is mainly grown in the month of February to March. Seeds are sown in 

riverbeds during November- December and in Feb-March in up lands. Seed rate is 3-4 kg/ha. Four to five 

seeds are sown in a hill. Two to three ploughing and harrowing are made to bring the soil to a fine tilth. 

Take 3.5 long and 30 cm wide sowing channels at a spacing of 1.5-2m. Dig pits at a spacing of 60-90cm. five 

seeds are sown per pit and after germination 2 plants per hill are maintained. 

Nutrient Management 

Apply 25 tonnes of well rotten farm yard manure or compost at the time of field preparation. Besides 40 kg 

nitrogen, 60 kg phosphorus and 40 kg potassium per hectare should applied at the time of sowing. The crop 

should be top dressed with nitrogen (25kg/ha) at 30-35 days after sowing. Irrigate the crop once in 4-5 days 

during summer depending upon the soil and weather condition. In rainy season irrigation depends upon 

the rains. 

Interculture Practices and Weed Control 
Thinning of plants should be done 10-15 days after sowing retaining only 2 healthy seedlings in each hill. 

Two shallow hoeing should be done before spreading of vines to control weeds. Apply Fluchloralin or 

Trifluralin (0.75-1.5kg/ha) as pre plant soil incorporation at two weeks before sowing for effective weed 

control. 
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Harvesting and Yield 

The fruits are picked when they are still tender-about one-third or one-fourth their full size. Immature 

tender fruits are harvested and sold immediately due to very short post-harvest life. The average yield is 

about 25-30 tonnes/ha. 

Diseases 

Powdery mildew (Erysiphae cichoracearum and E fuliginea):  Spray Blue copper/Blitox (0.4%) or 

Dithane M-45 (0.2%) 8 days interval. About 3-4 sprays will be enough. 2-3 sprayings Sulfex (0.2%) at an 

interval of 5-6 days also effective. 

Downy mildew (Pseudopernospora cubensis): Spraying of fungicides viz., Dithane M- 45 (Maneb), Dithane 

Z-78 (Zineb) and Tricop -50 3-4 times at weekly intervals. 

Anthracnose (colletorichum lagenarium): Crop rotation, proper field drainage, destruction of wild hosts 

etc. are some cultural steps to control this disease. Seed treatment with Agrosan G.N. or Thiram @ 2.5 g or 

Bavistin (0.1%) and Benlate (0.1 per cent) per kg of seed. Repeated spraying at 5 -7 days interval with 

Dithane M -45 (Maneb) 0.2% or Ditbane Z-78 (Zineb) 0.2 per cent can effectively control this disease. Seed 

treatment with Benlate or Bavistin (2.5 g/kg seed). 

Bacterial leaf spot (Xanthomonas compestris var. cucurbitae): This is a seed-borne disease. Seed 

treatment with hot water (50oC for 30 minutes) or Mercuric chloride solution (1: 1000) for 5 to 10 minutes 

before sowing. Spraying copper fungicides reduces the spread of the disease in the field. 

Angular leaf spots (Pseudomonasi syringae var. lachrymans): This is a seed-borne disease. Seed 

treatment with hot water (50oC for 30 minutes) or Mercuric chloride solution (1: 1000) for 5 to 10 minutes 

before sowing. Spraying copper fungicides reduces the spread of the disease in the field. 

Cucurbit mosaic viruses: The field should be kept free from the hosts including weeds. Spray insecticides 

such as Metasystox (0.1%) or Dimecron (0.05%) or Dimethoate (0.05%) at 10 days interval to control vector 

population. Krishi oil (2%) has also been found effective in minimizing the disease spread. 

Pests 

Red pumpkin beetles: Plough the field after harvest to destroy the pupae and larvae of the pest. Early 

sowing of cucurbit plants i.e., in November protect the crop from appearing the hibernation as the plants 

are well established by that time. Dusting the crop with kerosinized ash will repel the beetles. This method 

is more suitable for kitchen garden crops. The vines may be dusted with Malathion 5% dust @ 15 -20 kg/ha 

or Carbaryl 4% dust @ 15 -20 kg/ha. Spray Malathion 50 EC at 2 m1/litre of water or Carbaryl (Sevin 50 

W.P. at 2 g/litre of water). The spray should be done at weekly interval.  

Fruit flies: Destroy the damaged fruits along with maggots. Bagging of fruit protect them from egg laying 

by the fly. Dusting the vine with tobacco dust or ash mixed with kerosene oil repels the flies. The adult flies 

may also be controlled by spraying solution made up of tartaric acid 1 part, water 320 parts, and molasses 

24 parts. Spraying Carbaryl (Sevin 50% W.P. at 4 g/litre) or Malathion (Cythion 50% EC at 2 mI/litre), 2 -

3 times at 10 days interval is also very effective against these flies. The spray should begin right from the 

time of flowering. 

Aphids: The aphids can be easily controlled by spraying Malathion 0.1 % or Metasystox 0.1 to 0.2% or 

Rogar 0.1 to 0.2 per cent. Usually spray against aphids and beetles can be combined. Spray against aphids 

has to be done early before the attack becomes severe, since aphid transmitted virus spread rapidly. 

Jassids: Jassids can be controlled by spraying 0.1 % Malathion. 

Root knot nematode:  Pre-plant application of Carbof'uran (Furadan 3 G @ 10 kg per hectare) on planting 

holes controls the root -knot nematode and increases the yield. Soil fumigation and adopting long duration 

crop rotation can also control the nematodes. 
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Cowpea (Vigna sesquipedalis) also known as southern pea and black eye pea is one of the most important 

vegetables. Asparagus bean/ vegetable cowpea is a typical warm season crop adapted to tropics. The crop 

is used in a variety of ways. It is cultivated for its long green or purplish tender pods are used as vegetable 

and dry beans as pulse. Due to its nutritive value and soil improving properties, it is also used as a fodder, 

green manure and cover crop. Being a legume crop, asparagus bean/ vegetable cowpea fits well in inter-

cropping system. 100 g of green tender pods contain 4.3 g protein, 2.0 g fibre, 8.0 g carbohydrates, 74 mg 

phosphorus, 2.5 mg iron, 13.0 mg vitamin-C, 0.9 mg minerals, etc.  

Asparagus bean/ vegetable cowpea is a diploid with 2n=2x=22. It is a vigorously growing annual herb with 

strong tap root system. Growth habit ranges from erect to climbing with profuse branching. Stem is 

cylindrical and twisting. Inflorescence is an un-branched axillary raceme bearing several flowers at 

terminal end of peduncles. Length of peduncle varies from 5-60 cm. 

Climatic Condition 

Cowpea can be grown almost in any type of soil but well drained loam or slightly heavy soils are better. 

Saline or alkaline soils are not good. It is a warm season crop and can be grown in all tropical and 

subtropical areas. It can tolerate drought to some extent but cannot tolerate water logging.  Frost is harmful 

to this crop. Partial shade can be tolerated. 

Varieties 

Arka Garima, Arka Samruti, Cowpea 263, Narendra Lobia 1, Pusa Barsati, Pusa Dofasali, Pusa Komal, 

Pusa Phalguni, Pusa Rituraj, Philippines early, Yard Long Bean, PKM 1, Vamban 2, Khasi Nidhi, Khasi 

Kanchan, Khasi Unnati, Kanakamoni, Anaswara, Kairali, Varun. 

Land Preparation 

Land is prepared to a fine tilth by 2-3 ploughing and harrowing. Field is divided into plots of convenient 

size and seeds of bushy varieties are dibbled at a spacing of 30 x 15 cm with 1-2 seeds per hole. For semi-

trailing varieties provide a spacing of 45 x 30 cm. During rainy season, seeds are sown at the above spacing 

in raised beds of 90 cm width. Trailing varieties are sown in pits of 45-60 cm diameter and 30-45 cm depth 

at a spacing of 2 m x 2 m with 3 plants/pit for trailing on bower. Trailing varieties are also grown on trellis 

by sowing seeds in channels at 1.50 x 0.45 spacing. 

Seeds and Sowing 

Seeds of 25 kg/ha for dwarf type and 5kg/ha. for trailing type would be sufficient. The seeds should be 

treated with Rhizobium for germination and growth. Line sowing with a spacing of 30 x 15 cm for small 

seeded and 45 x 30 cm for bold seeded is more ideal. It is better to sow in plough-sole so as to place the seed 

in the moist zone at a depth of 5 cm. Ensure an optimal plant population for better yield potential. Ideal 

season for rainy season crop is June – July and February – March for summer crop. 

Intercultivation 

Climbing types are usually trailed to bowers or trellis made of bamboo poles and coir or plastic wire for 

harvesting maximum yield. Shallow cultivation and earthing are necessary during early stages of crop to 

check weed growth.  Fluchloralin (2 litres/ha) will effectively check weed growth for 20-25 days.  Light 

earthing up along with fertilizer application is also highly advantageous for better growth of 

plants. Nipping of excess vegetative growth is a common practice for inducing flowering and fruiting in 

bush and semi-trailing cowpea varieties especially when there is rain during flowering and fruiting phase. 
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Irrigate trailing vegetable types at 4-15 days interval depending on soil during pre-flowering phase. Once 

plant starts flowering, provide frequent but light irrigation. 

Manures and Fertilizers 

Being a nodule forming crop cowpea does not require heavy nitrogen fertilization. Thus only 20-25kg/ha N 

along with 50-70kg/ha of P205 and K2O may be applied as basal dose before sowing. Seed inoculation with 

Rhizobium culture is beneficial Apply FYM 25 t/ha, Azospirillum and Phosphobacteria 2 kg /ha and N 25 

kg and P 50 kg/ha for irrigated crop. Apply FYM at 12.5 t/ha and N 12.5 and P 25 kg/ha for rainfed crop. 

Pest and Disease 

Vegetable cowpea varieties especially those belonging to succulent yard long bean are susceptible to a 

number of pests and diseases.  Pea aphids, serpentine leaf miner, stem fly, coreid bug, thrips, pod borers, 

leaf roller, hairy caterpillar etc. are major pests and Fusarium wilt, Rhizoctonia wilt, anthracnose, powdery 

mildew and mosaic are serious diseases affecting cowpea. 

Harvesting 

Tenter fruits are harvested after attaining full size but before they become fibrous.  Yard long bean is 

usually harvested in alternate days and harvesting period extends up to 45 days under good management 

practices.  In bush varieties 2-5 harvests are possible. 

Yield 

Bush varieties 4-5 t/ha 

Semi- trailing varieties 7-8 t//ha 

Yard long bean varieties 15-18 t/ha 
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Introduction 

The term mulch was first coined by Waggoner in 1960. The word mulch was probably derived from the 

German word “molsch” which means soft to decay. A mulch is a layer of material applied to the surface of 

soil. It has been referred to the gardener’s use of straw and leaves, as a soil cover. It is also known as Sheet 

composting. Mulching is the process of covering the soil around the plants with organic or synthetic 

material to create congenial conditions for plant growth, development, and efficient production. It conserves 

soil moisture, improves the fertility and health of the soil, and reduces weed growth. However, mulches are 

used for various reasons but the role of mulching in agriculture is mainly used for water conservation and 

erosion control. In other words, Mulching may be defined as a protective covering. In other words it may 

be defined as protective covering. Unfortunately, Mulching does not perform instant miracles, but it 

encourages better plant growth & development. 

What do Mulch do? 

1. Mulch insulates and protects soil from drying & hard baking effects caused by evaporation of water from 

the soil.  

2. It breaks the force of rain & irrigation water, thereby preventing soil compaction.  

3. It prevents the splashing of mud & certain plant disease organisms onto plants during rain or overhead 

irrigation.  

4. The mulch covering excludes light, which prevents the germination of weed seeds. So, fewer weeds 

provide less competition for using available moisture & nutrients. 

Materials Used in Mulches 

The material used for mulching is known as mulching material. many materials are used as mulches. It 

may be organic or synthetic. Organic mulches degrade easily and they are locally available usually and are 

on-farm produced. There is no issue with post utilization handling. For example: Leaves, straw, grass, etc. 

Synthetic mulches are synthesized ones and they need prior work before using them in the field. They are 

easily available, easy to handle, transport & lay. For example: Plastic films. 

Organic Mulches 

The organic materials such as crop residues, leaves, grass clippings, peat moss, wood chips, bark chips, 

straw, and carpet, when used for mulching, are known as Organic mulches. Organic mulches decay over 

time and are temporary. But their gradual decomposition adds organic matter to the soil. The way 

particular organic mulch decomposes and reacts to wetting by rain and dew affects its usefulness. Organic 

mulches help nutrients reach plant roots. They also nurture beneficial bacteria, fungi, insects, and worms. 

They do not create any post utilization disposal problem, Stubble and straw mulches have come in this 

category. 

Types of Organic Mulches 

1. Grass clippings: When grass is used as mulch have both advantages and disadvantages. Grass has a 

low C: N ratio. Later on, grass releases nitrogen for the crops, and nitrogen helps in promoting 

photosynthesis and general plant health. Grass has a high-water content which helps them decompose 

quite quickly. 
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2. Sugarcane trash: The residue left after extracting juice from sugarcane is called sugarcane trash and 

is used for mulching. It helps to tide over the drought. It conserves moisture and reduces weed growth. This 

type of mulching should be avoided in areas where there is an incidence of termites. 

3. Saw dust and Bark: Saw dust is a popular and commonly used type of mulch, probably because they 

are inexpensive, they look quite decorative, and they are effective at reducing weed growth, it retains 

moisture for longer periods. It has a high C: N ratio. It requires nitrogen from the soil for decomposition.  

it should be used in a well-rotten state for better results. 

4. Paddy straw: Paddy straw is an ideal mulch for vegetable gardens and newly seeded lawns. Paddy 

straw has the unique property of not absorbing water, so water is easily available to plants. Straw 

decomposes quite slowly for organic mulch, It has the longest life span among all the organic mulches. 

When used in vegetable gardens, it provides a welcoming home for spiders and beneficial insects, which 

will help to keep pest problems under control. It also prevents soil-borne diseases from making contact with 

the lower leaves of vegetable plants. 

5. Shredded leaves: Generally, the cut leaves of the plants are used as mulching. Leaf mulch is high in 

nutrients and will help to improve the conditions of the soil, it also provides a home for earthworms and 

other soil-improving creatures. 

  
Grass clippings Sugarcane trash 

   
Paddy straw Shredded leaves Saw dust and Bark 

Synthetic Mulches 

The in-organic materials such as plastic films, when used for mulching, are known as synthetic mulches or 

in-organic mulches. Natural degradation of organic mulches necessitates the application of synthetic 

mulches. So, they are also known as non-degradable mulches. Synthetic mulches are available in different 

colors as well as in different thickness. They should be removed and disposed of at the end of the growing 

season. 

These mulches do not have any soil improving properties. Plastic mulch is mostly used as inorganic 

mulches. They are much expensive as compared to organic mulches. The thickness of plastic depends on 

the crop duration. 

1. Annuals (short duration crops) 20 to 25 Micron thickness 

2. Biennials (medium duration) 40 to 50 Micron thickness 

3. Perennials (long duration crops) 50- 100 Micron thickness. 
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Types of Synthetic Mulches 

1. Black plastic mulch: Black plastic mulch is the most predominating colored mulch used in plant 

production and it acts as an opaque blackbody absorber and radiator. It absorbs most UV, visible, and 

infrared wavelengths of incoming solar radiation. It does not allow sunlight to pass through on to the soil. 

So, it retards weed growth. It warms soil during winter season & encourages plant growth.  

2. White plastic mulch: It reflects more light to the plant as compared to black mulch. It is good for 

establishing crops under hot summer conditions. It has little effect on soil temperature. It keeps soil 

temperature down. Most importantly, it repels some insects.  

3. Transparent plastic mulch: Transparent plastic mulch absorbs little solar radiation but transmits 

only 85% to 95% of incoming solar radiation. It drastically raises the soil temperature and affect the plant 

growth adversely. So, it is often referred to as “Mini Greenhouse Effect”. It requires herbicides to prevent 

weed growth under it. It is known as Clear plastic mulch also. 

   
Black plastic mulch White plastic mulch Transparent plastic mulch 

4. Degradable mulch: Degradable mulch has ability to degrade after receiving a critical amount of 

sunlight. When the film receives sufficient sunlight, it become brittle and develops cracks and holes. 

Eventually, the film breaks down into small flakes and disappear in the soil. This mulch may be Bio 

degradable or Photo degradable.  

a. Bio-degradable mulch: Biodegradable plastics are made with starches from plants such as 

corn, wheat, and potatoes. They are broken down by microbes. Biodegradable mulch performs just 

as polyethylene film works on tomato and pepper crops. It can simply be ploughed into the ground 

after harvest. 

b. Photo-degradable mulch: Photodegradable mulch film has the same qualities as other black 

or clear plastic film, but is formulated to break down after a certain number of days of exposure to 

sunlight.  

They are mostly used in USA. They are as follows:  

a. Plastigone: It is an ultraviolet activated & time-controlled biodegradable plastic mulch.  

b. Biolane: It is an agricultural mulch film designed to photodegrade, according to a predetermined 

schedule into harmless particles. These particles then biodegrade into carbon dioxide. 

 
Degradable mulch 

5. Selectively permeable mulch: It is also known as Reflective or colored plastic mulch. It allows only 

certain wavelength of light to pass through the mulch and warm the soil. It discourages weed growth. 

Furthermore, yellow plastic mulch repel whitefly which spread leaf curl in solanaceous family.  
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6. Photo-selective plastic mulch: Also known as Infra-Red Transmitting (IRT) mulch. It transmits high 

proportion of solar infra-red radiation. It warms the soil more than black plastic, but cools soils less than 

clear plastics. It is effective in reducing weed growth. Crops grown on the IRT mulch become ready to 

harvest 7-10 days earlier than crops grown with black plastic mulch. 

 
         Photo-selective plastic mulch                     Selectively permeable mulch 

Advantages of Mulching 

1. Mulching plays an important role in regulating soil temperature. White or reflective plastic mulches 

reflect solar radiation. This keeps soil cooler and prevents evaporation. Black plastic mulch helps to 

increase temperature. Crop residues moderate temperature by increasing in winter and decreasing in 

summer. 

2. Retains soil moisture, during summer, the soil stays cooler and plant roots don’t stress from the heat. 

3. Organic mulch in the soil reduces rainwater run-off and increases the absorption by soaking the water 

into the soil. So, it reduces the need for irrigation. 

4. It suppresses weed growth 

5. Efficient use of waste- weeds, pruned leaves, and branches, etc. can be used as mulch, thus reducing the 

waste. 

6. Reduce soil erosion. Raindrops don’t hit the surface of the ground directly. Also, soil is less likely to 

splash onto plants, which keeps them cleaner. 

7. Reduce pesticide use: mulching reduces weeds, pathogens which reduces the need for the use of 

herbicides and pesticides. 

8. Mulching can increase, decrease, or have no effect on soil nutrition depending on the type of mulch used. 

Organic mulch with higher nitrogen content often results in higher yields and improve the quality of the 

soil. 

Disadvantages of Mulching 

1. Not economical: Few mulching materials like plastic films are costly and not affordable by everyone. 

2. Readily not available: Some mulching materials like compost, manure is not always available. 

3. Create nitrogen deficiency: Sawdust or straw sometimes creates nitrogen deficiency. 

4. Keeps the soil moist: Sometimes organic mulches may keep the soil too moist. This restricts oxygen in 

the root zone, where the soils have a poor drainage system. 

5. May be harmful: Plastic mulches may be harmful to the environment or humans. 
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Abstract 

For a long time, space investigation and the advancement of new innovation has been of significant 

enthusiasm to researchers and instructors. While becoming familiar with space, and the hypothetical 

colonization of Mars, is amusing to consider, genuine trailblazers here on Earth are making progress to 

concentrate progressively about the manner in which different ecological components sway the manner in 

which we develop plants. Figuring out how to develop and continue plantings past Earth is vital to the 

conversation of broadened space travel and investigation. We should take a look at the investigation of 

plants developed in space. 

Introduction 

Space horticulture deals with the cultivation of crop for food and different materials in on or off earth space 

objects proportional to agriculture on earth. The Moon or Mars, shares numerous similitudes with 

cultivating on a space station or space province. Depending upon the size of the outer space mission, it may 

come up short on the multifaceted nature of microgravity found in the last mentioned. Every condition 

would have contrast in the accessibility of contributions to the space farming procedure: inorganic material 

required for plant development, soil media, insolation, relative accessibility of carbon dioxide, nitrogen and 

oxygen, etc. The first is space agriculture, the investigation of how to develop plants effectively in space, 

either for test purposes or for human utilization. This includes appraisals of the conditions required for 

ideal harvest yield, the best plants to develop in space, and the issues natural in developing plants in a 

without gravity and completely encased framework. The subsequent topic is the need for gravity, or 

whether there is any aspect of a plant's development, improvement, and digestion that is impeded if there 

is no gravity. 

Why to Study Space Horticulture? 

There are three explanations behind considering space cultivation. To begin with, if the microgravity 

condition of shuttle is to be utilized to complete logical tests on essential instruments of plant reactions to 

gravity, the plants must be developed under ideal conditions. 

Sick/Diseased plants are not appropriate logical subjects. Second, if a Mars colonization base is ever to be 

set up, it should have the option to develop its own food. It is doubtful that anyone has truly winning with 

respect to creating yields in a totally encased structure, would be on the moon. The issues that have been 

experienced in shutting the plant development framework can best be turned out to be on earth or in a 

shuttle and can't be deferred until the time has come to begin constructing a Mars settlement. The third 

regularly expressed explanation is to give food to space explorers during delayed spaceflights. As so far 

unsettle question is the base length of the mission that would minimize the weight of on-board crop- 

growing facilities, since for shorter flights it will be more weight proficient to convey food rather than to 

develop it in space. Some present evaluations have proposed that the spaceflight strategy surpass 2.6 years 

before space agriculture would be of value,1 2 and this gauge expect that there will be adequate capacity 

to give ideal enlightenment of the plants. It is subsequently impossible that space cultivation will really be 

utilized to give food on board a shuttle soon, however the advancement of the required innovation merits 

seeking after now, to plan for later space tries. 

Achievements 

Until 1997, studies in space horticulture in NASA were primarily situated in the Closed Ecological Life 

Support System (CELSS) program. In 1997, the CELSS program was converged with the non-biological life 

bolster concentrates into the Advanced Life Support (ALS) program. The CELSS program consumed 
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extensive exertion to acquire fundamental data required for space agriculture. One focal point of action has 

been to decide the most extreme usable biomass per square meter that can be gotten with chosen crop 

plants. At the point when chosen assortments of wheat were developed in thick stands on Earth under high 

light intensities (150 moles m-2 d-1), yields as high as 60 g m2 d-1 were gotten. These are among the most 

noteworthy plant yields at any point recorded on Earth. Significant returns under comparable conditions 

have been gotten with potatoes as well. 

These investigations, bolstered by the CELSS program, have shown that most extreme effectiveness may 

best be accomplished by utilizing stands of harvest plants far denser than ordinarily utilized in farming, 

as long as there is adequate light accessible. Algae have frequently been recommended as a potential food 

source in space and they can be developed in a rocket, yet to date the trouble is creating attractive food 

from them. A significant issue has been the means by which to close the plant development unit totally to 

the outside condition. 

A second serious issue has been building up the lighting frameworks to furnish most extreme photo 

synthetically dynamic radiation with least force. Studies are progressing to improve and adjust light-

discharging diode (LED) and microwave lights for use in plant rocket offices. By shut conditions it is implied 

that the plants must be developed in a framework in which there is no trade of gases with the outside and 

no contribution of water or supplements after the beginning of the development, and one in which all 

squanders are reused or demolished. For a yield plant to be helpful as a seed source in space, it must have 

the option to experience a total life cycle. Various endeavors at this have been made, for the most part with 

rather restricted achievement. 

For instance, wheat plants were as of late developed to development on the Mir space station, however 

while numerous heads were created, none contained seeds. The explanations behind the disappointments 

are accepted to be fundamentally equipment issues, for example, low light forces, powerlessness to control 

air contaminants, and issues with supplement and water conveyance. Then again, plants of the quick 

cycling (Brassica rapa) have been effectively raised through two ages on the Mir, despite the fact that the 

development and number of buds created were fundamentally lower in space in the second-age seeds. 

Normal-appearing potato micro tubers have been developed on potato stem cuttings in space, however no 

endeavor has yet been made to grow a genuine potato crop in space. 

 
 

Growing Chilli in space conditions Growing Pepper on the ISS 

Conclusion 

For a long time, space investigation and the advancement of new innovation has been of significant 

enthusiasm to researchers and instructors. While becoming familiar with space, and the hypothetical 

colonization of Mars, is amusing to consider, genuine trailblazers here on Earth are making progress to 

concentrate progressively about the manner in which different ecological components sway the manner in 

which we develop plants. Space horticulture deals with the cultivation of crop for food and different 

materials in on or off earth space objects proportional to agriculture on earth. The Moon or Mars, shares 

numerous similitudes with cultivating on a space station or space province. Depending upon the size of the 

outer space mission, it may come up short on the multifaceted nature of microgravity found in the last 

mentioned. Every condition would have contrast in the accessibility of contributions to the space farming 

procedure: inorganic material required for plant development, soil media, insolation, relative accessibility 

of carbon dioxide, nitrogen and oxygen, etc. The first is space agriculture, the investigation of how to 

develop plants effectively in space, either for test purposes or for human utilization. 
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Jamun (Syzygium cumini) is an evergreen tropical tree in the flowering plant family Myrtaceae, native to 

Bangladesh, India, Pakistan and Indonesia. It is a rich source of iron (providing 1-2 mg per 100 grams) and 

vitamin C, and is useful in treating heart and liver ailments. 

The colour of the Jamun pulp is attributed to the presence of anthocyanin pigment, which is responsible 

for providing an attractive appearance to the beverages prepared from Jamun. Jamun fruit is also rich 

source of glucose and fructose which are the major sugars in the ripe fruit besides minerals which provide 

more calories compared to other fruits. The Jamun seed contains good amount of protein, carbohydrate, 

calcium, iron, vitamin C, folate, vitamin B, carotene, photo chemicals (purple pigment anthocyanin), 

magnesium, potassium and fibre. 

Jamun is indigenous to India. Its tree is tall and evergreen. Therefore, it is generally grown as avenue tree 

or as wind break. Though the fruits are liked by all and sell at a high price, but it is still not grown as an 

orchard tree. Jamun is found all over India. Jamun fruits are a good source of iron and are said to be useful 

in the troubles of heart and liver. The seeds of Jamun are an effective medicine against diabetes and their 

powder is widely used in India to control diabetes. 

The seeds contain a type of glucose called Jamboline which checks the conversion of starch into sugar in 

cases of increased production of glucose that is responsible for high sugar levels in human body (Lakshmi 

et al., 2012). 

Table 1: Nutritional composition of Syzygium cumini L. (Jamun) / 100 g 

Fat 0.3 g 

Protein 0.7 g 

Minerals 0.4 g 

Fiber 0.9 g 

Carbohydrates 14 g 

Energy 62 kcal 

Calcium 15 mg 

Phosphorous 15 mg 

Vitamin C 18 mg 

Sodium 26.2 mg 

Potassium 55 mg 

Carotene 48 mg 

Value Added Products from Jamun Fruit 

Preparation of Jamun Jam: 

Washing of fruit 

 

Boiling in water keeping 1:1 ratio (to soften the pulp) 

 

Preparation of Jamun juice 

 

Boiling sugar for preparing sugar syrup 

 

Adding the sugar syrup and juice 
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Addition of citric acid (0.5g) and Sodium benzoate as preservative 

 

Hot filling in sterilized bottles 

 

Sealing the bottles 

 

Labeling and storage 

Preparation of jamun seed powder: 

Separate Seeds from Fruits 

 
 

Sun-dry the Seeds 

 
 

Peel Off the Outer Shell 

 
 

Dry the Inner Core 

 
 

Make Powder 
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Introduction 

Participatory Crop Improvement is divided into two areas. 1.Participatory Varietal Selection – Farmers 

are involved in selecting the pre-existing varieties that involves in the development of new varieties in 

crossing programme by collaboration with breeders and farmers. In case of cross-pollinated crops, selection 

among the population in PVS is usually combined with within population (Bhargav and Meena, 2014). 

Participatory Plant Breeding is the development of a plant breeding program in interaction between 

farmers, breeders, marketers, processors, consumers and policy makers (Caccorelli, 2012). 

Objectives 

1. It provides direct benefits to users 

2. Strengthen the farmers skill to enhance the farmers selection 

3. Enhancing the germplasm conservation. 

4. Making breeding programmes more cost efficient. 

Stages 

1. Identify target environment and target users 

2. Choice of the target environment & users 

3. Choice of genetic material 

4. Naming of varieties 

4. Sharing and disseminating results. 

Activities 

1. Identifying the breeding objectives 

2. Generating the genetic variation 

3. Selecting within variable populations to develop experimental varieties 

4. Evaluating experimental varieties 

5. Variety release 

6. Popularization of released varieties 

7. Seed Production. 

Tools for Participatory Research 

1. Participatory rapid appraisal 

2. Farmers field school 

3. Farmer research committees 

4. Participatory technology development 

5. Action research. 

Advantages 

1. Rural people allowed to maintain genetic resources 

2. Farmers get satisfied in this method 

3. Variety get adopted to new environment 

4. This approach creates great impact of farmers participatory research on biodiversity. 
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Differences Between Conventional and Participatory Plant Breeding 

S.No Conventional Plant Breeding Participatory Plant Breeding 

1. Carried out by trained breeders Carried out by breeders, farmers and consumers  

2. Done in lab condition Done in farmers field and research stations 

3. Focus on wider areas Focus on individual environment 

Conclusion 

It is the useful technique that has enabled breeders and farmers in the developing world to create the 

varieties adopted to the marginal conditions. 
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Abstract 

Fruits and vegetables provide nutritional security and generate income to growers. 

Approximately one third of all fresh fruits and vegetables are lost before it reaches to the consumers. Almost 

40-50% of horticultural crops produced in developing countries are lost before they can be consumed. Hence 

this article mainly focus on nutritional losses and quality deterioration of post-harvest products by the Pre 

harvest factors are related to plants, environment, chemicals and Harvest factors are stage and method of 

harvesting and post-harvest factors are pre cooling, packaging, sorting, grading, storage and 

transportation. 

Keywords: Factors - quality, fruits and vegetables, harvest factors. 

Introduction 

Nutritional losses such as loss of vitamins, antioxidant and health-promoting substances - decreased 

market value. Quality deterioration which starting at the time of harvest till its consumption or other end 

uses. PHL in fruits and vegetables, 5-35% in developed countries and 20-50% in developing country. Indian 

scenario -India is second largest producer of food next to China with estimated food processing industry 

size at US$ 70 billion. In 2012, the production was 257 million tonnes of food grain (rice, wheat, coarse 

grains and pulses), 75 million tonnes of fruits and 149 million tonnes of vegetables. Out of these amounts, 

only 2.2 % of these are processed. 

Quality of Post-Harvest Product 

Post-harvest quality represents market quality, edible quality, transport quality, table quality, nutritional 

quality, internal quality and appearance quality. Quality means a combination of characteristics, attributes 

and properties that gives the values to human and enjoyments. Consumers consider good quality in relation 

to colour, flavour and nutrition. The genetic characteristics and physiological status of the commodity 

determine the typical post-harvest behavior and quality of the produce and these two are the major bases 

for the interaction. 

Pre-Harvest Factors 

Related to Plants: 

a. Crops - Quality of the fruit and vegetables are varies from crop to crop e.g., jackfruit, Bael, potato, 

onion, pumpkin, garlic etc. having good quality in relation to shelf life, while apple, mango, cherry, 

strawberry, tomato, capsicum, okra, brussels sprout, Chinese cabbage, carrot, radish attract more 

to consumers due to their attractive appearance. 

b. Cultivars / genetic factors - The quality of seed or plant material is an important factor that 

controls the quality of the fruit and vegetable produced. Several parameters of quality are controlled 

genetically. Horticultural breeding and biotechnology could play a significant role in improving and 

maintaining postharvest quality. Cultivars with shorter shelf-lives - higher post-harvest losses. 

Cultivars with thick peel, high firmness, low respiration rate and low ethylene production rates 

would usually have longer storage life - withstand the post-harvest losses. 

c. Cultural practices - All cultural practices [land preparation, sowing upto harvesting] have 

direct effect on the final quality of the produce. 
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d. Planting period - Many plants are very sensitive to environmental conditions, and thus quality 

will not be optimized when crop is produced under adverse conditions. Producing summer plants 

during the winter or vice-versa will not be appropriate, unless protection practices are implemented. 

e. Planting density - It affects both the quantity and quality of the produce. High density planting 

increases competition between plants, reduces light availability, and thus may decrease quantity. 

Low density planting led to large size, better colored fruit or vegetable which may have shorter shelf 

life. Larger fruits are commonly more sensitive to physiological disorders. Total soluble solids were 

decreased with increasing plant density in muskmelon (Mendlinger S. 1994). Increasing planting 

density decreased fruit quality (fruit weight, colour, soluble solids, sucrose, glucose, fructose, 

sorbitol, malic and citric acid) in apple (Stampar et al. 1998). 

f. Irrigation - Irregular watering usually reduces fruit size, increases splitting, physiological 

disorders, reduces water content in the plant or plant part, etc. Irrigation Water stress not only 

reduces crop productivity but also tends to accelerate fruit ripening. Decreasing fruit moisture loss 

during storage significantly decreased the incidence of pathological and physiological disorders. 

Sunburn and cracking in apples are caused by moisture stres, and increase in temperature at 

maturity will lead to fruit cracking and burning in litchi. 

g. Mineral nutrition - Poor management of fertilizers will increase physiological disorders due to 

deficiencies of some minerals or increase of other leading to toxicity. In both cases, quality will be 

negatively affected. Nutrients have significant impacts on fruit quality. These include effects on 

fruit color, texture, disease susceptibility, juice composition, and the development of physiological 

disorders. High N increase the fruit respiration, faster tissue deterioration thereby reducing their 

storage life.High P - Sprouting and rotting in bulb crops K - deficient - abnormal ripening of fruits 

and vegetables.Ca - deficient - reduces storage life . 

h. Pruning - Pruning treatment reduced disease percentage of anthracnose and stem-end of mango. 

Fruits of severe and medium pruning had more TSS content in ber. Shoot pruning is also helpful in 

reducing the tree size and improving the fruit quality of guava. 

i. Canopy manipulation - Fruit thinning: Increase the fruit size but reduces the total yield. It 

helps in obtaining better quality produce. Ex: apple, pears, peach, plum, nectarine. Fruit position in 

the tree: Fruits which are exposed to high light environment possesses higher TSS, acidity, fruit 

size, aroma and shelf life compared to which lies inside the canopy. Girdling: Increased fruit size 

and advanced and synchronized fruit maturity in peach and nectarine. 

j. Protection - Pathogens and insects have a very negative effect on quality. Poor management of 

plant protection programmes can lead to very poor quality and reduced yield. 

Vascular diseases/stem rot/root rot - hinder the transport, affects the PHL and quality. 

Related to environments: 

a. Temperature - (Wurr et al. 1996) reported that kiwi grown under higher temperatures matured 

earlier that the same crops grown under lower temperatures. 

b. Rainfall - High rainfall and the consequences on fruit growth also increase incidence of skin 

cracking disorders, such as found in cherries. 

c. Light - It regulate the several physiological processes like chlorophyll synthesis, Phototropisum, 

respiration & stomatal opening. Phytochrome, is essential for carbohydrates synthesis which 

determines the shelf life of the produce. 

d. Humidity -   High humidity during growing season results in thin rind and increased the size in 

some horticultural produce. Low humidity may cause browning of leaf edge on plants with thin 

leaves or leaflets. 

e. Wind - Wind damages the produce by causing abrasions due to rubbing against twigs or thorn. 

Related to Chemicals: Many hormones and growth regulators are used in agriculture and they can affect 

quality in different ways. Plant growth regulators (Gill et al. 2012) observed that the application of GA3 at 

20 ppm reduced the seed number in pear fruits by 61 per cent over control. Fruit size increase due to 

cytokinin and gibberellins application to apple and grapes was suggested to be cause by increased cell 

division and elongation and cell wall extensibility. Agrochemicals - BA, MH, GA3, IAA, CCC etc. 
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Harvest Factors 

1. Season - Quality of produce are greatly influenced by season e.g., Winter season harvest having more 

shelf life as compared to other season, while off season fruits and vegetables give more remunerative price. 

Harvesting during or immediately after rains should not be carried out since it creates most favourable 

conditions for multiplication of micro-organisms. Citrus fruits become susceptible to damage if harvested 

during rains as their rind becomes turgid and prone to easy bruising, sun-scald etc. 

2. Time - Fruits and vegetables should always be harvested when temperature is mild. Because,higher 

temperature leads to faster respiration. Morning harvest of horticultural crop prefer for local market 

because they are fully fresh and turgid and having dew drop in this time. 

Evening harvesting is preferred for distant market due to higher accumulation of reserved carbohydrates 

and less amount of moisture which give the better quality of the producer to consumer. 

Leafy vegetables harvested in the latter part of the morning or late in the afternoon, the petioles of these 

vegetables break less easily and their leaves are more resistant to tearing, since they have lost water 

through transpiration and therefore are less brittle. 

Cucumber is harvested in the late morning when it to be transported under less-than-ideal condition 

because it is less prone to injury when it contains less water. 

3. Method of harvesting - Selection of suitable method for harvesting of the produce is necessary 

otherwise bruises or injuries during harvesting may later manifest as black or brown patches making them 

unattractive. Latex coming out of stem in mango should not be allowed to fall on fruits as it creates a black 

spot. Injury to peel may become an entry point for microorganisms, causing rotting. Some harvesting 

gadgets have been developed, e.g., mango harvester in Lucknow. 

5. Stage of harvesting -   Fruits and vegetables must be harvested at right stage of maturity. 

A very common cause of poor product quality at harvest and rapid deterioration thereafter is harvesting 

immature vegetables. Vegetables harvested immature or over mature usually do not keep long. Fruit 

vegetables harvested too early lose water fast and are more susceptible to mechanical damage and 

microbial attack.An over mature vegetable is more susceptible to decay, has passed its best eating quality, 

and deteriorates fast. 

6. Consumer demand - Harvesting time and harvest maturity can be altered by the requirement of the 

consumer’s demand which may affect the quality of the produce at some extent. 

Post-Harvest Factors 

1. Pre-Cooling - It is desirable that fresh produce like grapes, mandarins, berries, cherries, leeches, 

melons, stone fruits, okra, tomatoes, capsicum, chili peppers, cucumbers, green beans, peas, spinach should 

be cooled as rapidly as possible. Delays in the pre-cooling will reduce the final quality and shorten the 

postharvest life. Pre-cooling is a means of removing the field heat. It slows down the rate of respiration, 

minimizes susceptibility to attack of micro-organisms, and reduces water loss. Peas and okra which 

deteriorate fast need prompt precooling. 

2. Degreening - It is the process of decomposing green pigment (Chlorophyll) in fruits usually applying 

ethylene or similar metabolic inducers to fruit. It is applicable to banana, citrus and tomato. Degreening is 

carried out in special treating rooms with controlled temperature and humidity in which low concentration 

of ethylene (20 ppm) is applied. 

3. Disinfection - Papaya, mango, melon and other fruits are susceptible to fruit fly attack. 

Disinfection is done either by vapour heat treatment (VHT) at 43°C with saturated air with water vapour 

for 6-8 hr by Ethylene dibromide fumigation. 

4. Waxing - Fruits and vegetables have a natural layer on their outer surface which is partly removed by 

washing. An extra discontinuous layer of wax applied artificially with sufficient thickness and consistency 

to prevent anaerobic condition within the fruits provides necessary protection against decay organism. 

Waxing also improves the appearance and glossiness, making them more acceptable. 
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5. Washing and Drying - Most of the fruits and vegetables are washed after harvesting to improve their 

appearance, to prevent wilting and to remove primary inoculum load of microorganism. Hence, a fungicide 

should be used in washing water. Washing, improves shelf life of bananas by delaying their ripening. After 

washing, excess of water should be removed which would otherwise encourage microbial spoilage. 

6. Sorting and grading - It prevents damaged produce to get mixed with undamaged ones leading to 

lesser probability of transfer of diseases, prevent the original color, flavor, aroma etc. Differentiating the 

produce on the basis of size, color, range of damage, ripening stage- lead to better post-harvest life leading 

lesser damage. Fruits and vegetables require sorting and grading for uniform packing at field level. Sorting 

is done on the basis of size and colour while grading practice is performed as per the defect or on the basis 

of marketable and unmarketable produce. 

7. Packaging and packaging materials - Fruits are fragile products and therefore need packaging to 

protect them from mechanical damage. The packages should also be well ventilated also reported that most 

mangoes packed in wooden crates which apart from causing physical injuries and bruises during transit 

are being restricted in international markets on account of quarantine and special disinfestations 

treatments mandatory for international trade. 

8. Storage and Transportation - (Liu 1991) reported that in developing countries the common storage 

facilities are air-cooled common storage houses which rely on natural cold air. Recommended storage 

temperature and relative humidity for cabbage, lettuce and carrots are 0 to 2 °C and 95 to 100% 

respectively. Recommended storage temperature and relative humidity for mangoes, avocados, papayas 

and potatoes are 13-15 °C and 85-90%, respectively Transportation is vast and the most important factor 

in the marketing of fresh produce. Transport takes produce from the producer directly to the consumer. 

High temperatures and the buildup of gases that accelerate enzyme activity (and thus cause over-ripening 

or softening) and microbial activity are factors that contribute to the deterioration of fruit harvests 

Conclusion 

Post harvset losses of fruits and vegetables leads to quality deterioration, nutritional loss, economic loss, 

etc. Pre harvest affecting factors are cultivars, pest, disease, irrigation, mineral nutrition, cultural 

practices, light, temperature, humidity, plant growth regulators and other agrochemicals. Harvest and 

post-harvest factors are harvesting methods and tools, handling, packaging grading, storage and 

transportation. Post-Harvest factors affecting post-harvest quality of fruits in horticultural crops differ 

from cereals and pulses with respect to certain natural characteristics like moisture content, texture, unit 

size, etc. Besides, these perishable characteristics of the horticultural produce, inadequate arrangements 

for post-harvest management like storage, preservation, processing and marketing facilities lead to 

problem of post- harvest losses. 
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For decades, agriculture has been associated with the production of essential food crops. At present, 

agriculture above and beyond farming includes forestry, dairy, fruit cultivation, poultry, beekeeping, 

mushroom, arbitrary, etc. Today, processing, marketing, and distribution of crops and livestock products, 

etc. Are all acknowledged as part of current agriculture Thus, agriculture could be referred to as the 

production, processing, promotion, and distribution of agricultural products. Agriculture plays a critical 

role in the entire life of a given economy. Agriculture is the backbone of the economic system of a given 

country. In addition to providing food and raw material, agriculture also provides employment 

opportunities to a very large percentage of the population. 

The Need for Agricultural Development 

Agricultural development can stimulate economic development outside of the agricultural sector, and lead 

to higher job and growth creation. Increased productivity of agriculture raises farm incomes, increases food 

supply, reduces food prices, and provides greater employment opportunities in both rural and urban areas. 

1. Source of Livelihood: About 70% of the rural population of India rely directly on agriculture as a 

livelihood.  

2. Contribution to National revenue: Agriculture is the main source of national income especially in 

developing countries. However, for developed countries, agriculture contributes a smaller percentage to 

their national income.  

3. Supply of Food as well as Fodder: The agricultural sector provides food for nutritional security and 

fodder for domestic animals.  

4. Significance to the International Trade: Agricultural products like sugar, tea, rice, spices, tobacco, 

coffee, etc. constitute the major items of exports of countries that rely on agriculture. If there is a smooth 

development practice of agriculture, imports are reduced while export increases considerably. This helps 

to reduce countries unfavourable balance of payments as well as saving foreign exchange. This amount 

may be well used to import other essential inputs, machinery, raw material, and other infrastructure that 

is helpful for the support of the country’s economic development.  

5. Marketable Surplus: The growth of the agricultural sector contributes to a marketable surplus. Many 

people engage in manufacturing, mining, as well as another non-agricultural sector as the nation develops. 

All these individuals rely on food production that they might meet from the nation’s marketable surplus. 

As agricultural sector development takes place, production increases and this leads to the expansion of 

marketable surplus. This may be exported to other nations.  

6. Source of Raw Material: The main source of raw materials to major industries such as cotton and jute 

fabric, sugar, tobacco, edible as well as nonedible oils is agriculture. Moreover, many other industries such 

as the processing of fruits as well as vegetables and rice husking get their raw material mainly from 

agriculture. 

7. Significance in transport: The bulk of agricultural products are transported by railways and roadways 

from farms to factories. Mostly, internal trade is in agricultural products. Moreover, the revenue of the 

government, to a larger extent, relies on the success of the agricultural sector. 

8. Foreign Exchange Resources: The nations export trade depends largely on the agricultural sector. 

For example, agricultural commodities such as jute, tobacco, spices, oilseeds, raw cotton, tea as well as 

coffee accounts for approximately 18% of the entire value of exports of a country. This demonstrates that 

agricultural products also continue to be an important source of earning for a country’s foreign exchange.  

9. Great Employment Opportunities: Construction of irrigation schemes, drainage system as well as 

other such activities in the agricultural sector is important as it provides larger employment opportunities. 



 

 
Volume 04 - Issue 08 - August 2022       205 | P a g e  
 

The agriculture sector provides more employment opportunities for the labour force. This, in turn, reduces 

the high rate of unemployment in developing countries caused by the fastgrowing population. 

10. Economic Development: Since agriculture is labour oriented it contributes to economic development. 

As a result, the national income level, as well as general standard of living, is improved. The fast rate of 

development in the agriculture sector offers progressive outlook as well as increased motivation for 

development. Hence, it aids to create a good atmosphere for the overall economic development of a country. 

Therefore, economic development relies on the agricultural growth rate.  

11. Source of Saving: Development in agriculture may also increase savings. The rich farmers we see 

today started saving particularly after the green revolution. This surplus quantity may be invested further 

in the agriculture sector to develop the sector. 

12. Food Security: A stable agricultural sector ensures a nation of food security. The main requirement 

of any country is food security. Food security prevents malnourishment that has traditionally been believed 

to be one of the major problems faced by developing countries. Most countries rely on agricultural products 

as well as associated industries for their main source of income. 

New Applications and Technologies for Management of Agriculture 

There have been widespread and significant changes in recent trends of agriculture in the country. While 

individual trends are diverse, most point to two main themes; new technology and solutions for a changing 

climate. The following technologies have been most popular in 2021 as farmers strive to increase profits 

while preserving their land. 

1. Kisan Diary: This is an Android app developed by Digital Green for farmers to capture, analyse and 

control their financial data and manage their farming and household expenses better. This firstof itskind 

personal utility app made specifically for farmers provides a free, safe and secure service in 4 languages. 

The app provides crop and time based profit/loss analysis. 

2. Mobile Courseware: A videobased mobile courseware developed keeping in mind the training needs of 

frontline workers is made available in 6 languages. The android app developed by Microsoft Research hosts 

content related to agriculture and nutrition with quizzes to help keep track of the learning curve. 

3. Market Engagement: To improve income gains from production gains, smallholder farmers need to 

sell their produce as efficiently as possible, for the best possible price, without having to take time away 

from farming or their families. To make this possible Digital Green piloted a mobile app based logistics 

service to sell farmers fresh produce in Bihar and Bangladesh. 

4. Interactive Voice Response: Digital Green complements its video approach of disseminating 

information by integrating other technology channels to its program. One of them is Interactive Voice 

Response (IVR). IVR helps establish direct contact with our beneficiaries who can now be reached anytime, 

anywhere, in a cost effective manner using even a feature phone.  

5. Loop: Appbased logistics service for farmers called Loop, explores potential models for farm to market 

linkages that can be made sustainable, with farmers willing to pay for the increased convenience and better 

prices. It is currently being spun off as an independent social enterprise.  

6. Satellite Yield Estimation: Digital Green has historically focused on physically visiting and observing 

practices adopted by farmers. We are running a feasibility study which will test whether satellitebased 

yield estimations are a viable tool for assessing yield, by validating it against inperson verifications in 

partnership with Stanford University’sDr. David Lobell.  

7. VideoKheti: VideoKheti is a responsive web application that provides access to our video library 

through an easytonavigate interface for lowliterate farmers and extension workers on any device. The 

navigational layer uses graphics, audio, and touch interaction to make simple choices in crop, crop phase 

and activity to reach the desired video.  

8. Farmerbook: Farmerbook is an openaccess platform that displays detailed timelinebased activities of 

farmers we have worked with, along with villages plotted on Google Maps. The application stimulates 

healthy competition among partners, village facilitators, and community members through the sharing of 

performance data and community feedback. 
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9. WonderVillage: It allows external audiences to learn about and engage in issues related to rural 

development. Players set up a simulated village economy. Placed in a resource constrained setting, players 

pursue quests like setting up small farms of paddy and maize and supplying raw materials to markets. 

10. Increased Use of Aerial Imaging: More farmers will turn to aerial imaging to better manage their 

crops in 2021. Satellite imaging and drone technology allow farmers to see crop variations and issues that 

are hard to spot from the ground. When this data is coupled with precision ag technology, farmers will be 

able to manage their crops more accurately, allowing for increased profits. 

11. A Focus on Water Management: According to NOAA, costly extreme weather events such as heavy 

rainfalls and droughts, are increasing. In the United States alone, there were 16 weather events that 

resulted in at least $1 billion in damages. These events not only damage homes, but also farmland and 

crops. To help mitigate the risks of these events, farmers will utilize water management tools and 

technology to better handle these extreme events. 

12. Regenerative Agriculture: Due to concerns about climate change and weather volatility, more 

consumers are pushing organizations and individuals to adopt regenerative agriculture practices. This 

broad term refers to practices that increase soil carbon sequestration, such as reduced tillage and the use 

of cover crops. While professionals debate whether regenerative agriculture will be a solution for climate 

change mitigation, scientists agree these practices increase soil health and fertility.It became a hot topic 

when General Mills pledge $2M to the “Nature Conservancy, Soil Health Institute, and Soil Health 

Partnership to support the development of tools and resources for farmers, landowners, and supply chain 

leaders to achieve widespread adoption of soil health practices.” But, their big goal is to advance 

regenerative agriculture on one million acres by 2030. 

13. Precise Nitrogen Applications: Increasing concerns about agriculture’s role in the release of the 

greenhouse gas nitrous oxide will lead to more precise applications of nitrogen fertilizers. Technologies 

such as the GreenSeeker® crop sensing system and the Field-IQ™ input control system will help growers 

meet plant nitrogen needs without overapplying fertilizer, which leads to decreased costs and increased 

profits. One study showed that using the GreenSeeker® with barley reduced N applications by 50% while 

maintaining yield. 

14. Digital Information Sharing: In many cases, COVID-19 made it essential for farmers and industry 

members to transition from in-person chats to digital meetings. Even after the pandemic diminishes, it’s 

likely that much of this communication will remain digital. When farmers can share data, sign paperwork, 

and receive advice digitally, it saves them time and money. This allows for increased communication with 

equipment providers, crop advisors, and other professionals. 

15. Localized Weather Data: Gone are the days when checking the weather meant looking at a zip code 

forecast. In-field sensors allow for instantaneous and accurate readings of wind, rainfall, and temperature. 

When combined with data management software, this accurate weather data will help inform spraying, 

irrigating, and harvest windows. 

16. Accurate Yield Predictions: New technologies will allow farmers to quickly and accurately predict 

yields before crops are harvested. With accurate yields, farmers will be able to find buyers for all of their 

harvest, eliminating food waste and increasing profits. Furthermore, yield monitoring technology will help 

inform the following year’s variety selection and yield. 

17. Investments in Indoor Farming: Startup companies continue to receive support for the indoor 

production of produce such as lettuce and tomatoes. Hundreds of vertical farming startups aim to utilize 

sensors and protective culture to produce vegetables in small spaces close to urban areas. Investors will 

also continue backing rural operations such as AppHarvest in Kentucky, USA. 

18. Field Mapping: According to BusinessWire, the global digital agriculture market is expected to record 

a CAGR of 9.9% between 2020-2021, and field mapping will see the largest growth. It’s no surprise, since 

field mapping allows for more accurate planting, spraying, and harvesting. 

19. Data Integration: Even if you have information about yields, input costs, soil type, and weather 

conditions, integrating this data is key to putting it to use. Data management software will allow farmers 

to leverage this data to inform their decision making. Plus, this data can be used in real-time to make 

adjustments such as altering planting depth based on available moisture. 
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20. Crop Monitoring and Other Technologies: A farmer can now use many types of apps to monitor 

crops each day. Less expensive drones deliver things where and when they are needed.Agricultural drones 

are easier to fly and easier to understand the data they provide. These are also drones that can respond 

well even in the event of changing weather conditions. Extremely localized weather data is also being 

offered. Now farmers can have even more detailed predictions about the state of the local weather in their 

area. This helps them determine what should be planted in any given timeframe as well as if crops should 

be harvested if weather conditions are about to change in their area. 

21. Lightweight graphene: Graphene tags are being used to provide even more data about field and soil 

conditions in any given area. This kind of “plant tattoo” can help scientists and farmers work together to 

decide how best to use soils as well as breed up better plants with higher yields and areable to survive even 

under less-than-ideal conditions. 

Conclusion 

Modern agriculture has many complex challenges farmers must meet the changing needs of our planet and 

the expectations of regulators, consumers, and food processors and retailers. There are increasing pressures 

from climate change, soil erosion and biodiversity loss and from consumers’ changing tastes in food and 

concerns about how it is produced. And the natural world that farming works with – plants, pests and 

diseases – continue to pose their own challenges. While modern agriculture provides a large number of 

solutions, the outcome is not always the same because each farm is unique: different landscapes, soils, 

available technology and potential yields. 
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Abstract 

Rose is considered as the king of flowers and symbol of love. Roses are best known as ornamental plants 

grown for their flowers in the gardens and houses. Species, cultivars and hybrids are widely grown for their 

beauty and fragrance. They have been also used for commercial perfume, Bouquet industry and used in 

herbal and folk medicines. 

Keywords: Rose, medicinal herbs, ornamental plants. 

Introduction 

Rose is a woody perennial plant of the genus Rosa within the family Rosaceae. There are over three hundred 

species and ten thousand of cultivars. The roses can be erect shrubs, climbing or trailing with stems that 

are often armed with sharp prickles. The leaves are borne alternately on the stem. In most of the species 

they are 5 to 15 cm long, pinnate with 3-13 leaflets and basal stipules; the leaflets usually have a serrated 

margin. Flowers vary in size and usually large and showy, in colours ranging from white, yellow, pink and 

red. 

Flowers have five or more petals and 4-5 sepals. Roses are insect-pollinated in nature. The aggregate fruit 

of the rose is a berry like structure called a rose hip. Most species are native to Asia, with small numbers 

native to Europe, North America and North Western Africa. 

Taxonomic Classification 

Kingdom: Plantae 

Order: Rosales 

Family: Rosaceae 

Genus: Rosa 

Species: Indica L. and others 

 

Medicinal Uses of Rose Plant 

Roses have medicinal properties, so they can be called medicinal herb. The petals, rose hip, stem, leaves 

and roots of a rose plant contain Various secondary metabolites and nutrients in the form of vitamins and 
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minerals. Extracts from different parts of rose plant have also been reported to show substantial anti- 

bacterial and anti- fungal activities. 

There are three main varieties that are grown for commercial use, particularly for production of essential 

oil of rose and rose water. They are Rosa gallica, Rosa centifolia and Rosa damascene. Rosa canina is used 

for producing rosehip oil. 

Rose petals and rose hips contains Vitamin A, B1, B2, B3, B6, C, E and K, folic acid, potassium, Calcium, 

Iron, tannin and wide range of enzymes. Rose flowers are Anti-depressant, anti-spasmodic, aphrodisiac, 

astringent, increase bile production, cleansing, anti- bacterial and antiseptic. Rose hips tea is also used in 

the treatment of diarrhoea. Rose petals are mildly sedative, antiseptic, anti- inflammatory, and anti-

parasitic. They are also mild laxative, a good supportive tonic for the heart, and useful for lowering 

cholesterol. The antiseptic nature of rose petals make them a wonderful treatment for wounds, bruises, 

rashes and incisions, their anti-inflammatory properties make them a wonderful treatment for sore throats 

or ulcers. They can stimulate the liver and increase appetite and circulation. The extract of the rose petals 

is used as e drops or eye wash in burning sensation of the eyes. 

Rosa indica is used in the treatment of diarrhoea, asthma, leukoderma and inflammation of mouth. Creams 

from the essential oil of rose are used to treat dry skin. The rose extract or oil is used extensively in the 

cosmetic industry as an ingredient of soap, body wash, perfumes, body spray etc. Some research suggests 

that certain compounds in roses may play a role in reducing anxiety and promoting relaxation. 

Conclusion 

Throughout the human history, rose has been the symbol of love, purity, devotion, beauty, spirituality. It 

is native of Asia, North America and North Western Africa, and mentioned in the ancient medical text of 

China, India, Iran, Egypt, Greece and Italy. Rose has always influenced cultures aesthetically, 

economically, medically, religiously and spiritually. The petals, rose hip, stem, leaves and roots of rose 

plant contains various secondary metabolites and nutrients in the form of vitamins and minerals. Rose has 

attributes with proven benefits for physical as well as the emotional body. The flowers were prized for their 

beauty and fragrance. The petals, leaves and rose hip are made into jams and infusion for food and 

medicine. Rose oil is used cosmetically. 
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Introduction 

Now a day, the most impressive farming was organic farming. And it was moving very successfully day by 

day in recent in this era. Organic farming is an agricultural system that uses fertilizers of organic origin 

such as compost manure, green manure, and bone meal and places emphasis on techniques such as crop 

rotation and companion planting. It originated early in the 20th century in reaction to rapidly changing 

farming practices. Certified organic agriculture accounts for 70 million hectares globally, with over half of 

that total in Australia. Now the era is shifting from chemical or fertilizers-based agriculture to organic 

agriculture. In India the Sikkim state declared as organic farming state, they are not using single chemicals 

in their crops. Even though the crop yield under organic condition is low but that will be compensate by 

getting higher price of organic crops compared to traditional crops. Organic farming can be beneficial on 

biodiversity and environmental protection at local level. Organic plant breeding is important for farmers 

and human health because it is not affected or losing to environment and human health. 

Organic Plant Breeding 

Organic Plant Breeding is defined by (the International Federation of Organic Agriculture Movements) 

IFOAM International norms of 2014. Since organic plant breeding is still a relatively new industry, most 

of the cultivars used in organic farming are products of conventional plant breeding. Organic plant breeding 

refers to development of new crop cultivars without the use of any chemicals. The seed that has been 

multiplied under organic conditions at least for one generation. Organic varieties - Those cultivars that 

originate from organic plant breeding techniques. In the OPB, chemicals are not used neither in the 

development of varieties or in their testing. The entire evaluation of breeding material is carried out under 

organic conditions. In the OPB higher priority is given to quality of the product than yield. Organic varieties 

are produced under certified organic plant breeding programmes. 

Characteristics Feature of Organic Plant Breeding 

Organic plant breeding produces both commercial and non-commodity products for the public sector, 

including: Animal welfare and livelihoods for farmers. Ecological perspectives are also shown. Not all taxa 

and some crops benefit from organic plant breeding, but organic plant breeding shows the greatest diversity 

in production. Organic plant breeding improves soil health, soil structure, and soil microbial density 

(animals and plants) because has we are not using any synthetic chemicals, pesticides, pesticides or other 

inorganic products that affect the soil. These products have excellent marketing value. Genetic engineering 

is unnatural and is considered to violate the important values of organic farming related to respect for the 

boundaries between life and species. The naturalness of organic farming does not always guarantee that it 

is good for the environment. Organic farming respects the uniqueness and integrity of plant species. 

Breeding Technique for Organic Plant Breeding 

There is some breeding technique to develop high yielding variety through organic plant breeding like: 
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1. Introducing plants-an exotic strain developed without the use of chemicals. 

2. Selection- mass and individual selection. 

3. Hybridization- Intraspecific crossing. 

4. Backcrossing. 

5. Hybrid cultivars. 

6. Biotechnology- MAS are approved if GMO and irradiation are not involved in marker production. 

In organic plant breeding we can use system of shuttle breeding in which segregating materials 

differentiate in different environment to achieve wide adaptation for insect and disease resistance. 

Plant breeding with an emphasis on Organic Farming can help close the yield gaps that exist between the 

Conventional farming and Organic Farming production systems. Further research is needed to determine 

if these systems should necessarily be compared in terms of productivity and whether they should be seen 

as competitive entities. Since it is unclear if Organic Farming yields should seek to be higher than they 

already are or simply to be equivalent to those in Conventional farming. 

The breeding objectives for both circumstances are to increase productivity, incorporate tolerance or 

resistance to biotic and abiotic stressors, and increase resource use efficiency (water, nutrients, light, etc.). 

Even though OF methods are heavily controlled, local adaptability may be more crucial for OF because 

resource recycling and the quality of the inputs used can differ from region to region. Similar to this, organic 

plant breeding (OPB) strives to integrate cultivars into farming systems that depend on organic resources 

that are renewable 

Advantages of OPB 

It is used to develop varieties and hybrids suitable for organic farming. Organic varieties can reduce growth 

costs by avoiding the use of various pesticides. The use of organic varieties is environmentally friendly. It 

allows the natural enemies of harmful insects (parasites and predators) to multiply, resulting in effective 

biological control.  OPB focuses on improving quality rather than yield. 

The Future of Organic Plant Breeding 

Being organic seeds, the need for organic seed production and breeding will continue to grow. Production 

will increase. Currently, there is growing interest in organic breeding. It is one or more possible forms of 

this breeding that emerge. Has three different formats Plant breeding, formal, farmer, participatory (Don 

Burgett, 2004). 

Formal breeding: Performed by professional scientists, both public and private, with the aim of bringing 

new varieties to market. Here, the farmer may or may not be involved in the evaluation of these varieties 

and has no actual decision-making power. 

Farmer Breeding: This form, often referred to as species conservation, allows farmers to select plants 

from crops in production with the desired properties and collect seeds from those plants for future planting. 

The essential composition of the variety is maintained by group selection of the population, but occasional 

selection due to variability can occur. 

Participatory breeding: A combination of formal breeding and farm breeding. This process involves the 

collection and storage of genetic resources, design, data collection, evaluation, and final distribution. A 

special advantage of participatory breeding or organic farming lies in the ability of cultivars to adapt to the 

conditions of the entire agricultural system and region, and farmers are involved in the design of genetic 

resources based on experience in both crops and consumer markets. 

Conclusion 

In summary, organic plant breeding is the process of producing higher yields under organic conditions 

while maintaining soil and human health because it does not use chemicals. Yields on organic varieties can 

eventually be low, but this problem can be solved by using plant breeding techniques in organic soils. The 

changes produced by breeding organic plants and varieties grown under organic conditions must not 

adversely affect the environment or human health. The era of organic farming without the yield barriers 

and other difficulties we are currently facing could begin in the next decade. 
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The principles dictating the stage of maturity of a fruit or vegetable for harvesting are crucial to its 

subsequent storage and marketable life and quality. Immature fruits are more subject to shrivelling and 

mechanical damage and are of inferior quality when ripe.  Overripe fruits are likely to become soft and 

mealy with insipid flavor soon after harvest.  Any fruit picked either too early or too late in its season is 

more susceptible to physiological disorders and has a shorter storage-life than fruit picked at proper 

maturity. The maturity has been divided into broadly two major categories i.e., physiological maturity and 

horticultural maturity. 

Physiological Maturity 

It is defined as the stage at which the fruit attains complete maturation and becomes ready for further 

development of off spring or next generation.  In other words, it is the final stage of senescence.  Leguminous 

vegetables and okra are considered physiologically mature when seeds are fully developed and the pod will 

dehisce with little pressure. 

Horticultural Maturity 

Horticultural maturity emphasizes the stage of harvesting of fruits and vegetables as per the demand or 

acceptability by the consumer. Fruits and vegetables are to be harvested when plant or plant part possesses 

the prerequisites for the utilization by consumer for a particular purpose i.e., local or distant or export or 

market (shipping maturity) or exhibition or processing (processing maturity), culinary maturity, dessert 

maturity. 

Mango 

Mangoes will not ripen normally if they are harvested before reaching the fully mature-green stage on the 

tree:  they will lack sweetness and be poor in flavor.  Mature-green fruit left on the tree will ripen and 

eventually fall.  There are no simple reliable tests to indicate when mangoes are ready for harvest.  A 

number of characteristics have been suggested for evaluating maturity, but they are not reliable for all 

cultivars or for all growing conditions.  They must be interpreted in the light of local experience as below: 

1. Fullness in size: When fruits attain its full size, which mainly depends upon the variety, by virtue of 

experience one easily understands the final size and shape and hence its time of harvesting.  It can be 

considered that mangoes are matured when the “cheeks” of the fruit are full.  The shoulders of immature 

mangoes slope away from the fruit stalk; however, on more mature mangoes the shoulders become level 

with the point of attachment, and with even more maturity the shoulders may be raised above this point. 
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1. Change in Peel colour: Usually the colour of fruit peel changes from green to light yellow / apricot 

yellow.  In some varieties, attractive red colour appears on shoulders (Alphonso, Kesar, Pusa Arunima and 

Arka Puneet) Sometimes, a variety may develop different colours in different localities. For instance, 

Dashehari in Malihabad region developers attractive yellow colour whereas, it remains green in 

Saharanpur region.  Thus, harvesting has to be done as per size or colour it attains in a particular locality. 

2. Natural Dropping of Ripe Fruits: Natural falling of ripened fruits from the tree is called as tapka.  

When some fruits star falling down it gives clear cut indication that mangoes are mature and must be 

harvested.  

3. Specific Gravity: This is scientific maturity index for harvesting mangoes.  If the specific gravity of 

most of the fruits reaches between 1.01 and 1.02, it indicates that fruits are ready for harvesting.  For this, 

some fruits are randomly harvested from the tree and put in a bucket full of water.  Floaters are considered 

as immature and sinkers as mature (specific gravity 1.02.) 

4. Number of days of Maturity: It depends on the variety and climatic conditions.  Usually, mangoes 

mature in about 90-140 days. Early varieties (Bombay Green) mature in about 90-100 days and late 

varieties mature in about 130-140 days (Amrapali, Pusa Arunima).  In mature fruit, the sap flowing from 

the cut stem at harvest is thick and does not flow freely.  Alphonso and Praire take 110-125 days after fruit 

set for surface colour to change from dark green to olive green and flesh colour from white to pale yellow. 

Guava 

Guava fruits are picked at mature – green stage (Colour change from dark to light- green) where consumers 

eat them at that stage.  Where consumers prefer ripe guava, the fruits are picked at the firm - yellow to 

half-ripe (softer) stage for long-distance transport or at the fully-ripe (yellow and soft) stage for local 

markets.  Guava fruits ripen five months after flowering and are harvested when the fruits turn greenish 

yellow.  Guava fruits are considered as fully mature when fruits become soft, develops slight depression 

near the stalk end, ridges on the fruit disappear and it becomes rounded.  Mature fruits of guava become 

lighter in weight with specific gravity less than one.  At this stage the force of detachment of the pedicel 

also becomes low. 

Jackfruit 

Jackfruit matures in about 180-270 days after flowering. The skin colour of the fruit changes from green to 

pale green. In mature fruits, the fruit spines become well developed and wider spaced with typical 

bluntness. A dull, hollow sound is produced when the ripe fruit is tapped by the finger. Though not a 

common maturity index, in some varieties the last leaf of the peduncle turns yellow with characteristic 

development of aroma. 

Litchi 
Litchi fruits should be harvested when fully-ripe as they do not continue to ripen after harvest.  The fruits 

for local market should be harvested at the full ripe stage as indicated by the attractive skin colour while 

for long distant market the fruits are harvested slightly early, when they have just started turning reddish 

or pinkish.  Red of the fruit (due to anthocyanins in the skin) is a good indicator maturity along with proper 

fruit size (minimum of 25 mm in diameter).  Similarly the maturity of the fruit for harvesting is judged 

from the flattening of tubercles on it. 
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Papaya 

Fruits require 125 to 140 days from flowering to maturity. The change of colour from green to yellow and 

the consistency of the latex from milky to watery indicate that the fruit is ready for harvest.  The mature 

fruit easily gets detached from stem either by turning it upwards or by twisting.  There is change of skin 

colour from dark- green to light-green with some yellow at the blossom end (colour break).  Portion of fruit 

exposed to sunlight becomes dark yellow in colour.  Fruits are usually harvested at colour break to ¼ yellow 

for export or ½ to ¾ yellow for local markets.  A minimum soluble solid for 11.5 per cent is required by the 

Hawaiian grade standards.  Under Indian condition, TSS at harvest should be minimum of 6 per cent. 

Pineapple 

Pineapple fruit is harvested on the basis of size, colour, or both, and twisted away from the stalk when 

mature. Shell colour changes from green to yellow at the base of the fruit.  Pineapple is a non-climacteric 

fruit and should be harvested when ready to eat.  Minimum soluble solids content of 12 per cent and a 

maximum acidity of 1 per cent assure minimum flavor acceptability by most consumers.  It requires 105 to 

130 days for maturity.  Eyes on the fruit become smooth or flat and they slightly bulge out.  Besides, eye 

bracts become loose and turn brown in colour with the right maturity.  Mature pineapple should have 12 

per cent T.S.S 0.5 to 0.6 per cent acidity, with the specific gravity of 0.98 to 1.02. 

Strawberry 

Strawberries owing to their non-climacteric nature, can be harvested when two-thirds of the fruit is red in 

colour.  Fruits should be handled very carefully, by not holding more than a few berries in hand at a time 

and use shallow containers so that these are not bruised by the weight of fruits piled on top.  The TSS acid 

ratio varies between 5.35 and 9.28 with 25 per cent and 100 per cent colour, respectively.  Change in colour 

is the most common indicator used for harvesting strawberries. 
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Abstract 

The cashew food industry in India is one of the largest in the world and provides huge employment and 

livelihood securities to rural farmers.  To cope up with the increasing demand for the nuts in national and 

international markets, innovative technologies must be adopted for mitigation of climate change effects 

that limit production and discourage farmers from sustainable cashew farming. Assured irrigation during 

fruit development, top working with standard varieties for synchronization of flowering and uniform 

harvesting, introduction of dwarf varieties and development of orchards with windbreaks are the need of 

hour for the maximum yield.   Cashew can be a boon to the growers which could sustain with limited inputs 

and care with maximum return to improve their livelihood and thereby contributing to the national 

economy.  

Keywords: Climate change effects, Cashew, Production, Problems and prospects. 

Introduction 

Anacardium occidentale L.  or cashew nut belongs to family Anacardiaceae, a crop that native of Brazil has 

become a popular plantation crop in India. This evergreen tree produces both, an apple-like tree and a nut 

that hangs beneath the fruit.  It was introduced in India during the late sixteenth century for soil 

conservation, crop and development of social forestry only. Crop was very much efficient in checking soil 

erosion and productive for nut production. Thus, cashew has become the pride of coastal farmers and 

emerged as a major foreign exchange earner.  Nowadays, cashew nuts are one of the most important nuts 

grown in the world and ranked first among dry nuts of commerce. In India cashew is being grown in an 

area of 10.27 lakh hectares with a total production of 7.25 lakh MT of raw nuts in 2015-16 (Elakkiya et 

al., 2017). India led the production of cashews in 2015-16 with a crop of 172,719 metric tons (kernel basis), 

which represented 23.0 percent of global production. In India it is mainly cultivated in coastal areas 

particularly in humid coastal areas. 

It is grown luxuriously in the area of eastern coast viz., Andhra Pradesh, Goa, Karnataka, Kerala, 

Maharashtra, Orissa, Tamil Nadu and West Bengal. However, now new areas are coming up with good 

potential for cultivation such as Gujarat, Jharkhand, Chhattisgarh, Andaman and Nicobar Island, North 

Eastern Hilly States as soil binding crops. Cashew nut is one of the nutritious nuts out of other nuts of 

commerce. However, you cannot consume it daily due to the presence of high-calorie content. That is the 

reason why there is a big NO for cashew nuts in diet-conscious people. 

Apart from calories, cashews are rich in-essential fatty acids vitamin E, vitamin K, minerals like calcium, 

copper, potassium, magnesium, zinc, folate, antioxidants, fibres, proteins and carbohydrates. According to 

Statistica (2022), 4.18 million metric ton raw cashews are produced.  According to recent reports, a large 

number of small and marginal farmers, especially living on the coastal belts of India, depend on cashew for 

their livelihood. It is estimated that nearly two million people are directly and indirectly involved in the 

cashew nut food industry through cultivation, processing and marketing. 

Cashew plant plays an important role for more carbon sequestration at soil (Reddy et al., 2015). The 

present article deals with the impact of climate change in cashew production in India, which is greatly 

influenced by various weather parameters on flowering, fruiting and yield under different land use systems 

along with different soils and topography (Muthu Kumar 2015). World Bank and IMF recognized cashew-

nut industry is one the important tools for poverty eradication at global level. It shows the importance of 

cashew business and its strong existence in India (Steven, 1994). 
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Soil 
Cashew nuts can be grown in fertile as well as degraded soil. It has been found that cashew is very modest 

in its soil requirements and adapts to changing soil conditions without deteriorating in yield. Cashews 

thrive best in soils that are deep, sandy loam with good drainage. Cashew nuts may also be planted in poor 

and degraded soil for moisture conservation and prevention of soil erosion. Cashew can be grown in poor 

soils; its performance would be much better on good soils. Heavy soil (pH>8.0), water stagnation and 

flooding are not congenial for cashew. Excessive alkaline and saline soils also do not support its growth. 

Coastal sands are the best home cashew cultivation. However, red sandy loam or lateritic soils with slightly 

acidic pH is ideal for cashew. 

Climate 

Being a tropical plant, cashews thrive even at high temperatures prevailing in the coastal area of India. 

During winter, young plants are sensitive to frost. The cashew can be grown even at altitudes up to 700.0 

m above mean sea level. The places where the minimum temperature is < 20°C are not suitable for cashew. 

The ideal temperatures and rainfall are 20- 30°C and 1000 - 2000 mm, respectively. During the flowering 

and fruiting period high temperatures above 36°C adversely affect the flowering, fruit set and fruit 

retention up to maturity. For prolific growth and yield, cashew needs a climate with a well-defined dry 

season of at least 4-5 months. Even well distributed heavy rainfall throughout the year is not favorable for 

commercial yield. Both the high temperature and excessive rainfall are associated with high relative 

humidity during the flowering period resulting in severe flower/fruit drop. Frost during winter aggravates 

a heavy incidence of fungal diseases. The different coordinating centers of Indian Council of Agricultural 

Research (ICAR) have so far released several improved varieties of Cashew nut. Some Agricultural 

Universities and Research Centers have developed local selection and engaged in further multiplication 

and distribution to the farmers. The cashew varieties recommended for different states are given in Table-

1. 

Strategies for Higher Production 

Orchards established with seedling progenies or the plants may be suffering due to poor soil fertility and 

lack of moisture in the soil resulting in improper flushing, flowering and fruiting. Cashew is a highly cross-

pollinated crop and the seeds are heterogeneous in nature. Hence, in a plantation which is established with 

seedlings, all the plants do not flower at a time. If the orchard is established with grafts of a particular 

variety all the plants will come to flower at a time. In each cashew flower panicle, there will be 200-800 

flowers, of which 0.5 - 25.0 per cent will be bisexual flowers depending upon the variety. Very hot weather 

continuously for more than 15 days during this period will result in drying up of flowers/entire flower 

panicles (Fig-1, 2). Apart from that, if the flower opening in cashew coincides with morning dew/fog and 

cloudy weather for 2-3 days inversely affect the fruit set (Oza and Solanki 2021). Dry and clear weather 

during flowering is essential for normal fruiting (Fig-3,4).  So assured irrigation is essential to obtain a 

higher fruit set. Synchronization in flowering by top working with one improved variety may be done on 

seedling progeny. Cashew nut is soil binding crops and helps in ecosystem restoration in the coastal area 

as well as plateau areas (Rupa et al., 2013). 

Planting Distances 

Normal planting distance of cashew trees is 7.0 to 9.0 meters adopting a square system of plantation. A 

spacing of 7.5 m x 7.5 m (175.0 plants/ ha) or 8.0 m x 8.0 m (156.0 plants/ ha) is recommended. Ultra-high-

density planting of cashew at a closer spacing of 4.0 m x 4.0 m (625 plants/ ha) in the beginning and thinning 

in stages to maintain a final spacing of 8.0 m x 8.0 m in the 10.0 year is also recommended when interspaces 

are crowded with branches from the both sides. It is practiced in Maharashtra and Tamil Nadu recently. 

Manures and Fertilizers 

In case of sloppy lands, the triangular system of planting is recommended to accommodate 15 per cent more 

plants without affecting the growth and development of the trees.  As cashew is growing as a soil 

conservation crop, in our country, application of manures and fertilizers is very limited. However, in order 

to get better yield and to maintain N:P:K ratio in the soil, the application of 15-20 kg of farmyard manure 

per plant is recommended to ensure adequate organic matter in the soil. For a mature cashew tree 7-8 
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years, the inorganic fertilizer doses are 450-500 g N2, 100-125 g P2O5 and 100-125 g K2O/plant. The ideal 

time for application of fertilizer is immediately after the cessation of heavy rains during September-October 

when sufficient soil moisture is available.  Fertilizers are generally applied in a circular trench along the 

drip line of the plant canopy. In some places of India, the fertilizers are applied in two split doses during 

pre-monsoon (May-June) and post monsoon (September- October) season.  In some places the fertilizer 

application is done in a circular trench of 25 cm width and 15 cm depth at 1.5 m from the tree trunk after 

the 4th year of planting. This is generally practised in sandy and laterite soils, soils of sloppy land and in 

heavy rainfall areas. In cashew plantation, leguminous cover crops enrich soil nutrient status by enriching 

soil with nitrogen and organic carbon and available soil moisture. Seeds are sown during the early rainy 

season. The beds of cover crops are prepared in inter-space in slopes by loosening of top soil and mixing 

desirable amounts of plant compost. The cowpea, ground nuts and beans may be grown as intercrops to 

ensure early income to the farmer. The perennial intercrops like casuarina and coconuts are popular in 

basic soils of the sea shore area. 

Pest Management 

In almost all cashew growing tracts, infestation of cashew stem and root borers are visible due to low tree 

density. Nowadays, evaluation of post extraction prophylaxis (PEP) in extensive field trials has been taken 

up by various AICRP-Cashew centers in India. It has been found that the application of chlorphyriphos 

0.2% was effective to control the above pest. Furthermore, it has been confirmed that timely treatment 

done at the initial stages of pest infestation only could lead to better recovery. In addition, regular adoption 

of phyto-sanitary measures such as removal of dead infested trees and sanitizing trees with monocrotophos 

0.1 % is absolutely essential in order to minimize the pest inoculums in a given locality. Tea mosquito and 

flower thrips are also found in cashew plantation and they cause crop damage considerably. During cloudy 

weather the population of tea mosquito and flower thrips population may also increase and resulting in 

crop loss and poor yield. 

Climate Change Effects and Mitigation Strategies 

We   recently went to Contai and Digha areas of West Bengal to survey the production scenario of cashew 

nuts and problems regarding livelihood securities of cashew growers. There were many cashew orchards 

and processing units. Nowadays cashew production in the sea shore of West Bengal is very less.  Its 

cultivation in the red lateritic zone has shown promise for nut yield. Jhargram-1 and BPP-8. The latter 

variety is leading cashew varieties in these zones. It is a selection from T.No.16 originally collected from 

Bapatla. It was released in 1989. It has a medium compact canopy and intensive branching habit. It has, 

on an average, 6 fruits per bunch and yield of 8.5 kg/tree with small nut size (5g nut weight). Shelling 

percentage is 30 and kernel grade is W 320. At present, to survive cashew processing plants (units), raw 

cashews were procured from Odisha, TN, Hyderabad and even from foreign country Mozambique (South 

Africa).   Most of the orchards are affected by climate change, particularly due to changing properties of 

tropical cyclones. Trees are up-rooted, trees are spreading which causes problems in nut harvesting. 

Flowering and fruiting are also partially damaged by cyclones and global warming. Recent scientific 

cultivation technologies are not available to the farmers. The Contai and Digha area of West Bengal are 

ideal for cashew cultivation. But low yield, impact of climate change often led to shift to other crop 

cultivation that usually threaten the livelihood securities of the rural poors. The numbers of cashew 

orchards are declining due procurements of nuts from other states. Increasing urbanization and land value 

as well as a burgeoning population   cashew cultivation is declining. High temperature usually desiccates 

flowers and limits the cashew production. Global warming mitigation strategies like plantation of border 

plants (trees), adoption of productive dwarf varieties and drip irrigation practices, adoption of technology 

like mulching, plantation of intercrops like pineapple and synchronization of flowering and timely 

harvesting may improve production. Collection of dropped fruits from un-organized orchards often causes 

a problem as all fruits are not ripen at a time. The cashew tree plays an important role in maintaining the 

ecological balance of the dry regions. The cashew tree is multi-functional: apart from exportable cashew 

nuts, it supplies timber, firewood, medicines, fodder, etc. Various value-added products such as juice, fenny, 

wine, dried cashew apple, syrup and jam can be prepared from cashew apple which paves the way for the 

development of cashew-based industry (Muthu Kumar et al., 2015). The world market of cashew is dynamic 

with sustained growth rates of 10 % /year. 
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Problems Faced by the Indian Cashew Industry 

In India, the average productivity of the nuts is very less as compared to that of other leading growers 

Vietnam, Nigeria and Indonesia.  This is due to presence of higher proportion of seedling originated old 

and senile gardens in the country. Cashew is a cross pollinated heterozygous crop and average performance 

of the orchards are poor.  

Most of the cashew orchards are present in poor soil fertility zones.   Lack of using innovative technologies 

in   cashew cultivation and the fragmented land holdings causes low yield. Much of the supply comes from 

small holders, processing is a difficult task. Raw materials are available for 3-4 months in India. The 

cashew processing industry depends on raw materials from other states and even from foreign countries. 

Fluctuating domestic prices and higher cost of imported raw nuts causes problems for the processor.  The 

nut procuring often acts as a negative impact to the grower. 

Moreover, higher initial investment cost for setting up of the processing industry and non-availability of 

sufficient raw materials domestically cause detrimental effects. A new concept of shifting cashew nuts 

growing on acidic soil of lateritic zone and plateau areas is fruitful. Due marginal land and plateau area 

high density planting are not effective due undulating land and non-synchronous cashew harvesting pave 

the way for problems to collect dropped fruits. Climate change effects like very hot weather during April-

May often cause lower fruit set and thereby yield. 

Occurring tropical cyclones damage orchards and uprooted the desired trees resulting in reduction in yield. 

In west Bengal, the cultivation of cashew nuts is increasing in Jhargram, Purulia, Bankura and 

Nadia. Some intercultural practices like adoption of drip irrigation and use of top working with one 

productive variety that ensure uniform harvesting are the need of the hour for the benefit of farmers. 

Fluctuating domestic prices and non-availability of skilled manpower often discourage farmers and 

producers to expand cashew food industries in India (Bhoomika and Sudha Rani, 2018). 

Perspective of Indian Cashew 

In India there are diverse agro-climatic conditions which lead to successful cultivation of 

cashew.   Increasing demand of India cashew (brand) in domestic as well as in the world market for cashew 

and its by-products inspires farmers to take up cashew cultivation in a big way in our country (Walker et 

al., 2005). Domestic consumption of cashew is   increasing as a luxury food at festive occasions. In western 

world almost all ceremonial consumption of cashew nuts is involved. In India, the strong R & D network 

capable of addressing newer issues evolving from time to time can boost up the production and productivity 

of this crop. 

New plantations with improved varieties have immense scope because of huge domestic demand for raw 

nuts. Import of nuts require more forex that could be minimized by new plantations and enhancement of 

production from old and new orchards. In the West Bengal area, the production of cashew nuts is increasing 

in Jhargram, Purulia, Bankura and Nadia.South 24 parganas. The development of cashew-nut industry in 

the hill and plateau region leads to the socio-economic development of the hilly area and improves the 

availability of processed products to our countrymen (Patil, 2012).   Scientists of AICRP Cashew Centres 

in terms of producing elite planting material, conducting training programmes on various themes and plant 

protection activities has led to a wider awareness and helped to popularize the cashew technology among 

farmers.  

Variety adaptable to climatic conditions of particular regions with good performance needs to be identified. 

In non-traditional areas, cashew varieties perform well under lower temperature conditions (< 10OC) to be 

identified and evaluated. New technology i.e.    drip irrigation, canopy management, chemical treatments 

for uniform harvesting regarding enhancement of yield must be adopted for the increase of yield. 

Conclusions 

To keep pace with the growing global demand, there is an urgent need to expand and fully utilize the 

potential of cashew cultivation for nut yield and processing. In order to retain valuable market share and 

stay ahead of the rapidly emerging competitive world market, new areas of cultivation in the country must 

be explored. In India, the cashew nut food industry employs over 3.0 lakh persons (mostly women). It 

earned a foreign exchange of Rs. 22,889 million approximately. Imports of raw cashew warranting a policy 
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change to encourage more local production. Nut production must be increased   to prevent the outflow of 

valuable foreign exchange for importing nuts from foreign countries. 

  
Fig-1: Normal flowering Fig-2:  Climate change in April-May: flowers 

get dried 

  
Fig-3: Normal fruiting in cashew nut Fig-4: Cashew apple and nut (ripe) 

Table-1: Cashew nut growing states and leading varieties in India: 

State Variety 

Andhra Pradesh BPP-1, BPP-2, BPP-3, BPP-4, BPP-5, BPP-6, BPP-8  (H2/160)  

Karnataka Chintamani-1, NRCC-1, NRCC-2, Dhana (H-1608), NRCC Selection 2, 

Bhaskara, Ullal-1, Ullal-3, Ullal-4, UN-50 

Kerala Dhana, K22-1, Madakkathara-1, Madakkathara-2, Kanaka, Amrutha,  

Priyanka, Sulabha (K-10-2), Dharasree (H-3-17), 

Madhya Pradesh T. No.40, Vengurla-4 

Maharashtra Vengurla-1, Vengurla-4, Vengurla-6, Vengurla-7 

Goa Goa-1, Goa-2, Vengurla-1, Vengurla-4, Vengurla-6 Vengurla-7 

Orissa Bhubaneswar-1, BPP-8, Dhana, VRI-2 

Tamil Nadu VRI-1, VRI-2, VRI-3 VRI-5 

West Bengal Jhargram-1, BPP-8 
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Abstract 

India, the second largest agro- based economy with year- round crop cultivation, generates a large amount 

of agricultural waste, including crop residues. In the absence of adequate sustainable management 

practices most of the surplus crop residues are either left in the field or burnt openly. Approximately 92 

million tons of crop residues are burnt every year in India, causing excessive particulate matter emissions 

and air pollution. Crop residue burning has become a major environmental problem causing health issues 

as well as contributing to global warming. The government of India has attempted to curtail this problem, 

through numerous measures and campaigns designed to promote sustainable management methods such 

as converting crop residue into energy. 

Introduction 

One of the principal ways to eliminate the greenhouse gas (GHG) emissions and its adverse effects on global 

warming is achieved by gradual shift in the energy mix, replacing fossil fuels for renewable energy sources 

(IPCC, 2007). In this present context, interest is emerging by investing crop residues as raw material for 

sustainable bioenergy, mainly cellulosic second-generation ethanol and bioelectricity production (Franco et 

al., 2013; Karlen and Johnson, 2014). In the absence of adequate sustainable management practices most 

of the crop residue is either left in the field after harvesting or burnt and is remained underuse for energy 

production. To curtail this problem the use of crop residues for energy production is presently a promising 

strategy on a global scale and environmental synergism associated with better crop residue management. 

Different Feedstocks Used for Biofuel Production 

Crop residues can be defined as the left-over part of plant in the field after harvest, varying greatly in 

properties and rate of decomposition (Lal, 2005). It can be categorised into two categories – field residue 

and processed residue. The most important crops necessary in terms of food, feed, and fibre on a worldwide 

basis are wheat, rice, corn, soybean, sugarcane, and cotton. Globally, there is approximately 1868 thousand 

grams (tg) of crop residue can be obtained from production of primary food and feed grain crops (Kim and 

Dale, 2009). 

With respect to energy supply, the most important raw materials for the production of cellulosic ethanol 

and/or bioelectricity are maize and sugarcane crop residues. Other crops of global importance such as rice 

and wheat are highlighted by the sheer volume of residues produced (44 % of the total). However, both rice 

and wheat play a minor role in the production of biofuels. On the other hand, soybean and cotton residues 

are available at large quantities but considered non-collectable because of the small quantity produced per 

area along with fast decomposition rates (approximately 663 million Mg) (Lal, 2005). Moreover, sugarcane 

straw has great potential for heat, electricity as well as cellulosic ethanol production (Santos et al., 2012). 

It mainly comprised of cellulose (40-44 %), hemicellulose (30-32 %) and lignin (22-25 %) which contribute 

one third of the energy potential of the crop (Santos et al., 2012). 

The use of crop residues from maize also has high potential for bioenergy production (Mitchell et al., 2016). 

Although this crop is grown in various countries worldwide, maize residue management is highlighted in 

the United States, the world’s largest producer of ethanol from maize grains (ERS, 2016). About 10 Mg ha-

1 of dry material is left in the field after grain harvest (Lal, 2005) which is a substantial source of biomass 

for cellulosic ethanol production. 
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Prospects of Biofuel 
1. Renewable energy source that can be derived from plants and can be regrown every year 

2. Reduce dependence on foreign oils 

3. Produce less greenhouse gases as compared to fossil fuels. Studies have shown than bio fuels reduce the 

greenhouse gas emission by 65%. 

4. Ensure greater fuel security to the country 

5. Environment friendly 

6. Cost effective 

7. Improves fuel combustions in vehicles 

8. May not produce any particulate matter in the atmosphere 

9. Whereas fossil fuel is a limited resource that comes from specific materials, bio fuels can be manufactured 

from a wide range of materials including crop waste, manure, and other by products 

10. Bio fuels do not release as much carbon as fossil fuels. Studies have shown than bio fuels reduce the 

greenhouse gas emission by 65% 

11. Bio fuels can be produced locally, which decreases the nation's dependence upon foreign energy.  

12. Bio fuel manufacturing plants can employ hundreds or thousands of workers, creating new jobs in rural 

areas. Bio fuel production will also increase the demand for suitable bio fuel crops, providing economic 

stimulation to the agriculture industry. 

Problems in Biofuel Production in India 

1. Food vs. Fuel debate is a dispute over the impact of bio fuel production on food security. Using valuable 

crop land to grow fuel crops could have an impact on the cost of food and could possibly lead to food 

shortages 

2. High cost of production 

3. Inadequate information on biomass availability is a major problem for sustainable bio fuel production 

4. There is absence of organized formal biomass markets 

5. Land conversion and its use for bio fuels can affect the biodiversity 

6. Lack of Sustainable biomass fuel linkage 

7. Depending on the type of bio fuel, new or modified infrastructures are needed which create a barrier for 

bio fuel production in India 

8. Massive quantities of water is required for manufacturing of bio fuel which could strain local and regional 

water resources 

9. Promote monoculture cultivation means growing of same crop every year which may deprive the soil 

nutrients 

10. Lack of policy and regulatory support including incentives in different states 

Future Scope 

1. Bio fuel helps in reducing the crude oil import bill. 

2. Help in rural and agricultural development in the form of new cash crops. 

3. Efforts for producing sustainable bio fuels should be made by ensuring use of wastelands.  

4. A properly designed and implemented bio fuel solution can provide both food and energy. 

5. Benefits local economies, from the farmers growing the feedstock to local businesses producing and 

distributing the fuel to the end consumer, can be tried.4 

World Bio fuel Day is observed every year on 10th August to create awareness about the importance of 

non-fossil fuels as an alternative to conventional fossil fuels. The theme of world biofuel day in 2021 was 

“The promotion of biofuel for a better environment”. In India this day is observed by the Ministry of 

Petroleum and Natural Gas since 2015. 

Conclusion 

Extreme development in industrialization and urbanization is responsible for increasing fossil fuels 

demand which is depleting day by day. Increasing demand for fossil fuels and its negative impact on the 

environment indicates the significance of bio fuel as an alternative energy fuel. It is non-toxic and 

biodegradable energy resource. It helps in reduction of the harmful greenhouse gases significantly as well 
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as decreases the dependency on other nations for energy. However, the bio fuel production technology is 

still in the first generation which needs to be improved. Energy security and climate change are two major 

driving forces for bio fuel development worldwide. Government policy interventions to promote cost 

effective research on bio-fuel production and the provision of an incentive package for private investors and 

small-scale producers are utmost necessary for sustainable use of crop residues as bio-fuel. 
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Because of the technological progress in the agriculture, we have seen many more fold of production and 

efficiency of food items in the modern agriculture era. However, the trends of agriculture also other side 

contribute to a large number of environmental issues including soil degradation and waste. Soil 

degradation is one of the important issues in terms of its organic content. Soil organic carbon is a 

measureable component of soil organic matter. Organic matter makes up just 2–10% of most soil's mass 

and has an important role in the physical, chemical and biological function of agricultural soils. Topsoil 

ranges from 0.5% to 3.0% organic carbon for most upland soils. Soils with less than 0.5% organic C is mostly 

limited to desert areas. Soils containing greater than 12 - 18% organic carbon is generally classified as 

organic soils. The soil organic carbon is crucial to soil health, fertility, ecosystem, including food production. 

The present campaign of save soil slogan is basically to keep soil undisturbed with its organic carbon.  

The new approaches of agricultural innovation and new farming practices refined the agriculture to more 

techno friendly and efficient in terms of production and less stress to environment.  Chemical-free 

agriculture, popularly known as organic agriculture, has been gaining traction in India for quite some time 

now. The NITI Aayog prefers calling it ‘natural farming’. Most civil society members and farmers use 

‘organic’ and ‘natural’ farming terms interchangeably. 

People often use the term natural farming, if most farm inputs used are managed from the farm system or 

from nearby local ecosystems. Under organic farming, externally purchased farm inputs like bio-fertilisers 

and vermin-compost are also used on farm. Natural farming is a system where the laws of nature are 

applied to agricultural practices. This method works along with the natural biodiversity of each farmed 

areas, encouraging the complexity of living organism, both plants and animals that shape each particular 

ecosystem to thrive along with food plants. Natural farming is an ecological farming approach established 

by Masanobu Fukuoka (1913-2008), a Japanese farmer and philoshoper, introduced in his 1975 book “The 

One Straw Revolution”. Natural Farming is a chemical-free alias traditional farming method. It is 

considered as agro ecology based diversified farming system which integrates crops, trees and livestock 

with functional biodiversity. In India, Natural farming is promoted as Bharatiya Prakritik Krishi Paddhati 

Programme (BPKP) under centrally sponsored scheme- Paramparagat Krishi Vikas Yojana (PKVY). BPKP 

is aimed at promoting traditional indigenous practices which reduces externally purchased inputs. It is 

largely based on on-farm biomass recycling with major stress on biomass mulching, use of on-farm cow 

dung-urine formulations; periodic soil aeration and exclusion of all synthetic chemical inputs. According to 

HLPE Report, natural farming will reduce dependency on purchased inputs and will help to ease 

smallholder farmers from credits burden.   

The BPKP programme has been adopted in State of Andhra Pradesh, Karnataka, Himachal Pradesh, 

Gujarat, Uttar Pradesh and Kerala. Several studies have reported the effectiveness of natural farming- 

BPKP in terms of increase in production, sustainability, saving of water use, improvement in soil health 

and farmland ecosystem. It is considered as a cost- effective farming practices with scope for raising 

employment and rural development. 

NITI Aayog along with Ministry of Agriculture & Farmers welfare had convened several high level 

discussions with global experts on Natural farming practices. It is roughly estimated that around 2.5 

million farmers in India are already practicing regenerative agriculture. In the next 5 years, it is expected 

to reach 20 lakh hectares- in any form of organic farming, including natural farming, of which 12 lakh 

hectares are under BPKP. Various research institutions are currently conducting the research to assess 

results of natural farming. Some research is based on field experiments, while others are based on surveys 

with practicing farmers. Institutions are getting mixed results. Some show encouraging results, while other 

not so much.  
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There are some basic similarities between natural farming and organic farming. Natural and organic, both 

are chemical free and more or less poison free farming methods.  In both the farming methods farmers are 

encourages to use local breed of seeds, native varieties of vegetable, grain, pulses and other crops. For insect 

control in both the farming method traditional homemade pest control methods are followed. However, 

there is difference in natural farming versus organic farming. In organic farming organic fertilizer and 

manure like vermicompost, cow dung manure etc are used and added to farmland from external sources. 

In natural farming neither chemical nor organic fertilizer are added to the soil. In fact, no external fertilizer 

is added to soil or to plant whatsoever. In natural farming decomposition of organic matter by microbes 

and earthworms is encouraged right on the soil surface itself, which gradually adds nutrition in the soil, 

over the period. Organic farming still requires basic agro practices like plowing, tilting, mixing of manures, 

weeding etc to be performed. In natural farming there is no plowing, no tilting of soil and no fertilizer, and 

no weeding is done just the way it would be in natural ecosystem. Organic farming is still expensive due to 

the requirement of bulk manure, and it has an ecological impact on surrounding environment, whereas 

natural agriculture is an extremely low-cost farming method, completely molding with local biodiversity. 

Natural farming encourages the breakdown of organic matter by microorganisms and earthworms right on 

the soil surface, gradually adding nutrients to the soil over time.  

There are many working models of natural farming all over the world, the zero budgets natural farming 

(ZBNF) is the most popular model in India. This comprehensive, natural, and spiritual farming system is 

developed by Padma Shri Subhash Palekar. In ZBNF only locally available and farm-based product are 

used making it almost zero budget for commercial level farming too. The principle behind ZBNF is that 

plants get 98% of their supply of nutrients from the air, water and sunlight. And the remaining 2% can be 

fulfilled by good quality soil with plenty of microorganism.  The soil is enriched through cow dung and urine 

obtained from desi Indian breed Cow only. Instead of fertilizer a farm made bioculture Jeevanmrutha is 

added to the soil to improve microflora of soil. Multi-cropping is usually followed in ZBNF method. 

The government of India is also pushing toward this system and the method is on the top of government 

agenda. Recently Prime Minister also promoted ZBNF in Varanasi in 2021 and stressed on awareness on 

this farming methods for benefit. Central government has also sanctioned support for converting four lakh 

additional hectares of crop land in eight states to utilized ZBNF technique. The Indian council of 

Agricultural Research is also taken up the research on this method of farming at different locations for 

evaluating the impact on productivity, economics and soil health including soil organic carbon and soil 

fertility. 

Conclusions 

The way towards natural farming practices generally reduces the cost production and maintains the soil 

health. The government of India initiative to encourage the natural farming in several states has shown 

development of several models in the farming practices for better production and efficient utilization of 

natural resources. Thus, the research and evaluation of impact of the farming is on the way for better 

utilization of the practices in pursuit of modern agriculture. 
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Introduction 

Solanaceace family has about 90 genera and 2800 species which is widely distributed (Ara et al. 2011). 

Among the genus, the largest and most complex is Solanum (Chowdhury et al., 2007, Mahesh et al., 2012). 

Solanum xanthocarpum (Syn. Solanum surattense) is a perennial, prickly, bright green colour herb (Satyal 

et al., 2015) also commonly known as yellow berried nightshade. The flowers are auxillary cymes with 

purple colour flowers. The berry is glabrous; globular when young it is green in colour and upon maturity 

turns to yellow (Preet and Gupta, 2018), size of about 1.3 cm in diameter and are surrounded by an enlarged 

calyx (Singh and Singh, 2010). The stem is zigzag; woody at the base and has abundant branches and the 

young ones are clothed with dense sellet tometum. The prickles are straight, compacted, yellow, glabrous 

and shining (Ara et al., 2011). The leaves are sinuate or sub pinnatified, ovate or elliptic and both sides are 

hairy with a prickly petiole (Singh and Singh, 2010). The seeds are reniform in shape, compressed and 

smooth with bitter taste (Preet and Gupta, 2018). 

In India, Solanum xanthocarpum is distributed is plains and lowers hills (Preet and Gupta, 2018) mainly 

found in states like in Uttar Pradesh, Uttaranchal, Bihar, West Bengal, Punjab and North-Eastern States 

(Singh and Singh, 2010). 

Ethnobotanical Uses of Solanum xanthocarpum 

Traditional use of Solanum xanthocarpum has been recorded since ancient time. According to ancient 

literature Ayurveda, the plant is described as bitter, laxative, stomachic, anthelmintic and use in the 

treatment of different diseases like bronchitis, fever, asthma, lumbago, piles, pains, thirst, heart and 

urolithiasis (Singh and Singh, 2010; Patel et al, 2012). In the Ayurveda, one of the “dashamula (10 roots) 

is Solanum xanthocarpum (Archana and Jacob, 2015). Different parts of the plant roots, stem, leaves 

flowers, fruit are useful in Siddha traditional medicine (Preet and Gupta, 2018) widely used in treatment 

of respiratory disease (Govindan et al., 1999). 

Table 1.  Ethnobotanical uses of Solanum xanthocarpum: 

Plant parts Method of preparation and used 

against 

Place Vernacular 

name 

Reference 

Whole plant 

 

Boiled plant juice is turn to paste, 

then dried and powdered. Powder (2-

3g) taken twice a day for cough and 

cold. 

Water extract of whole plant is taken 

twice a day for treatment of asthma 

Gujarat, 

India 

Bhoi Ringni Shah et al., 2012 

Fruit For treatment of dyspepsia and 

paralysis 

Tamil 

Nadu, 

India 

Kandan 

Kattiri 

Natarajan et al., 

2013 

Plant Decoction of plant used against sore 

throat, body pain, fever, rheumatism, 

cough and chest pains 

Pakistan - Khan and 

Khatoon, 2008 

Seed and 

fruits 

Seed is made into a paste applied on 

gums for tooth-ache. For checking 

bacterial disease, fruits are burnt and 

smoke is inhaled. 

Nepal Kantkari Joshi and Joshi, 

2006 

Whole plant For treatment of asthma and sore 

throat 

Pakistan Kandiari Hussain et al., 

2008 
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Flower fruits Leaf and fruits extract for piles, fever, 

asthma, cough, diurectic and 

sunstroke 

Orissa, 

India 

Ankaranti Panda, 2018 

Roots Used against small pox Assam, 

India 

Saipiangjianj Das et al., 2008 

- Paste with white egg used for arthritis 

and resettlement of joints 

Pakistan Kandarii Qasim et al., 2014 

Leave and 

roots 

Extract of plant used as expectorant Pakistan Kandyari Murak et al., 2017 

Fruits Fresh or dried fruits are kept in fire 

and the smoke is inhaled for toothache 

Tamil 

Nadu, 

India 

Kandankathiri Ignacimuthu et 

al., 2006 

Whole plant Decoction for fever and hepatitis Pakistan Maraghonay Zabihullah et al., 

2006 

Leaves Decoction (5 gram) with water for cold Tamil 

Nadu, 

India 

- Rajalakshmi et 

al., 2019 

Seeds Used for toothache Tamil 

Nadu, 

India 

- Rajalakshmi et 

al., 2019 

Whole plant Used as expectorant and diuretic Pakistan Maraghony Sher et al., 2011 

Fruit Used against toothache Western 

Ghats, 

India 

Kandan-

katthiri 

Ayyanar, M., & 

Ignacimuthu, S. 

(2011). 
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Introduction 

Chrysoperla carnea was originally considered to be a single species with a holarctic distribution but it has 

now been shown to be a complex of many cryptic, sibling subspecies. These are indistinguishable from each 

other morphologically but can be recognised by variations in the vibrational songs the insects use to 

communicate with each other, which they especially do during courtship. 

Life Cycle 

 

Favourable Condition 

1. Adults generally live from 1-3 months depending on temperature, humidity and quality of food sources. 

2. The incubation period can vary from 2-3 days at 95ºF (35ºC), to approximately 4 days at 77ºF (25ºC), and 

6-7 days at 68ºF (20ºC). 

Habitat 

Cotton, sweet corn, potatoes, cole crops, tomatoes, peppers, eggplants, asparagus, leafy greens, apples, 

strawberries, and other crops infested by aphids. 

Pest Attacked 

Sl. No Prey Scientific Name 

1. Aphids Aphis gossypi 

2. Spider mites Tetranychus sp 

3. Thrips Thrips tabaci 

4. Whiteflies Bemisia tabaci 

5. Leafminer Liriomyza sativae 

Mass Production 

Procedure: 

The larvae are reared in plastic tubes or empty injection vials or in groups in large containers or in 

individual cells. 

 
The adults are collected daily and transferred to pneumatic glass troughs or G.I. round troughs (30 cm x 

12cm). 

 
Before allowing the adults, the rearing troughs are wrapped inside with brown sheet which act as egg 

receiving card. 

 

https://en.wikipedia.org/wiki/Holarctic
https://en.wikipedia.org/wiki/Morphology_(biology)
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About 250 adults (60% females) are allowed into each trough and covered with white nylon or georgette 

cloth secured by rubber band. 

 
On the cloth outside three bits of foam sponge (2 sq.in) dripped in water is kept. 

 
Besides an artificial protein rich diet is provided in semisolid paste form in three spots on the cloth 

outside. 

 
This diet consists of one part of yeast, fructose, honey, Protein ex R and water in the ratio 1:1:1:1. 

 
The adults lay eggs on the brown sheet. 

 
The adults are collected daily and allowed into fresh rearing troughs with fresh food. 

 
From the old troughs, the brown paper sheets along with Chrysopa eggs are removed. 

Pesticide Susceptibility 

C. carnea appears to have some natural tolerance to several chemical insecticides although there may be 

considerable variation. Populations tolerant of pyrethroids, organophosphates, and carbaryl have been 

selected in the laboratory. 

Commercial Availability 

C. carnea and C. rufilabris are available commercially and are shipped as eggs, young larvae, pupae, and 

adults. C. carnea is recommended for dry areas, C. rufilabris for humid areas. Larvae are likely to remain 

near the release site if aphids or other prey are available. Newly emerging adults, however, will disperse 

in search of food, often over great distances, before laying eggs. 

Conclusion 

The green lacewing is an insect predator with golden eyes and white lacey wings. It is known to control of 

aphids and other soft-bodies pests in gardens, landscapes, and crop fields. The voracious larvae are 

sometimes called aphid lions, but will eat just about anything they can subdue and suck dry with their 

large, piercing mandibles. 
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Introduction 

Asparagus (Asparagus officinalis L.) is an important perennial vegetable crop. It is a monocot of the family 

Liliaceae. There are more than 150 species under the genus asparagus, including the ornamental type, like 

A. densiflorus, A. falcatus, A. myriocladus and A. setceus (A. plumosus). However, the related species are 

A. cochinchinenesis with edible tubers and A. racemosus having edible roots. The chromosome number of 

an A. officinalis is 2n = 20. It has a haploid genome size of 1,308 Mb. (Li. et al., 2014). 

Origin and Distribution 

The exact center of origin of asparagus is not known but the garden asparagus is believed to be originated 

from Eastern Mediterranean countries and traces of wild varieties have been discovered from Africa. The 

name asparagus is believed to be derived from the ancient Greeks, who referred the word asparagus to all 

tender shoots. The Romans and Greeks cultivated this plant over 2000 Years ago, and it can still be found 

growing wild in Britain, Europe and as far as central Asia. There are 300 varieties known, but out of them, 

only 20 varieties are found to be edible. 

Uses 

The tender shoots or spears are used for making juices and cooked as vegetable. Mustard sauce is also 

prepared with asparagus spears. It may be eaten raw as salad and the starchy tuberous roots are used for 

the preparation of soups. It is canned and frozen in large quantity as a processed product. The juice obtained 

from spears contains a white crystalline substance called aspergine, which has diuretic properties and used 

especially. 

Medicinal Uses 

Asparagus is also known for its numerous medicinal properties as it is anti-inammatory, diaphoretic and 

demulcent. It stimulates and strengthens kidney function and provides an excellent diuretic action to 

human body. It revitalizes bladder function, helps in cases of edema and swollen joints, and protects small 

blood vessels from rupturing. It can also be used as an aphrodisiac. It is an excellent remedy for those 

suffering from retention of liquids. Its stalks have high antioxidant properties, and its high dietary bre 

content makes it a good laxative. According to the reports published in different journals, it can be used in 

the treatment and prevention of various types of tumors. It can also be used to balance the levels of 

hormones in females, promote fertility and help pregnant women against neural tube defects in babies. 

Botany 

Asparagus is an herbaceous perennial plant growing to 100–150 cm tall. The root system is adventitious 

and the root type is fasciculate. It has succulent, edible and stout stems with branched feathery foliage. 

The leaves are glabrous, needlelike cladodes (modified stems), which are reduced to small scales on main 

stem. They are 6–32 mm long, 1 mm broad and clustered 4–15 leaves together. The flowers are produced 

either singly or in clusters of two or three in junctions of branch lets. The flowers are bell-shaped, greenish-

white to yellow and solitary at nodes. They are 4.5–6.5 mm long with six tepals partially fused together at 

the base. It is usually dioecious with male and female flowers on separate plants, but sometimes, it bears 

hermaphrodite flowers. It is propagated by crown, which is made up of roots and rhizomes. The aerial stem 

(spear) arises from a bud on the rhizomes. The fruit is berry. 
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Climatic Requirement 

Asparagus is a high-value crop and the earliest producing spring vegetable. It is a temperate crop and 

requires a temperature range of 16–24°C in most of the growing seasons for good spear production but low 

temperature when plants are dormant is necessary for 60–90 days to produce good-quality spears. 

Temperature plays an important role in influencing flowering and can tolerate great temperature 

variations. It needs moist temperate regions that have long growing season and sufficient light for 

maximum photosynthesis. The optimum temperature for the germination of seeds is 25–30°C. It can 

tolerate freezing to some extent but continuous freezing is also dangerous and affects the crop adversely. 

Soil Requirement 

Asparagus can be grown on a wide range of soils but it thrives best in sandy, silt loam or alluvial soils with 

a high content of organic matter in soil. It is known for its tolerance to soil salinity but a small red berry 

with 6–10 mm diameter, which is known to be poisonous to humans the pH 6.0–6.7 is suitable for its higher 

production with superior quality spears. The soil should be deep with good drainage facilities so that the 

spears may emerge from the soil without any damage. 

Sowing Time 

The sowing time varies considerably according to the type of variety and climatic conditions of that region 

where crop is to be raised. Sowing of seeds of a particular variety at its right time is very essential to get 

higher yield of better-quality spears since unfavorable environmental conditions have adverse effect on 

these components. The best time for sowing asparagus is March to May in hills and July to November in 

plain areas. Under average field conditions, asparagus seed is slow to germinate and seed takes 3–6 weeks 

to germinate. 

Seed Rate 

The germination percentage of seed chiefly affects the seed rate. It may also vary due to growing season, 

method of sowing and soil properties. A seed rate of 3–4 kg is enough for sowing a hectare area. 

Planting Method 

Seeds are soaked in water for 24 hours before sowing in well-prepared nursery beds in rows 30 cm apart 

with 4–6 cm between seeds at a depth of 3–4 cm. The seedlings are allowed to grow in nursery beds for 

about 7–12 months and then transplanted in _eld on ridges about 75–90 cm apart and 50–60 cm between 

plants in rows. Seedling emergence may become more rapid if seeds are primed with -0.6 MPa polyethylene 

glycol 8000 at 20°C than water-soaked seeds. 

Propagation 

The asparagus crop can also be propagated with crowns taken from a year-old plant. The crowns should be 

dug out carefully with less injury to the roots and consequently with less interruption to growth are used 

for propagation. Well-grown crowns of good size containing large buds are selected, separated from mother 

plants before the buds sprout and planted within few hours. They are planted 20–25 cm below the ground 

level and 30 cm apart, and thereafter, the soil around the crown is pressed firmly. The distance between 

rows is kept 1.8 m for the production of green spears and 2–2.5 m for white spears. 

Harvesting 

The spears become ready for harvesting in the last week of March to the rest week of April. The spears of 

10–15 cm is generally harvested. The rest cutting is done approximately 2 years or 13–20 months after 

planting. Well-grown spears are to be cut with a knife known as asparagus knife. While cutting the spears, 

care should be taken to avoid any damage to the young spears. Crooked, curved and damaged spears are 

rejected. Male plants give higher total yield, while the female plants produce larger individual spears. 

Yield 

The yield varies with crop variety, soil and environmental factors, irrigation facilities and the cultural 

practices adopted by the growers. On an average, asparagus gives a spear yield of 2.5–4.0 kg/10 m2 or 25–

40 q/ha. 



 

 
Volume 04 - Issue 08 - August 2022       234 | P a g e  
 

Post-Harvest Management 

Immediately after harvesting, the spears are shifted to the packinghouse station where the postharvest 

operations like sorting, grading, trimming, washing, bunching and packing are done and thereafter, the 

spears are sent to the market. If spears are stored at room temperature, the tissues become tough and unfit 

for consumption. The spears can safely be stored for 3–4 weeks at 0°C temperature and 90% relative 

humidity. 

Insect-Pests 

Asparagus Beetle (Corioceris duodecimpunctata L.): Both, adult and larvae harm the asparagus 

plant. The larvae feed on tender portion of the plant and beetle damages the shoots, leaves, flowers and 

seeds, which results in weakening of roots and causes harm to the crowns, thus, it causes huge loss to the 

growers. 

Control: 

a. The damage may be reduced by cutting all the spears after every 3–5 days. 

b. Spray the crop with 0.1% malathion or Nuvan. 

Garden Centipede (Scutigerella immaculata): This pest also causes severe damage to the spears by 

making round and small holes in them. Its attack makes the spears unfit for consumption because tissues 

around holes become tough. 

Control: Flood the field if infestation is scattered in the whole field. 

Diseases 

Fusarium Wilt (Fusarium sp.): The Fusarium species attack the roots and collar region of the plant. The 

affected spears show brown discoloration and become wilted and stunted. The disease is not so common, 

but sometimes, it causes huge loss. The disease is soil borne. 

Control: 

a. Avoid asparagus planting on infected soils. 

b. Use healthy planting material for propagation 

c. Avoid excessive irrigation. 

d. Treat the crowns with 0.2% captan solution. 

e. Drench the field with captan 3 kg and Bavistin 1.5 kg/ha. 

Asparagus Rust (Puccinia asparagi): This is the most serious disease of asparagus, which causes a 

great economic loss to the farmers. The small reddish-yellow spots on the main stem and branches are the 

main symptoms of this disease. These spots later coalesce and develop into a large lesion. It causes great 

reduction in yield as firstly it weakens and ultimately kills the plant. 

Control: Grow rust-resistant varieties like Jersey Giant and UC-157 to overcome the problem. 

Genetics of Plant Sex 

The male and females flower are borne on separate plants and the male flowers are more conspicuous than 

the female flowers. In asparagus male plants are higher yielder than the female plants. Asparagus is cross 

pollinated because the plants are dioecious. The plants are raised from the seeds are heterogeneous. The 

male genotype is MM and the female is mm. Most of the varieties of asparagus are clonal selection. The 

staminate plants give rise to more spears and consequently higher yielder than pistillate. The pistillate 

spears generally are heavier individually but fewer in number than staminate plants. Breeding efforts are 

concentrated on developing super males that will produce higher, more stable yields of spears. 

Breeding Objectives 

1. Development of high yielding varieties. 

2. Development of male hybrids. 

3. Resistance to biotic (fusarium wilt, asparagus rust, asparagus beetle, garden centipede) and abiotic (cold 

and frost) stresses. 

4. Improved spear quality, 

5. Polyploidy breeding and high yielding ability adaptability. 
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Breeding Methods 

The normal ratio of staminate to pistillate plants is 1:1 in addition, there are occasional hermaphrodite 

plants, which may someday become the type of plant most desired Hybrid varieties are also available. 

Anther culture technique has been employed for the production of haploids from the male plants. Double 

haploids are produced from anther culture for example Andreas (super male) produce by double haploid in 

France and Golia, Ringo and Argo in Italy. The F1hybrids may be all male or dioecious. The asparagus var. 

grown in India are exclusively exotics from the USA, Europe or Australia. The old popular varieties are 

Mary Washington, Marth Washington, New jersey improved, Waltham Washington, Viking etc. and most 

of them are selection from Mary Washington. An exotic variety perfection has been recommended by IARI, 

New Delhi. It is early with large green succulent spears, uniform maturity and high productivity. Clonal 

hybrids are also produced (Nikoloff and Falloon 2014). Simple sequence repeat (SSR) markers generated 

from expressed sequence tag (EST) sequences represent useful tools for genotyping and their development 

is relatively easy because of the public availability of EST databases. We report design and application of 

EST–SSRs to assess the level of genetic diversity among thirty-five asparagus cultivars and to fingerprint 

DePaoli, a new variety released by University of California, Riverside. DNA was isolated from bulks of pool 

cladophylls coming from five plants of each variety to reduce the number of DNA extractions and PCR 

reactions. Allele frequencies were estimated from the intensity of the bands in two bulks and two individual 

plant samples for each variety (Caruso et al., 2014). Nine AFLP markers linked to the sex locus in 

Asparagus officinalis L. have been identified by nonradioactive AFLP technique and bulked segregant 

analysis. A composite map of one F2 and two F1 populations identified three very tightly linked markers. 

These markers did not give recombinants in the three different populations and mapped 0.5, 0.7 and 1 cM 

to the sex locus. Codominant scoring of the markers in the F2 population from a selfed andromonoecious 

plant could distinguish the XX, XY and YY asparagus plants. The AFLP markers were isolated from the 

gel and cloned into plasmid vectors. The marker E41M50, which is a low copy sequence and did not give 

any recombinants in the screened populations, detected polymorphism between female and male plants 

when used as RFLP probe. The AFLP markers we obtained are important to plant breeding, particularly 

in the development of sex specific PCR primers that could be used in the screening of different asparagus 

plants at the seedling stage. They are likewise important in the elucidation of the mechanisms underlying 

sex determination and differentiation in this species. (Jung et al., 1998). 

Seed Production 

For seed production of asparagus one row of male plants is needed for every set of four female rows. Planting 

of different rows is arranged in such a way in the field that it provides one male plant for every four female 

plants to ensure good pollination. 

1. Spears should not be harvested because it reduced stored reserves for maximum stalk growth and seed 

production. 

2. A large population of bee is necessary for good pollination. 

3. Asparagus beetles should be controlled. 

4. Red ripe fruit should be harvested because seeds from ripe berries are superior in germination to that 

from less mature bronze-colored fruits. 

Seeds from 4 to 8-year plantation measuring 3 mm in diameter are regarded. Machine grading is quite 

effective in removing lighter and immature seeds of low germination. After harvest seed should be 

separated from skins and pulp and dried. 
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India till mid-1960s was dependent on imports to meet food requirement of its populace. Harvest failures, 

droughts, and famine were very frequent. Green Revolution led India out of era of chronic food shortage 

and helped our country to usher into food self-sufficiency. Afterwards, India became a food exporter in 

1990s. In the 2020-21 Economic Survey, agriculture in GDP accounted to 19.9 per cent, an increase from 

17.8 per cent in 2019-20. The last time the sector contributed such figures was in 2003-04. In spite of the 

current political climate surrounding India’s agricultural sector, it has witnessed a shot in the arm through 

a myriad of incentives this past year. Like the ₹4,000 crore allocation towards Pradhan Mantri Krishi 

Sinchayee Yojana to provide irrigated water access to farmers. It’s all part of the government’s ambitious 

goal to double farm income by 2022. 

At the same time, there is a dire need to confront the requirement of increased agricultural production to 

feed a growing population. Crop production must be increased by 60-100 per cent by 2050. The answer is 

not aggressive farming, but sustainable practices while soldiering through climate change, depletion of 

natural resources, increased erosion, and more. 

To meet the future demand for food, data scientists are counting on agribusiness to fuel innovation. Today, 

precision agriculture is harnessing the power of artificial intelligence (AI). IoT, satellite imagery, drones, 

Web-GIS frameworks, Big Data, cloud and machine learning are expected to improve global agricultural 

productivity in the near future. 

Precision Farming 

Precision farming refers to the accurate application of agricultural inputs with respect to soil, weather and 

crop need in order to improve productivity, quality, and profitability in agriculture. It is a modern 

agriculture practice involving the use of technology in agriculture like remote sensing, GPS and 

Geographical Information System (GIS) for improving productivity and profitability. It enables farmers to 

use crop inputs more efficiently including pesticides, fertilizers, tillage and irrigation water. More effective 

utilization of inputs will bring in more crop yield and quality without polluting the environment and will 

result in sustainable agriculture and sustainable development. Hence precision agriculture is about doing 

the right thing, in the right place, in the right way, at the right time. 

The Need for Precision Agriculture 

Precision farming is subjected to be economical and environmentally friendly which could be justified 

through the reduced use of water, fertilizers, herbicides and pesticides besides the farm equipments.  

Instead of managing an entire field based upon some hypothetical average condition, which may not exist 

anywhere in the field, a precision farming approach recognizes site-specific differences within fields and 

adjusts management actions accordingly. Precision farming offers the potential to automate and simplify 

the collection and analysis of information. It allows management decisions to be made and quickly 

implemented on small areas within larger fields. 

Components of Precision Agriculture 

In Precision agriculture, the field is broken into “management zones” also called ‘grids’ based on soil pH, 

nutritional status, pest infestation, yield rates, and other factors that affect crop production. Management 

decisions are based on the requirements of each zone and precision agriculture tools such as GIS, GPS, etc, 

are used to control zone inputs. The exact location can be identified with the help of one of the main 

precision farming technologies of Global Positioning System (GPS), while application on the exact location 
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can be made with the help of advanced equipments available. To accomplish this, the farmer must mount 

a GPS receiver on the tractor/ system applying the chemical so that the equipment knows its location in 

the field. An in-vehicle computer must contain the fertilizer/pesticide (or whatever needs to be applied) – 

need map, which compares to the field position data recorded from the GPS receiver. In addition to 

fertilizer/pesticide requirements, plant population can also be chosen to optimise soil nutrients and plant 

variety selection can be chosen to take advantage of the field conditions. Crop yield can also be monitored 

to create maps that show the high and low production areas of a field for improved management decisions. 

Technologies Used in Precision Agriculture 

In order to collect and utilize information effectively, it is important for anyone considering precision 

farming to be familiar with the modern technological tools available. The vast array of tools includes 

hardware, software and the best management practices. These are described briefly in the following 

paragraphs.  

1. Mapping: The generation of maps for crop and soil properties is the most important and first step in 

precision agriculture. These maps will measure spatial variability and provide the basis for controlling 

spatial variability. Data collection occurs both before and during crop production and is enhanced by 

collecting precise location coordinates using the GPS. The data collection technologies are grid soil 

sampling, yield monitoring, RS and crop scouting. During crop production, the data are collected through 

sensing instruments such as soil probes, electrical conductivity and soil nutrient status. Mapping can be 

done by RS, GIS and manually during field operations.  

2. Global Positioning System (GPS): Global Positioning System satellites broadcast signals that allow 

GPS receivers to compute their location. This information is provided in real time, meaning that continuous 

position information is provided while in motion. Having precise location information at any time allows 

soil and crop measurements to be mapped. GPS receivers, either carried to the field or mounted on 

implements allow users to return to specific locations to sample or treat those areas. When linked with a 

GPS receiver, yield monitors can provide data necessary for yield maps. Yield measurements are essential 

for making sound management decisions. However, soil, landscape and other environmental factors should 

also be weighed when interpreting a yield map. Used properly, yield information provides important 

feedback in determining the effects of managed inputs such as fertilizer amendments, seed, pesticides and 

cultural practices including tillage and irrigation.  

3. Grid Soil Sampling and Variable-Rate Fertilizer (VRT) Application: Soil cores taken from 

random locations in the sampling area are combined and sent to a laboratory to be tested. Crop advisors 

make fertilizer application recommendations from the soil test information. Grid soil sampling uses the 

same principles of soil sampling but increases the intensity of sampling. For example, a 20-acre sampling 

area would have 10 samples using a 2-acre grid sampling system (samples are spaced 300 feet from each 

other) compared to one sample in the traditional recommendations. Soil samples collected in a systematic 

grid also have location information that allows the data to be mapped. The goal of grid soil sampling is to 

generate a map of nutrient requirement. Grid soil samples are analyzed in the laboratory, and an 

interpretation of crop nutrient needs is made for each soil sample. Then the fertilizer application map is 

plotted using the entire set of soil samples. The application map is loaded into a computer mounted on a 

variable-rate fertilizer spreader. The computer uses the application map and a GPS receiver to direct a 

product-delivery controller that changes the amount and/or kind of fertilizer product, according to the 

application map.  

4. Remote Sensing: It is a collection of data from a distance. Data sensors can simply be hand-held devices, 

mounted on aircraft or satellite-based. Remotely-sensed data provide a tool for evaluating crop health. 

Plant stress related to moisture, nutrients, compaction, crop diseases and other plant health concerns are 

often easily detected in overhead images. Remote sensing can reveal in-season variability that affects crop 

yield, and can be timely enough to make management decisions that improve profitability for the current 

crop. Remotely-sensed images can help determine the location and extent of crop stress. Analysis of such 

images can help determine the cause of certain components of crop stress.  

5. Geographic Information Systems (GIS): GIS are computer hardware and software that use feature 

attributes and location data to produce maps. An important function of an agricultural GIS is to store layers 

of information, such as yields, soil survey maps, remotely sensed data, crop scouting reports and soil 
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nutrient levels. Geographically referenced data can be displayed in the GIS, adding a visual perspective for 

interpretation. In addition to data storage and display, the GIS can be used to evaluate present and 

alternative management by combining and manipulating data layers to produce an analysis of 

management scenarios.  

6. Soil Variation: Soil variation is a spatial variable. Water-holding capacity or organic matter variation, 

along with topography, provides even a more interesting view of a field in which a producer places inputs 

or disturbs the soil. Other variables could be layered within this field to create a series of interacting 

elements. Topographic maps can be generated from differential or kinematic geographic positioning 

systems. The role of topographic variations on water use, plant growth, soil processes, yield, surface runoff, 

and groundwater hydrology has not been quantified for agricultural fields.  

7. Variability of Soil Water Content: It is well established fact that soil water content in a field varies 

over time and location and this temporal and spatial variability in soil water content patterns may have 

profound implications for Precision Agriculture in general, and water management in particular. 

Knowledge of the underlying stable soil water distribution could provide a useful basis for precision water 

management and lead to savings in energy, water, equipment cost, labor, and improved production 

efficiency.  

8. Time and Space Scales: Precision Agriculture requires an understanding of time and space scales. 

Time scales are critical because operations occur when they will benefit the crop most. Space scales become 

a fundamental principle of field management because inputs and cultural practices are varied with soil 

type, pest population, or crop maturity. The challenge is to determine how to use time and space scales to 

advantage in developing an improved understanding of agricultural management. To fully achieve the 

goals of precision agriculture, management must be applied in a space and time context. 

Advantages of Precision Farming 

1. It will improve the agricultural productivity and prevent soil degradation in cultivable land resulting in 

sustained agricultural development. 

2. It will lower the excessive chemical usage in crop production. 

3. Water resources will be utilized efficiently. 

4. GPS allows agricultural fields to be surveyed with ease. Moreover, the yield and soil characteristics can 

also be mapped. 

5. Information about agricultural practices to improve quality, quantity will be disseminated and reduced 

cost of production in agricultural crops. 

6. It will minimize the risk to the environment particularly with respect to the nitrate leaching and 

groundwater contamination by means of the optimization of agro-chemical products. 

7. Rugged fields can be sub-divided into smaller plots based on their unique requirements. 

8. It provides opportunities for better resource management and hence reduce wastage of resources. 

Disadvantages of Precision Farming 

Asparagus can be grown on a wide range of soils but it thrives best in sandy, silt loam or alluvial soils with 

a high content of organic matter in soil. It is known for its tolerance to soil salinity but a small red berry 

with 6–10 mm diameter, which is known to be poisonous to humans the pH 6.0–6.7 is suitable for its higher 

production with superior quality spears. The soil should be deep with good drainage facilities so that the 

spears may emerge from the soil without any damage. 

Conclusions 

Precision farming provides an ability to the farmers to use crop inputs more effectively including fertilizers, 

pesticides, tillage and irrigation water. More effective use of inputs means greater crop yield and/or quality, 

without polluting the environment. At present, many of the technologies used are in their latent stage, and 

pricing of equipment and services is hard to pin down. This can make our current economic statements 

about a particular technology dated. Precision Farming an address both economic and environmental issues 

that surround production agriculture today. Questions remain about cost-effectiveness and the most 

effective ways to use the technological tools we now have, but the concept of “doing the right thing in the 
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right place at the right time” has a strong intuitive appeal. Ultimately, the success of Precision Farming 

depends on how well and how quickly the knowledge needed to guide the new technologies can be found. 
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Introduction 

For over a century, plant tissue culture technology has been an important tool in crop improvement and 

development to produce disease-free plant material, obtaining transgenic plants, breaking dormancy, and 

micropropagating elite plants with highly desirable chemotype, thereby leading to more uniform plant 

production. This is the technology for conserving in vitro germplasm of elite, rare, and endangered plant 

species, implementing breeding programs for innumerous crops as well as encapsulated seeds, and 

studying plant biosynthesis through cell and root cultures, the interaction between endophytes and the 

host plant. 

Crop improvement has played vital role in enhancing the yield potential of crop plants. Genetic 

improvement which helps to brush up the quality characters, reduce the post-harvest losses, biotic and 

abiotic tolerance etc., Biotechnology is capable to providing affordable methods to make an reduce the use 

of chemicals, boost the agricultural productivity, minimize the environmental impact and enhance the 

productivity of valuable agricultural products and connect traditional approach with product development. 

UN convention on biological diversity defines any technological application that uses biological system, 

living organisms or derivative thereof to make or modify the products or processes for specific uses”. 

Biotechnology is an integrative technology that deals with many aspects of life with agriculture, 

horticulture, animal sciences and forestry etc., Widest applications of biotechnology has been in the area of 

tissue culture, genetic engineering, maker assisted selection etc., History of plant biotechnology could be 

traced back to the cell theory of Matthias Jakob Schleiden (1838) [Schleiden,], Theodor Schwann (1839) 

[Schwann,] and Virchow (1858)[ Virchow,] and the discovery of genetic transformation in bacteria by 

Frederick Griffith, respectively [Vasil]. 

Plant Tissue Culture 

The term ‘plant tissue culture’ broadly refers to the in vitro cultivation of plants, seeds, plant parts on 

nutrient media under aseptic conditions (Nirmal et al 2021). The asceptic conditions provide the culture 

environment without contamination due to microorganism as well as multiplication of target plants 

commercially. The basis of plant tissue culture was initially proposed by Gottlieb Haberlandt in 1902 at 

German Academy of Science on his single cell culture experiment. He explains the different concept in 

plant tissue culture such as totipotency which is development of whole plant from single cell as well as he 

permits cultivation of isolated plant cell in nutrient media (Krikorian et al 1969). This plant tissue 

culture technology is being widely used for large scale multiplication of   desired plant for commercial 

purpose. Apart from commercial purpose tissue culture technique widely used to develop plant propagation, 

production of virus free plants, and production of secondary metabolites etc., small piece of tissue is 

sufficient to produce hundreds of plants with in short time under controlled condition irrespective of the 

season and weather on a year-round basis (Akin-Idowu 2009). Also, any part of the mother plant which 

can used as explants such as shoot tip, leaf, stem, flower bud, lateral bud, root tissues, etc plant tissue 

culture (Table 1). Endanger species have successfully been grown and conserved by micropropagation 

because of high coefficient of multiplication and small demands on number of initial plants and space. 

The applications of plant tissue culture includes: Clonal propagation, Direct organogenesis, Indirect 

organogenesis, Axillary shoot multiplication, Somatic embryogenesis, Embryo rescue, Pathogen free plant, 

Somatic variation, Induced mutation, in vitro grafting, in vitro screening and selection, in vitro gene banks, 

stock plant banks, Anther or pollen culture for haploid production, Protoplast culture-somatic fusion, Cell 

culture, DNA transformation system, Biosynthesis in bioreactors (production of secondary metabolites, 

therapeutic metabolite(s)) Table 2. 
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Table 1: Medicinal plant species for which micropropagation protocols has been reported: 

S.No Species Explants 

type 

Culture media Authors 

1 Piper barberi Nodal 

segments 

MS media with BAP (1.0 mg l-1) & 

Kn (0.5 mg/l) 

Ananda and Rao, 

2000 

2 Plumbago 

zeylanica 

Nodal segment MS media with BA (1.0 mg l-1), IAA 

(0.01 mg/l) 

Rout et al., 2001 

3 Gloriosa superb Root MS media with p-coumaric acid 

(20.0 mg/l) & tyramine (20.0 mg l-1) 

Ghosh et al., 2002 

4 Curcuma vamana Rhizome nodal 

segments 

MS media with BAP (1.0 mg/l Bejoy et al., 2012 

5 Tashnedari sp Shoot tip MS media with BAP (2.5 mg/l) & 

NAA (2.5 mg/l) 

Lalabadi et al., 

2014 

Table 2: List of some secondary metabolites industrially produced by plant tissue culture (Leal 

et al., 2018): 

S.No Secondary 

metabolites 

Plants Type of culture Uses 

1 Anthocyanine Euphorbia milii Cell suspension Textile dye and Coloring 

agent for beverages 

2 Carthamin Carthamus tinctorius Cell culture Red pigment and Food 

colorant and dye 

3 Paclitaxe Taxus spp Cell suspension Dietary supplement 

Cosmetics 

4 Scopolamine Lithospermum 

erythrorhizos 

Hairy root Anti-cholinergicum 

5 Shikonin Atropa belladonna Hairy root Red pigment  
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Cashew is one of the important foreign exchange earning crops in India. Traditionally cashew is grown in 

the coastal regions in India. The major cashew growing states along the west coast are Maharashtra, Goa, 

Karnataka and Kerala. Along the east coast, the major cashew growing states are Tamil Nadu, Andhra 

Pradesh, Odisha and West Bengal. The non-traditional areas of cashew cultivation are Bastar region of 

Chhattisgarh and Kolar (Plains) regions of Karnataka, Gujarat, Jharkhand and in NEH region. The 

research studies showed that the mean rainfall distribution in cashew area ranged from low rainfall (1500-

2000 mm in Gujarat) to high rainfall (2700 to 3500 mm in West coast and NEH region). In India, the 

vegetative development of cashew occurs during the rainy season (August – October), and the reproductive 

phase during the dry season (December – June). Although cashew is grown in high rainfall environment, 

it experiences severe moisture stress during January to May. Incidentally, the critical growth phases such 

as flushing, flowering and nut formation in cashew also occur during this period. Any form of stress, biotic 

and abiotic stresses during this period adversely affects the flowering and fruit set and results in premature 

nut drop and finally reduces the yield and productivity of cashew. Certain cashew growing regions are 

frequented by drought which adversely affects the yield. Strategies and cultivation practices for the 

drought-prone areas of cashew regions is provided in this publication. 

 

Varieties Suitable for Drought-Prone Coastal Areas of India 

For drought prone areas, the varieties which enter into reproductive phase early are recommended. The 

list of varieties which flower early and complete the fruiting in short period along with their characteristics 

are listed below: 

Early and Short Duration Varieties of Cashew 

Ullal-4: It is a selection from 2/77 Tuni Andhra and released in 1994 for general cultivation. The average 

yield is 9.5 kg/ tree. The nut size is medium with 7.2 g nut weight. The shelling percentage is 31%. Export 

grade of kernels conforms to W210 counts/lb. The colour of the apple is yellow and apple weight is 75 g. 
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Vengurla-1: This is a selection from the germplasm Ansur-1 collected from Ansur village in Vengurla 

Tehsil of Maharashtra. The average percentage of perfect flowers is about 8%. The average yield is 19 

kg/tree. The nut weight is 6.2 g with the shelling percentage of 31%. It is an early flowering 

variety. Colour of the apple is yellow. Kernel grade is W240. 

 

Kanaka: It is a hybrid of cross BLA 139-1 x H 3-13 released in 1993 from CRS, Madakkathara. It is an 

early variety. Average yield is 19 kg/tree with a mean nut weight of 6.8 g. The shelling percentage is 31%. 

Kernel weight is 2.1 g and quality of kernels conforms to W210 export grade. Colour of apple is yellow. 

 

NRC Sel-2: This is a selection from the segregating seedling progeny of 2/9 Dicherla (VTH 40/1), originally 

a collection made from Andhra Pradesh. This variety was released in 1989. It has a midseason flowering 

habit (November-January) with a flowering duration of 74 days. The number of fruits per bunch is 3. The 

average yield is 9 kg/tree. The nut weight is 9.2 g. The shelling percentage is 28.6% and kernel grade 

conforms to export-grade W210. Colour of apple is pink. The list along with characteristics of varieties that 

are early in flowering with long flowering and fruiting duration is given below. 

 

VRI-3: This is a selection from the seedling progeny of a high yielding tree collected from a village 

Edayanchavadi in Cuddalore District of Tamil Nadu and was released in 1991. It has 12.1% perfect flowers. 

The average yield of this variety is about 10 kg/tree. The nut size is medium with 7.2 g nut weight and 

shelling percentage of 29.1%. The kernel grade conforms to W210 export grade. This variety is picking up 

fast among farmers of not only of Tamil Nadu but also of other states. 
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H-130: A jumbo nut hybrid (H-130) which is superior in yield (3 kg/tree in 3 years of planting) with cluster 

bearing (10- 20 nuts/panicle) and bold size (12- 13 g nut weight) was evaluated and released for cultivation 

and performance evaluation in the selected farmers’ field. The hybrid is highly precocious, early flowering 

with long fruiting duration. The plant is vigorous but with sparse canopy and having large leaves and big 

inflorescence with sturdy 8-10 rachis. The hybrid responds well to pruning and is suitable both for 

ultradensity planting and normally spaced plantations. Hybrid has high shelling percentage (29.9%) with 

big kernels of 3.5 – 5 g weight, a rare type among released varieties and falls under W130-150 category 

kernel grade. 

 

Training and pruning: Training is a method of regulating plant growth in the desired direction during 

the early years of planting to form a definite canopy shape. Such type of initial training provides a good 

architecture to the plants and further helpful in increasing the production. Cashew plantation under 

normal or less spacing requires regular pruning to avoid unnecessary supply of photo assimilates to 

unproductive shoot i.e., water shoots and week branches. In cashew, trimming of exhausted branches 

induce productive growth and helps to promote the yield. In drought-prone areas the training and pruning 

are to be completed by April – May, after the harvest is over, depending on the variety. 

 

Nutrient management: Since the cashew growing soils are deficient in organic matter, application of 10-

15 kg farmyard manure or compost per grownup tree is recommended. This has to be undertaken either 

before the onset of monsoon or in August- September, during the receding periods of monsoon. Fertiliser as 

per the recommendation for the region is to be applied after cessation of heavy rains and after weeding and 

clearing the base of individual trees. The key to enhancing the fertilizer use efficiency is to synchronize the 

time of fertilizer application with the growing need of the crop and period of high root activity. Flushing 

and early flowering phase (September to December) is the period of increased root activity aiding enhanced 

absorption of nutrients from the soil. Therefore, effort should be made to coincide the fertilizer application 

with this phase. During the flushing phase there is heavy internal demand for nutrients as the tree is 
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entering the re-productive phase. Hence proper fertilizer application is essential during this growth phase. 

Preferably the fertilizers to cashew are to be applied in two split doses; one at the onset of the monsoon and 

the second during the post-monsoon period, ensuring adequate soil moisture availability. If only a single 

application is possible due to labour constraint or other reasons, then this can be done during post-monsoon 

period when sufficient soil moisture is available. Circular trenches of 25 cm deep and 15 cm wide are opened 

at a distance of 0.5, 0.75, 1, 1.5 m away from the trunk during 1st, 2nd, 3rd and 4th year after planting and 

onwards respectively in laterite soils in heavy rainfall areas in the west coast. In loamy soils of low rainfall 

east coast, fertilizer can be applied in 50 cm circular strips. The trench should be closed immediately after 

the application of fertilizers and green leaves can be spread as mulch. During 1st, 2nd, 3rd, 4th and 5th 

year of planting 1/5th, 2/5th, 3/5th, 4/5th and full quantity of recommended dose is to be applied. 

Micronutrient application as a foliar spray is to be undertaken based on soil test or as recommended. 

 

Plant Protection 

Management of Cashew Stem and Root Borer (CSRB): Cashew stem and root borer infestation can 

lead to the death of the cashew tree and hence needs to be checked in the initial stages of infestation. In 

CSRB infestation, gum and start oozing out from the tree base; which is the initial symptom of pest attack 

for taking up curative measures. The infested portion should be carefully chiseled off to kill the grub or 

pupa and swab the affected portion with Fipronil 5 % SC @ 2ml per lire in the initial 2 years of pruning. It 

can be controlled by proper maintenance, quarantine, periodic survey and removal of grubs, and removal 

of severely infested trees. 

Management of Tea Mosquito Bug and minor pests: Tea mosquito bug (TMB) attack leads to a 

reduction of yield to the tune of 30-40% by sucking sap from tender shoots, leaves, inflorescence and nuts. 

Both adult and nymph suck the sap from tender shoots, panicles, immature nuts and apples which lead to 

the formation of black lesions that coalesce together causing shoot blight or blossom blight. Need-based 

application of pesticides is to be made. The spray is to be arranged as per the crop phenology and after 

observing TMB attack in the field. Pesticide spray may be required during flushing, flowering and fruiting 

stage. For early varieties, all the spraying activities are to be performed from October to February. The 

insecticides recommended for spraying are as follows. Following clean cultivation by removing weeds is 

another component of cultural management of TMB. The red ants and weaver ants (Occoyphylla 

smargdina) are reported to be helpful to check the TMB. The red ants feed on the nymphs of the tea 

mosquito bugs. Placing small pieces of jaggery at the cracks and crevices of the bark can attract the red 

ants and tying ropes among trees can facilitate the movement of ants. Limited control of TMB with the use 

of botanicals such as water extracts of Annona reticulate (15%), Adathoda vasika (12%), Pongamia pinnata 

(20%) and diluted cashewnut shell liquid, in controlling tea mosquito bug has been reported. 

Three sprays during different stages of the crop are recommended are as follows: 

Different stage Chemicals 

Flushing stage  Profenophos @2ml/litre 

Flowering stage  Thiamethoxam 25 NG @0.2 g/ litre 

Nut set stage  Acetamiprid 20 SP @0.5 g/litre 
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Introduction 

India is a large exporter of edible oils and a producer of oilseeds. India's vegetable oil economy is the world's 

fourth largest behind the United States, China and Brazil. Oilseeds account for 13% of total cropped area, 

3% of GDP and 10% of the total value of all agricultural commodities. India is the world's leading producer 

of castor, safflower, sesame and niger second in peanut, rapeseed and mustard, third in linseed and fifth 

in soybean and sunflower production (Rai et al., 2016). Every year, India consumes approximately 10 

million tonnes of edible oils. Oilseeds are an important source of energy and nutrition. Some oilseeds and 

cakes include proteins that are suitable for human consumption, while others are utilised as animal feed. 

Oilseeds also contain carbohydrates, minerals and vitamins. 

Oilseeds and oilseed meals have a critical function in preventing malnutrition and calorie deficiency in 

humans and animals. Humans and animals benefit from oil cakes/oil meals since they are high in protein 

(40-60%). Many chemicals in oilseed have been discovered to have anti-nutritional properties. Anti-

nutritionals such as trypsin inhibitors, goitrogens, aflatoxin, phenolic compound, gossypol, oxalic acid, 

chlorogenic acid, protease inhibitors, lectins, saponin allergies, phytic acid and glucosinolate limit the 

digestion of oilseeds or produce harmful consequences when consumed. As a result, it is necessary to process 

these compounds or use genetic manipulation to remove them. 

Anti-Nutrient Factors in Oil Seeds 

Anti-nutritional elements present a considerable barrier to product use. Anti-nutritional factors are 

compounds produced in natural feedstuffs by healthy species metabolism and various mechanisms that 

have an effect that is counter to optimal nutrition. These compounds are harmful and prevent themselves 

from being eaten. They are virtually always found in most meals. Anti-nutrients are harmless since they 

are present in such little amounts. Anti-nutritional factors are mostly organic chemicals that, when present 

in a diet, might harm an animal's health or obstruct normal feed consumption. Phytates or phytic acid, 

oxalates, tannins, trypsin or protease inhibitors, haemagglutinins and saponins, phytates or phytic acid 

and gossypol or oxalic acid and gossypol (Ingale et al., 2011) are some of the examples of anti-nutritional 

elements. 

Trypsin Inhibitors 

Trypsin inhibitors are abundant in soybeans and french beans. The presence of trypsin inhibitors in peanut 

has been reported by Carvalho et al. (1997). Trypsin, chymotrypsin and plasmin activity were all inhibited 

by the proteinous inhibitors isolated from peanut. In vitro trypsin inhibitory activity was shown to be 

stronger in raw and heat-processed peanut flours than in similarly processed soya flour. This causes the 

pancreas to secrete an excessive amount of endogenous protein. It causes the body to lose a net amount of 

sulphur-containing amino acids. The intestine's trypsin or chymotrypsin has been found to decrease 

pancreatic enzyme release through feedback inhibition. They inhibit the digestion of dietary protein by 

inhibiting trypsin action in the gut. In most cases, heating or autoclaving for 15-20 minutes at 120°C and 

15 Psi totally inactivates practically all trypsin inhibitors. Germination has been reported to diminish the 

concentration of trypsin inhibitor in numerous legumes. 

Goitrogens 

Human iodine uptake is inhibited by peanut seed according to experiments. Such inhibition causes an 

iodine deficit in the thyroid, resulting in goitre. Peanut, mustard leaves, soybean, lentil and millet all 

contain the goitrogenic chemical. Soybeans and peanuts have goitrogenic properties. A low molecular 

weight oligo-peptide consisting of two or three amino acids is the causative agent in soya bean (Dolan et 
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al., 2010). A phenolic glucoside found in the skin of peanuts has been identified as the goitrogenic 

component, depriving the thyroid of accessible iodine. 

Protease Inhibitors 

Trypsin and chymotrypsin are inhibited by the protease inhibitors (Kunitz inhibitor and Bowman-Birk 

inhibitor). These inhibitors prevent proteins from being digested, resulting in reduced animal growth. 

Trypsin inhibitors have activity ranging from 100 to 184 TUI/mg of protein (Kakade et al., 1972). The 

activity of these inhibitors in soybean products may be reduced by toasting or heating them. 

Saponin 

Many plants, including the soybean, contain steroid glycosides or triterpenoids. SBM generally has a 

saponin concentration of 0.43 to 0.83 percent (Ireland et al., 1986; Goda et al., 2002). Saponins are 

membrane-transporting surface-active chemicals. They can become harmful to fish when mixed with water 

because they cause damage to the gill epithelium through detergent action (Francis et al., 2001). 

Lectins 

Hemaglutinins (lectins) are carbohydrates-binding proteins. In animals, uncooked soybean can reduce 

growth and increase mortality rates. Lectin levels in soybeans can range from 37 to 323 HU/mg of protein 

(Kakade et al., 1972). After autoclaving, the lectins' powerful influence is practically gone. 

Aflatoxin 

Peanuts, like other legume seeds, contain trypsin inhibitors and other protease inhibitors, which must be 

destroyed during processing. Aflatoxin, generated by the fungus Aspergillus flavus, which infests peanuts 

before, during, and after harvest, is another unpleasant element associated with peanut meal. Aflatoxin is 

the substance that causes cancer (Kumar et al., 2017). Aflatoxin comes in four different kinds in India: B1, 

B2, G1 and G2. Of them, B1 is the one that causes cancer in humans. Based on Rf values and fluorescence 

under ultra-violate light, aflatoxin was detected against standard aflatoxin B1 and B2. Aflatoxin is 

measured using ELISA techniques. With MN- Kieselgel G-HR silica gel produced with methanol solvent 

system, thin layer chromatography plates coating separates aflatoxin (Murphy, 1993). Allergens: The 

globulin portion of soybean proteins is responsible for the allergenic impact. Globulins make up about 85 

percent (80-90 percent) of total protein in soybean seeds. GLY 1 and GLY1B - glicynine and 

betaconglicynine - are the most common allergens in soybeans. Soybeans include many antigenic proteins 

that can stimulate calves, pigs, and humans' immune systems. These proteins are not temperature 

sensitive. Temperatures about 750C are required for denaturation of betaconglicynine. Allergens were also 

discovered in soybean lecithin, which is classified as an occupational allergy among bakers. Tryptase 

inhibitors found in soybeans can potentially cause allergic reactions (El-Shemy, 2011). 

Gossypol 
It's a yellowish phenolic pigment found throughout the cotton plant, but especially in cottonseed kernels, 

blossoms, and root bark. Its content varies according to species, variety, climate, and agro-climatic 

conditions. The presence of gossypol reduces the quality of cottonseed oil, cake, and other products. 

However, it gives cotton plants resilience to a variety of pests and diseases (Gadelha et al., 2014). 

Oxalic Acid 

Oxalic acid (35mg/100g) and phytic acid are abundant in sesame seeds (5 percent). These anti-nutritional 

elements are more prevalent in darker coloured variations than in red coloured types. Oxalic acid and 

phytate are known to disrupt mineral metabolism and reduce calcium, phosphorus, magnesium, zinc and 

iron availability. Oxalic acid can cause kidney damage and has a bitter flavour that makes it unpalatable. 

Chlorogenic Acid 

Sunflower meal is high in chlorogenic acid, a tannin-like substance that inhibits the activity of digestive 

enzymes such as trypsin, chymotrypsin, amylase and lipase (Akande et al., 2010). Because chlorogenic acid 

is uncondensed and non-hydrolysable, tannin assays do not show its presence of 1% or more of a total of 3-

3.5 percent phenolic compounds in sunflower meal. 
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Phenolic Compounds 

Peanut hulls, epidermis and cotyledons contain a variety of phenols, tannins and related colours. Sinapic 

acid and its derivatives, such as sinapine, make up about 73 percent of the phenolic chemicals found in 

rapeseed flour, making them the most prevalent (Von Der et al., 2014). The presence of tannins gives 

peanut hulls their brown hue. On a fresh weight basis, peanuts include 0.43 percent hulls, 6.04 percent 

seed coatings and 0.04 percent fruit tannins. As a result, the majority of flavonoids, including condensed 

tannins are concentrated in seed coats and hulls, whereas the fruit is nearly tannin-free. Because the skins 

of peanuts are frequently removed during processing, the majority of polyphenols are estimated from such 

deskinned peanuts before ingestion. Aside from being antinutritive, phenolic compounds can give peanut 

goods off-flavors and a dark colour. More than 80% of total phenolics in peanut protein isolates may be 

removed using ion exchange chromatography and activated carbon treatments. 
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Summary 

Under impeding production–and resource–vulnerabilities in India, our approach for agriculture needs to 

be redefined with propensity towards climate resilient integrated crop and resource management (ICRM) 

having low risk vulnerability, high factor productivity and sustained farm profitability with healthy food 

and environmental quality in above context, integrated crop management (ICM) practices hold great 

potential which take into account economic, social and environment sustainability. In irrigated agro-

ecosystem of Indo-Gangetic Plains Region (IGPR), continuous cultivation of rice-wheat cropping system 

(RWCS) with intensive input use has caused a serious threat to agricultural sustainability with numerous 

production constraints. In order to diversify the IGPR production systems, pulses and other legumes like 

soybean and pigeonpea etc. hold great promises. 

Introduction 

The world population is estimated to be 9.7 billion by 2050 and will require a 60 to 70% increase in food 

production. The majority of the world’s population is going to increase in Africa (41%) and Asia (49%). These 

numbers are a stark warning that agriculture in the very near future will need to take into account the 

change in dietary requirements, the increase in competition for biomass from biofuels, and the increase in 

urbanization, which will all apply pressure on current agricultural production. Of the 1,500 million 

hectares of arable land globally, around one-third has been threatened by erosion, seawater, and pollutants, 

degrading soil health and biological productivity. These problems are overcome by using the integrated 

agriculture practices. Integrated crop management or ICM was first introduced in 1991 in an attempt to 

improve the public’s perception of farming. A new organization was formed, called Linking Environment 

and Farming (LEAF), with the aim of promoting good agricultural practice and reassuring the consumer 

that produce from British agriculture was safe to eat by informing them about both the reasoning and 

methods of food production. Definition: “Integrated Crop Management (ICM) is a system of crop production 

which conserves and enhances natural resources while producing food on an economically viable and 

sustainable foundation”. It is based on a good understanding of the interactions between biology, 

environment and land management systems. 

Principles of Integrated Crop Management 

1. Production of healthy and profitable crops 

2. Production of environmentally friendly crops. 

3. To help farmers to take a decision. 

 
Common Components of ICM 



 

 
Volume 04 - Issue 08 - August 2022       250 | P a g e  
 

 
ICM strategy and approach 

Advantages of Integrated Crop Management 

1. Productivity:  ICM provides an opportunity to increase economic yield per unit area per unit time by 

virtue of intensification of crop and allied enterprises. 

2. Profitability: Use waste material of one component at the least cost. Thus, reduction of cost of 

production and form the linkage of utilization of waste material, elimination of middleman interference in 

most input used. Working out net profit B/ C ratio is increased. 

3. Potentiality or Sustainability: Organic supplementation through effective utilization of byproducts 

of linked component is done thus providing an opportunity to sustain the potentiality of production base 

for much longer periods. 

4. Balanced Food: We link components of varied nature enabling to produce different sources of nutrition. 

5. Environmental Safety: In ICM waste materials are effectively recycled by linking appropriate 

components, thus minimize environment pollution. 

6. Recycling: Effective recycling of waste material in ICM. 

7. Income Rounds the year: Due to interaction of enterprises with crops, eggs, milk, mushroom, honey, 

cocoons silkworm. Provides flow of money to the farmer round the year. 

Conclusion 

Overall, ICM being a recent concept, a meager work has been done on developing holistic ICM practices in 

field crops while poor attention has been given to legume or pulse production systems. The influence of 

various ICM modules imbedded with tillage, nutrient, weed, water and integrated pest management etc. 

on crop productivity, profitability, input use efficiency, soil health as well as water, labour, and energy 

saving are not worked out systematically. 
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Introduction 

Plant-parasitic nematodes, particularly root-knot and cyst nematodes, are valuable pests in a variety of 

crops. Chemical soil sterilization and other non-selective insecticides are still used to control plant parasitic 

nematodes in many areas, and there are currently no viable alternatives. 

We need to know how root knot and cyst nematodes interact with their hosts in order to identify ways for 

controlling them. Root-knot and cyst nematodes are two forms of endoparasitic nematodes that both induce 

a feeding site in the plant root, but in distinct ways. Several methodologies for analyzing plant gene 

expression in response to nematode infection have been used to gain insight into the molecular processes 

behind this complicated relationship. 

In most of the cases same disease is caused by more than one pathogen or symptoms look like similar in 

appearance. So, perfect diagnosis of the disease is necessary to know about the causal pathogen. It helps 

us to find a proper management practice to control the disease efficiently. 

Sampling 

Having observed symptom that indicate possible or likely nematode infestation, the next stage is to collect 

sample from the affected plants and from the soil around the roots. These are the taken to the laboratory 

for analysis, to determine what nematodes are present and possibly their density. 

The following field characterizations have implications for sampling methods, and should therefore be 

considered at this stage. 

1. Aggregated distribution of nematode due to host root system and the seasonal behavior of the nematode 

2. Crop type and history 

3. Areas planted to different varieties 

4. Soil moisture 

5. Soil compaction 

6. Soil type 

7. Temperature and seasonal change. 

Principles of Integrated Crop Management 

1. Production of healthy and profitable crops 

2. Production of environmentally friendly crops. 

3. To help farmers to take a decision. 

Sampling Tools 

Useful tools for sampling, some of which are show in, include a spade, a hand towel, a screwdriver, a soil 

auger (corer), knives (for cutting roots), scissors, polythene sample bags, tags. The soil auger or corer should 

have a blade 20-30 cm in length and 20-25 mm diameter, and can be either a complete cylinder or a half 

cylinder. 

Half cylinder helps in removing soil from the corer. Marker pens for labeling the sample bag and pencil 

and notebook are also necessary for recording information. 

Nematode Extraction 

The next stage is to extract nematodes from the samples. This should be done as soon after collection as 

possible as samples deteriorate over time. The most common method of extraction is Cobb’s decanting and 

sieving method. 
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Procedure 

1. Take a 100 cc subsample of soil 

2. Place soil in on of the bowl half fill with water. 

3. Stir the soil well so that the soil particle is in suspension. 

4. Take the set of sieves of 20, 60, 100, 200, 325 and 400 mesh sieves. 

5. Pass the stirred suspension through 20, 60, 100 and 200 mesh sieved and collect the suspension in 

another bowl. 

6. Now pass through the suspension through 325 or 400 mesh sieves slowly wash the material caught in 

the sieve in a 250 ml beaker. 

7. Sample in 250 ml beaker will probably be too direct viewing sample may be placed on tissue paper 

supported on wire mesh in Petri plate for 24 hours. The nematode will be collected in clear water for 

observation under microscope. 

Using Baermann Funnel 
1. Set up a funnel with stainless steel wire basket rubber tubing and a double thickness of tissues. Place 

an empty 500 ml basket under the funnel stem. Do not put clamp in place of fill funnel with water. Pour 

the supernatant extracted during step 6-16 into funnel slowly so that sediment does not plug the tissue 

and prevent water from moving. Then shake up the residue and add to funnel. 

2. Rinse out the beaker with as little water as possible and add to funnel pouring slowly down the side.  

3. Allow liquid to drain off into the beaker for no longer than one minute, than place a clamp on the rubber 

tubing at the base of the funnel. 

4. Label funnel with sample number & data immediately refill the labeled funnel with fresh tap water. 

Pour water down the inside edge of the funnel (not through the tissue) until the water level is about % of 

the way up from the bottom of the basket.  

5. Maintain water level at all times never allowing sample to become dry. Add fresh water daily, pouring 

downs the edge of the funnel. 

6. After 3-5 days to most sample (2 days for bulb & foliar sample) draw off about 10 ml of nematode 

suspension in to a Syracuse dish or whole sample in to a beaker. 

Advantages 

1. The combination method allows recovery of most nematode from a large soil sample.  

2. The resultant sample contains less silt and debris than it does in the gravity screening technique, and is 

therefore easier to examine under the dissecting microscope. 

Disadvantages 

1. Although recovery of mobile nematode is good. Sluggish nematodes recovered during the sieving part of 

the technique may fail to pass through the tissue in the funnel. 

2. Processing takes longer and requires considerable equipment. 

Counting Nematodes 

Extracted nematodes can be viewed and counted using a dissecting or a compound microscope. Good quality 

illumination (under stage lighting) is essential. A magnification of about 40x is usually suitable (i.e., a 4x 

objective combined with a 10x eyepiece), but a compound microscope can also be used (i. e. using the 10x 

objective), which is useful for nematodes that are in poor condition or are hard to identify. Dissection 

microscope allows greater maneuverability and depth of focus, especially for dirty samples. 

The total nematode suspension from 100cc soil is measured. The nematode suspension is bubbled well and 

1 ml aliquot is taken in taken counting dish. The nematodes are count under microscope with the help of 

tally counter. Now multiply this number to total suspension. This will be the total number of nematode 

present in 100 cc soil. 
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Some Infected Plant Roots 

   
Brinjal Okra Tomato 

Staining of Roots in Lacto-Phenol Acid Fuchsine Lacto-Phenol 
This method is most commonly used. The results are good and the condition of the nematodes extracted 

from the roots is usually good enough to make identification at high magnification possible (Southey1986). 

The nematodes are stained red and the plant tissue remains more or less unstained with the exception of 

the meristemic regions. The methods are used to check roots for infections and to create demonstration 

material of known infections. 

Requirements 

Beaker, 2 Petri dishes, pair of scissors or knife, forceps, lacto-phenol (0.1% fuchsine acid), lacto-phenol. 

Formulation of Lacto-Phenol 
1. Liquid phenol       1 part 

2. Liquid acid            1 part 

3. Glycerine   2 parts 

4. Distilled water        1 part 

Mix all well and store in bottle. 

Procedure 

1. Carefully wash the root system with water and cut of the small roots. 

2. Put the small roots in boiling lacto-phenol-acid fuchsine and leave them in this solution for 30 seconds 

to one minute depending on the hardness of the tissue. 

3. Wash the stained roots in running tap water. 

4. Keep this stained root in Petri plate and add plain lacto-phenol and leave them in this solution for at 

least over night to remove access stain from the root. 

5. These roots can be observed under microscope for nematode infection as the roots become transparent 

and the nematode takes the red which can easily be differentiated. 

Parineal Pattern of Meloidogyne Spp. 
The parineal pattern of meloidogyne incognita spp. is one of the most common characters for identification. 

1. Place sections of infected roots in 0.9% Nacl. Dissect females from roots under a dissecting microscope. 

Female can also be dissected from the root stained in lacto acid fuchsine Needles and a scalpel are useful 

tools for this. 

2. Transfer the female to a small drop of lact-phenol in a plastic Petri dish Push a female body out of the 

drop in a small isthmus of lactophenol solution, so that is in place by surface tension. 

3. Embed the end of an eye scalpel pr razor blade fragment into the plastic and cut off the posterior of the 

nematode with a paper-cutter action. 

4. Gently remove body tissue from the posterior section with a dissecting needle or nematode pick. Trim 

the cuticle into a square with the perineal pattern in the center. 

5. Transfer the perineal pattern pattern to a microscope slide in a small drop of glycerin. Repeat steps 1-5 

so that there are several patterns (5to10) on the slide from the same root system. Apply cover slip and seal. 
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How to Cut Perineal Patterns 

 
Fig.1. How to cut perineal patterns.  

A, B: excised female with neck region removed and body contents gently expelled; C: posterior body with 

perineal pattern removed; D: trimming surplus cuticle around perineal pattern; E: trimmed perineal 

pattern ready for mounting. After Hartman and Sasser (1985). Symptoms of root-knot nematode damage. 

Visible Above Ground Symptoms 

1. Crinkling of leaves  

2. Angular lesion on leave 

3. Drying of leaf tips 

4. Distortion of stem and ear head 

5. Yellowing 

6. Patchy growth 

7. Stunting 

8. Wilting during day time. 

Visible Below Ground Symptoms 

1. Root galls. 

2. Excessive branching of roots. 

3. Curly root tips. 

4. Short stubby roots. 

5. Elongated lesions. 

6. Peeling off of the root cortex. 

7. Protuberances of the root cortex. 

Symptoms of Pigeonpea Cyst Nematode Damage 

Above ground: 

a. Stunting 

b. Yellowing 

c. Appearance of patches of stunt growth. 

d. Curling and twisting of leaves and stems. 

e. Reduced yield. 

On the root: 

a. White cyst can be seen attached on the roots. 

b. Overall roots are reduced. 

c. Fiber roots become thin. 

Symptoms of Field Pea Root-Knot Nematode Damage 

Damage symptoms: 

a. Root-knot nematode feed on tender roots and base of pseudostem causing stunting, chlorosis, poor 

tillering and necrosis of leaves are the common aerial symptoms. 

b. Characteristic root galls and lesions that lead to rotting are generally seen in roots. 

c. The infested roots have brown, water-soaked areas in the outer tissues. 

d. Nematode infestation aggravates root rot disease 
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e. Nematodes survive in soil and infected roots as primary inoculums. 

f. Therefore, tissues from infected crops remaining in the field serve as a reservoir of the fungus. 

g. It spreads from infected plants or through soil. 
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Collection of Soil and Plant Samples 

The best time for sampling varies between crops, and is related to the growth stage of the crop and the 

objective of sampling. During the growth season, several species of nematodes multiply rapidly and then 

decline to low numbers. Compared to perennial and tree crops, this is simpler to see in annual crops. 

Sampling Equipment 

Shovel/spade, plastic bags to hold 500g of soil, labels 

How to sample 

Fallow or bare fields 

Do not sample when field is dry or extremely wet. For sampling, the field should be divided into 1–2-hectare 

blocks. 

Take about 20-30 cores/sub-samples of soil, at 15-20cm depth from an area of 1-2hectares. Collect these 

sub-samples at every 10-20 meters in aʻWʼ or in ʻZigzagʼ pattern. 

Place sub-samples in a bucket and mix thoroughly with hands, and collect a 500g composite sample in a 

labeled plastic bag. 

 

Pulse Crops 

Nematodes don't always spread evenly throughout a field, thus many sub-samples must be collected from 

various locations and merged. Take 20 to 30 random subsamples from each 1–2-hectare block. Direct 

sampling from the root zone is best. 500g of soil with roots should be placed in a plastic bag for laboratory 

examination after subsamples have been properly mixed. Because nematode damage to a crop might be 

uneven, it is important to take samples from both healthy plants and plants that are displaying declining 

physiological systems. Keep these samples separate and them as ʻgoodʼand ʻbadʼ samples. 

Label and Information 

1. Label samples with identification number and provide the following information on a separate sheet of 

paper. 

2. Name and address of the grower 

3. Crop plant, systems and sketch map of the diseased area and the samples site, and also an indication of 

the topography of the field. 

4. Cropping history of the field. 



 

 
Volume 04 - Issue 08 - August 2022       257 | P a g e  
 

Some Infected Plant Roots 

    
Brinjal Okra Tomato Pumpkin 

Isolation can be Done in Two Ways 

1. Soil suspension/root suspension inoculation. 

2. Direct inoculation of nematode or egg masses. 

Isolation of Fungal/Bacterial Bio Agents from Infected Soil and Plant Samples 

RKN infected root 

 
Collect single adult female and its egg mass 

 
Removed egg 

 mass kept for hatching for 5-8 days 

Keep them in PDA plates                                                                          Macerate the infected root 

samples make infected  

soil suspension  

and make serial dilution 

Freshly hatched juveniles  

observation under microscope 

for bacterial spore attachment 

Inoculate the suspension 

of 104 concentrations 

 

 

 

 

Result observes the growth of fungus and  

isolate fungal bio-agents if any 

 
subculture the bio-agents and pure culture development 

The processes to be taken for the isolation and molecular characterisation of nematode bio-

control agents are briefly discussed in the flow chart below. These methods will be further 

detailed in detail during practical sessions. 

Molecular Characterization 

DNA isolation of fungi/bacteria by Nucleopore/Qiagen kit method 

 
Pcr Amplification of ITS1-5.8S –ITS2 or tef1 or LEtef1/ 16SrDNA region 

 
Sequencing and analysis of the data 

 
Species and strain identification, submission to NCBI and registration in national culture 

collection center 
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Media Used for Isolation of Paecilomyces lilacinus 

Semi selective medium for isolation of Paecilomyces lilacinus 

Add 10g Nacl 

37.5 mg of PCNB 

50mg of Benomyl 

39g PDA in 1 litter of distilled water. 

The 15 minutes at 15 1b/m2 in an autoclave. Cool it down to 40–500C. then include 1 ml Tergitol NP10, 50 

mg of chlortetracycline hydrochloride, and 100 mg of streptomycin sulphate. Pour into the Ptri dishes used 

for fungus isolation. 

Isolation of Trichoderma Spp. 
For the isolation of rhizospheric Trichoderma spp. From soil, soil samples were collected from rhizosphere 

of plant. Dilution plate techniques were followed and for isolation Trichoderma Specific medium is used 

(TSM) as a basic medium (Elad and Chet, 1983). Ten grams (10g) of soil was taken from each rhizosphere 

soil samples in a beaker and was mixed thoroughly in 100 mL distilled water on a rotary shaker (250rpm). 

Then, the suspension was allowed to settle down to soil for 10 min. After sedimentation, the soil suspension 

was taken from the upper part and diluted to 103-104 x in distilled water and 0.5 ml diluted sample was 

poured on the surface of Trichoderma specific Medium (TSM). Plates were incubated at28 ±20C for 96 hrs. 

Morphologically different colonies appearing on the plates were puriued in the potato Dextrose Agar (PDA). 

The puriued isolates were preserved at 40C and used during the course of study. 

Media Used for Isolation of Trichoderma 

Trichoderma specific medium Potato Dextrose agar 

Glucose 3g Potato 200g 

MgSo4 0.2g Dextrose 20g 

KH2Po4 0.9g Agar 20g 

NH4No3 1.0g Distilled water 1000ml 

KCl 0.5g Final pH 6.8 

Rose Bengal 0.033g   

Metalaxyl 0.3g   

PCNB 0.2g   

Chloramphenicol 0.25g   

Agar 15g   
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Abstract 

The nanotechnology has potential prospects of use in plant disease management in different ways. The 

most simple and obvious way is direct application of nano particles in the soil on seeds or foliage to protect 

plants from pathogen invasion. Plant diseases cause huge crop loss on a global scale and are the chief yield-

limiting factor in agricultural as well as horticultural produce. Due to greater utilization of land for 

production and excessive use of fungicides and pesticides, resistant plant pathogens are spreading 

unprecedentedly and require an immediate check to corroborate food security. 

Introduction 

Plant pests and pathogens cause significant reductions in crop production, with estimated global losses of 

20%–40% per year. Current pest management relies heavily on the application of pesticides, such as 

insecticides, fungicides, and herbicides. In spite of many advantages, like high availability, fast action, and 

reliability, pesticides have harmful side effects towards non-target organisms, the resurgence of the pest 

population, and the development of resistance. 

 

Nanomaterials as protectants or carriers to provide crop protection. This schematic shows different 

nanomaterials as either protectants or carriers for actives such as insecticides, fungicides, herbicides, or 

RNA-interference molecules, targeting a wide range of pests and pathogens. 

In this review, we discuss the recent advances in plant disease management using nanoparticles 

themselves as protectants, as well as nanoparticles as carriers for insecticides, fungicides, herbicides, and 

dsRNA for RNA-interference (RNAi)-mediated protection. 
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Studies conducted on insecticides, fungicides and herbicides (including biocides) loaded onto nanoparticles. 

Insecticides: 35 studies have been conducted to date, where 12 tested their nano-insecticide on crop plants, 

20 against the target pest, 5 on environmental issues, such as non-target toxicity or soil leaching, and 2 

trials were done in field conditions. Fungicides: 28 studies have been conducted to date, where 10 tested 

their nano-insecticide on crop plants, 17 against the target pest, 5 on environmental issues, such as non-

target toxicity or soil leaching, and no trials have been conducted in field conditions. Herbicides: 17 studies 

have been conducted to date, where 7 were tested against the target pest, 11 on environmental issues, such 

as non-target toxicity or soil leaching, and no trials have been conducted in field conditions. 

Nanoparticles for Plant Disease Management 

Nanoparticles are materials that range between 10 to 100 nanometers (nm), and can be designed with 

unique chemical, physical, and biological properties, to distinctively differ from those of their molecular 

and bulk counterparts. Nanoparticles alone have the potential to be directly applied to plant seeds, foliage, 

or roots for protection against pest and pathogens, such as insects, bacteria, fungi, and viruses. Metal 

nanoparticles such as silver, copper, zinc oxide, and titanium dioxide have been intensively researched for 

their antibacterial and antifungal properties, and are known for their antiviral properties. 

Nanoparticles that Act as Carriers 

Nanoparticles are also commonly used as carriers to entrap, encapsulate, absorb, or attach active molecules 

to develop effective agricultural formulations. The common nanoparticles which have been used as carriers 

for insecticides, fungicides, herbicides, and RNAi-inducing molecules, are summarized below. 

Silica nanoparticles - They are commonly produced in a spherical shape with pore-like holes; for example, 

porous hollow silica nanoparticles (PHSNs) or mesoporous silica nanoparticles (MSNs). 

Chitosan nanoparticles - It has reactive amine and hydroxyl groups, allowing modification,graft 

reactions, and ionic interactions, enabling improvement of chitosan properties. 

Solid lipid nanoparticles (SLNs) - are similar to emulsions, and are composed of lipids that are solid at 

room temperature.  

Layered double hydroxides (LDHs) - are clays that form into hexagonal sheets with layers of the active 

molecules trapped in the interlayer space. LDH nanoparticles breakdown under acidic conditions, such as 

the addition of moisture and carbon dioxide from the atmosphere. 

Nanoparticles as Carrier for Insecticides 

Loading insecticides into nanoparticles first started in the early 2000s. Since then, conventional 

insecticides (27 studies) and bioactive compounds with insecticidal properties (13 studies) have been 

conducted with a range of nanoparticles. These studies have explored eight different MoA and a range of 

essential oils (not included in Insecticide Resistance Action Committee (IRAC) classification). 
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Nanoparticles as Carrier for Herbicide 

Most of the herbicide nanocarrier studies primarily focused on reducing the environmental impact caused 

by herbicides. When compared with insecticide and fungicide nanocarrier studies, herbicide research 

clearly prioritizes reducing the non-target toxicity of the herbicides. 

Nanoparticles and RNAi for Plant Protection 

The discovery of the RNAi pathway has heralded new and innovating approaches for the management of 

pests and pathogens. RNAi, a conserved eukaryotic mechanism, is involved in the growth, development, 

and host defense against viruses and transposons, that can also be hijacked to target insects, fungi, viruses, 

and weeds. describes the general mechanism of application of dsRNA to target pathogen RNA. 

 
A brief overview of the RNAi pathway utilized for the application of RNAi-inducing molecules (dsRNA or 

siRNA) for gene silencing. 

Conclusion and Future Outlook 

Nanotechnology can provide solutions for agricultural applications and has the potential to revolutionize 

the existing technologies used in pest management. Development of nano pesticides can offer 

unprecedented advantages like: 

1. Improved solubility of poorly water-soluble pesticides. 

2. Increased bioavailability and efficacy of pesticides when loaded onto nanoparticles and reduced pesticide 

toxicity.  

3. Enhanced shelf-life and controlled delivery of actives. 

4. Target-specific delivery of the active molecules and pH dependent release. 
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Pigeon peas, a popular vegetable in tropical countries, are healthy and versatile. Ripe pigeon peas are a 

common ingredient in dhal, an Indian split-pea soup. Immature pigeon pea seeds, also called green pigeon 

peas, are reputed as an old folk medicine remedy for liver and kidney ailments, according to Purdue 

University, but they offer real health benefits today. They are a nutrient-rich addition to rice or a variety 

of other foods and can supplement your diet with protein, fiber, vitamins and minerals. 

Pigeonpeas (Cajanus cajun), Raw, mature seeds, Nutritive value per 100 g. 

Principle Nutrient Value Percent of RDA 

Energy 343 Kcal 17% 

Carbohydrates 62.78 g 48% 

Protein 21.70 g 39% 

Total Fat 1.49 g 7.5% 

Cholesterol 0 mg 0% 

Dietary Fiber 15 g 39% 

Vitamins 
  

Folates 456 μg 114% 

Niacin 2.965 mg 18.5%    
Pyridoxine 0.283 mg 22% 

Riboflavin 0.187 mg 14% 

Thiamin 0.643 mg 54% 

Vitamin-C 0 mg 0% 

Electrolytes 
  

Sodium 17 mg 1% 

Potassium 1392 mg 30% 

Minerals 
  

Calcium 130 mg 13% 

Copper 1.057 μg 117% 

Iron 5.23 mg 65% 

Magnesium 183 mg 46% 

Manganese 1.791 mg 78% 

Phosphorus 367 mg 52% 

Selenium 8.2 μg 15% 

Zinc 2.76 mg 25% 

Phyto-nutrients 
  

Total isoflavones 0.56 mg 
 

(Source: USDA National Nutrient data base). *RDA- Recommended Dietary Allowances 

Here are Some Amazing Health Benefits of Pigeon Pea 

1. Pigeon Peas Assist in growth: The rationale that pigeon peas have changed into such an irreplaceable 

a part of the eating regimen in lots of elements of the world is their densely packed protein content. A 

single cup of cooked pigeon peas comprises 11 grams of protein. 

2. Maintains Blood Pressure: Potassium is the main mineral in pigeon peas that acts as a vasodilator 

and reduces blood pressure. Those who suffer from hypertension should add pigeon peas to their daily diet 

to ward off this ailment. 

https://www.lybrate.com/topic/protein-benefits-sources-and-side-effects
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3. Prevents Anemia: Pigeon peas is a good source of folate. It helps to prevent anemia and defects in the 

unborn child which is caused due to deficiency of folate. The intake of a single cup of pigeon peas provides 

adequate amount of the daily recommended vitamins. 

4. Aids Weight Loss: Pigeon peas is low in calories, cholesterol and saturated fats and makes it a healthy 

food option for weight loss. The presence of dietary fiber keeps one full for a long period of time, increases 

metabolic rate and helps in weight loss. The nutrients present in pigeon peas convert to usable energy 

instead of storing it as fat. 

5. Anti-inflammatory properties: The seeds, leaves and peas of pigeon peas are used to treat 

inflammation due to the presence of organic compounds. The mashed pigeon peas paste is used as a 

treatment for piles which is known as hemorrhoids. 

6. Helps to Boost Energy: Pigeon pea is enriched with Vitamin B2 (riboflavin) and Niacin. It enhances 

the metabolism rate and prevents fat storage and helps to boost energy levels. It is suitable for people living 

in arid climates and for people doing hard physical labor as consuming pigeon peas gives a boost to the 

energy levels. 

7. Promotes A Healthy Heart: Pigeon peas contain dietary fiber, potassium and helps to lower the 

cholesterol levels which helps to maintain cardiovascular health. Potassium lowers the strain on the heart 

by reducing the blood pressure. It helps to prevent atherosclerosis thereby keeping the heart healthy and 

the body fit. 

6. Improves Digestive Health: Pigeon peas are rich in dietary fiber which is essential in maintaining 

digestive health. Fiber adds bulk to the stool and enhances the bowel movement by reducing the strain as 

well as inflammation. It reduces constipation, cramping, bloating and diarrhea. 

Traditional Uses 

1. In Ayurveda, it is used as volerant that heals wounds and sores. 

2. It is also used as an astringent that is used to stop bleeding. 

3. It is also used to cure lungs and chest disease. 

4. It is used to eliminate the internal parasitic worms. 

5. In Nigeria, the leaves are used to treat. 

6. In Panamanian folk medicine, it is used as a treatment for diabetes. 

7. It helps to cure jaundice, cough and bronchitis. 

8. In Malay traditional medicine, leaves decoction helps to treat coughs, abdominal troubles and diarrhea. 

9. The juice extracted from leaves is helpful for earache and sores. 

10. In Java, the pulped leaves are used as a treatment for herpes, sores and itches. 

11. In China, the roots are used as a sedative, expectorant, anthelmintic and vulnerary. 

12. The roots are used to treat throat inflammation, diarrhea and chlorosis. 

13. A poultice is used to lessen swellings. 

14. In Philippines, a decoction made from leaves is useful for diarrhea, cough and abdominal pains. 

 

https://www.1mg.com/categories/weight-management-17
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Abstract 

Layering is the developing of roots on a stem while it is still attached to the parent plant. The rooted stem 

is then detached or become a new plant growing on its own roots. A layered stem is known as a layer. 

Layering includes several forms of ground and aerial layering. When rooting is encouraged on the aerial 

part of a part of a plant after wounding it is known as air layering or gootee or marcottage. When branches 

running parallel to ground are utilized, it is known as ground layering, the root formation during layering 

on a stem is stimulated by various stem treatments like ringing, notching etc, which causes an interruption 

in the downward translocation of carbohydrates and other growth factors from leaves and growing shoot 

tips. However, the root formation in layered stems completely depends upon continuous moisture supply, 

good aeration and moderate temperature around the rooting zone. Sometimes synthetic growth regulators 

like IBA, IAA etc, are also treated to layered stem to induce better rooting, as the auxins in layered stem 

is an important factor for rooting. 

Keywords: Layering – Types of Layering. 

Introduction 

Stems that are still attached to their parent plant may form roots where they come in contact with a rooting 

medium. This method of vegetative propagation is generally successful, because water stress is minimized 

and carbohydrate and mineral nutrient levels are high. The development of roots on a stem while the stem 

is still attached to the parent plant is called layering. A layer is the rooted stem following detachment 

(removal) from the parent plant. Some plants propagate naturally by layering, but sometimes plant 

propagators assist the process. Layering is enhanced by wounding the stem where the roots are to form. 

The rooting medium should always provide aeration and a constant supply of moisture. 

Classification of Layering 

1. Ground layering 

a. Tip layering 

b. Simple layering 

c. Trench layering 

d. Mound layering or stool layering 

e. Compound or serpentine layering. 

2. Air layering (Gootee or Marcottage): 

a. Tip layering: It is generally followed in plants which have trailing type of shoots. It is quite 

similar to simple layering. 

 
Tip Layering 

b. Simple layering: In this method, a branch is bent to the ground and some portion of it is covered 

by soil leaving the terminal end of the branch exposed.  Root initiation takes place at the bent and 
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buried portion. After allowing sufficient time for root formation, the rooted stem is separated from 

the mother plant. Eg. Bougainvillea, Jasmine, Rangoon creeper. 

 
Simple Layering 

c. Compound or serpentine Layering: Compound layering is essentially the same as the simple 

layering except that the branch is alternatively covered and exposed along its length. The branch 

for compound layering must be long and flexible so that it can be layered at different places along 

its length. Eg. Bougainvillea, Jasmine, Rangoon creeper. 

 
Compound Layering 

d. Mound (stool) layering: In this method, a plant is cut back to the ground level during the 

dormant season and soil is heaped around the base of the newly developing shoots. After slowing 

sufficient time for root initiation, individual rooted layers are separated from the mother plant and 

panted. Eg. Apple roots tocks, Guava, Litchi, Quince. 

 
Mound (stool) Layering 

e. Trench Layering: Trench layering consists of growing a plant or a branch of a plant in a 

horizontal position in the base of a trench and filling in soil around the new shoots as they develop, 

so that the shoot bases are etiolated. Roots develop from the base of these new shoots. Etiolated 

roots develop from the base of these new shoots. Trench layering is used primarily for woody species 

difficult to propagate by mound layering. Trench layering is used primarily for woody species 

difficult to propagate by mound layering. Eg. Apple rootstocks, Litchi, Quince. 

 
Trench Layering 
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3. Air layering: In air layering roots form on an aerial shoot. The rooting medium is tied to the shoot for 

getting root initiation. Sphagnum moss is the best rooting medium for air layering as it holds large 

quantities of water till root initiation and through the root initiation and through the root development. 

Eg. Crotons, ficus, fig, Guava, Phalsa, Pomegranate. 

 
Air Layering 

Conclusion 

Certain plants do better with certain layering techniques.  For instance, tip layering works well on 

blackberries.  The easiest types of layering are tip layering and simple layering.  Almost anyone can do 

these and be successful with the right plants.  The method selected depends on what is best for the plant 

and ease of propagation.  If possible, select wood for layering that would normally be pruned when shaping 

the plant.  Layering is simple and fun.  It is a great money saving hobby, and great for nursery and 

landscaping businesses to use. 
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Introduction 

India naturally flourishes with its heterogeneity of flaura and fauna and is one of the richest bio-diversity 

hotspots of the world.  The North-Eastern region of India gained a special recognition in the entire world 

of having a wide range of sericigenous insects due to favourable climatic and topographic conditions. Also, 

India enjoys a distinct position globally as it produces all the commercial varieties of silk viz; mulberry, eri, 

muga and tasar. Among them, muga and eri silks are commercially produced in the North-Eastern region 

of India and thus, the strength and glory of this region mainly lies in eri and muga culture.                                                                                                                

Eri-culture is an age old traditional agro-based industry, associated with the socio-economic life of the rural 

population of the region. Eri silk, popularly known as errandi or endi obtained from the silkworm Samia 

ricini Donovan, is mainly confined to the NE part of India and is one of the most popular exploited vanya 

silkworms, getting immense limelight at national as well as international level. Unlike the cocoons of other 

silkworm, eri cocoons cannot be reeled as they are open mouthed. They are spun to obtain yarn out of the 

cocoons without killing the pupa inside. Thus, it is known as ‘Ahimsa’ or ‘non-violent silk’. This silk 

possesses excellent thermal properties and elegant natural sheen and inherent affinities for natural dyes. 

The British used to call it as ‘Palma Christ Silk’.  

The NE region shares about 98.66 per cent of eri raw silk production of the country (Anon., 2021) Assam 

occupies a unique position in the global sericulture map for highest production of eri silk. Assam produces 

about 5248 MT of eri silk in the country (Anon., 2021). Several families of Assam in different villages are 

engaged in eri silk production. It is rooted in the socio-economic life and customs of the people of Assam 

and is playing a vital role for sustainable livelihood of the rural people. 

Production Trend 

Although farmers have been performing eri culture in almost traditional manner with little technological 

intervention, the national production growth has been a little bit satisfactory. Over the last decade, 

production of eri raw silk in the country has been gradually showing increasing trend from 1160-6976 MT 

from 2001-02 to 2020-21. The increasing trend of eri silk production in the country can be attributed to 

divergent factors. The production growth curve shows annual increase due to centrally sponsored farmers’ 

friendly scheme such as Silk Samagra, North Eastern Textile Promotion Scheme (NERTPS), Catalytic 

Development Programme (CDP), SGSY etc. 

Technologies Developed 

The Research & Development of eri industry is mainly conducted by Central Muga Eri Research & Training 

Institute, Lahdoigarh and Regional Eri Research Stations. In pre-cocoon sector, package of practices for 

raising castor and kesseru plantation have been developed. Also, castor varieties NBR-1, NBR-2 and NBR-

3 along with kesseru varieties HF008 and HF005 have been developed to obtain higher yield. Moreover, 

C2 breed of eri silkworm was developed to improve quality and productivity. Innovative new cost platform 

rearing device with 3 tier platform made of bamboo, bamboo strip mountage, improved bamboo collapsible 

mountage, improved spinning machines etc. are the flagship technologies developed in eri industry. 

Potentiality in Eri Culture 

Eri culture has tremendous potential of employment generation for both skilled and unskilled persons. Eri 

culture is becoming popular in NE India and other non-traditional states like Andhra Pradesh, Gujarat, 

Madhya Pradesh, Tamil Nadu, West Bengal, Odisha etc. due to its boundless scopes in products 

diversification and by-product management. It has vast scopes for commercial exploitation by making finest 

quality blankets, shawls, sweaters, jackets, coats, shocks and other fashionable dress materials. Eri silk 
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can be utilize to blend with natural silks, cotton, wool, jute or synthetic fibres to create diverse fabrics 

which is in great demand in the markets. Many social enterprises are creating products like wallets, bags 

etc. from eri silk.  Besides, eri yarn is skin friendly and is suitable for undergarments which could replace 

the synthetics that often cause itching and skin diseases. This silk has also unique properties of protecting 

human body from various ailments. Indeed, eri silk is a novel fiber with immense potential. 

Conclusion 

Eri culture plays a crucial role in the customs and culture of the poor section of the society, rather than 

just a profitable occupation. It needs to transform from a recreational activity to a profitable business. Eri 

culture, being endemic and eco-friendly in nature has enormous prospects for sustainable development and 

can be promoted by including in seri-tourism in NE India. Thus, it will help in strengthening the economy 

as well as global publicity. 

  
Eri silkworm Eri cocoon 

  

Eri silk Eri shawl 
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Abstract 

The present study aimed at studying nutritional facts of fruits and its impact on betterment of health. Food 

packets come with labels on it stating its nutritional facts. If fruits had labels on them their nutritional 

facts would leave us surprised. Over last few decade people have become conscious about their health and 

diet. In such time, importance of fruits in nutrition and their health benefits can’t be left unrecognised. 

Fruits are rich in vitamins, minerals and are rich source of energy. Citrus fruits and aonla are rich in 

vitamin c, while the richest source for vitamin c was barbados cherry. Walnut is the richest source of fat 

(64.5 per cent) and produces highest calories per unit of edible portion. Cashew nut is the richest source of 

protein 21.2 per cent and thiamine 630mg/100g. Dry apricot is the richest source of calcium, phosphorus 

and niacin. Dry karonda is the richest source of iron (39.1 per cent) followed by date palm (10.6 per cent). 

Litchi was found rich in calcium content. Bael is the richest source of riboflavin. 

Keywords: Fruits, Nutrition, Health Benefits, Fruit Diet. 

Introduction 

The nutrition value of fruits places them on the crest of our edibles. Fruits contain vitamins and minerals 

in large quantities. Fruits are the oldest food of mankind. Taking fruits everyday strengthens our vitality. 

Nutrition scientists advise us to take at least 115 grams of fruit every day for balanced diet. Fruits like 

papaya, mango, guava, jackfruit, pineapple, lemon, etc. abound with vitamins A, B and C. Moreover, they 

have calcium, magnesium, iron, and potassium. Phosphorus and amino acid abound in adequate amount 

in wood apple, litchi, almond, karamcha, etc. Rice and wheat are staple food in India. In many countries, 

people eat fruits as their staple food. For example: People in the South American Countries eat banana as 

the main course of their meal. Banana, Jackfruit, Guava, Pineapple, etc. can reduce our food deficit to a 

great extent. Fruits are important as food because they have sufficient amount of vitamin and mineral. We 

should eat 115 grams fruit every day. Fruits increase our digestive power. An intake of fruit every day 

keeps us hale and hearty. (Rahman, 1998) Citrus fruits are rich in Vitamin C, while the richest source for 

Vitamin C was Barbados cherry. Walnut is the richest source of fat (64.5 per cent) and produces highest 

calories per unit of edible portion. Cashew nut is the richest source of protein 21.2 per cent and thiamine 

630mg/100g. Dry Apricot is the richest source of calcium, phosphorus and niacin. Dry karonda is the richest 

source of iron (39.1 per cent) followed by date palm (10.6 per cent). Litchi was found rich in calcium content. 

Bael is the richest source of riboflavin. (Salaria, 2008). 

Nutritional Facts of Different Fruits 

Nutritional facts for various fruits are summarized in the table below: 
Food Energy Water Fibre Fat Protein Sugar Vit.A Vit.C Vit.B1 Vit.B2 Vit.B6 Vit.E 

Substance = 

100 g. 

kJ/Kcal % g g g g mg mg mg mg mg mg 

Apple 207/49 84 2.3 0 0.4 11.8 2 15 0.02 0.01 0.05 0.5 

Apricot 153/36 87 2.1 0 1.0 8.0 420 5 0.06 0.05 0.06 0.5 

Avocado 523/126 81 0.2 10 2.0 7.0 20 17 0.06 0.12 0.36 3.2 

Blueberry 204/48 80 8.4 0 1.0 11.0 0 10 0.02 0.03 0.05 1.9 

Blackberry 170/40 85 8.7 0 2.0 8.0 30 150 0.08 0.04 0.07 1.0 

Banana 375/88 76 2.7 0 1.2 20.4 3 10 0.04 0.03 0.36 0.3 

Cranberry 68 /16 89 4.2 0 0.0 4.0 0 15 0.00 0.01 0.07 0 

Cherry 221/52 86 1.2 0 0.0 13.0 40 10 0.02 0.02 0.04 0.1 

Date 1275/300 20 7.5 0 2.0 73.0 0 0 0.05 0.10 0.10 0.7 
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Fig 340/80 80 2.0 0 1.0 19.0 10 3 0.06 0.05 0.11 - 

Grapefruit, 

Red 

128/30 90 1.4 0 0.9 6.6 0 40 0.07 0.02 0.03 0.5 

Grapes 274/64 83 2.2 0 0.6 15.5 0 3 0.03 0.01 0.08 0.6 

Guava 306/72 81 5.3 0 1.0 17.0 30 218 0.04 0.04 0.14 - 

Gooseberry 170/40 88 3.2 0 1.0 9.0 0 30 0.02 0.01 0.08 0.4 

Kiwi Fruit 168/40 84 2.1 0 1.1 8.8 5 70 0.01 0.02 0.12 1.9 

Lemon 51/12 96 1.8 0 0.0 3.0 0 40 0.06 0.02 0.04 0.8 

Lime 156/37 91 0.3 0 0.0 7.0 0 40 0.03 0.02 0.08 - 

Lychee 323/76 82 1.5 0 1.0 18.0 0 39 0.05 0.05 - - 

Mandarin / 

Tangerine 

177/42 88 1.9 0 0.9 9.5 12 30 0.08 0.03 0.084 0.4 

Mango 255/60 84 1.0 0 0.0 15.0 210 53 0.05 0.06 0.13 1.0 

Olive 586/142 75 4.4 14 1.0 3.0 50 0 0.03 0.08 0.00 2.0 

Orange 198/47 87 1.8 0 1.0 10.6 2 49 0.07 0.03 0.06 0.1 

Papaya 136/32 91 0.6 0 0.0 8.0 40 46 0.03 0.04 0.04 - 

Passion 

Fruit 

158/37 88 3.3 0.4 2.6 5.8 125 23 0.03 0.12 - 0.5 

Peach 151/36 89 1.4 0 1.0 7.9 15 7 0.01 0.02 0.02 0.0 

Pear 201/47 86 2.1 0 0.3 11.5 0.0 4 0.01 0.01 0.02 0.1 

Persimmon 325/76 81 0.5 0 0.5 18.6 260 16 0.02 0.03 - - 

Pineapple 211/50 84 1.2 0 0.4 12.0 20 25 0.07 0.02 0.09 0.1 

Pomegranat

e 

343/81 82 3.4 0 1.0 17.0 10 7 0.05 0.02 0.31 - 

Plum 177/42 84 2.2 0 0.8 9.6 18 5 0.02 0.03 0.10 0.7 

Strawberry 99/23 91 2.2 0 0.7 5.1 10 60 0.02 0.03 0.06 0.4 

(Source: Nevo table 1996, Nevo Foundation, Netherlands Nutrition Centre) 

Health Benefits of Fruits 

Fruits are universally promoted as healthy. The Dietary Guidelines for Americans 2010 recommend you 

make one-half of your plate fruits and vegetables. Myplate.gov also supports that one-half the plate should 

be fruits and vegetables. Fruits include a diverse group of plant foods that vary greatly in content of energy 

and nutrients. Additionally, fruits and supply dietary fibre, and fibre intake is linked to lower incidence of 

cardiovascular disease and obesity. Fruits also supply vitamins and minerals to the diet and are sources of 

phytochemicals that function as antioxidants, phytoestrogens, and anti-inflammatory agents and through 

other protective mechanisms (Slavin, 2012). 

Fruit Consumption and Disease Cure 

It was recognized that a high consumption of fruits and vegetables can help to prevent several non-

communicable diseases such as cardiovascular diseases, the diabetes type 2 and some cancer (Ganry, 2006). 

Conclusion 

In conclusion, it can be stated that fruits are rich sources of vitamins, minerals, calories and other needful 

nutrients. Including fruits in daily diet will have multiple health benefits and will also help in disease cure. 

Poor diet can be said an invitation to multiple diseases. Citrus fruits and Aonla are rich in Vitamin C, while 

the richest source for Vitamin C was Barbados cherry. Walnut is the richest source of fat (64.5 per cent) 

and produces highest calories per unit of edible portion. Cashew nut is the richest source of protein 21.2 

per cent and thiamine 630mg/100g. Dry Apricot is the richest source of calcium, phosphorus and niacin. 

Dry karonda is the richest source of iron (39.1 per cent) followed by date palm (10.6 per cent). Litchi was 

found rich in calcium content. Bael is the richest source of riboflavin. 
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Abstract 

Mango is considered as king of fruits owing to its most relishing taste and flavour which is liked by all. The 

mango juice and mango flavoured products are consumed throughout the world. Processing of mango 

generates about 35 - 60 % waste (peel and kernel) which is a hidden treasure of many bioactive compound 

and has huge potential in commercial applications. This waste can be used in extraction of antioxidants, 

phenols, dietary fiber, oil, starch and pectin having variety of uses in food and pharmaceutical industry. 

Keywords: Mango peel, Mango kernel, Enriched processed products. 

Introduction 

Mango being a tropical fruit crop is one of the most relished fruits in India. India is the top mango growing 

country having 2293 thousand ha area with production of 20.79 million tons contributing about 50% of the 

total world production (APEDA, 2020-21). The seasonality of the crop has restricted the fresh fruit 

availability to only few months in a year. 

But thanks to advanced storage and packaging techniques which made it possible to extend the availability 

of fruits to few more days and in non-growing regions also. Mango is processed into various processed 

products such as puree, slices in syrup, nectar, leather, pickles, canned slices, chutney and mango powder. 

Among all these the mango pulp stands at the top owing its use in preparation of soft drinks like maaza, 

frooti, slice etc. 

In 2021 alone India exported about 98.369 MT of pulp worth 714.38 crores (APEDA 2021). Apart from this 

mango pulp derivatives can be used to flavour or enrich secondary food products like yoghurt, ice cream, 

beverages, flavoured milk, prebiotics, mango rum and soft drinks. the processing usually needs only pulp 

and the remaining peels and seeds together represent 35–60% of the total weight of the fruit and are 

considered as waste and thrown away. These by products are good source of natural bioactive compounds 

possessing antioxidant and antimicrobial capacity indicating its potential for food as well as 

pharmaceutical application. 

Mango Peel 
Peel contributes around 7-24% of fruit weight. Many previous studies reported the presence of 

phytochemicals, polyphenols, carotenoids, enzymes, vitamin E, and vitamin C in high amounts. Usually 

processing wastes of fruits are used as cattle feed but presence of tannins has limited mango peel from 

feeding to livestock as it acts as antinutrient and interfere in growth of the animal (Wadhwa and Bakshi 

2013). In 2021, Marçal and Pintado reported presence of >70% carbohydrates, 1.5–6.6% protein, 1.6–3.7% 

fat, 1.2–4.2% ash, 35.5–78.3% total dietary fiber, 0.05 - 6.40 mg/g ascorbic acid in mango peel on dry weight 

basis which varied from one variety to other. 

Mango Kernel 
Mango kernel constitutes 35–55% of the fresh fruit weight and contains 58–80% starch, 6–13% protein, 8 - 

13% of oil and minerals like potassium (368 mg/100 g), calcium (170 mg/100 g) and magnesium (210 mg/100 

g). Along with these, it also contains 112 mg GAE/100 g of total polyphenols composed of tannins (20.7 mg), 

gallic acid (6.0 mg), coumarins (12.6 mg), caffeic acid (7.7 mg), vanillin (20.2 mg), mangiferin (4.2 mg), 

ferulic acid (10.4 mg), cinnamic acid (11.2 mg) (Lebaka et al., 2021). 
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Possible Ways of Mango Peel and Kernel Valorization 

1. Starch obtained from peel and kernel is used in preparation of edible packaging films for nuts, meat 

derivatives, and cheeses etc. Such films reported to have excellent antioxidant activity, UV absorbing 

capacity and good barrier properties (Gao et al., 2019). 

2. Mango peel powder is used as a source of dietary fiber in macaroni, bread, cookies preparations. 

3. Mango peel is used as source of phenols and carotenoids and in development of pectin -phenolic films 

used in food packaging (Ribeiro et al., 2021). 

4. Peel extract is also used as coating to extend shelf life of fruits and vegetables. 

5. Mango peel and kernel powder were mixed with corn flour to produce extruded snack products. 

6. Antimicrobial action has also been found in the seed kernel extracts, most likely due to its high amount 

of phenolic chemicals, fatty acids, tocopherols, squalene and sterols. 

7. Mango butter obtained from the mango seed kernels rich in oleic and stearic acids and commercially 

used as novel and cheaper substitute to cocoa butter in confectionary preparation (Kaur et al., 2022). 

8. The dried kernels flour is also used as a functional ingredient in baked products because of presence of 

essential vitamins like provitamin A and vitamin E as well as antioxidant activities. 

Conclusion 

Usually, people remove peel while eating ripe mango but its good if we make sure to eat peel along with 

pulp after through washing, as it gives some extra nutrients required by the body. Utilization of mango 

peels and kernels for value added food products development will help in reducing biowaste generation 

along with providing additional income to food processors. In addition, it reduces or replaces the overuse of 

natural resources required to produce ingredients or additives that can be substituted by mango peel and 

kernel compounds. 
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Introduction 

Elements are termed beneficial because they are not required by all plants but can promote plant growth 

and may be essential only for specific conditions. Cobalt (Co), silicon (Si), sodium (Na), aluminum (Al) and 

selenium (Se) are considered beneficial elements for plants. These beneficial elements enhance resistance 

to biotic stresses such as pathogens and herbivory and abiotic stresses such as drought, salinity, and 

nutrient toxicity or deficiency. The beneficial effects of low doses of Al, Co, Na and Se have received little 

attention compared to toxic effects that typically occur at higher concentrations.  

The effect of beneficial elements is important to improve crop productivity and enhance plant nutritional 

value for a growing world population. The effect of beneficial elements at low levels deserves more attention 

with regard to using them to fertilize crops to boost crop production under stress and to enhance plant 

nutritional value as a feed or food. A more holistic approach to plant nutrition would not only be restricted 

to nutrients essential to survival but would also include mineral elements at levels beneficial for best 

growth. 

Cobalt 

1. The name of cobalt came from German word ‘Kobald’ meaning ‘goblin’ and reflects the   difficulty of 

extracting from its minerals.  

2. Cobalt is an important constituent of vitamin B12. It is required by Rhizobia for the fixation of elemental 

nitrogen by both leguminous and non-leguminous symbionts. The supply of cobalt to Rhizobia helps in the 

formation of vit. B12 (cynocobalamine) which in turn is essential for the formation of leghaemoglobin. 

3. Cobalt is found to be concentrated more in the leghaemoglobin bearing root nodules of legumes which 

shows a direct relationship with the concentration of vit B12. 

4. Cobalt can have a number of beneficial effects, especially in leguminous plants (like peas) where it 

increases growth, nodule number and weight, and seed pod yield and quality.  

5. Co may also play a role in slowing leaf aging and disease resistance in some species. 

Deficiency of Cobalt 

A cobalt deficiency will manifest as reduced or stunted plant growth and reduced seed germination. It may 

present as reddening of the leaves, stems, or petioles. In legumes, you may notice yellowing leaves or small 

root nodules. 

Silicon 

1. Silicon is a common element that makes up more than 25 per cent of the Earth’s crust. Si content mostly 

1% - 45% in soil ranges depending on soil types. In fact, the concentration of Si in soil is equal to that of 

many macronutrients, such as K and calcium (Ca) well in excess of phosphorus (P) levels. 

2. Silicon is mostly available to plants as mono silicic acid which is taken up by the roots from soil water. 

The element is then deposited as amorphous silica throughout the plant, mainly in cell walls. 

3. The role of Si in plants is multi-functional. It contributes to strength and thickness of cell walls, helping 

to keep plants upright and to position the leaves for good light interception. 

4. It also plays a role in resistance to attacks by fungi and insects and provides greater tolerance to plant 

stress due to high salinity, heavy metal toxicity, drought, UV radiation from sunlight, extremes of 

temperature, etc. 
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5. Several plants, including rice, sugar cane and tomatoes, actually require Si as an essential element, 

while a large number of other species have shown this element to offer growth benefits like increased 

absorption and translocation of several macro- and micronutrients. 

6. Silicon Fertilizers Calcium silicate, fine silica and sodium silicate are mostly used silicon fertilizers. 

Potassium silicate, though expensive, is highly soluble and can be used in hydroponic culture and also 

applied through foliage. 

Deficiency of Silicon 

Si deficiency makes the rice plants susceptible to pests and diseases. Si deficiency is common in areas with 

poor soil fertility, and in highly weathered soils. Its deficiency also seen in organic soils with less Si reserves 

and also occurs in highly weathered soils. The critical level of Si in soil is 40 mg kg-1 and the critical level 

of Si in rice (leaf and straw) is 5%. Si deficiency leads to soft and droopy leaves, reduced photosynthetic 

activity, reduced grain yields, increased insect pest incidence, reduced number of panicles and filled 

spikelets per panicle. 

Aluminum 

Aluminum is beneficial to some plant’s species, particularly those adapted to acidic soils. Particularly, tea 

plants show increased antioxidant properties and increased growth in the presence of Al in the root zone. 

Sodium 

1. Sodium is not an essential element for plants but can be used in small quantities, similar to 

micronutrients, to aid in metabolism and synthesis of chlorophyll. 

2. Sodium, while often seen as a troublesome and unwanted element that can accumulate in hydroponic 

systems, does in fact have a role in some plants. It can replace potassium (K) as an osmoregulator and 

facilitate nitrate uptake. 

Selenium 

1. Selenium (Se) is a naturally occurring metalloid element which occurs nearly in all environments in the 

universe. The common sources of Se in earth crust occurs in association with sulfide minerals as metal 

selenide whereas, it is rarely seen in elemental form (Se0). 

2. Se is considered a finite and non-renewable resource on earth, and has been found to be an essential 

element for humans, animals, micro-organisms and some other eukaryotes; but as yet its essentiality to 

plants is in dispute. 

3. The physiological importance of Se for higher plants, especially plant growth, uptake, transport, 

metabolism and interaction of selenium with other minerals.  

4. Biogeochemistry of Se, its relationship with S, application of Se-containing fertilizers, Se in edible plants 

and finally, red elemental Se nanoparticles in higher plants will be highlighted. 
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Review of Research Work 

1. Role of silicon in different crops: 

a. Effect of silicon in growth and yield parameters: 

i. Bhavani (2014) found that soil application of silicon @ 300 ppm recorded significantly 

higher plant height, grain yield and straw yield of wheat which was at par with soil 

application of silicon @ 200 ppm in plant height and straw yield of wheat. 

ii. Singh (2014) reported that soil application of silicon @ 300 mg/kg showed significantly 

higher plant height, grain yield and straw yield of wheat. 

iii. Malav et al. (2016) showed that soil application of silicon @ 600 kg/ha resulted in 

significantly higher plant height, total number of tillers per plant, panicle length, test 

weight, grain yield and straw yield of rice which was at par with silicon 400 kg/ha. 

b. Effect of silicon in content and uptake by crops: 

i. Bhavani (2014) evaluated soil application of silicon @ 300 ppm recorded significantly higher 

silicon content and uptake by wheat grain and straw. 

ii. Singh (2014) showed soil application of silicon @ 300 mg/kg recorded significantly higher 

silicon content and uptake by wheat grain and straw. 

c. Effect of silicon in nutrient status of soil: 

i. Bhavani (2014) noticed that soil application of silicon @ 300 ppm recorded significantly 

higher available N, P2O5, K2O and Si which was at par with soil application of silicon @ 200 

ppm in available nitrogen in soil. 

ii. Singh (2014) noticed that soil application of silicon @ 300 ppm mg/kg of wheat crop 

recorded significantly higher available N, P2O5, K2O and Si in nutrient status of soil. 

2. Role of cobalt in different crops: 

a. Effect of cobalt in growth and yield parameters: 

i. Pushpkant (2004) found that soil application of cobalt @ 1.0 ppm significantly showed 

higher average number of nodules/plant and dry root weight/pot in chickpea crop. 

ii. Hala and Kandil (2007) revealed significantly higher plant height, number of pods/plant 

and seed yield with soil application of cobalt @ 20 ppm was used followed by 15, 10 and 5 

ppm to faba bean crop. 

iii. Nadia and Hassan (2011) showed soil application of cobalt @ 10 ppm with mono super 

phosphate recorded significantly higher plant height, number of branches/plants, root length 

and root yield to sweet potato crop. 

iv. Nadia et al. (2013) studied cowpea growth parameters as affected by cobalt under different 

nitrogen showed soil application of cobalt @ 8 ppm with nitrogen 100% recorded significantly 

higher plant height, number of branches/plants, number of nodule/plants, number of 

pod/plant and seed yield. 

v. Rod (2015) reported that CoCl2 was better cobalt source than CoSO4 in chickpea. 

Application of 100 g CoCl2 resulted in significantly higher plant height, dry matter/plant, 

nodule/plant, number of pods/plants, seed yield and stover yield in chickpea. However, 

Control treatment CoSO4 was significantly superior and which was at par with different 

treatments. 

vi. Kandil and Amal (2016) evaluated significantly higher growth parameters such as plant 

height and amount of spikes/plant with soil application of at the rate of 10 mg kg-1 as cobalt 

sulphate, at 25 mg kg-1 as cobalt oxide and at 10 mg kg-1 as cobalt chloride to wheat crop. 

vii. Iram et al. (2017) studied different nitrogen levels and cobalt levels of mungbean showed 

nitrogen at 25.0 kg ha-1, soil application of cobalt sulfate @ 0.14 kg ha-1 significantly higher 

number of nodules/plants, number of pods/plant and seed yield compare to other treatments. 

viii. Onte (2017) studied effect of cobalt application methods and levels of chickpea crop 

showed soil application of 50 g cobalt ha-1 significantly higher plant height, nodule count at 

flowering and legheamoglobin content of nodules, number of pods/plants, 100 seeds weight, 

grain yield and stover yield in chickpea crop followed by different treatments. 

b. Effect of cobalt in content and uptake by crops: 



 

 
Volume 04 - Issue 08 - August 2022       276 | P a g e  
 

i. Pushpkant (2004) studied effect of cobalt-on-cobalt content and uptake by chickpea showed 

significantly higher cobalt content in pod as soil application of cobalt @ 4.0 ppm and 

significantly higher cobalt content and uptake in stover as 2.0 ppm cobalt and significantly 

higher nitrogen and cobalt uptake by pod and stover as 1.0 ppm cobalt application. 

ii. Hala and Kandil (2007) studied nutrients status of grain faba bean significantly higher N, 

P, K and Co with soil application of cobalt @ 20 ppm followed by 15, 10 and 5 ppm. 

iii. Nadia et al. (2013) showed that soil application of cobalt @ 8 ppm with nitrogen 100% 

registered significantly higher N, P and Cobalt in cowpea seeds. 

iv. Rod (2015) reported that CoCl2 was better cobalt source than CoSO4 in chickpea. 

Application of 100 g CoCl2 resulted in significantly higher total N, P, K and CO content and 

uptake in grain and straw of chickpea. However, Control treatment CoSO4 was significantly 

superior and which was at par with different treatments. 

v. Onte (2017) studied nutrient content and uptake of chickpea grain and stover as influenced 

by soil application 50 g cobalt ha-1 @ soil application reported significantly higher cobalt 

content and uptake by chickpea grain and stover followed by different treatments. 

c. Effect of cobalt in nutrient status of soil: 

i. Pushpkant (2004) studied effect of cobalt on soil available nutrient status after harvest of 

chickpea reported soil application of cobalt @ 1.0 ppm significantly higher nitrogen, zinc, 

copper and manganese along with significantly higher soil application of cobalt @ 2.0 ppm in 

chickpea crop. 

ii. Rod (2015) effect of cobalt sources and levels on available nutrient status of soil to found 

soil application of CoCl2 @ 600 g and soil application of CoSO4 @ 600 g resulted in 

significantly higher available cobalt after harvest of chickpea. 

iii. Onte (2017) studied available nutrient in soil of chickpea crop as influenced by soil 

application 50 g cobalt ha-1 recorded significantly higher N, P2O5, K2O and Co. 

Conclusion 

From the foregoing discussion, it can be concluded that elements such as silicon (Si) application through 

different sources are beneficial effect on cereal crops (rice, wheat, maize) and cobalt (Co) application 

through different sources are beneficial effect on pulses crops (chickpea, cowpea, greengram, faba bean) 

and root crop (sweet potato) where it increases growth parameters and yield parameters of crops. They are 

increased nutrient content and uptake by crops and available nutrient status of the soil. 
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Climate change and forest ecosystems are closely connected, with climate mainly affecting the rate, 

frequency, intensity and timing of air temperature, solar radiation and rainfall. Climate change impacts 

can be both positive and negative on forest structure, growth patterns, composition, productivity and 

functioning, depending on the location and type of forest. Modified climate conditions have already led to 

negative impacts such as changes in: forest species composition and biodiversity, growing rate, resistance 

to pest and disease, invasive species propagation, forest fire regime and forest susceptibility to fire. 

Afforestation and reforestation projects can pursue this double role for forest ecosystems. Afforestation (i.e., 

converting long-time non-forested land into forest) refers to the establishment of forests where previously 

there have been none, or where forests have been missing for a long time (50 years according to UNFCCC) 

while reforestation refers to the replanting of trees on more recently deforested land (i.e., converting 

recently non-forested land in forest). If these two approaches are viewed as complementary, they may 

enable “win-win” policy options. However, if unsustainably managed, both practices may be controversial 

as they may lead to the destruction of original non-forest ecosystems (e.g., natural grassland). 

At international level, afforestation and reforestation have been initially recognized as mitigation 

approaches, and have been promoted for carbon sequestration goals. However, they can also help forests to 

adapt to climate change by decreasing human pressures (for example by reducing the destruction or 

degradation of habitats) and enhancing landscape connectivity and reducing fragmentation (thus 

facilitating species migration under climate change conditions). Afforestation and reforestation may also 

contribute preserving biodiversity hotspots, avoiding soil degradation and protecting other natural 

resources (e.g., water). 

Afforestation is establishing a forest, especially on land not previously forested. It remains one of the most 

effective means of tackling climate change, particularly when it is designed to rely on green energy. This 

natural climate solution reduces the impact of desertification, supports ecosystems, and removes CO2 from 

the atmosphere. It is a countermeasure against deforestation, which has been contributing to climate 

change dramatically for the last few centuries. 

Recently, the UN Food and Agriculture Organization estimated that 100 billion square meters 

of forest were cut down each year over the last decade, while tropical deforestation has 

contributed 8 percent of global carbon emissions. 

 
Source: nasa 
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August Report 2021 

In its August 2021 report, the Intergovernmental Panel on Climate Change (IPCC), made it clear that 

deforestation is a direct cause of the increased presence of CO2 in the air over the past decade, a rise 

incomparable to any other period in the past two million years. Forests are carbon sinks; they cycle 

damaging carbon out of the atmosphere and transform it into biomass through photosynthesis. 

Afforestation can slow the impact of climate change while also addressing other environmental issues, such 

as barren land and soil erosion. Research from Crowther Lab showed that one trillion new trees could 

absorb one-third of CO2 emissions made by humans. In fact, an additional 25 percent of forested area could 

absorb 25 percent atmospheric carbon, making a significant impact on rising temperatures globally. 

Forest can Change the Climate Change: How? 

The IPCC report also recommends an urgent reduction of the emission of greenhouse gasses and has 

advised for activities that promote reforestation and ecosystem restoration, accompanied by similar nature-

based actions. Another influential study has stated that Afforestation is the number one solution to climate 

change. 

To have a better understanding of why Afforestation was recommended, let us look at how trees play a vital 

role in solving climate change problems. 

1. Absorbs Carbon: Trees can effectively clean the air by absorbing CO2 and other gasses from the 

atmosphere. In fact, a single tree can absorb up to 48lbs. of carbon a year and generate enough clean oxygen 

for four people to breathe. Planting trees could also cut down 1.1 to 1.6 GT of CO2 each year. 

2. Protects Coastal Regions: Trees do an amazing job of ensuring that coastal communities remain safe 

from storms and severe flooding. They do this by slowing down the water’s force as it surges into the land. 

Trees also absorb excess water in the soil and release water vapour into the atmosphere. 

3. Provides Shade: Trees help the soil retain moisture instead of drying out, by proving sufficient shade. 

This helps support and facilitates fertile agriculture. More shade in urban areas also helps minimise energy 

consumption during the summers, further saving on cooling costs and lowering emissions. 

4. Promotes Plant & Wildlife Biodiversity: Climate change has affected wildlife and vegetation 

tremendously, making survival difficult. This is another area where trees end up creating a massive 

difference. Forests can help create a healthy ecosystem that can help wildlife and plants survive and 

flourish. It helps build up water resources, provides wildlife a home, and creates a treasure trove of plants 

and vegetation. 
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Bamboo is woody grass belonging to the sub family Bambusoideae of the family Poaceae. Bamboo is fast 

growing species and therefore, known as “Green Gold”. This green gold is sufficiently cheap and plentiful 

to meet the vast needs of human populace from the “child cradle to the dead man’s bier” that is why 

sometimes known as “poor man’s timber.” 

India occupies one of the leading positionin world's richest resource of bamboo, have approx 130 species a

nd covering 9.57 million ha. India has a 19 percent share of the World’s area under bamboo cultivation and 

its market share in the sector is only 6 percent”  

Bamboo is an anisotropic and natural composite material due to the structure composed of mostly vascular 

bundles (which comprises of sclerenchyma, metaxylem vessels, sieve tubes with companion cells), 

embedded in a ligneous matrix (parenchyma) In other words, bamboo comprises of three fundamental 

tissues namely parenchyma, vascular bundles and epidermis. 

Vascular bundles embedded in the parenchymatous ground tissue collectively play a role in the flexibility 

and stability of the culm. The parenchyma cells, which are smaller on the outer culm part and grow to be 

longer and larger towards the inner part, are of two types– one vertically longer and the other short, cube 

like fiber interspersed. 

The cell wall of the longer one has a polylamellate structure with alternating broad and narrow lamellae 

and become lignified in the early stages of shoot growth. The walls of shorter parenchyma cells remain 

mostly non-lignified even in mature culms and retain their cytoplasmic activity for a long time. Usually, 

the maturation changes pertaining to lignifications and thickening of cell wall complete within 3–4 years. 

Fibers are present around vascular bundles as sclerenchyma sheaths (fiber sheaths; fiber cap) and in some 

species as additional fiber strands. In non-conventional fiber plant like bamboo sclerenchyma cells are 

organized in a similar manner than traditional fiber cells like flax and hemp. The bamboo fibers are slender, 

long, tapered and often forked at the ends and are aligned in the longitudinal direction of the culm. The 

fiber length shows significant variation between and within species. The fibers add 40 percent mass and 

60–70 percent of the weight of culm. The percentage of fiber is compact in the outer part while the 

parenchyma and conducting cells are plenteous in the inner part of the wall. Fiber length is not only 

significantly correlated with fiber diameter and cell wall thickness, but also with the modulus of elasticity 

and compression strength. 

The density of the fibers in the cross-section of a bamboo culm varies along its thickness. The fibers are 

concentrated in regions closer to the outer skin. Although bamboo is well appreciated and extensively used 

in life, the development of processed bamboo fiber, textile and apparel products are contemporary. 

The successful extraction of the bamboo fibers and use of modern bleaching chemicals to produce it white, 

lead to create commercially available bamboo fabrics and successfully market them in America. 

Subsequently, the techniques of manufacturing bamboo fabrics have been in progress, bringing new 

innovations in fiber mixing and other processes. The entire process is natural which, retain the organic 

heritage of the product. 

There are two main methods of producing bamboo fibers namely mechanical and chemical. The chemical 

process is of two kinds: one that follows the viscose process used to produce rayon where the fiber is broken 

down with harsh chemicals and extruded through mechanical spinnerets. The second one follows the closed 

solvent spinning loop which, is essentially the same process used to produce Lyocell fibers. There is another 

category of bamboo fiber known as bamboo charcoal nano fiber which is beyond the scope of this subject 

and not discussed in details. 
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Model of the polylamellate structure of a bamboo fiber wall; Figures on the left indicate fibril angles and 

letters on the right the terminology of wall lamellae. ML middle lamella, P primary wall, S0 secondary 

wall, Transparent broad lamellae (S-l); (S1-l, S3-l, S5-l & S7-l), Denser narrow lamellae (S-t); (S2-t, S4-t, 

S6-t, & S8-t). 

Fiber Extraction through Mechanical Process 

The fiber extracted by mechanical process is often referred by the manufacturer as ‘natural’ or ‘original’ 

bamboo fiber and more or less the same manufacturing process used to produce ramie.  

1. The bamboo culms are split mechanically followed by rasping off the woody part. 

2. The crushed bamboo strands are treated with enzymes to separate the fibrous materials from the 

remaining culm-parts. 

3. Individual fibers are then combed out. 

4. Fibers are then spun into yarns. 

Fiber Extraction through Chemical Process (Rayon Process) 

The method essentially follows the same process as used to manufacture regenerated viscose rayon using 

hydrolysis alkalization with the multi-phase bleaching principle and the process is as follows. 

1. The bamboo culm is crushed into smaller fractions and soaked in a solution of 18 % NaOH at 20–25 °C 

for 1–3 h to form alkali cellulose. 

2. The bamboo alkali cellulose is pressed to remove excess NaOH solution, crushed by a grinder and left to 

dry for 24 h. 

3. In this stage, CS2 is added to the bamboo alkali cellulose to sulfurise the compound, causing it to jell. 

4. The remaining CS2 is removed by evaporation due to decompression, resulting in sodium xanthogenate. 

5. A diluted solution of NaOH is added to the cellulose sodium xanthogenate, which dissolve it into a viscose 

solution consisting of about 5 % NaOH and 7–15 % bamboo fiber cellulose. 

6. The viscose solution is forced through spinneret nozzles into a larger container of diluted sulfuric acid 

(H2SO4) solution which, hardens the viscose and reconverts it to cellulose bamboo fiber which are spun into 

yarns (to be woven or knitted). 

This process produces regenerated bamboo fiber which is essentially a rayon fiber which is silky, strong 

and elegant but just like any other rayon, involves toxic chemicals and harmful byproducts. Unless methods 

are used to capture and recycle the caustic chemicals, harmful byproducts can be released into air and 

water. 

Conclusion 

Natural bamboo fiber that has been processed mechanically is environmentally friendly but not yet 

commercially viable or affordable. Moreover, most bamboo fibers and fabrics in the market are produced 
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by viscose process which uses chemical solvents that raise environmental concerns besides being quite 

different from the original bamboo fibers. While bamboo rayon is a good choice relative to other manmade 

fiber options, a naturally processed bamboo fiber would be far superior and preferable. Bamboo rayon would 

have a smooth, silky hand like other rayon.  

Researches are going on full swings for the development of eco-friendly, natural bamboo fabric. With 

abundant sources of raw materials, relatively low cost, and unique performance of bamboo fiber it is only 

a matter of time to develop green and pure bamboo textiles. Further, bamboo textile industry has the 

potential to provide livelihood for millions of people worldwide. 
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Introduction 

In higher plants, leaves function as the principal site of resource acquisition by utilizing the free energy 

captured in photosynthesis for the reductive assimilation of oxidized forms of carbon and nitrogen into 

carbohydrates and amino acids, respectively. Photosynthate are subsequently partitioned to the many 

heterotrophic tissues of the plant with as much as 80 per cent of the carbon acquired in photosynthesis is 

transported in the plant’s vascular system to the import dependent organs. Sucrose is the principal 

metabolite in this scheme of resource allocation as it is the major end product of photosynthetic carbon 

metabolism and, in majority plants; it is the predominant form of carbon transported to the heterotrophic 

tissues. This systemic distribution of photosynthate is known as ‘assimilate partitioning,’ a crucial process 

associated with plant growth and productivity. (Ravishankar, 2014).  

Source: A source of organic material is a region in which organic materials are synthesized. Eg: leaf, root, 

tuber, or tuber during development.   

Sinks: Any non-photosynthetic organ or an organ that does not produce enough photosynthate to meets its 

own needs. Example root, seed, fruit, root tuber and tuber during developing. Leaves are the most 

important organ for photosynthesis, in which light energy is captured by green plants (mainly by the 

chlorophyll in leaves) and used to synthesize reduced carbon compounds from CO2 and water. 

Mechanism in Translocation of Photosynthates 

Phloem translocation always occur from source to sink. It takes place bi-directionally and the speed of 

phloem sop is relatively very high i.e., 50-100 cm per hour. Sap solute molecules are majorly carbohydrate 

molecules (90 %). The amount of sugar that is translocated also relatively high and transport taken place 

according to the hydrostatic pressure.  

It includes mainly three processes which is based on Munch Hyphothesis (1930).  

1. Phloem loading: Sucrose produce in the mesophyll cells (source) is actively loaded using ATP into the 

sieve tubes in the phloem of the veinlet of the leaf through transfer cells. This is called Phloem loading.  

2. Mass flow: The process of phloem loading increases the solute potential of the sieve tube and decreases 

the water potential of the sieve tube.  Then water enters the sieve tubes by endosmosis from the xylem. So, 

a high hydrostatic pressure is created. Sucrose solution is then transported to storage organ or growing 

point (sink) actively or passively by mass flow.  

3. Phloem unloading: It is an active process helped by carrier molecules. At sink sucrose is unloaded 

results in decrease in O.P., it results in exit of water into nearby xylem leads to decrease in T.P. and water 

potential of phloem. In sink cells the unloaded sucrose is either changed into starch or consumed, to 

maintain low O.P. So, the process of sucrose loading at source and unloading at sink continues. 

How to Differentiate Source and Sink? 

1. Morphology: Based on visual means Source and Sink is differentiated. Seeds, fruits, roots, tubers are 

referred as Sink whereas, Mature leaf is considered is referred as Source. 

2. Direction of transport:  Based on translocation habit, Source and Sink is differentiated Source: 

Matured leaf (75%), Senescence leaf, Germinating seed.  

3. Sink: Young leaf, seed on fruit. 
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4. Metabolism: Source is an organ which capable of synthesizing photosynthates to satisfy its demand as 

well as to supply the extra food material to other growing points. Sink is an organism which utilizes these 

photos assimilates for growth or stage. Eg. Active growing sites are sink. 

Factors Influencing Source-Sink Relationship 

1. Amount of assimilates available 

2. Supply of energy (Source strength) 

3. Sink strength  

4. Vascular connections between source and sink 

5. Moisture stress 

6. Temperature 

7. Mineral nutrition 

8. Light intensity    

Table 1. Leaf number and Leaf area for optimal production of one fruit: 

Crop Species No of leaves per fruit Leaf area fruit ratio 

Mango Mangifera indica 30 - 602        - 

Pineapple Ananas comosus 6 - 8  

Satsuma mandarin Citrus unshiu 25        - 

Apple Malus domestica 15 - 35 200 cm2/fruit 

Pear  Pyrus communis 25 - 40        - 

Plum Prunus persica 15 - 25        - 

Grape Vitis vinifera cv 

Thomson seedless 

Anab-e-shahi 

7 - 83 2000 cm2/100 g 

2650 cm/100 g 

3064 cm2/100 g 

Pineapple guava Acca sellowiana 7 146cm2/fruit 

(Fischer et al., 2014) 

How to Manipulate Source to Sink Relationship? 

1. Reducing source size through defoliation (25%, 50%, 75%, 100% & 0%) at reproductive stage (50% 

flowering).  

2. Nutrition – Additional nitrogen supplementation in some fruit crops just at reproductive phase can 

increase source activity. Under controlled conditions CO2 enrichment can increase the photosynthetic 

efficiency and thus improve source activity and which in turn improves sink strength. 

3. Irrigation management – Slight water deficit during flowering stage may sometime cause flower drop 

that reduces internal competition (eg. Grapes, temperate fruits). 

Special Practices which Divert the Assimilates to Developing Organs 

1. Root pruning- Removal of roots 40cm. Away from the plant. Eg. Guava and Citrus   

2. Ringing- Removal of complete ring of bark from a branch or a trunk. Eg. Mango and grapes   

3. Dehorning – Removal of overcrowding & intermediate branches.  Eg. Mango 

4. Notching – Partial ringing of a branches above a dormant lateral bud. Eg. Poona fig   

5. Nicking- Partial ringing of a branches below a dormant bud. Eg. Apple and Poona fig   

6. Bending- Bending of branches or shoot. Eg. Guava   

7. Leaf pruning- removal of old and senescence leaves. Eg. Datepalm.   

8. Skirting- removal of low hanging branches. Eg. Mango   

a. Shoot thinning  

b. Young flush Tipping of shoots  

c. Girdling  

d. Flower and fruit thinning  

e. Leaf removal etc. 
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Conclusion 

Proper canopy management practice helps to manage proper leaf carbohydrate level which inturn optimizes 

Leaf to fruit ratio ultimately highest quality produce can be obtained since more dry matter accumulation 

is seen due to proper sourcesink management. Thinning and girling are the other means for manipulate 

the balance between So-Si which helps to control assimilate partitioning in plants by a number of factors 

that include photosynthesis, the number and location of competing sinks, storage capacity and vascular 

transport. Source sink relationships of plants have become one of the most exciting research areas in recent 

years. The subject encompasse as broad array of physiological and biochemical processes, with significant 

crop management ramifications. 
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Introduction 

Carbon farming (also known as carbon sequestration) is an agricultural management approach that helps 

the land store more carbon and release less greenhouse gases into the atmosphere. Agriculture and 

livestock are responsible for 18% of total country emissions. Agriculture is responsible for over 80% of total 

nitrous oxide emissions, owing to fertilizers both synthetic nitrogen and manure in soils and pastures. It 

also contributes about 45 percent of total methane emissions. Methane emissions from livestock production, 

including enteric fermentation and manure management, account for around 80% of agricultural methane 

emissions. Rice cultivation is the second most significant source of agricultural methane emissions, with 

the remainder coming from savanna fire and crop residues for agricultural uses. (According to World 

Economic Forum) 

While agriculture contributes to climate change through greenhouse gas (GHG) emissions, shifting weather 

patterns is also negatively impacted. With frequent dry spells, heat waves, and variable rainfall, climate 

change jeopardizes India's agricultural prosperity. With a growing population and the need to increase food 

production, the task of fulfilling rising food demand while managing and lowering GHG emissions from 

agriculture will be difficult to strike a balance 

By 2070, India has pledged to achieve zero carbon emission. This refers to a balance between the number 

of emissions produced and the number of emissions removed from the atmosphere. By adopting a systems 

approach of “Climate Smart,” the agriculture sector may assist India in attaining this goal. By managing 

their grazingfields, farmers can maintain and restore vegetation on their grazing pastures, including tree 

cover along waterways. This method supports the land in carbon storage and the removal of greenhouse 

gas emissions from the environment. Individuals, businesses, and non-governmental organizations 

concerned about climate change would compensate farmers if their soil carbon levels grew. It will help 

farmers increasetheir income while also storing carbon in their land. Carbon farming is successful when 

carbon benefits from better land management or conservation efforts outweigh carbon losses. 

Method of Carbon 

Farming Suitable interventions for promoting low carbon agriculture are: 

1. Forest Management: Healthy forests capture and store carbon dioxide emissions from other sources, 

making them a valuable source of GHG sequestration. Carbon offsets can be achieved through a variety of 

methods, including:  

a. Avoided deforestation. 

b. Permanent land conservation. 

c. Reforestation and replanting initiatives. 

d. Better forest management. 

2. Grasslands Conservation: Native grasses and other vegetation, like forestry, serve as a natural source 

of greenhouse gas (GHG) absorption and sequestration. This kind of carbon offset focuses on preserving 

native plant life through long-term land conservation rather than converting grassland for commercial 

development or intensive agriculture. 

3. Using Cover Crop: These crops are grown to cover the soil rather than to be collected. They are 

produced after the harvest of the main crop. They return more carbon to the ground and sustain soil 

microbes that play vital roles in carbon storage. 

4. Mixed Farming:  They were raising cattle and crops together in a climate-friendly way. Carbon in soil 

is replenished by rotating cows around pastures, which allows grasses to recover from grazing and allows 

animal dung and the impact of their grazing to regenerate. 
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5. Reduction of soil Tillage: Tillage is normally used to lose and aerate the soil and to remove the initial 

weeds. However, tillage increases carbon mineralization leading to carbon dioxide emission from the soil. 

Reducing the soil disturbance is a valuable tool to protect soil organic matter. 

Introduction of superior livestock breeds to reduce numbers (especially unproductive cattle) and increase 

yield; use of livestock wastes to produce energy for cooking and heating through biogas technology can 

reduce methane emission and save electricity costs for the households. 

 

Benefits of Promoting Low Carbon Technologies 

The key advantages include cost savings in irrigation water, labour, and energy; reduced GHG emissions; 

increased water and fertilizer usage efficiency; moisture and heat stress tolerance; improved soil health; 

increased income and improve other planetary boundaries in peril such as freshwater, biodiversity, land 

use, and nitrogen use. 

Constraints in Promoting Low Carbon Technologies 

Significant constraints include requires participation at a larger level (include sound policies), more 

challenging for the farmer in hot and dry areas, high initial cost, infrastructure for installation and 

maintenance, knowledge intensiveness and technical soundness, high production cost, risks in the rainfed 

regions, weed problem, yield loss, inadequate market facility, lack of awareness and limited post-harvest 

facilities. It may be challenging to establish baselines and measure carbon storage in agriculture. It is a 

complex effort to prepare an accredited carbon budget (carbon emissions and farming) for each farm. 

Some programmes (e.g., agroforestry) have a long gestation time and are subject to uncertainty. 

Furthermore, getting to the stage of Carbon trading entails a significant transaction cost. To make it 

economical, a considerable amount of C mitigation must be created, which necessitates the widespread 

adoption of these technologies. Because the average size of a farmer's landholding in India is tiny, many 

farmers would need to implement these technologies to benefit from C trade. 

Required Interventions for Promoting Low Carbon Technologies 

The interventions required to overcome the constraints are the creation of irrigation facility, provision of 

incentives for saving ofwater, carbon credits for mitigation, subsidy and other incentives for the installation 

of resource conserving infrastructure, training for skill development, public awareness generation, 

development of low-cost, environment-friendly herbicides, accurate weather forecasting, development of 

post- arvest facilities and refining of technologies for making them simple, cheap and effective. 

Cooperatives, self-help groups (SHGs), and even huge commercial enterprises could work together to 

overcome the problem of small farm size. 

The introduction of ‘carbon credits’ also known as carbon allowances, which function as emission 

permission slips. When a corporation purchase a carbon credit from the government, they given 

authorization to emit one tonne of CO2. Carbon income flow vertically from firms to regulators with carbon 

credit, while companies with extra credit can sell them to other companies and the study of local carbon 

markets to adopt low-carbon technology. 
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Introduction 

Food Safety is important not just during monsoon but round the year. Monsoon season exposes us to many 

pathogens leading to an increase in diseases in human. During the rainy season, the moisture in the air 

increases to a very high level, and due to its various microbes tend to multiply in the environment. 

Especially Fungi grow and multiply abundantly in humid conditions. Rainy season brings in a lot of 

moisture and dampness which are not good for food and perishable items. The monsoon season is a host of 

many diseases and infections, these are spread due to the favourable conditions for the pathogens and their 

carriers to grow and breed. In accordance with Food Safety and Standards Authority of India, the apex food 

regulator of India under the Ministry of Health and Family Welfare, “The risk of diseases rise during rainy 

season”. During this rainy time, all vegetables and fruits can also get contaminated immediately, and 

consuming contaminated food and fruits can lead to gastrointestinal infections and other health hazards 

in humans. Fruits and vegetables are highly susceptible to mould and fungus during this season. During 

monsoon food borne illness increased. Food poisoning from E. coli, Salmonella and other contaminants are 

very common during rainy season. Due to contaminated food leads to food poisoning, diarrhoea, dysentery 

and cholera in humans. Food being one of the primary causes of infectious diseases, requires necessary care 

when it comes to preparation and hygiene. During the monsoon it is important that extra precaution should 

be taken care about personal and food hygiene. Maintain hygienic standard in the kitchen during monsoon 

and prevent rotting of food. 

Food Safety Measures/ Practices for Monsoon Season 

1. Washing fruits and vegetables: Wash all fruits, raw vegetables and meat properly with clean and 

potable water before cooking. (FSSAI, 2022). Cut fruits shouldn’t be kept out in the open during the 

monsoon. These should ideally be consumed as soon as they are cut, to avoid any contamination with 

pathogenic germs. All fruit juices should also be consumed immediately when they are fresh. After washing 

the fruits, they should be dried properly and stored in paper bags in separate sections in the refrigerator. 

2. Eat safe food: Avoid eating cold food. The foods should be kept in refrigerator to avoid any bacterial 

contamination. Pre-cut fruit, fried food, junk food and any other ready to eat street-food should be avoided 

completely. Most types of street foods are generally prepared in the open area.  Lack of food hygiene among 

many street food vendors lead to food borne illness (Mukherjee et al., 2018). There is a possibility of 

contamination of the food with rain water. The street food stalls mostly near open drainage, where there is 

chance of food contamination with pathogenic bacteria, when such contaminated food consumed by people 

which can cause dysentery and diarrhoea in human. All bakery products are susceptible to spoilage by 

fungus and moulds hence these soon eat as they are taken out of their air-tight packets. 

3. Keep kitchen clean: Always remember that, keeping your kitchen clean is as important as cooking 

cleaned utensils/ equipment’s. Wash and sanitize all surfaces of kitchen and equipment with disinfectant 

before and after preparing a food. Further, clean your kitchen floors with hot water and disinfectant. All 

the utensils wash properly using hot water. Take particular care of all the pre and post cooking duties. 

4. Cleaning utensils: Wash and clean your utensils thoroughly and dry before storing them. Clean fridge 

inside out and defrost it every two weeks regularly. Keep your refrigerator clean regularly. While frequently 

stuff our refrigerator with a lot of different food, it’s essential to take care of its hygiene as well. An unclean 

refrigerator may degrade the quality of food stored, so clean it once in two weeks. Avoid storing food that’s 

partially rotten that leaves an unpleasant odour. Make sure don’t overfill the refrigerator as it may cause 

to spoilage of fresh produce. Storing food in different compartments helps the air to circulate well which in 
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return may increase its shelf life of food. Utilize a clean cloth or paper bag to store different fruits and 

vegetables separately.  

5. Maintain personal hygiene: Keep yourself and your surroundings clean. Personal hygiene is a must 

for our overall benefit and health. Good personal hygiene can prevent food poisoning. Wash hands with 

soap and clean potable water before and after handling food. It is not only important while cooking, but 

also helps us prevent from different types of germs. Besides washing hands, one must also tie hair properly 

and cut nails before cooking. Nails should be kept short and clean. The hair neatly combed and tied during 

cooking. Drink only boiled and filtered water, since during the monsoon season, chances of water 

contamination increase due to flood. Wear cleans preferably cotton clothes/apron while cooking.  Do not use 

gadgets like phones and remote control while cooking the food (FSSAI,2022). 

6. Cook food consciously: Get into the habit of washing your hands before preparing food. Use clean and 

potable water for cooking. Cook food well and slow to ensure that it’s safe to consume. Cook the food in 

smaller amounts and consume it fresh to avoid food posing. Always eat freshly cooked food. Wash all green 

leafy vegetables with salt water before cooking as it clears out germs. Avoid consuming raw and deep-fried 

food from the outside as you may not be aware whether the hygiene and cooking precautions taken. Avoid 

raw salad and make sure to steam it before eating during the monsoon season. 

7. Keep clean refrigerator and do not leave the food leftovers: The storage of cooked food in right 

way is very important during the rainy season. Food storage conditions are key parameters in food quality 

and food safety. Proper storage of food extends the shelf life. Refrigerators can prevent mould and reduce 

the risk of food spoilage. However, an unclean refrigerator might become a breeding place for fungus or 

harmful germs. Small sticky food particles might get stuck in the different corners of refrigerators; thus, it 

is important to clean refrigerator at regular period. Dry refrigerator racks properly after cleaning them. 

It’s easier for mould to grow on cooked food as they survive on the moisture in the environment. Hence, it’s 

important you eat freshly cooked food during the monsoon, and store the leftovers in the refrigerator as 

soon as possible. Always leftover food should be carefully covered, keep in the refrigerator to avoid 

contamination and bacterial growth and heated properly before consumption. Perishable foods such as 

meat, milk, curd should always be kept in the refrigerator. Be sure to place raw meat and eggs away from 

the rest of the food in the refrigerator. 

8. Store the raw material of food away from moisture: It is also very important to store food in a dry 

and safe area. It would be a good to avoid buying in large quantity during the monsoon season, in order to 

avoid problems with storage. All the raw ingredients required for food preparation should be kept away 

from moisture area. 

Conclusion 

Taking precautions during the rainy season is important to stay healthy and happy during the monsoons. 

To avoid food borne illness during monsoon proper food safety measure should be done. The storage and 

proper cooking food are very important. Avoid eating street food in monsoon. Use cleaned vegetables and 

utensils for cooking and maintain the personal hygiene. 
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Introduction 

Amylase inhibitors are the substances that impede digestion through their action on insect gut digestive 

α-amylases. Insect α-Amylases (α-1, 4-glucan-4-glucanohydrolases) constitute a family of endo-amylases 

that catalyse the hydrolysis of α-D-(1, 4) - glucan linkages in starch components, glycogen and other 

carbohydrates. Specificity of inhibition is an important issue as the introduced inhibitor must not adversely 

affect the plant’s own α-amylases, or the nutritional value of the crop. Six different α-amylase inhibitor 

classes (Table.1), lectin-like, knottin-like, cereal-type, Kunitz-like, c-purothionin-like and thaumatin-like 

could be used in insect pest’s control. 

Table.1 α-amylase inhibitor classes with examples: 

Sl.No. α-Amylase Inhibitor (α-AI) classes Examples 

1. Lectin like α-Amylase Inhibitor Common bean P. vulgaris (αAI1, αAI2, αAI3), 

2. Knottin-type α-Amylase Inhibitor Amaranthus hypocondriacus seeds (AAI) 

3. Cereal-type α-Amylase Inhibitor Wheat α-amylase inhibitor 0.19, bifunctional α-

amylase/trypsin inhibitor (RBI). 

4. Kunitz-like α-Amylase Inhibitor Barley α-amylase/subtilisin inhibitor (BASI)   

5. Gamma-Purothionins-like α- Amylase 

Inhibitor  

Sorghum bicolor (SIα-1, SIα-2 and SIα-3) 

6. Thaumatin-like α-Amylase Inhibitor Zeamatin (Zea mays), thaumatin (Thaumatococcus 

danielli) 

Structural Significance and Action Mechanisms of α-Amylase Inhibitor Transgene 

To elucidate the inhibitory mechanism by these inhibitors, the structures of the common bean α-AI1 in 

complex with TMA (Tenebrio molitor α-amylase) have been determined. In accordance with that, the 

structure of TMA comprises a single polypeptide chain of 471 amino-acid residues, one calcium ion, one 

chloride ion and 261 water molecules. 

The protein of the TMA folds into three distinct domains, named A, B and C. Whereas, (a) Domain A - forms 

an eight-stranded, parallel beta-barrel embraced by a concentric circle of eight helical segments, which 

contains catalytic site and the ligand binding residues, (b) Domain B - formed by several extended segments 

and a short a helix forms a cavity against the beta - barrel of domain A in which the calcium ion is bound. 

This cation is of fundamental importance for the structural integrity of α-amylases, (c) Domain C - 

comprises the C-terminal residues and forms a separated folding unit, exclusively made of beta sheet. The 

conservation of the interface of A and C domains among α-amylases (TMA) suggests an important role for 

enzyme activity, stability and folding. 

Whereas, the above demonstrated TMA is being inhibited by the two hairpin loops of α-AI1 (residues 29 – 

46 and 171 – 189) which are inserted into the TMA reactive site, blocking substrate binding and 

establishing a hydrogen bond network with the residues of the substrate-binding region. The catalytic 

residues are strongly bonded to the inhibitor residues Tyr186 and Tyr37 that occupies the catalytic pocket. 

Their structures highlight the remarkable variety in the modes of α-amylase inhibition. The inhibitory 

activity of these compounds against α-amylases is due in part to their cyclic structures, which resemble α-

amylase substrates and therefore bind to α-amylase catalytic sites. (Franco et al. 2002; Kaur et al. 2014). α 

- Amylase inhibitors are of great interest as potentially important tools of natural and engineered 

resistance against pests in transgenic plants (Table. 2). 
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As a Proof of Concept 

Table.2 Transgenic plants expressing α-AIs against insect pests: 

Feeding source/ 

Transgenic plant 

source 

α-amylase inhibitors as 

Transgenes and source 

plants  

Targeted Insects References 

Nicotiana tabacum Phaseolus vulgaris, α-AI1 Tenebrio molitor Altabella and 

Chrispeels, 1990 

Pisum sativum Phaseolus vulgaris, α-AI1 

and αAI2 

Bruchus pisorum Morton et al. 2000 

Coffea arabica Phaseolus vulgaris, α-AI1 Hypotheneumus hampei Barbosa et al. 

2010 

Conclusion 

The genetic engineering of crop species aided with the introduction of α-amylase inhibitors transgenes 

offers wider protection against destructive crop pests and is expected to provide efficient bio insecticide 

which will throw new insight to future pest management programme. 
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Introduction 

Plants in order to defend themselves from insects and microbes have evolved in its both physical and 

chemical defensive mechanisms. Among those, the compounds that target insect guts such as Protease 

inhibitors (PIs) have garnered a lot of attention because to their potential toxic and/or anti-metabolic effects 

that may have an impact on numerous physiologic and developmental aspects (Paiva et al. 2013). 

Protease inhibitor are among the defensive proteins in plant tissues that are both 

developmentally regulated and induced in response to insect and pathogen attacks. The term 

protease includes both endopeptidases and exopeptidases, whereas the term proteinase is used to describe 

only endopeptidases. Proteins that form complexes with proteases and inhibit their proteolytic activity are 

widespread in nature. In addition to their roles in regulating proteolytic activities, they are important for 

protecting fluids or tissues from degradation by unwanted or foreign proteolytic activities. Protease 

inhibitors inhibit the protease activity of various proteolytic enzymes, causes hyper production of digestive 

enzymes which enhances the loss of sulphur amino acids, which leads to stunted growth and weaker 

insects. These protease inhibitor families have been found that are specific for each of the four mechanistic 

classes of proteolytic enzymes, i.e., serine, cysteine, aspartic and metallo-proteases (Ryan, 1990). Several 

non-homologous families of proteinase inhibitors are recognized among the animal, microorganisms and 

plant kingdom. Majority of proteinase inhibitors studied in plant kingdom originates from three main 

families namely leguminosae, solanaceae and gramineae (Richardson, 1991). 

Targets and Insecticidal Effects of Protease Inhibitors (PIs) 

These PIs can bind to the enzyme in a competitive manner, thus by preventing the substrate from entering 

the active site. By the interaction of the inhibitor molecule with the other sections of enzyme may cause 

the conformational changes further by altering the catalytic capacity. The PIs usually do not exert an acute 

lethal effect to insects, but their effects can impair growth, reproductive potential, and development, 

because of a reduction in the availability of essential amino acids. The potential of using PIs for insect 

control is ample because insect digestive proteases are broadly distributed among different orders. Many 

gene families of digestive proteases are present in insects and these enzymes are responsible for the ability 

of these pests to hydrolyze proteins and peptides. In the gut of insects, serine proteases including trypsins 

and chymotrypsins can be responsible for 95% of the digestive activity (Ryan, 1990; Napoleao et al. 2019).  

Plants can now be transformed with proteinase inhibitor gene with strong promoters to express the 

inhibitor proteins in relatively high levels at specific times. The first gene of plant origin to be successfully 

transferred to another plant species resulting in enhanced insect resistance was isolated from cowpea 

encoding a trypsin inhibitor (CpTi). Since then, many plant derived PIs genes for insect resistance have 

been transferred to produce transgenic plants (Table.1). Inhibitor can show varying degrees of effectiveness 

as an antimetabolite against different insects, and the protease inhibitor genes are not as effective as Bt 

genes for insect control (Babu et al. 2003). 

As a Proof of Concept 

Table.1 Examples of insects affected by plant protease inhibitors (PIs) and the enzyme targets 

at their midgut: 

Sl. 

No. 

Origin of 

transgenes 

Protease inhibitors 

as transgenes 

Targeted 

structure/molecule 

Targeted 

Insects 

References 

1. Lupinus 

bogotensis 

LbAPI1 Aspartic protease Hypothenemus 

hampei 

Molina et al. 

2014 
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2. Allium sativum ASPI2 Trypsin Aedes aegypti Shamsi et al. 

2018 

3. Moringa 

oleifera  

MoFTI3 Trypsin Aedes aegypti 

lugens 

Pontual et 

al. 2014 

4. Pisum sativum Pea PI4 Trypsin, 

chymotrypsin, 

Leucine, 

Aminopeptidase, 

Bactrocera 

cucurbitae 

Kaur and 

Sohal, 2016 

5. Glycine max SKTI5 Trypsin Helicoverpa 

armigera 

Kuwar et al. 

2015 

6. Inga laurina ILTI6 Trypsin Spodoptera 

frugiperda 

Machado et 

al. 2017 

7. Sinapis alba MTI-27 Trypsin Plutella 

xylostella 

Ferry et al. 

2005 

LbAPI1 (Lupinus bogotensis aspartic protease inhibitor), ASPI 2 (Allium sativum Protease 

inhibitor), MoFTI3 (Moringa oleifera flower trypsin inhibitor), Pea PI4 (Pea Protease inhibitor), 

SKTI5 (Soybean Kunitz trypsin inhibitor), ILTI6 (Inga laurina trypsin inhibitor) and MTI-27 

(Mustard trypsin inhibitor −2). 

Conclusion 

The genetic engineering of crop species aided with the introduction of Protease Inhibitors (PIs) as 

insecticidal genes offers wider protection against destructive crop pests and is expected to provide efficient 

bio insecticide which will throw new insight to future pest management programme. 
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Abstract 

The human population is increasing day by day and it requires intensifying the existing agricultural 

production systems. The agricultural production is high due to the immense use of synthetic agrochemicals 

but environmental deterioration and unsustainable systems are the consequences of these ways of 

management. The environmentally friendly effective microorganisms (EM) have a large number of benefits 

when they are applied as manure or spray to the field crops (Alicja et al., 2018). The effective 

microorganisms are tiny units of life that are too small; exist everywhere in nature and plays important 

role in maintaining the ecological balance. Effective Microorganisms are mixed cultures of beneficial 

naturally occurring organisms that can be applied as inoculants to increase the microbial diversity of the 

soil ecosystem. EM inoculation to the soil can improve the quality of soil, plant growth and yield. Healthy 

soil ecology has the capability of protecting plants against soil borne diseases caused by pathogenic 

microorganisms and parasites. 

Introduction 

Prof. Dr Teruo Higa worked on the excessive use of chemicals, and then he realized the harmful effects of 

these chemicals on human beings and environment. Thus, he developed a mixture of beneficial 

microorganism and he also reported that approximately 80 different types of microorganism are able to 

decompose organic matter. The concept of EM is based on the inoculation of mixed cultures of beneficial 

microorganisms into the soil where they shift the microbiological equilibrium and create an environment 

that is favourable to the growth and health of plants (Ali et al., 2016). A series of inoculations are made to 

ensure that the introduced microorganisms continue their dominance over the indigenous populations. The 

principal organisms are usually five viz. photosynthetic bacteria, lactic acid bacteria, yeasts, actinomycetes 

and fermenting fungi. These include the suppression of plant pathogens and diseases, conservation of 

energy in plants, solubilisation of soil minerals, soil microbial-ecological balance, photosynthetic efficiency, 

and biological nitrogen fixation (Amro et al., 2014). 

Different Formulations of Effective Microorganisms 

1. EM-1 formulation: 

a. This formulation is used for seed treatment, soil enrichment and for spray in field after the 

emergence of seedlings. 

b. Dissolve 5 kg jaggary (chemical free) in about 100 lit of water 

c. Add 5 lit of EM 

d. Mix thoroughly and pour into a plastic carboy. Seal the carboy and allow to ferment for 7 days 

e. Dilute this solution in a ratio of 1:1000 and spray over soil or crop residue. For seed treatment 

soak the seeds in this diluted solution. 

2. EM-5 for control of insects and pests: 

a. Dissolve 100 gm of jaggary in 600 ml of water 

b. Add 100 ml each of natural vinegar, wine and EM 

c. Mix thoroughly and transfer the contents in a plastic bottle or carboy and seal the container. 

d. To increase the potency few cloves of garlic and chili paste can also be added to this suspension 

before sealing the container. 
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e. Allow the contents to ferment for 5-10 days under shade. 

f. Within 10 days the EM solution will be ready for use. This can be stored up to 3 months at normal 

room temperature in a cool and dry place. 

g. Dilute the contents in a ratio of 1: 1000 and apply as foliar spray with the help of a sprayer. 

3. Fermented Plant Extract (FPE): 

a. In this formulation fresh green weeds are fermented with EM to obtain a fermented plant extract. 

b. Cover the drum and tie with a rope. 

c. The drum should be filled up to the top, leaving very little space for air. 

d. Fermentation process will start slowly. 

e. Mix the contents at repeated intervals. 

f. Finished FPE having a pH of 3.5 with pleasing smell will be ready in 5-10 days’ time. 

g. Filter the solution through a cloth and collect the filtrate. 

h. For spraying on soil dilute the FPE in a ratio of 1 : 1000 with fresh water. 

i. For spraying on crops dilute FPE in a ratio of 1 : 500. 

j. Spraying should be done after germination of seeds in early morning hours once or twice a week. 

4.  EM – Bokashi: 

a. Bokashi is a type of compost prepared by fermentation of waste organic matter with the help of 

EM. Bokashi is mainly used for improving the fertility status of soil and for enhancing the 

degradation of crop residue. 

b. Collect sufficient quantity of different organic matter (such as rice bran, fish meal, animal waste 

etc) equivalent to 150 lit drum volume. 

c. Mix 150 gm of jaggary and 50 ml of EM in 15 lit of water. 

d. Mix this solution with organic waste thoroughly in such a way that entire contents get uniformly 

moistened. 

e. Grind 2.3 kg of fresh green weeds to a coarse paste. Dilute with 14 lit of water. 

f. Dissolve 42 gm of jaggary in some water and mix with weed suspension. 

g. Add 420 ml of EM 

h. Transfer the contents to a plastic drum and with the help of a thick plastic sheet 

i. Transfer the contents in a plastic bag and seal the bag. 

j. To ensure the anaerobic conditions put this bag into another polythene bag and seal 

k. Allow the contents to ferment for 3-4 days in a cool shade place 

l. Bokashi will be ready after 4 days. 

m. This can be used immediately. 

n. In plastic air tight bags Bokashi can be stored up to 6 months. 

Advantages of Using Effective Microorganisms 

1. Fix the nitrogen in the soil and enhance nutrient uptake 

2. Suppressing existing pathogen in soil 

3. Accelerate the decomposition of organic waste, residues and composting. 
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4. Increase beneficial minerals in the organic compound 

5. Enhance the activities of indigenous microorganism 

6. Improve seed germination, seedling emergence, growth of plants, flowering, fruiting and ripening of 

grains and fruits. 

7. Bioremediation. 

 

 

Methods of Application of Effective Microorganisms 

1. Application of EM formulations at the time of land preparation: Dilute 5-10 lit of simple EM 

solution in 50-100 lit of water and sprinkle/spray over 0.1 ha of land, when soil is wet a day before sowing. 

2. For seed treatment: Soak seeds for 5-6 hrs in 1 : 100 diluted EM solution and sow immediately. 

3. As foliar/ soil spray: After seedling emergence, 1 : 1000 diluted EM solution or FPE should be sprayed 

at the rate of 500 lit per ha, 4-5 times at an interval of 7-10 days. In fast growing crops such as vegetables, 

spraying should be done twice a week. 

Conclusion 

1. Effective microorganisms are composed of naturally-derived microorganisms, which are safe and eco-

friendly.  

2. It is not necessary to put on goggles, masks and protective clothing when spraying effective 

microorganisms. Similarly, effective microorganisms never pollute water systems.  

3. The effective microorganism is manufactured from naturally-derived material.  

4. It is easy to be decomposed after use and effective microorganism never pollutes groundwater. 
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Introduction 

Agriculture has been a primary emphasis for many nations as the global population continues to rise. In 

agriculture, remote sensing is used to manage crops and animals to boost crop output. Remote sensing is 

also able to deliver early warnings for natural calamities like tsunamis or droughts by tracking the 

requirements of plants and animals in real-time from satellites orbiting Earth. Remote sensing is a branch 

of technology that gathers information about our globe using sensors on Earth-orbiting satellites. 

Benefits of Remote Sensing in Agriculture 

There are many advantages of remote sensing for agriculture, one of which is that farmers can use it to 

choose the optimal days for harvesting. The use of remote sensing in agriculture dates back to the late 19th 

and early 20th centuries. By giving farmers access to data that enables them to more effectively manage 

their crops, livestock, and land, it has helped farmers improve their practises. There are advantages to 

adopting remote sensing in your farming operation, regardless of how you do it. 

Crop yield is calculated via remote sensing based on the spatial variability of land surface features. With 

the use of this technology, it is possible to calculate the amount of biomass produced and the productivity 

variations brought on by environmental factors like climate change. 

Farmers can decide which crops are ideal for them based on this information. 

Scientists can now evaluate the condition of the land and its potential for production using aerial and 

satellite photographs thanks to remote sensing. By giving farmers a way to monitor their crops, foresee 

disasters, and offer other services, technology is transforming agriculture. 

Applications of Remote Sensing in Agriculture 

1. Remote Sensing for Crop Identification: 

a. There are numerous approaches to identify crops using remote sensing. 

b. For instance, it is possible to distinguish between crops and other forms of vegetation using 

analysis of satellite photos. This is frequently accomplished by observing the variations in plant 

light absorption and reflectance. 

c. Additionally, because they can fly over fields and capture high-resolution photographs that are 

frequently better to study areas, drones are being used more and more for crop identification 

purposes. 

2. Remote Sensing for Crop Production Forecasting: 

a. In order to predict the number and quality of crops that will be ready for harvest in the world's 

agricultural fields, remote sensing can provide data on crop production. 

b. It is also employed in fields like precision agriculture, which makes use of cutting-edge tools and 

sensors that can track and predict crop production on a personal level. 

3. Remote Sensing for Assessment of Crop Damage and Crop Progress: Remote sensing data from 

satellites and drones can be used to measure and predict crop growth, assess crop health, determine large-

scale patterns of land use, etc. 

4. Remote Sensing for Crop Disease Detection and Control: Remote sensing technology improves 

crop production processes by identifying areas that require attention when it comes to planting 

development and potential outbreaks of disease. 

5. Remote Sensing for Crop Yield Modelling and Estimation: Remote sensing is a technology that 

can be used for crop yield estimation, it can be used to track major changes in land use and monitor other 

agricultural processes on a global scale. This is used to determine the overall yields of the crop. 
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6. Remote Sensing for Soil Mapping:  

a. It can be used to map soil attributes in agriculture to identify regions with high productivity and 

hospitable soil. 

b. With the use of this technology, farmers can determine which soil is ideal for which kind of crop. 

Precision farming benefits from this information. 

7. Monitoring of Droughts: 

a. Monitoring is essential for drought mitigation. We can take action and save water supplies if we 

are aware when a drought is about to occur. Understanding how long droughts will endure and 

which places are at risk requires keeping an eye on the trends in weather patterns. 

b. With sensors that offer real-time data on rainfall, soil moisture, streamflow, and groundwater 

levels, drought monitoring has become simpler. 

8. Flood Mapping and Flood Monitoring Through Remote Sensing: Flood mapping and monitoring 

is the process of creating a digital representation of the floodplain and monitoring it for changes. This can 

be done through remote sensing, field surveys, or by combining these methods. This data can be used in 

case of flood disasters in future. 

9. Land Mapping Using Remote Sensing: Additionally, remote sensing can be utilised to locate any 

potential development-blocking features like streams, marshes, stones, etc. When done properly, it gives a 

true picture of the land use and usable space. 

Conclusion 

A significant transition is taking place in the agricultural sector. Farmers find it too challenging to keep 

up with the latest market demands and changes under the current system. Farmers will benefit from the 

new method of agricultural planning by becoming more adaptable and responsive to changes in the market. 

They will be able to invest in long-term strategies that they may modify as needed while also better 

planning for short-term variations in demand. 

  

https://en.wikipedia.org/wiki/Floodplain
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The importance of citrus fruits in world’s economy is demonstrated by its wide scale cultivation under 

tropical and sub-tropical conditions.  Citrus has a marvelous socio–economic and cultural impact on the 

whole society. The multifold nutritional and medicinal fruit values make this indispensable fruit in several 

parts of world. Citrus is primarily valued for the fruit, which is either eaten alone as fresh fruit, processed 

into juice or added to dishes and beverages. The Citrus fruits comprising of mandarins (mainly Kinnow), 

sweet oranges, limes, lemons and grapefruit are of major economic significance in Punjab, Haryana and 

Rajasthan state. Kinnow ranks first with respect to area and production, followed by sweet orange and 

limes and lemons. The districts of north states of Punjab, Haryana and Rajasthan i.e Fazilka, Hoshiarpur, 

Shri Muktsar Sahib, Sirsa, Ganganagar and Bathinda occupy over maximum area under Kinnow. Citrus 

fruits suffer from several physiological disorders, of which juice-sac granulation is of serious nature which 

drastically affect citrus production. Granulation or crystallization or dry end is a serious physiological 

disorder in citrus that results in reduced extractable juice and sometimes vesicle shriveling. This 

abnormality starts at the stem end of the fruit which gradually spreads towards the stylar end. Granulation 

is drying up, becoming hard with greyish colour and enlargement of the juice vesicles with increase in 

pectin, lignin, etc. resulting in reduction of the juice content. The affected juice sacs become hard and dry; 

fruits become grey in color, enlarged in size, have flat and insipid taste and assume a granular texture. It 

is much more prevalent in larger sized fruits than in small fruit, in young than in old trees and in humid 

than in dry areas. The cultivars of sweet orange like Pineapple, Washington Navel, Hamlin, Blood Red, 

Mosambi and Valencia Late of mandarins are mostly affected with this disorder. But this disorder is less 

serious in other citrus fruits like, grapefruit, pummelo, lemons, limes, tangors and tangelos. 

Physico-Chemical Characteristics of Granulated Fruits 

1. In granulated fruits the juice sacs become gelatinous and enlarged and stem end of the fruit will be 

firmer than normal fruit. 

2. The volume of fruit is increased and the juice sacs develop hard thickened cell walls. 

3. The progressive disintegration of many of the internal cells results in soft and collapsed juice sacs. 

4. The granulated fruits have increased the density of the pulp and juice vesicles have lacked colour due to 

loss of carotene. (Carotene concentration of 16.1 mg/g in normal juice sacs, decreases to 10 mg/g in the first 

stage of granulation and 5.1 mg/g in the second stage) 

5. The soluble carbohydrates and organic acids decrease with increased mineral constituents and pH.   

6. The seed number decreases with increase in intensity of granulation in sweet oranges.  

7. In addition, granulated fruits contain higher percentage of moisture, inorganic matter and pectin, but 

lower acidity and sugar concentrations than healthy fruits. 

Foremost Causes Related to Granulation 

1. Delayed harvesting: The most common cause of dry citrus fruit is when the fruits are left too long on 

the tree after they are fully ripe. Fruit harvested later in the season will be more affected than fruit 

harvested earlier in the season. So, it is advisable to pluck fruits at proper maturity otherwise deteriorates 

quality.  

2. Improper irrigation and nutrient management: Water stress during fruit development particularly 

in oranges results in drying of fruits. Similarly excessive application of Nitrogen can also result in dry 

orange fruits because excessive nitrogen will encourage rapid growth of foliage at the expense of the fruit. 
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In the areas with high incidence of granulation, the plant tissues contain high Ca and Mn, and low P and 

B. So, it is vital to apply efficient dose of fertilizer according to standard fertilizer schedule. 

3. Adverse atmospheric condition: During the fruit maturity period the unseasonably warm weather 

or persistent cold weather can result in granulated fruits.  

4. Selection of Rootstock: The granulation is significantly affected by the different rootstock used. The 

vigorous rootstock results in more granulation, whereas dwarfing root stock have low granulation. The 

incidence of granulation is relatively higher in large sized fruit compared with small fruit and the fruit of 

younger plants as compared to those in older plants. Besides cultivar, many of the horticultural 

characteristics of cultivars are fast-growing, vigorous rootstocks such as rough lemon, Volkamer lemon, 

Citrus macrophylla and Rangpur. However, these rootstocks impart high vigor to the scion and induce high 

yield. Tangerine fruit from trees grown on vigorous rootstocks tend to be puffy, hold poorly on the tree and 

have high incidence of granulation. Apart from these above-mentioned factors the luxuriant growth 

following heavy pruning or fertilization, mineral constituents in plant tissue, exposure to sun light etc., are 

found to be associated with this malady. 

Management 

Certain control measures are recommended to reduce the incidence of granulation: 

1. Application of 2-3 sprays of NAA (300 ppm) and GA, (50 ppm) during August to October can reduce the 

incidence of granulation by 50 percent. Application of GA 50 ppm followed by NAA 300 ppm in November 

also reduces granulation. 

2. To evade the granulation problem in Daisy mandarin, fruits must be picked before fortnight of November 

3. By reducing the amount and frequency of irrigation, generally reduces granulation without affecting the 

quality and quantity of the fruit. 

4. Foliar application of lime spray @ 18 to 20 kg in 450 liters of water controls the incidence of granulation.  

5. Zinc and copper sprays are also effective in checking both the incidence and extent of granulation. But 

the best results are obtained when the two elements are sprayed in combination. 

Conclusion 

Citrus is the main fruit tree crop in the country and therefore has a tremendous economic, social and 

cultural impact in our society. A Comprehensive knowledge about the Integrated nutrient management 

and timely hormonal spray will not only aid the quality production to fruit growers, but also it will be useful 

for researchers to generate an innovative idea to control this disorder in a better way. 
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Introduction 

Aquaculture is one of the rapidly growing foods producing sector in the world.  As per the FAO reports, the 

contribution of aquaculture towards global fish production was 82.1 million tons which accounted for about 

46% of the total fish production (FAO 2020). Also, it is expected that the sector will achieve a tremendous 

growth from 46% to 53% by 2030 (FAO 2020). However, rapid changes in the global climatic conditions, 

along with several other already existing challenges are posing great threat to the sustainable development 

of this sector. Climate change due to anthropogenic activities which otherwise called as the ‘Global 

Warming’ is a major issue that put the future of aquaculture sector at stake.  Global warming and several 

other associated phenomena like the sea-level rise, ocean acidification, cyclones, droughts etc. are reported 

to have several direct and indirect impacts on various Fisheries resources and Aquaculture as well. 

Definition 

Climate change is defined as the change in statistical distribution of weather over a period of time which 

can range from decades to millions of years. Climate change might be restricted to a specific region or may 

affect the whole earth. 

Impact of Climate Change on Fisheries and Aquaculture Sector 

Unprecedented climatic conditions are considered to be one of the greatest challenges that confront the 

sustainable development of aquaculture sector. Climate change can cause several direct and indirect effects 

on the aquatic ecosystem and fish culture. Direct effect includes various physical and physiological 

influences on different fish species whereas indirect effects may range from altering the productivity of the 

aquatic ecosystem to affecting product prices. 

Anthropogenic warming is a serious issue which is exacerbating the development of fisheries sector. 

Several studies indicate that the adverse impacts will deepen for about 3 to 4oC rise in the average global 

temperature. Fishes being poikilothermic are temperature sensitive and the increase in temperature will 

have a negative impact on their physiological functions, feeding behavior, reproduction, fish health, mass 

mortality of fishes etc. and will eventually lead to the extinction of several species. Warm water disease 

outbreaks will be prevalent in a fluctuating climate regime. Increase in water temperature can be 

deleterious for cold water aquaculture. Rise in temperature can also lead to fluctuations in sea-surface 

salinity which can affect the survival of several fish species. 

Elevating levels of CO2 in the atmosphere leads to Ocean acidification which will have a severe impact 

on shell fishes and corals as their calcium shell formation will be affected. It can also cripple the multibillion 

dollar ornamental fish trade business as most of the marine ornamental fishes inhabits the coral reefs.  

Changing precipitation patterns can mainly influence the fish farming in two ways i.e. either through 

excessive rainfall or through low rainfall/ droughts. Excessive rainfall may lead to inundation which can 

cause severe losses through loss of cultured species, invasion of unwanted fish species, destruction of pond 

dykes and other aquaculture structures etc. whereas drought condition may mainly affect the freshwater 

aquaculture as there will be a great shortage in the quantity and quality of water available for fish farming. 

Rising sea level is another major issue associated with the changing climatic conditions. This can havoc 

the sensitive marine ecosystems such as the mangroves which are the breeding homes for several fish 

species. Elevated sea levels may destroy aquaculture structures such as cages, pens, tanks, ponds etc.  This 

may also lead to salinization of groundwater which can affect the freshwater aquaculture. 
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Even though the effects of climate change on fish production are largely out looked through a   negative 

perspective, it is very much critical to study the positive impacts of climate change on aquaculture in order 

to adopt climate-smart farming practices. 

 
Figure 1. Illustration of various pathways through which climate change may affect 

aquaculture production. Ref. https://www.frontiersin.org/articles/10.3389/fsufs.2021.609097/full 

Climate Change and Shrimp Farming 

Alterations in the normal climatic conditions have a significant impact on the marine aquaculture 

(mariculture) and coastal aquaculture systems as compared to the freshwater aquaculture. Increased CO2 

levels in the atmosphere leads to acidification of ocean water which may hinder the shell forming process 

or ‘calcification’ in corals and shell fishes like shrimps, oysters etc. Increased temperature can hamper 

physiological processes such as molting, gonadal maturation etc. in shrimps. Excessive rainfalls have been 

reported to cause disease outbreaks in shrimp farms. Increase in sea level and high tide might destroy 

aquaculture structures.    

However, climate change might sometimes have some favorable impacts on aquaculture provided it is 

effectively exploited. For example, extended warmer periods can provide prolonged growing seasons for 

warm water species such as Mussels, Giant Tiger Prawn (P. monodon) etc. Rise in sea level may provide 

increased stretches of brackish water area that can be utilized for the culture of high- valued species such 

as crabs and shrimps. Decline in the availability of wild spat required for oyster culture can be exploited 

by commercial hatchery owners. 

 
Figure 2: Penaeus monodon   

Ref. http://aquaculture04.blogspot.com/2017/12/tiger-shrimp-penaeus-monodon.html 

Some Strategies for Climate Resilient Smart-Aquaculture 

Climate resilient aquaculture practices are predominantly based on two objectives, one is adapting to the 

present climatic conditions and the other is to mitigate with the climatic changes.  

https://www.frontiersin.org/articles/10.3389/fsufs.2021.609097/full
http://aquaculture04.blogspot.com/2017/12/tiger-shrimp-penaeus-monodon.html
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Sustainable modern culture systems such as RAS, Bioflocs, Integrated Multitrophic systems etc. provide a 

protected condition for fishes away from the changing environmental conditions and also help in effective 

utilization of wastes.  

In places that are vulnerable to saline water flooding saline tolerant species are to be chosen for culture. 

For example, among the various freshwater culture species, M.rosenbergii was identified to be the most 

salt tolerant variety that can resist upto 24.6 ppt. Also feed manipulation is an accepted strategy as high 

energy feeds were proven to facilitate better growth rate in saline-stress conditions. Integrating saline 

resistant horticulture crops along the dykes of fish ponds can also help to mitigate the problem of excess 

salinity in freshwater ponds to a certain extent. Increase in pond height can help to tackle the problem at 

places that are subjected to periodic inundation.     

Selective breeding under captivity, species diversification etc. are some of the widely accepted strategies 

for climate-resilient aquaculture. Detailed research is required to establish the effects of feed manipulation, 

genetic improvement etc. in achieving climate reselint culture options. 

 
TABLE 1. Species recommendation for areas vulnurable to saline water flooding in the 

Sunderbans delta of India. REF. Climate resilient aquaculture strategies for Indian 

sunderban delta, WBUAFS 

Conclusion 

Global warming and other associated extreme climatic conditions such as increased rainfall, cyclones, 

drought, ocean acidification etc. are creating a hindrance in the sustainable development of all major food 

producing sectors including the aquaculture industry. Fish being an ideal source of affordable protein will 

be of huge demand in the future as the human population is overshooting. Climate changes have both 

positive and negative impacts on fish culture though the harmful effects are prevalent. Hence smart 

aquaculture practices that can adapt and mitigate with the changing environmental conditions are the 

need of the hour. Incorporating modern and existing technologies to produce energy efficient aquaculture 

systems will help to reduce the carbon dioxide emission by this sector. Farming in modern culture systems 

such pond raceways, biofloc, IMTAs, aquaponics etc. will help to cope up with the problems due to changing 

environmental conditions. More scientific study is needed to fully understand the different impacts of 

climate change on aquaculture and accordingly suitable policies are to be adopted. 
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Introduction 

Indiscriminate and excessive use of pesticides in agriculture posing a severe threat. Pathogens such as 

fungus, bacteria, and plant-parasitic nematodes harm a variety of crops. The chemical technique is 

excellent at controlling pests, but it pollutes the environment and cause several health issues. A major 

issue is the development of pesticide resistance in major pests, as well as the prevalence of pesticide residue 

in our food. As a result, alternative control approaches for diseases that damage plants are required. 

Currently, alternative, environmentally friendly ways of plant protection, such as integrated pest 

management (IPM) strategies and the use of biocontrol agents and biopesticides, are being used. Biological 

control agents (BCAs) are well-known for their efficacy in pest management. 

Biocontrol Agents 

To lower both the ecological and economical costs of disease control, a range of novel technologies are being 

developed to integrate or replace the use of chemicals. The use of naturally occurring enemies like parasites, 

predators and pathogens to control pests and disease-causing pathogens is known as biocontrol or biological 

control. Antibiotic microorganisms are being researched extensively and are being evaluated as a promising 

possibility for the development of microbial-based biocontrol agents. However, practical restrictions in the 

employment of bacterial agents were sometimes caused by the manufacture of poisonous compounds and 

formulations with a limited shelf life, as well as difficulty in obtaining them. 

Classification of Biocontrol Agents 

 

1. Bacteria 

Bacillus thuringiensis (Bt): A common gram-positive, spore-forming bacterium called Bacillus 

thuringiensis (Bt) creates parasporal crystals when sporulating (stationary phase of its growth 

cycle). Insecticidal crystal proteins (ICPs) or d-endotoxins, which are known to have insecticidal 

activity when consumed by specific insects, make up the majority of these crystals. The d-endotoxins 

are reported to be effective against lepidopteran insects (butterflies), Coleoptera (beetles), Diptera 
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(mosquitoes), Hymenoptera (ants), and mites and also against a variety of invertebrates, including 

nematodes, flatworms, and protozoans, as well. 

Pseudomonas: This is a gram-negative heterotrophic bacterium, which can induce plant defense 

against plant pathogens such as Xanthomonas campestris, Fusarium oxysporum f. sp. cubense, 

cucumber mosaic virus etc. The most commonly used Pseudomanas is Pseudomanas fluorescens 

which is non-pathogenic saprophyte and produces greenish fluorescent pigment that suppress plant 

diseases by protecting the seeds and roots from fungal infections. Pseudomonas putida is used to 

control plant-parasitic nematode M. incognita as produces nematicidal compounds such as cyclo(L-

ProeL-Leu) that caused mortality for the adult of and decrease in the rate of egg hatching.  

Bacillus sphaericus: Bacillus sphaericus is used for mosquito control and active against the larvae 

of Culex, Psorophora and Anopheles species. It acts as an endotoxin to mosquito larvae. When it is 

consumed by the larvae, the bacterium is able to release lethal doses of toxin which penetrate the 

intestines of the mosquito larvae into the hemocoel and killing the mosquito larvae. 

Serratia marcescens: S. marcescens is a facultative pathogen that produces a variety of 

antimicrobial exoproducts, such as chitinase, protease, pyrrolnitrin antibiotics, siderophores, indole-

3-acetic acid etc. that exerts synergistic effects to reduce populations of phytoparasites. It has also 

ability to induce systemic resistance in plants against several soil pathogens. 

Pasteuria penetrans: This is endospores producing, obligate, gram-positive bacteria which is 

effective against plant parasitic nematodes Meloidogyne spp and water fleas (Daphnia spp., 

Cladocera: Anomopoda). Pasteuria penetrans and Pasteuria ramosa that infects Daphnia spp.  and 

Pasteuria penetrans that infects plant-parasitic nematodes are the most commonly used Pasteuria 

species.   

2. Fungi: 

Trichoderma spp.: Trichoderma viride, T. harzianum and T. virens are most extensively used 

fungal antagonists. They are mass-produced using fermentation technology. They are used for the 

management of soil borne pathogens by seed treatment and soil application. 

Beauveria bassiana: Beauveria belongs to fungal subdivision: Deuteromycotina and order: 

Hyphomycetes. Many strains of Beauveria bassiana are used as biopesticides. Beauveria 

bassiana causes a disease known as the white muscadine disease in insects. It is active against 

adults and larvae of many kinds of insects; eggs of lepidopteran pests such as moths. When spores 

of this fungus come in contact with the cuticle (skin) of susceptible insects, they germinate and grow 

directly through the cuticle to the inner body of their host. The fungus proliferates throughout the 

insect's body, producing toxins and draining the insect of nutrients, eventually killing it. Therefore, 

unlike bacterial and viral pathogens of insects, Beauveria and other fungal pathogens infect the 

insect with contact and do not need to be consumed by their host to cause infection.  

Once the fungus has killed its host, it grows back out through the softer portions of the cuticle, 

covering the insect with a layer of white mold (hence the name white muscadine disease). This 

downy mold produces millions of new infective spores that are released to the environment. It is 

useful against Coffee berry borer, Diamond backmoth, Thrips, Grasshoppers, White flies, Aphid, 

Codling moth etc. It can be mass-produced on locally available grains and other solid substrates. It 

is formulated as wettable powder, water dispersible granule, and oil based emulsifiable suspension. 

Verticillium lecanii: It is known as 'white – halo' fungus because of the white mycelial growth on 

the edges of infected scale insects. It can be multiplied on medium based on locally available grains 

and tubers. It is formulated as wettable powder. It is effective against coffee green bug and certain 

other homopterans. 

Metarrhizium anisopliae: Metarrhizium anisopliae is a widely distributed soil-inhabiting fungus. 

The spore of M. anisopliae can be formulated as dust and sprayable formulation. It isused to control 

termites, mosquitoes, leaf hopper, beetles etc. 

Nomuraea rileyi: Nomuraea rileyi is of cosmopolitan occurrence and pathogenic to a number of 

economically important lepidopterous pests. It is formulated as wettable powder. The fungus could 

be multiplied on polished rice grains and crushed sorghum. 
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Beauveria bassiana Verticillium lecanii Metarrhizium 

anisopliae 

Nomuraea rileyi 

Aspergillus niger: Aspergillus niger, a ubiquitous fungus presents in all types of soil with no 

specific moisture and pH requirements.  It is formulated as wettable powder. It controls a number 

of devastating soils borne pathogens e.g., Fusarium oxysporum, Macrophomina phaseolina, 

Pythium aphanidermatum, Rhizoctonia solani, and Sclerotinia sclerotiorum belonging to different 

classes of fungi by a single application under different agro climatic conditions in different crops 

Myrothecium verrucaria: It is a deuteromycete fungus, which produces cuticle degrading 

enzymes as well as mycolytic enzymes. It is formulated either in the form of conidia or unicellular 

yeast like cells. It is used to control root-infecting fungus, Sclerotium rolfsii on groundnut 

3. Virus: Baculoviruses are one of the largest numbers of viral pathogens from the family Baculoviridae, 

which can attack insects. The majority of baculoviruses used as biological control agents are in the genus 

Nucleopolyhedrovirus. These viruses are excellent candidates for species-specific, narrow spectrum 

insecticidal applications. Baculoviruses are lethal pathogens and are used to control of global crop insects 

including Heliothis/Helicoverpa species, Plutella xylostella (the diamondback moth), Cydia pomonella 

(codling moth), Phthorimaea operculella (potato tuber moth) and Plutella xylostella (diamondback moth). 

Baculoviruses can infect, invade, develop, and spread to another host insect by two types of granulosis 

viruses (small occlusion bodies) and baculovirusesdnuclear polyhedrosis viruses (large dsDNA viruses). 

The process of infection is by two stages in the midgut: first, primary infection, and second, amplification 

stage. Then, the infection spreads as a systemic phase in the body and produces a massive occlusion body. 

The widespread systemic infection in insect tissue leads to death through 4 to 10 days. 

Most baculoviruses cause the host insect to die in a way that will maximize the chance that other insects 

will come in contact with the virus and become infected in turn. Infection by baculovirus begins when an 

insect eats virus particles on a plant - perhaps from a sprayed treatment. The infected insect dies and 

"melts" or falls apart on foliage, releasing more virus. Insects killed by baculoviruses have a characteristic 

shiny-oily appearance, and are often seen hanging limply from vegetation. They are extremely fragile to 

the touch, rupturing to release fluid filled with infective virus particles. This tendency to remain attached 

to foliage and then rupture is an important aspect of the virus life-cycle. 

 
Infected larva by Nuclearpolyhedrovirus 

4. Nematodes: Entomopathogenic nematodes belonging to genera Steinernema and Heterorhabditis 

together with their symbiotic bacteria Xenorhabdus and Photorhabdus, respectively, and slug-parasitic 

nematodes Phasmarhabditis with its symbiotic bacteria Moraxella have been considered as promising 

biocontrol agents for the management of crop insect pests and slugs. These nematodes have short life cycle, 

wide host range, and can resist under unfavourable conditions and environmental extremes. Survival and 

pathogenicity of these nematodes vary from 5 to 350C. Nematodes can be mass produced under both in vivo 

and in vitro conditions. 
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Merits of Biocontrol Agents 

1. Biological control is less costly and cheaper than any other methods.  

2. Biocontrol agents give protection to the crop throughout the crop period. 

3. They do not cause toxicity to the plants. 

4. Application of biocontrol agents is safer to the environment and to the person who applies them. 

5. They multiply easily in the soil and leave no residual problem.  

6. Biocontrol agents not only control the disease but also enhance the root and plant growth by way of 

encouraging the beneficial soil micro flora. It increases the crop yield also. 

7. Biocontrol agents are very easy to handle and apply to the target. 

8. Biocontrol agent can be combined with bio-fertilizers. 

9. They are easy to manufacture.  

10. It is harmless to human beings and animals (Environmentally safe.) 
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Summary 

Numerous abiotic and biotic elements have an impact on fruit crops in several ways. The traditional method 

of fruit breeding has limited success in strengthening fruit trees. Therefore, the biotechnology aided 

agricultural improvement, which eventually aims to gain novel plant features, is urgently needed. A 

genetically engineered (GE) part is grafted with a non-GE part in trans-grafting. The non-GE scion grafted 

onto GE rootstock is more desirable in fruit crops. Trans-grafting and transgenic rootstock may lower 

regulatory expenses and minimize public issues about trans-gene flow. To evaluate the longevity and 

effectiveness of trans-grafting, it is crucial to take into report the mechanisms that control the long-distance 

translocation of genetic engineered (GE) products and its metabolites. Both mobile and immobile GE 

products have the possibility to enhance performance of trans-grafted plants. The use of genetic 

engineering in fruit crops may be increased in this way. 

The major limitation of the 21st century is population. Million people in the world face hunger every year. 

So, the world is at critical juncture. Basic needs of human beings include food, shelter, air and water. Food 

security is a multilayered issue. It involves science, sociology and economics. We need to think how we can 

feed our next generation. The possible solutions are traditional approaches, population control and import 

from other countries. Genetic modification can be considered as part of the solution. By combining 

traditional approaches with genetic modification, we can attain food security. 

Grafting is a traditional practice which is having a history of many years. It is done by combining the 

vascular systems of rootstock and scion. Scion is collected from the commercial variety which is lacking in 

one or more characters. Rootstock will impart many characters to the scion. So the ideal rootstock should 

be selected for grafting. Modification of rootstock with GE can be done to change one or two characters of 

the rootstock and grafting on these rootstocks with scion are called as trans-grafting in fruit crops. 

Whereas, in root and tuber crops, GE scion can be grafted on to non-GE rootstock, so that the economic 

product is obtained from the non-GE part of the plant. 

The GE part can be obtained from transgenic, cisgenic or intragenic technique. In case of transgenic, 

transfer of genes from non-compatible or distant species is done. In cisgenic, transfer of genes from wild 

relative plant and in intragenic only gene modification is done without transfer of genes which involves 

RNA silencing technology.  GE in fruit crops mainly required for shortening the juvenile phase, optimizing 

fruit production and quality, to obtain biotic and abiotic stress tolerance. There are many hurdles in 

developing GE fruit crops, they are mainly restricted market size, intellectual property rights are relevant 

to GE crops so availability of planting material is limited, there are regulation in cultivating GE crops and 

lower acceptance by the public.  

The transgenic material of the rootstock can be mobile or immobile in nature. The situations that occur 

during trans-grafting are there may be no transmission of products or transfer of siRNA can take place or 

transfer of transgenic proteins may take place. 

Benefits of GE Rootstocks in Fruit Crops 

1. Reduction in the cost necessary for the approval of transgenic plants as only rootstock is transgenic it 

can be grafted by many scions. 

2. Can reduce the uncontrolled gene transfer as rootstocks will not produce flowers so pollen transfer can 

be avoided. 
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3. The transgenic rootstocks can be used for integrated management of the orchard like rootstocks showing 

higher uptake of nutrients can be used for integrated nutrient management and rootstocks showing 

tolerance to pest and diseases can be utilised to manage it effectively. 

4. It can be considered as the potential alternative to conventional development of rootstocks. 

As this provides many benefits, various works have been done in trans-grafting techniques in fruit crops. 

There are studies of the characteristics that altered by transgenic rootstocks by known and unknown mobile 

signals. In trans-grafted scions, growth parameters like early flowering in blueberry induced by 

phytohormonal signal produced by overexpression of VcFT gene (Song et al., 2019) and overexpression of 

JrAMT2 in walnut rootstock increased nitrogen level in grafted scions (Liu et al., 2021). Resistance to 

Prunus necrotic ring spot viral disease in cherry was induced by gene silencing signal produced by siRNA 

technique (Zhao and Song, 2014). The unknown mobile signals exhibited early flowering and cold tolerance 

in apple (Kapazoglou et al., 2020). 

Future Prospects 

As most of the work regarding trans-grafting is carried out under in vitro or green house condition, it is 

essential to know the efficacy of this technique in field condition. Future studies should target on the 

transport of the transcription factors that manipulates the expression of multiple characters and also it is 

important to know the system of regulation that controls the long-distance movement of transgenic 

materials like mRNAs, proteins and transgenic gene induced signals like hormones and its byproducts from 

the rootstock to the scion to evaluate the usefulness and stability of trans-grafting. 

Moreover, use of cisgenic and intragenic techniques should increase to develop rootstocks so that it is easily 

accepted by the people as it does not contain foreign genes. 

Conclusion 

There are no ideal rootstocks in fruit crops. So, development of rootstock is a continuous process. GE 

techniques influence the expression of few genes therefore; it can be effectively used to develop rootstocks 

which need changes in one or few characters. This technique can be considered as cost effective as only 

rootstock is transgenic so that we can reduce regulatory cost. In future days, trans-grafting technique may 

become boon to fruit production industry as it allows the grafting of non-GE scion on GE rootstock there by 

getting the maximum benefit of rootstock without altering the gene structure of the scion. 
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Introduction 

Sesame is the oldest indigenous oilseed crop with the longest history of cultivation in India. It is known as 

“queen of oilseeds” because of its aroma and flavour. It also has huge nutritional and medicinal values. It 

contains antioxidnats like sesamin, sesamolin and sesamol. Myanmar, India, China, Sudan, and Tanzania 

are the key producers accounting for 70% of the total production. Sesame requires low input resources and 

can be grown in rainfed, irrigated, dryland or residual moisture with minimal irrigation (Verma et al., 

2021). In Telangana, Sesame area is increasing and farmers of Northern Telangana Zone are cultivating 

sesame in Turmeric fallows and reaping good results. 

Gaddam Srinivas is an innovative farmer from Veldurthi village of Jagtial district of Telanagan, India. He 

is 42 years old and completed secondary school of education. He owns 3 acres of land holding.  

Regional Agricultural Research Station, Polasa, Jagtial, Professor Jayashankar Telangana State 

Agricultural University provided technical support by conducting awareness programmes to the farmers 

regarding the yield superiority and seed production technology in sesame crop. Motivated by this, the 

farmer came forward for seed production of JCS 2454 variety in 0.5 acres of land.  

JCS 2454 sesame variety was released through SVRC on the name of Jagtiala Til 2 and notified during 

2021.  It is a white seeded variety with 85-90 days duration. The variety has shown yield superiority to the 

extent of 11.8% over the check swetha in summer season.  Yield potentiality is 947 kg/ha during summer 

with life-saving irrigations. Recorded up to 1287 kg/ha during summer season (irrigated) in Adilabad 

district and 1263 kg/ha in Nagarkurnool district. Moderately resistant to powdery mildew and Alternaria 

leaf spot. It is moderately tolerant to drought conditions. White seeded culture with 46-49% oil content. It 

has quality traits viz., Iron -130.07 mg/kg, Zinc - 69.8 mg/kg and Calcium – 12630 mg/kg was recorded. It 

has recorded 0.21 % Ecosenoic acid and high in Unsaturated fatty acids viz. 40.86 % Oleic acid & 41.95 % 

Linoleic acid. 

He has cultivated this variety in summer, 2021 in turmeric fallows. The sowings were completed at 

03.02.2022 with seed rate of 1.5 kilograms per 0.5 acre of land. The scientists of RARS, Jagtial frequently 

visited the field and provided need-based management practices. The farmer applied 10 kilograms of urea. 

A total of 8 irrigations were given an interval of eight to ten days for entire crop season. There was no 

infestation of pests and diseases were noticed by the farmer during crop growth period. The harvesting of 

the crop completed was on 28.04.2021 and yielded 1.6 quintals per 0.5 acre for which the farmer was 

extremely happy about the guidance provided from RARS, Jagtial.  

An attempt was made to estimate detailed cost and return, relative profitability of cultivating JCS 2454. 

The cost and return of sesame production was calculated using simple accounting procedures. It was 

examined on the basis of gross returns, net returns and benefit cost-ratio. The details of cost of cultivation 

of JCS 2454 was presented below. 

Table 1: Costs of cultivation of sesame (JCS 2454): 

S. No. Cost component Amount (Rs / 0.5 A) 

1. Operational costs 

a Human labour cost 7800 (44.62) 

b Bullock labour cost 0 (0) 

c Machine labour cost 2800 (16.02) 

d Seed cost 300 (1.72) 

e FYM cost 0 (0) 
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f Fertilizers cost 70 (0.4) 

g Plant protection chemicals cost 0 (0) 

h Irrigation charges 260 (1.49) 

i Miscellaneous cost 80 (0.46) 

j Interest on working capital 329.88 (1.89) 

  Total operational costs 11639.88 (66.59) 

2. Fixed costs 

a Rental value of owned land 5000 (28.6) 

b Rent paid for leased-in land 0 (0) 

c Depreciation 310 (1.77) 

d Interest on fixed capital 531 (3.04) 

e Total fixed costs 5841 (33.41) 

  Total cost 17480.88 (100) 

Note: Figures in the parenthesis indicates per cent to total cost. 

The perusal of Table 1 depicts that average cost of cultivation per 0.5 acre was ₹ 17480.88.  The proportion 

of variable and fixed costs in the total cost of cultivation accounts to 66.59 and 33.41 per cent respectively. 

Among the variable costs, expenditure on human labour was observed to be highest accounting to 44.62 

per cent. This was observed because of higher labour wages in the village. This was followed by expenses 

on machine labour (16.02%).  

Table 2: Profitability of sesame (JCS 2454) 

S.No. Particulars 

1 Yield (q/ 0.5 A) 1.6 

2 Market price (Rs./q) 20,000.00 

3 Gross returns (Rs. / 0.5 A) 32000.00 

4 Net returns (Rs. / 0.5 A) 14519.13 

5 Returns per rupee spent 1.83 

It is evident from Table 2 that the average yield per 0.5 acres of land was observed to be 1.6 quintals. 

Whereas, gross returns and net returns were observed to be ₹ 32000.00 and ₹ 14519.13 respectively. The 

returns per rupee spent was observed to be 1.97. 

Conclusions 

Seed production of sesame crop (JCS 2454) was beneficial to the farming community and hence the farmers 

are advised to adopt the strategy of seed production for doubling the farmers income. 
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Baby corn cultivation is gaining popularity now a days in India and have become one of the most valued 

vegetable and commercial crop for cultivation among the farmers. Due to its lower cost of production, 

increased income and higher demand in national and international market, it is now becoming first choice 

of farmers for cultivation. Baby corn, as compared to normal corn, is harvested two to three days after silk 

emergence and is smaller than normal corn with an average length of 4 to 6 cm and diameter up to 1-2 cm, 

with straight slender cylindrical shape. 

It is being used as fresh vegetable in soups, curries, salad and for preparation of pickles. It can also be 

canned by preserving in brine solution. Nutritionally, it is rich source of phosphorus and fibre and has 

lower calories and cholesterol thus helping in management of blood sugar levels. Further, after harvest, 

the left over can be used as feed for livestock, fodder and silage preparation.  

Cultivation of baby corn is similar to that of normal corn, however there is difference in harvesting period 

of both as the former is harvested earlier before formation of grains in the cob. 

Improved baby corn varieties in India: Any composite or hybrid can be used as baby corn, however varieties 

bearing more than one cob are preferred. Also, the selected type must be early maturing, having short 

stature, synchronized earing and favouring dense plant stand. Some short duration and good yielding baby 

corn varieties includes HM 4, Vivek baby corn, Golden baby, VL 42, VL 45, VL baby corn 1. 

Climate requirement: Baby corn crop requires good sunlight and a temperature range of 24 to 30 C for 

growth. 

Soils: Clay loam to sandy loam soils with good drainage facility and aeration and pH between 5.5 to 7 are 

suitable for baby corn cultivation.  

Field preparation: field must have good tilth for which one deep ploughing followed by 1-2 harrowings is 

enough. 

Nutrient management: Well decomposed FYM @ 5t/ha should be applied 25 days before sowing. Nitrogen 

should be applied in two splits while whole of the P and K should be given as basal dose. 60 kg N, 60 Kg P 

and 40 Kg K should be given per hectare as basal dose at the time of sowing while remaining 60 Kg N 

should be applied at knee heigh stage. If soil is zinc deficient than 25 kg zinc sulphate per hectare should 

be applied at the time of sowing. 

Season: Round the year about 2-3 crops can be grown because pollination and seed setting are not required. 

Three crops during Feb-March, April – May and June – July can be taken. 

Seed treatment: In order to prevent seeds from insect, pest and fungal attack, seed treatment with 

suitable chemicals is recommended. Use of bavistin and captan @2g/Kg seed for prevention from blight, 

captan @2g/Kg seed for prevention from pythium stalk rot is recommended.  

Sowing and Plant population: Plant population is kept higher than the normal corn crop. Ideally, a 

plant population of about 1,00,000 plants per ha is recommended. About 25-30 kg seeds per ha are used. 

Sowing is done maintaining spacing of 15 cm plant to plant and 45 cm row to row. Depth of sowing should 

be about 4 to 5 cm. 

Weed management: Two hand weedings at 15 and 45 days after sowing should be done to prevent losses 

due to weeds. Use of Atrazine pre-emergence weedicide @ 1-1.5 Kg/ ha in 500l of water is recommended.  

Intercrops: In kharif, short duration legumes crop like cowpea, urad and mungbean can be used as 

intercrops. During rabi, intercropping with vegetables like potato, green pea, palak, green onion, garlic etc 

can be done. 
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Irrigation: Both, water stress and water logging can completely damage the crop. Stress must be avoided 

at knee heigh, pre flowering stag (silking) and picking stage. Further proper drainage facilities should be 

maintained to avoid logging. During rabi season cultivation, soil should be kept moist to avoid frost injury. 

Detasseling: Removal of male inflorescence (tassels) just after its emergence is called as detasseling. It is 

important for maintaining quality of baby corn. Tassels generally appear 45 to 55 days after sowing in most 

of the varieties. Detasseling must be done before it starts shedding pollens.  

Harvesting: Baby corn is ready for harvesting 50 to 55 days after sowing. Cobs should be harvested when 

silk comes out about 2-3 cm from the top of the ears, 3 to 5 days after their emergence. 7 to 10 days after 

the first picking, second cobs will be ready to be picked up. Picking should be done in morning hours when 

temperature is low and moisture is high.  

Yield: cob without husk yields upto 20 q/ha and produces about 350 to 400 q/ha green fodder. 

Grading: It is generally based on length and diameter of the baby corn. Baby corn are categorised into 

three grades: large size (10 -12 cm length with 1.4-1.5 cm diameter), medium (6-10 cm length with 1.2-1.3 

cm diameter) and small sizes (5-7 cm length with 1.0-1.2 cm diameter). 
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Introduction 

The earth is revolving around the sun and due to this; there is always a transition between day and night. 

In order to adjust to this transition every organism has developed an endogenous time keeping mechanism 

named circadian clock. Circadian clock is a biological clock that helps the plants in anticipating the 

environmental condition and prepare for the changes around the surrounding beforehand. The whole 

circadian system can be categorized into three parts such as input pathways, central oscillator and output 

pathways. The input pathways obtain signal from environmental cues, central oscillator maintains the 24-

h rhythm and output generate the daily rhythm in plants. This circadian clock is regulated by genes and 

manages to regulate multiple physiological pathways resulting in development of phenotype (Table.1). 

Hypocotyl elongation and leaf movement in Arabidopsis, leaflet movements in legumes and stomatal 

movements in CAM plants are the prominent examples of circadian clock regulation. 

Phenotype Alleles of clock genes Crop species 

Early flowering ELF3-like Hordeum vulgare 

Delayed flowering PRR-like Oryza sativa 

Water stress ELF3-like Hordeum vulgare 

Temperature stress GI-like Brassica rapa 

Biennial growth PRR-like Beta vulgaris 

Table 1. Alleles of the clock genes controlling agriculturally economic trait. 

Regulation of Circadian Clock 

Exposure to external stimuli such as light, temperature and nutrient status through several input 

pathways maintains the rhythm of circadian clock. Among them light is the most potent stimulus. The 

periodicity in the circadian range is sustained over a certain range of physiological temperature. The timing 

of the circadian rhythm depends on the crosstalk between the external stimuli of the surrounding and 

internal system of the plants. 

The plants circadian cycle maintains 24-h periodicity irrespective of the changing kinetics; this property is 

known as temperature compensation. Circadian clock controls a wide range of biological processes in the 

crop lifecycle at cellular, tissue and organ level. Circadian clock provides signal for cell cycle, leaf 

movement, stomatal opening and closing, photosynthesis, photorespiration, starch degradation, sugar 

metabolism, CO2 assimilation, hormone production and responsiveness at cellular level. Seed germination 

in crop plants is also regulated by it at tissue level. 

Importance of Circadian Clock in Crop Improvement 

Circadian clock facilitates in coordinating the physiological, developmental and reproductive process to 

proper time of the day or season and maintains the homeostasis in the environment. It has immense role 

in the local adaptation of the crop plants over wide range of latitudes through the modification in the 

circadian clock genes. 

Circadian clock observes the rhythmicity in gene expression for a particular character.  Various 

developmental processes such as growth and metabolism, photoperiodic flowering and responses to the 

biotic and abiotic stresses are also being regulated by it. Optimizing the function of the circadian rhythm 

will provide opportunity to the breeder for increasing the crop productivity. 
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Conclusion 

Circadian clock is an autonomous, self-sustaining mechanism that coordinates with the metabolic processes 

of the crop plants and prepares for upcoming challenges in the surrounding. Circadian clock genes help in 

assessing the performance of crop varieties in different environmental stress condition. Importantly, 

circadian clock regulated processes result in enhancing the crop fitness and performance. Studying the 

variation in the clock genes provide detailed analysis of domestication of staple crops. Several clock gene 

regulated processes such as plant-pathogen, plant-pollinator, and plant-micro biome interaction are still 

unexplored in crop species. Thus, several powerful crop improvement tools such as forward and reverse 

genetics, genomics, transcriptomics, proteomics and genome editing can be utilized for unraveling the 

physiological pathways regulated by several clock genes and a lot more are yet to explore. 

References 
1. Creux, N., and Harmer, S. 2022. Circadian rhythms in plants. Cold spring harbor perspectives in biology. 11: 1-18. 

2. Inoue, K., Araki, T., and Endo, M. 2018. Circadian clock during plant development. Journal of plant research. 131: 59-66. 

3. Webb, A. A. R. 2003. The physiology of circadian rhythm in plants. New phytologist. 160: 281-303. 
  



 

 
Volume 04 - Issue 08 - August 2022       318 | P a g e  
 

Role of Elicitors in Inducing Resistance in Plants against 

Pathogen Infection in Horticultural crops 
Article ID: 37861 

Malikireddy Jasmitha1, Maraboina Sandhyarani2 
1Ph. D. Scholar (Vegetable Science), Dr. Y. S. R. Horticultural University, College of Horticulture, 

Venkataramannagudem, Andhra Pradesh. 
2Ph. D. Scholar (Fruit Science), Dr. Y. S. R. Horticultural University, College of Horticulture, 

Venkataramannagudem, Andhra Pradesh. 

 

 
 

Abstract 

Disease control is largely based on the use of fungicides, bactericides, and insecticides-chemical compounds 

toxic to plant invaders, causative agents, or vectors of plant diseases. However, the hazardous effect of 

these chemicals or their degradation products on the environment and human health strongly necessitates 

the search for new, harmless means of disease control. There must be some natural phenomenon of induced 

resistance to protect plants from disease. Elicitors are compounds, which activate chemical defense in 

plants. Various biosynthetic pathways are activated in treated plants depending on the compound used. 

Commonly tested chemical elicitors are salicylic acid, methyl salicylate, benzothiadiazole, benzoic acid, 

chitosan, and so forth which affect production of phenolic compounds and activation of various defense-

related enzymes in plants. Their introduction into agricultural practice could minimize the scope of 

chemical control, thus contributing to the development of sustainable agriculture. 

Introduction 

Elicitors are the chemicals (or) bio-factors from various sources that can trigger physiological and 

morphological responses and also phytoalexin accumulation in the target living organisms. Originally the 

term elicitor was used for molecules capable of inducing the production of phytoalexins, but it is now 

commonly used for compounds stimulating any type of plant defense (Thakur and Sohal, 2013). Elicitor 

molecules attach to the special receptor proteins located on plant cell membranes. Receptor is a protein 

molecule that receives chemical signals from outside a cell. A molecule that binds to a receptor is called a 

Ligand. The receptors are able to recognize the molecular pattern of elicitors, which trigger the intracellular 

defense signaling and results in the increased synthesis of secondary metabolites, phytoalexins which 

reduce the damage and increase the resistance to pests, diseases and environmental stresses. This is known 

as Pattern Trigged Immunity (PTI). Receptors are two types, they are: 

Transmembrane receptors Intracellular receptors 

They include ion channel linked (ionotropic),  

G – proteins, enzyme linked hormone receptors 

They include cytoplasmic receptors, nuclear 

receptors 

Elicitors and their Mode of Action 

Originally the term elicitor was used for molecules capable of inducing the production of phytoalexins, but 

it is now commonly used for compounds stimulating any type of plant defense. Eventually, the induction of 

defense responses may lead to enhanced resistance. This broader definition of elicitors includes both 

substances of pathogen origin (exogenous elicitors) and compounds released from plants by the action of 

the pathogen (endogenous elicitors). 

Recent studies have indicated remarkable similarities between the defense mechanisms triggered by 

general elicitors and the innate immunity of animals, and it is tempting to speculate that the recognition 

of general elicitors subsequently leads to plant innate immunity. Elicitors act as signal compounds at low 

concentrations, providing information for the plant to trigger defense, distinguishing elicitors from toxins, 

which may act only at higher concentrations and/or affect the plant detrimentally without active plant 

metabolism. Elicitor signal transduction mechanism which activates plant primary immune response is 

shown in Figure 1. 
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Fig 1: Primary immune response of plant in plant-pathogen interaction. 

Classification of Elicitors 

Endogenous elicitors Exogenous elicitors 

Elicitors produced within plant cells are termed as 

endogenous elicitor 

Elicitors produced by microorganisms are called 

exogenous elicitors 

Depending upon their origin, they are classified as biotic and abiotic elicitors. Biotic elicitors are either 

pathogen (or) host origin that can stimulate defense responses (such as phytoalexin accumulation) in plant 

tissues. Abiotic elicitors are of non-biological origin. 

Biotic Elicitors 

Polysaccharides Pectin and Cellulose (Cell wall); Chitosan, Chitin and Glucans, alginate 

Oligosaccharides Galacturonides, guluronate, mannan, mannuronate 

Proteins Cellulase, Cryptogein, Glycoproteins, Oligandrin, Pectolyase, Lactoferrin 

Pathogen toxin  Coronatine 

 

Abiotic Elicitors 

Chemical Physical 

Acetic acid  Altered gas composition 

Benzothiadiazole (BTH)  Chilling 

Silicon  CO2 

Prohexadione  Drought 

Ethanol, Ethene  Extreme temperature shock 

Inorganic salts: Hgcl2, CuSO4, CaCl2, VSO4  High pressure 

Metal ions: Co2+, Fe2+,Al3+, Ag2+, Mn2+, Zn2+,Cu2+, Pb2+ and 

Cd2+ 

High (or) low osmolarity 

 UV irradiation 

 Saline stress 

 Wounding 

Elicitor Classification Based on their Interaction with the Host Plant 

General Elicitors  Specific Elicitors 

They are able to trigger defense both in host and 

non-host plants 

They induce defense responses leading to disease 

resistance only in specific host cultivars 

Ex: Carbohydrates, Cell wall proteins, 

Oligosaccharides 

Ex: (avr gene products) from fungal, bacterial, 

viral (or) plant origin 
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Plant Hormones 

Jasmonic acid, Methyl jasmonate, Salicylic acid, Methyl salicylate, Ethylene, ABA, Polyamines, 

Brassinosteroids, Tricontinol 

Types of Elicitors Used in Different Horticulture Crops 

S. No Crop Type of Elicitor used Effects Reference 

1. Bhendi Salicylic acid Accumulation of phenolics 

and increased activity of 

enzyme PAL leading to 

resistance against Erysiphe 

cichoracearum 

Vimala and 

Suriachandraselvan, 

2009 

2. Tomato Avr gene products, Ex: 

AVR 4 and AVR 9 from 

Cladosporium fulvum 

Activation of hypersensitive 

response 

Leach and White, 

1996 

3. Citrus 

sinensis 

Β-amino butyric acid Involved in the induced 

resistance against 

Penicillium italicum by 

inhibiting spore germination 

in vitro 

Tavallai et al., 2008 

4. Gladiolus Salicylic acid Delays petal senescence and 

extended quality of cut 

spikes 

Hatamzadeh et al., 

2012 

5. Lilium Benzoic acid Modified the growth, and 

induced stress tolerance, 

anatomy and morphology of 

eatable and ornamental 

species 

Ding et al., 2002 

Conclusion 

The use of elicitors in crop protection and pest management is still in the very early stages of use as a new 

control method, and thus the current experiences come from experimental trials, and not yet from large 

scale agricultural use. At least the following advantages of using elicitor treatments have been reported or 

can be expected: 

1. Reduced damage from insects, fungi, pests, and herbivores 

2. Reduced environmental hazards as elicitors affect directly the crop plant, and their acute toxicity to other 

organisms is lower than that of pesticides 

3. As protective agrochemicals, elicitors can be applied with the current spraying technology 

4. Elicitor treatments could be an alternative to genetically modified (GM) plants for better attraction of 

natural enemies of pest organisms on cultivated plants. 

5. Elicitor-treated plants bear lower ecological risks than GM plants. 
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Introduction 

The importance of satellite remote sensing data for land cover change detection in Indian agriculture is 

well developed. Multi-temporal satellite images are essential for land cover change detection. Because of 

the large scale and repeated coverage of satellite images radiometric consistency is difficult to maintain 

between satellite images acquired at different periods due to varying atmospheric conditions, variation in 

the solar illumination angles and sensor calibration trends (Coppin et al. 1996; Du et al. 2002; Sahoo et al. 

2006). Therefore, radiometric normalization of satellite images is one of the most important pre-processing 

steps for land cover change detection of different earth surface features which are acquired at different 

points of time (Schott et al. 1988; Morton et al. 2004; Paolini et al. 2006). In this article, an attempt has 

been made for radiometric normalization of multi-temporal images using the Pseudo Invariant Feature 

(PIF) approach for land cover change detection. Landsat 8 OLI/TIRS data from February, 2016 and Landsat 

5 Thematic Mapper (TM) satellite data from two different years (February, 1997 and March, 2009) in the 

Gurugram district have been used for the study. The satellite images were normalized radiometrically by 

using the PIF approach to bring them to a common radiometric scale. Root mean square error (RMSE) has 

been calculated for the accuracy assessment of these radiometrically normalized images. After 

normalization, these images were classified using a Support vector machine (SVM) classifier. A confusion 

matrix has been generated for accuracy assessment of classified images. Land cover change detection was 

done based on difference maps and class distribution statistics. This study presents a systematic approach 

for spatiotemporal change detection of land use and land cover. The study reveals that there is an 11.65% 

decrease in the agricultural area whereas built-up land area increased by 7.03%. This study suggests a 

robust methodology which is a combination of radiometric normalization in the form of PIFs and spatial-

temporal change identification using a machine learning approach i.e., SVM. 

Classification of Radiometrically Normalized Images Using SVM 

SVM was used for the classification of radiometrically normalized images of three different years and seven 

land cover classes viz. mountain, builtup, water body, open area, barren land, vegetation and agriculture 

were identified for the Gurugram district. SVM classified images of three different years were shown in 

Fig. 1. 

 
Fig.1 SVM classified normalized image of three different years. 
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Land Cover Change Detection Based on Difference Map 

Fig. 2 shows the land cover change detection based on difference map. Based on Fig. 2, it was clear that 

there are little bit changes that occurred during the 2009 to 2016 period as compared to the 1997 to 2016 

period because gray shades areas are much more on the difference map of 2009-2016 which indicates no 

change. 

 
Fig.2 Difference map for the year 1997-2016 and 2009-2016. 

 
Fig.3a Change map for builtup area showing overall change in built-up class during year 1997 

to 2016. 

 
Fig. 3b Change in Agriculture during 1997-2016. Area converted to other LULC categories 

from Agriculture after year 1997 (Pink). 



 

 
Volume 04 - Issue 08 - August 2022       323 | P a g e  
 

 
Fig. 4 Comparison of Changes of land cover classes over three different years 

Conclusion 

The study successfully explores the potential of the radiometric normalization of multi-temporal satellite 

images using the PIF normalization technique. The study shows a systematic approach to spatiotemporal 

changes in the rapidly urbanizing Gurugram area. The difference map of classified imageries clearly 

indicates that over the study period there is a significant reduction in agricultural land whereas there is a 

significant increase in built-up area. 
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SpatialPOP 

Description: The spatialPOP function generates a spatial dataset along with spatially varying model 

parameters under the assumption that observations are collected from a two-dimensional grid consist of 

m2 lattice points having unit distance between any two neighboring points along the horizontal and vertical 

direction. This function generates a spatial simulated dataset which includes one study variable, one 

auxiliary variable, co-ordinate locations (latitude, longitude) and spatially varying model parameters. 

Usage: spatialPOP(N, m, xlat, ylong) 

Arguments:  

N: integer value; Population size (N= m2) 

m: integer value; square of it is the population size 

xlat: numeric vector 

ylong: numeric vector 

Values: returns a dataframe of simulated spatial population consist of study variable (Y), one auxiliary 

variable (X), spatial co-ordinate points (Latitude, Longitude) and spatially varying model parameters. 

Examples: 

spatial_data<-spatialPOP(100, 10, c(1:10), c(1:10)) 

spatial_data<-spatialPOP(400, 20, c(1:20), c(1:20)) 

seealso: spatial_grid: generates a uniform two-dimensional grid of lattice points 
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Fig. 1 Plot of cumulative downloads of the R package “SpatialPOP” 
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Introduction 

Apomixis, derived from two Greek words “APO” (away from) and “mixed” (the act of mixing or mingling). 

It refers to development of seed or embryo without fertilization (sexual fusion). Apomixis can be best 

described as the reference to the asexual process. The plant produced is a clone of the female parent plant. 

During sexual reproduction, developmental steps occurring inside the ovule produce the female 

gametophyte (embryo sac) and following a double fertilization event give rise to embryo and endosperm 

structures. Apomixis is very common in higher plants. Plants of more than 35 families are known to be 

apomictic, e.g., Gramineae, Rosaceae, Compositae and Rutaceae. 

Types of Apomixis 

There are several types of apomixis. 

Obligate Apomixis: A plant which reproduces only by apomixis. 

Facultative Apomixis: A plant which has the potential to reproduce either sexually and apomixis.  

Parthenogenesis: Development of embryo from egg cell without fertilization. 

Apogamy: Development of embryo either from synergids and antipodal cells. 

Apospory:  Some vegetative cells of the ovule develop into unreduced embryo sacs through a series of 

mitotic divisions and without meiosis. e.g., Hieraceum, Malus. 

Diplospory: Embryo sac is produced from the megaspore. 

Adventive embryony: Embryos develop directly from vegetative cells of the ovule, such as nucellus. 

Example Mango and Citrus. 

Recurrent apomixis: Embryos arise from diploid cells, apomixis is called recurrent. 

Non-recurrent apomixis: Embryos arise from haploid cells, apomixis is called non-recurrent. 

The Ideal Apomictic System 

1. All the progeny of plants should be apomictic so that progeny have the same genotype as the maternal 

parent. 

2. The apomictic genotype should preferably be fully male fertile and self-incompatible and reproduce via 

pseudogamy. 

3. Apomixis should be dominant over sexual reproduction. 

4. Apomixis is governed by two or more genes. 

5. Expression of apomixis should be little affected by the environment. 

Development of Apomictic Lines 

Apomictic lines can be developed by the following three different approaches: 

1. Gene transfer from wild species: Genes controlling apomictic can be transferred into a crop species 

from a related wild species e.g., from Tripsacum dactyloides into maize, from Pannisetum orientate into 

pearlmillet. 

2. Induced mutations: This approach aims at developing apomictic forms in normally sexually 

reproducing species by utilizing induced or even spontaneous mutations. 

3. Isolation of apomictic recombinants from interspecific crosses: Sometimes apomictic 

recombinants can be recovered from segregating generations of crosses between two sexually reproducing 
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species. For example, seed formation has been reported in the intergeneric hybrids between T. aestivum 

and Avena sativa, H. vulgare and T. aestivum. 

Genetics of Apomixes 

Crosses between amphimicts and apomicts belonging to the same species, segregate for the two types of 

individuals in advanced generations. This suggests that apomixis is a genetically controlled phenomenon 

in plants. Stebbins (1958) states that, as a rule, the apomictic condition is recessive to sexuality, although 

polyploid apomicts show tendency towards dominance. However, this recessiveness is not usually due to a 

monogenic difference. Since there is frequent reversion of apomicts to normal sexuality or sterility or some 

abnormal genetic behaviour in crosses involving in apomict and an amphimict or involving two apomicts of 

diverse origins, it appears that a successful apomictic cycle is the result of an interaction of many genes 

which tend to break on hybridization. It is only in the relatively simple types of apomixis, like adventive 

embryony and vegetative reproduction that simple genetic beheaviour can be expected. 

Role in Plant Breeding 

1. Rapid production of pure lines: Apomixis is an effective means for rapid production of pure lines. 

2. Maintenance of superior genotypes: Apomixis is useful in maintaining the characteristics of mother 

plant from generation to generation. 

3. Conservation of heterosis: In some cases, hybrid vigour may be conserved for many generations by 

using recurrent apomixis and obligate apomixis. 

4. Production of Vybrids: A vybrid is the progeny obtained from a cross between two facultative 

apomicts. 

Advantages of Apomixis 

1. Obligate apomixis permits fixation of heterosis in the hybrids. Therefore, farmers can resow the seeds 

produced by apomictic hybrids generation after generation. 

2. The new hybrid variety could be multiplied from few hybrid seeds in the same manner as pure lines. 

This greatly simplifies hybrid seed production. 

3. Even such parents that flower at different times may be crossed in a greenhouse to obtain few hybrid 

seeds, which can be used to establish the new hybrid variety. 

4. The nucleus seed of hybrid varieties can be conveniently maintained as hybrid varieties. 

Problems in Utilization of Apomixis 

1. Apomixis is a very complicated phenomenon. 

2. Estimation of the level of facultative apomixis, is tedious and time consuming. 

3. In case of facultative apomicts, the proportion of sexual progeny is affected by environmental factors like 

day length and temperature. 

4. In the absence of morphological markers linked with apomictic development, maintenance of apomictic 

stock becomes difficult. 

5. The genetic basis of apomixis is not clear in most cases. 
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Introduction 

Despite the harmful implications involved in the use of synthetic chemicals to control pests, still they are 

extensively used in all countries all over the world. The increased social pressure to replace them gradually 

with other alternatives that are safe to humans and non-target organisms has led to increased development 

of compounds based on the models of naturally occurring active ingredients of biological origin, having 

various biological activities known as “biopesticides”  

Biopesticides are broad array of microbial pesticides, biochemicals derived from microorganisms, 

phytochemicals and other natural sources, and processes involves the genetic modification of plants to 

express genes encoding insecticidal toxins. The use of biopesticides for pest control today is an evolving 

field in pest management. 

Biopesticides is a formulation made from naturally occurring substances that controls pests by nontoxic 

mechanisms and in eco-friendly manner, such as animals, plants, bacteria, and certain minerals. For 

example, canola oil and baking soda have pesticidal applications and are considered biopesticides. 

Concept of Biopesticides 

Bio-pesticides are naturally occurring substances from living organisms (natural enemies) or their products 

(microbial products, phytochemicals) or their by-products (semiochemicals) that can control pest by 

nontoxic mechanisms. 

Organization for Economic Co-operation and Development (2009), viewed biopesticides as manufactured 

mass-produced agents derived from natural sources living micro-organisms and sold for use to control pests. 

According to Suman and Dikshit, biopesticides encompass a broad array of microbial pesticides, 

biochemicals obtained from micro-organisms and natural sources. Historically, biopesticides has been 

associated with the biological control and by implication, the manipulation of living organisms as indicated. 

Types of Biopesticides 

1. Microbial pesticides: These biopesticides are produced by microorganisms, including bacteria, viruses, 

and certain fungi. Each type of microbial pesticide targets a specific species or small group of species. E.g. 

*Bacillus thuringiensis: is a natural occurring, soil-borne bacteria that has been used since the 1950s for 

natural insect control. It consists of a spore, which gives it persistence, and a protein crystal within the 

spore, which is toxic.  

2. Plant-Incorporated Protectants (PIPs): These pesticides are produced from plants as a result of 

another genetically incorporated material added to that plant. 

3. Botanical pesticides: These are naturally occurring plant material that crude preparation of the plants 

parts ground to produce a dust or powder that can be used in full strength or dilute form in a carrier such 

as clay. Azadirachtin affects the reproductive and digestive process of pest.  

4. Biochemical/herbal pesticides: These are substances naturally occurring in the environment that 

control pests. This could include plant extracts that lure and trap insects or insect pheromones that 

interfere with mating.  

5. Semiochemicals: A semiochemical by definition is a chemical signal produced by one organism, usually 

insects which caused a behavioural change in an individual of the same or different species. 
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Biopesticides Formulations 

In most cases, the active ingredients of biopesticides are formulated in the same way as the synthetic 

pesticides and most convenient for farmers to use the same equipment for application. The basis for most 

of the biopesticides is living organisms and their viability has to be maintained during the formulation 

process and stored at acceptable levels. The organisms must revive from their dormant state in order to be 

active at the application time. Final product is maintained by mixing the microbial component with 

different carriers and adjuvants during formulation process for better protection from environmental 

factors. 

Biopesticides Dry Formulations 

1. Dustable powders: Active ingredient concentration for dust formulations is usually 10% and is 

formulated by sorption of active ingredient on finely ground, solid mineral powder with particle size ranging 

from 50-100 mm. The inert ingredients for dust formulations are UV protectants, adhesive materials (i.e. 

stickers) to enhance adsorption and anticaking agent. 

2. Granules: Active ingredient concentration for granules ranges from 2-20% and the active ingredients 

either coat the outside of the granule or are absorbed into the granules.  

3. Seed Dressing (SD): A kind of biopesticide formulation obtained by mixing active ingredient carrier in 

form of powder and accompanying inert to facilitate end product adherence to seed coats. Powders for seed 

dressing are applied to seed by tumbling seeds with the product designed to adhere to them and they also 

contain colouring agents inform of red pigment as a safety maker for treated seed 

4. Wettable powders: These are also dry formulation ground finely and applied after suspension in water. 

Wettable Powders are obtained by blending active ingredients with melting and dispersing agents, 

synergist, surfactants, and inert fillers. 

Liquid Formulations 

1. Emulsions: Emulsion formulations are designed to be mixed with water and it could be normal emulsion 

which is oil in water (O/W) or an inert emulsion which is water in oil (W/O).  

2. Suspension concentrate: Formulated by mixing finely ground, solid active ingredient dispersed in 

liquid phase, usually water. Agitation is always a requisite before application to keep particles evenly 

distributed because the solid particles are not dissolved in liquid phase. 

3. Oil dispersion: The product of the formulation is produced in the same ways as suspension concentrate. 

Instability problems could be avoided by proper selection of inert ingredients. 

4. Capsule suspension: Active ingredients are formulated in micro-encapsulated stable suspension 

intended for dilution with water before use. Capsules made from gelation, starch, cellulose and other 

polymers are used to encapsulate the bio agents. 

Ultra-Low Volume Liquids (ULV) 
Formulations not intended to be diluted in water before use and have concentration of active ingredients. 

It is easy to transport and can be formulated using a suspended biocontrol agent as an active ingredient. 

Biopesticides Applications 

Effective control of pests can be achieved by good selection of application techniques/methods and an 

appropriate time and/or frequency of biopesticides application.  

1. Seed treatment: One way to apply biopesticides is by seed treatment and is the most effective method 

or technique. Powder formulations are applied on seeds by tumbling seed with the product that is designed 

to adhere to the seed.  

2. Foliar application: Simply means biopesticides application on leaves surface as sprays. For example, 

application of B. subtillis.  

3. Seedling dipping: This involves dipping roots of the seedlings in biopesticides suspension for some 

minutes or hours prior to transplanting. For example, Trichoderma spp. 
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Biopesticides Control 
1. Antibiosis: This occurs as a result of an interaction with other microbes mediated by specific metabolite 

of microbial origin, by volatile compounds, lytic enzymes or other toxic substances. 

2. Competition: Another mechanism of control by biopesticides is their ability to compete aggressively, 

that they grow rapidly. 

Hyperparasitism 

Hyperparasitism is the lysis of the death by other microorganisms or direct parasitism. For e.g. T. 

lignorum. 

Advantages of Biopesticides 

1. More-renewable  

2. Biodegradable  

3. Can be more effective in the long-term  

4. Effective in small quantities and quickly decompose, avoiding pollution, which is a major problem with 

synthetic pesticides  

5. Biopesticides are usually inherently less harmful/toxic and cause less environmental load or pollutions.  

6. Designed to only one specific pest or, in some cases, a few target pests as opposed to chemical that have 

a broad-spectrum activity.  

7. Cost of developing biopesticides is significantly lower than those of synthetic chemical pesticides.  

8. Their nature of control is preventive not curative and their effects on flower is less. 

Disadvantages of Biopesticides 

1. The very high specificity against the target disease and pathogen that may require multiple microbial 

pesticides to be used.  

2. Biopesticides are not suited for a stand-alone treatment rather they have to be with a compatible method 

for high efficacy.  

3. Living organisms evolve and increase their resistance to biological, chemical, physical and any other 

form of control.  

4. Because of their slow speed of action, biopesticides are often unsuitable if a pest outbreak is an immediate 

and becomes a threat to crops.  

5. On the other hand predators and chemicals may be danger for other beneficial insects in threatened 

area.  

6. Heat, desiccation (drying out), or exposure to ultraviolet radiation reduces the effectiveness of several 

types of microbial insecticides. 

Special formulation and storage procedures are necessary for some microbial pesticides. Although these 

procedures may complicate the production and distribution of certain products, storage requirements do 

not seriously limit the handling of microbial-insecticides. 

Conclusion 

The increasing concern of consumers at one hand, and government on the other hand about the problems 

associated with synthetic chemicals for pest control, and on food safety has led growers to find new eco-

friendly methods to replace the current chemical-based practices. The use of biopesticides as supplement 

has emerged as promising alternative to chemical pesticides and their demand is rising steadily in all parts 

of the world. Therefore, this report has provided some information about the potentials of “biopesticides for 

pest control” and if fully exploited, could serve as a very effective alternative method for pest control. 
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An emerging idea in production is precision agriculture. Precision agriculture may be summed up as a 

comprehensive system created to maximize agricultural output via the use of crop data, cutting-edge 

technology, and management techniques. 

Product planning is the first step of a precision agriculture strategy that also involves planting, applying 

chemicals, harvesting, and processing the crop once it has been harvested. When making choices about 

agricultural output, logistics, marketing, finance, and people, a more comprehensive agricultural strategy 

leverages information technology to combine data from many sources. Precision horticulture uses genetic 

engineering and genetic conservation as technological interventions. 

Precision agriculture is a comprehensive system that uses crop information, modern technology, and 

management approaches to optimize agricultural productivity. To be fully complete, the system must start 

with crop planning and continue through the post-harvest processing phase of production. In this 

manufacturing system, information, technology, and management are critical to success (Arora, 2005). 

Precision Agriculture Versus Conventional Agriculture 

Precision agriculture is distinguished from traditional agriculture by its amount of management. Instead 

of managing whole fields as a single unit, management is tailored to specific sections within fields. This 

heightened degree of management emphasizes the need of good agronomic techniques. Precision 

agriculture, as opposed to traditional crop management, assumes homogenous field conditions and 

proposes average input application rates. 

Objectives of Precision Farming 

1. Increased profitability and sustainability: By precisely balancing input amounts (seeding rate, 

variety, herbicide, and insecticide) with crop requirements, which can be influenced by weather, soil 

properties (nutrient availability, texture, and drainage), and previous crop performance, the maximum 

profit can be achieved in each zone or site in a field. Precision farming works to maintain this profitability 

at the same time. 

2. Optimising production efficiency: Precision farming generally aims to maximize results throughout 

a field. The detection of variations in yield potential may provide opportunities to optimize output amount 

at each site or within each "zone" via differential management, unless a field has a uniform yield potential 

(and, thus, a uniform yield objective). 

3. Optimising product quality: Through the use of sensors that identify the crop's quality 

characteristics, precision farming also attempts to maximize product quality. As a result, inputs are applied 

in accordance with the information obtained from the sensors. This may change the quantity of input 

necessary to maximize profitability and agronomic responsiveness in production systems when quality 

premiums are present. 

4. Most efficient chemical and seed use: PA involves efficient use of inputs i.e. chemicals, seeds etc. 

according to the yield potential of the soil. 

5. Effective and efficient pest management: Reducing agricultural production inputs will save money 

and the environment as a result of precision farming. Site-specific variable rate application places these 

chemicals (e.g., herbicides, insecticides) where the issue emerges, as opposed to standard agricultural 

methods that apply them to the whole field. 
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6. Energy, water and soil conservation: A thorough approach to PA starts with crop planning and 

include tillage techniques that conserve soil or disrupt the soil as little as possible. Furthermore, water is 

administered effectively utilizing methods like drip irrigation, etc. Since relatively little energy is needed 

in any of these scenarios, PA also promotes energy conservation. 

7. Surface and ground water protection: Through the effective utilization of inputs like chemicals and 

other materials, PA seeks to protect the environment. This stops their evaporation into surface water or 

discharge into ground water. 

8. Minimising environmental impact: A decrease in the net loss of any applied input to the environment 

is a natural consequence of improved management decisions being made to adapt inputs to production 

demands. This is not to suggest that the manufacturing system is without actual or prospective 

environmental damage; rather, it is to say that the likelihood of such damage is diminished. 

9. Minimising Risk: Most farmers now regularly manage their risks, which may be seen from two 

perspectives: financial and environmental. In a production system, farmers frequently employ risk 

management by adding more inputs even when the unit cost of a specific input is seen as being "cheap." In 

order to ensure that the food is grown, harvested, and sold in a timely manner and to assure a return, a 

farmer may apply an additional spray, add additional fertilizer, purchase more machinery, or employ 

additional labour. 

Potential Benefits of Precision Farming 

The success of precision agriculture is strongly influenced by the degree of variability present within the 

fields and the capacity of a producer to recognize and implement the optimum management strategies for 

each field's sub-area. The following possible advantages might be attained by appropriately using the 

spatial data offered by PA: 

1. Increased profits through increased efficiency 

2. Reduced agronomic inputs 

3. Better record keeping 

4. Improved production decisions 

5. On-farm research 

6. Reduced environmental impact 

7. Property advantages 

8. More ground farmed. 

Constraints Involved in Precision Agriculture 

1. Small land holdings: More than 58% of India's operational land holdings are smaller than one hectare in 

size, and many of these holdings are dispersed. 

2. High cost technology: Several efficient technologies are used in PA deployment. 

3. The diversity of cropping methods. 

4. A lack of technical proficiency and understanding in the area   

5. Gaps in technology. 

Elements of Precision Farming 

1. Information 

2. Technology 

3. Decision support (management). 

Information Includes Data On 

1. Aspects of the crop, including its stage, health, and nutritional needs, among others. 

2. A detailed description of the soil layer, including its depth, texture, nutrient status, salinity, toxicity, soil 

temperature, potential for productivity, and other physical and chemical features. 

3. Seasonal and daily microclimate information on the temperature, wind speed, and direction of the 

canopy. 

 



 

 
Volume 04 - Issue 08 - August 2022       332 | P a g e  
 

Technology 

PA is an integrated agricultural management system incorporating several technologies. The technological 

tools often include: 

1. Global positioning system (GPS) 

2. Geographical information system (GIS) 

3. Yield monitors: Yield monitors are crop yield measuring devices installed on harvesting equipment. 

4. Variable Rate Technology: consists of farm field equipment with the ability to precisely control the 

rate of application of crop inputs and tillage operations. 

5. Remote Sensing: is the art and science of obtaining information from a distance, i.e. obtaining 

information about objects or phenomena without being in physical contact with them. 

Application of Remote Sensing in Precision Agriculture 

1. Soil and drainage maps 

2. Monitor crop health 

3. Water stress measurement 

4. Weed management 

5. Insect detection 

6. Nutrient stress measurement 

7. Yield forecasting. 

Conclusion 

1. Planning through post-harvest must be included in a precision agriculture strategy that is really all-

inclusive. 

2. A production system that combines information, technology, and management may boost output, 

enhance product quality, enable more energy-efficient chemical usage, and safeguard soil and ground 

water. 

3. Vegetable crop production may be easily converted to technology and management approaches including 

field scouting, field mapping, variable rate control, yield mapping, and post-harvest processing. But in order 

to reap benefits, precision agricultural technology must be improved. (Kalia, 2005) 
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Vitamin C also known as Ascorbic acid is a water-soluble vitamin, which means it cannot be stored in the 

body and we must take it from dietary sources. It is a nutrient that the body needs in small amounts to 

functions and stay healthy. Leftover amounts of the vitamin leave the body through the urine. Although 

the body keeps a small reserve of these vitamins, they have to be taken regularly to prevent a shortage in 

the body. 

Benefits of Vitamin C 

1. Wound healing: Vitamin C help fight infections, wound healing, and keep tissues healthy. It is an 

antioxidant that helps prevent cell damage caused by free radicals (highly reactive chemicals). 

2. Protein synthesis: Vitamin C is vital for normal synthesis of collagen. Collagen which is a fundamental 

component of connective tissues, is one of the important proteins whose formation is catalyzed by vitamin 

C. Vitamin C is thus vital to body growth and wound repair. 

3. Antioxidant activity: This vitamin is responsible for the nonenzymatic regeneration of other 

antioxidant molecules, which take part in various physiological processes, such as alphatocopherol (vitamin 

E). Vitamin C is also known for its ability to protect glutathione from oxidation. 

4. Iron absorption: Vitamin C enhances the absorption of nonheme iron, which is the type present in 

plant foods, in intestine. It does this by reducing ferric iron to the ferrous state, (ferrous, Fe+2) which is 

better absorbed. Ascorbic acid supplementation is found to facilitate the dietary absorption of iron. 

5. Immune regulation: An important role in immune regulation. Vitamin C stimulates phagocytosis, as 

well as antibody formation. 

6. Bile acid synthesis: Vitamin C stimulates the initial step in cholesterol metabolism to bile acids via 

the7-alpha-hydroxylase enzyme. This function may have importance in the formation of gallstones and the 

maintenance of normal blood cholesterol levels. 

7. Prevent atherosclerosis: Ascorbic acid is known to prevent the oxidation of LDL primarily by 

scavenging the free radicals and other reactive oxygen species in the aqueous milieu. 
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Requirement RDA 2021 of Ascorbic Acid (Vitamin C) for Various Physiological Groups 

Age Male Female Pregnancy Lactation 

0-6 months 40 mg 40 mg   

7-12 months 50 mg 50 mg   

1-3 years 15 mg 15 mg   

4-8 years 25 mg 25 mg   

9-13 years 45 mg 45 mg   

14-18 years 75 mg 65 mg 80 mg 115 mg 

19+ years 90 mg 75 mg 85 mg 120 mg 

Dietary Sources 

Good sources of ascorbic acid include citrus fruits, tomatoes, berries, green vegetables, cantaloupe, green 

peppers and broccoli. Potato is an important staple food in many countries that provide the required 

ascorbic acid cantaloupe even though its ascorbic acid concentration is low. 

Food Stuffs Ascorbic Acid (Mg) 

Citrus. fruits 45-600 

Tomatoes 20 

Leafy vegetables 60-250 

Roots and Tubers 10-40 

Others vegetables 20-80 

Nut & oilseeds 0-7 

Ascorbic acid is sensitive to heat, light and oxygen and interacts with copper, iron and tin. During storage, 

losses have been found to vary (8-35%). It may also darken on exposure to light, moisture and heat. Cooking 

typically destroys ascorbic acid by accelerating the oxidation reaction. 

Toxicity 

High Vitamin C intakes have adverse effects after very large doses (greater than 3g/day). Possible adverse 

effects associated with very high intakes have been reviewed and include: diarrhoea and other 

gastrointestinal disturbances, increased oxalate excretion and kidney stone formation, increased uric acid 

excretion, increased iron absorption leading to iron overload, reduce vitamin B12 and copper status, 

increased oxygen demand, and erosion of dental enamel. GIT disturbances such as nausea, abdominal 

cramps, and diarrhoea are the most common adverse effects of high Vitamin C intake. 

Conclusion 

Vitamin C is known to have number of health benefits. It is an electron donor and therefore a reducing 

agent or antioxidant. Recent studies have shown potential health benefits of ascorbic acid in decreasing 

risk of cardiovascular accidents and asthma, cancer morbidity and mortality, prevention of cataract and its 

impact on common cold. 
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Introduction 

Proteins are highly complex substance that present in all living organisms. It is a great source of nutrition 

and are directly involved in the chemical processes essential for life. Protein is a “Polymers of amino acids 

which consisting of widely varying numbers and combinations of about 22 individual amino acids linked by 

peptide bonds in various alignments and shapes.” Each amino acid contains a central carbon, a hydrogen, 

a carboxyl group, an amino group, and a variable R group. The R group specifies which class of amino acids 

it belongs to: electrically charged hydrophilic side chains, polar but uncharged side chains, nonpolar 

hydrophobic side chains, and special cases. Protein effects the texture, colour, flavor and functional 

properties of food products. The Dutch chemist Gerardus Johannes Mulder, 1st described the protein in 

1837. The Swedish chemist Jöns JacobBerzelius coined the term of protein in 1838 a word derived from the 

Greek prōteios, thats meaning “holding first place” and recognized the importance of protein in the early 

19th century. Leucine is the first amino acid which is isolated in 1819. Proteins are specific to species; that 

is, the proteins of one species differ from those of another species.  

Proteins have a variety of function in cells. Major functions include acting as enzymes, receptors, transport 

molecules, regulatory proteins for gene expression, and so on. Enzymes are biological catalysts that speed 

up a chemical reaction without being permanently altered. They have “active sites” where the 

substrate/reactant binds, and they can be either activated or inhibited (competitive and/or noncompetitive 

inhibitors). 

Source of Protein 

Proteins are large, complex molecules that play many important roles in the body as well as in functional 

and nutritional characteristic of food products. There is different type of protein sources available to full 

fill the requirement (given in Figure 1). 

Animal Source of Proteins 

In the food industry, animal proteins are extensively used for the creation of protein particles for developing 

new food products e.g., egg proteins, casein, whey protein, gelatin, and fibroin. Protein from animal foods 

(e.g., dairy products, eggs, meats, fish, and poultry) is of higher quality than protein from plant foods (e.g., 

pasta, rice, fruits, and vegetables). Milk protein are one of the most commonly used proteins from animal 

sources, e.g., caseins and whey proteins represent the 80% and 20% of whole milk protein respectively. If 

milk is acidified or treated with chymotrypsin, then the casein precipitates, while the whey protein remains 

soluble. Whey proteins are widely used in the food industry due to their high nutritional value and excellent 

functional attributes, e.g., gelling, emulsification, foaming, and thickening. Eggs are one of nature’s highest 

quality sources of protein and indeed contain many important nutrients. 

They are a good source of high biological-value protein and they are easily digested. The egg white contains 

about 3.6 g of protein while egg yolk contains 2.7 g of protein per egg. Albumins are water-soluble globular 

animal proteins with a relatively low heat stability. These are attractive proteins for the production of 

microparticles or nanoparticles as they are widely available in a pure form and are biodegradable and 

nontoxic. The tissues of body are made up of proteins that are the basic material of tissue structure. They 

are the most important component of striated skeletal muscle. The muscle proteins can be divided into 

regulatory, contratile, sarcoplasmic and extracellular forms. The most important are the contractile 

proteins actin and myosin. Among the regulatory proteins, troponin, tropomyosin, M-protein, beta-actin, 

gamma-actin and C-protein are great importance. Muscle consists of 75% water, 20% protein, 3 % fat and 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/fibroin
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/chymotrypsin
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/albumin
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/thermostability


 

 
Volume 04 - Issue 08 - August 2022       336 | P a g e  
 

2% soluble non-protein substance and 2% soluble non-protein substance includes 45% NPN, 34% 

carbohydrates, 18% inorganic compounds, 3% metals and vitamins. 

 
Figure 1. Different source of protein 

Botanical Source of Protein 

Recently, the plant-based proteins are widely used in food formulations due to greater sustainability and 

lower production costs and in the last decade, the demand of consumer increased toward the plant-based 

diet. Plant protein are the protein that we get from plant sources. Plant proteins are commonly used in 

plant-based foods because of their versatile functional attributes, such as their ability to thicken, gel, 

emulsify, foam, and hold fluids. Plant protein are a good source of essential amino acids. These proteins 

can be derived from various botanical sources, including, peas, soybeans mung beans, faba beans, lentils, 

algae, and microalgae. Cereals including rice, corn, wheat, barley, and oats, are staple foods in many 

cultures accounting for a major source of plant protein in the diet. Protein-rich legumes or pulses like soy, 

lentil, chickpea, beans, peanut etc and tree nuts like almond, cashew, hazelnut, pecan etc comprise major 

protein sources of vegan diets while supplementing dietary protein intakes. Worldwide, plant protein 

contributes 65% of the world edible protein with cereal grains (47 %) and pulses, nuts and oil seeds (8 %) 

as the other major sources. Oilseed cakes left after the oil extraction for different purposes are chiefly used 

as cattle feed which is rich in protein, nitrogenous compounds, and minerals. To meet the increasing 

demand of food rich in protein, nutrients, and bioactive compounds, oilseed cake could be used to full fill 

the demand. The recommended dietary allowance (RDA) for protein is 0.8 g protein per kilogram of the 

body weight, which indicates the minimum requirement of the protein for growth and development. Oil 

cakes/meals being a very rich source of proteins are also suitable alternative for human consumption. Plant 

proteins are versatile, non-toxic; easy to digest, low processing cost, and potent nutritional alternative for 

replacing animal protein. 

Macroalgae Source of Protein 

Macroalgae are unicellular algae with thalli-like structures that can adhere to solid underwater surfaces 

or float freely in water. macroalgae can be used as an alternative source of protein. Algae are two third of 

earth’s biomass and grow naturally in water bodies. Thousands of algae species are now being identified 

for food, pharmaceuticals and fertilizers. Macroalgae are classified into green, red and brown algae, 

according to the color derived from natural pigments. The nutrient content of macroalgae is varying with 

geographical origin, season of harvest, species and condition of environment. The protein content of 

macroalgae varies according to phylum. Phylum is worthy to highlight the species belonging to the genus. 

Higher protein content (based on dry weight) present in red algae followed by green algae and brown algae 
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such as 20 to 47%, 9 to 26%, and 3 to 15% respectively.  Porphyra is a species of red algae which contain 

approximate 47% protein on dry weight basis that is higher than leafy greens and legumes (mint—30.9; 

cauliflower—29.9; cilantro—22.2; soybean—35 to 40; spinach—26.5; chickpea—20 to 25) and major cereals 

(wheat—8 to 15; rice—7 to 9; barley—8 to 15; corn—9 to 12). 

Microorganisms Source of Protein 

The 1st attempt was made by Germany to use microorganism as food during the 1st World War and they 

used Torula yeast as food product. The production of food from microorganism was continued during the 

period between the 1st and 2nd world wars. Protein can also be provided through the cultivation of various 

microbes and algae, preferably those which contain more than 30% protein in their biomass and which can 

provide a healthy balance of essential amino acids. Microbial protein is generally referred to as single cell 

protein (SCP), although some of the producing microbes, such as filamentous fungi or filamentous algae, 

may be multicellular. Several efforts have been made to develop processes for mass cultivation of microbial 

protein since 2nd World War. Microorganisms suitable for protein production can be divided into four 

categories: bacteria, yeasts, fungi, and algae. The choice of microorganism depends on numerous criteria 

such as, the growth of microorganism should be fast and a broader range of materials may be considered 

as suitable substrates. The other criteria may be nutritional (energy value, protein content, amino acid 

balance), technical (type of culture, type of separation, nutritional requirements). Microalgae which are 

produced for human or animal consumption typically have high protein content (60– 70%). 
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Abstract 

Microalgae are microscopic aerobic organisms that live in both freshwater and marine habitats. 

Therapeutic microalgae supplements represent a significant market, and substances like -carotene, 

astaxanthin, polyunsaturated fatty acids (PUFA) like DHA and EPA, and polysaccharides like -glucan 

dominate. Isochrysis, Chaetoceros, Chlorella, Arthrospira (Spirulina), and Dunaliella are the most often 

produced species of microalgae in the commercial sector. In this review, the utilization of microalgae in 

commercial and industrial sectors to meet rising demands for such untapped natural resources has been 

highlighted. These habitats include freshwater, marine, and other similar ecosystems. 

Keywords: Microalgae, Therapeutic, Commercial, utilization. 

Introduction 

Microalgae are microscopic, unicellular organisms that can use photosynthesis to transform sun energy 

into chemical energy. They contain a variety of bioactive substances that can be extracted and used 

industrially. Because microalgae absorb sunlight energy more effectively than higher plants do, their 

potential for producing valuable chemicals or for use as a source of energy is generally acknowledged. A 

vast variety of metabolites, including proteins, lipids, carbohydrates, carotenoids or vitamins for health, 

food and feed additives, cosmetics, and energy production, can be produced by microalgae. Presently, 

microalgae have a wide range of commercial uses. For example, because of their chemical composiiton, they 

can be used to increase the nutritional value of food and animal feed, are essential to aquaculture, and can 

be utilized as an ingredient in cosmetics. They are also grown as a source of extremely valuable chemicals. 

For instance, pigments are essential as natural colours and polyunsaturated fatty acid oils are added to 

infant formula and nutritional supplements. 

Table.1 Utilizable components found in microalgae: 

Pigments/Carotenoids  Β-carotene, astaxanthin, lutein, zeaxanthin, canthaxanthin, chlorophyll, 

phycocyanin, phycoerythrin, fucoxanthin  

Polyunsaturated fatty 

acids (PUFAs)  

DHA(C22:6), EPA(C20:5), ARA(C20:4),  

Vitamins  A, B1, B6, B12, C, E, biotin, riboflavin, nicotinic acid, pantothenate, folic 

acid  

Antioxidants  Catalases, polyphenols, superoxide dismutase, tocopherols  

Other  Antimicrobial, antifungal, antiviral agents, toxins, amino acids, proteins, 

sterols, MAAs for light protection  

Commercial Application of Microalgae 

Microalgae and Human Food: Microalgae are a great source of fiber, protein, enzymes, and carbs. 

Additionally, microalgae are a rich source of numerous vitamins and minerals, including vitamin A, C, B1, 

B2, B6, niacin, iodine, potassium, iron, magnesium, and calcium. They are a significant source of food due 

to their abundance in necessary nutrients. Asiatic nations have employed green microalgae as a food source 

or nutritional supplement for hundreds of years. The green algae (Chlorophyceae) Chlorella vulgaris, 

Haematococcus pluvialis, Dunaliella salina, and the Cyanobacteria Spirulina maxima, which are widely 

commercialized and used, primarily as nutritional supplements for humans and as feed additives for 

animals, are some of the microalgae with the greatest biotechnological significance. One of the most 

nutrient-dense foods known to humans, the blue-green alga spirulina platensis is becoming more and more 
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well-known throughout the world as a food supplement. It is growing in acceptance as a food supplement 

all over the world. It has been demonstrated to be a top-notch source of proteins.  (Colla et al. 2007).  

Similar to spirulina, chlorella is now mostly sold in health food stores and used as fish food. Chlorella's 

most valuable commercial byproducts include a number of byproducts used as fruit and vegetable preserves 

(Hills and Nakamura, 1976). Dunaliella salina is one of the most significant microalgae currently being 

cultivated. For a source of the photosynthetic pigment and beta-carotene, this species is raised. 

 
Fig: 1 Commercial Application of Microalgae 

Table:2 Major microalgae commercialized for human nutrition: 

Microalga Major Producers  Products  World Production (t/year) 

Spirulina 

(Arthrosp`hira) 

Hainan Simai 

Pharmacy Co. (China) 

Earthrise Nutritional 

(California, USA) 

Cyanotech Corp. 

(Hawaii, USA) 

Myanmar Spirulina 

factory (Myanmar) 

powders, 

extracts 

tablets, 

beverages, 

chips, pasta 

and liquid 

extract 

3000 

Dunaliella salina  Dunaliella salina 

Cognis Nutrition and 

Health (Australia)  

 powders b-

carotene  

 1200 

Chlorella Chlorella Taiwan 

Chlorella 

Manufacturing Co. 

(Taiwan) Klötze 

(Germany)  

 tablets, 

powders, 

nectar, noodles 

powders  

2000 

Microalgae and Food Colorant: Commercial applications for microalgal pigment include use as a 

natural food coloring and cosmetic ingredient. Carotene is present in significant concentrations in some 

microalgae (besides beta carotene). In addition to these colors, microalgae also contain other colors. The 

primary usage of beta carotene as a food color is to give margarine its distinctive yellow hue. For a source 

of the photosynthetic pigment beta-carotene, Dunaliella salina is cultivated. Beta-carotene is a vitamin C 

supplement as well as an orange color. 

Microalgae and Biofuel: Microalgae have long been considered potential promising sources for biofuel 

generation, Because of their high oil content and quick biomass synthesis. Algae have a number of potential 

benefits, including the ability to generate up to 4,000 gallons per acre per year, which is much more than 

soybeans and other oil crops. They can be grown in large open ponds or in closed photobioreactors on non-

arable land, they do not compete with traditional agriculture because they are not traditional foods and 
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feeds, they can grow in a wide range of climate and water conditions, and they can use and sequester CO2 

from a variety of sources. 

Industrial Application of Microalgae 

Use as Biofertilizer: In agriculture, microalgae are used as biofertilizers and soil enhancers. The majority 

of cyanobacteria are efficient biofertilizers because they can fix atmospheric nitrogen. As a natural 

biofertilizer, cyanobacteria are crucial to the upkeep and development of soil fertility, which in turn boosts 

rice growth and output (Song et al., 2005). The Nostoc, Anabaena, Tolypothrix, and Aulosira genera of blue 

green algae fix atmospheric nitrogen and are used as inoculants for paddy crops produced in both upland 

and lowland environments. Numerous free-living cyanobacteria have been discovered to be effective parts 

of cyanobacterial biofertilizers. 

Use in Pharmaceuticals: Biologically active substances found in microalgae can be extracted and used 

commercially. They are now recognized as significant sources of proteins and value-added substances with 

medical and dietary value. The ability of microalgae to create bioactive chemicals in culture, which are 

challenging to produce through chemical synthesis, makes them an attractive natural source of bioactive 

molecules. Several blue-green algae, Ochromonas sp., Prymnesium parvum, and other microalgae produce 

toxins that could be used in therapeutic products. The production of internal and extracellular metabolites 

by different cyanobacterial strains is known to have a range of biological actions, including antialgal, 

antibacterial, antifungal, and antiviral activity. The key variables affecting the synthesis of antimicrobial 

agents include incubation temperature, culture medium pH, incubation time, medium components, and 

light intensity. 

Conclusion 

Microalgae are intended to be a significant source of raw materials for the manufacturing of vitamins, 

amino acids, and other pharmaceuticals. Microalgae farming is widely acknowledged as the most lucrative 

venture in the biotech sector. It is a wasteless, eco-friendly, resource- and energy-efficient method. 
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Abstract 

Sugarcane industries are centuries-old industrial practices in India that generate a large quantity of waste 

as by-products. Management and handling of these by-products are enormous tasks because they 

necessitate a lot of space for storing It does, however, provide an opportunity to use these by-products in 

agriculture are referred to as a natural source of nutrients as a result, it is attempted to review the potential 

and accessibility of sugar industry residues and application in crop production. 

Introduction 

Sugarcane is one of the most important crops worldwide. It is grown on approximately 26.9 million hectares 

(M ha) in over 110 countries, with global produce of 1.91 billion tonnes (bt) (Dotaniya et al., 2016). India is 

the world's largest producer and consumer of sugar. Among the various industries, the sugar industry is 

the most important, as it contributes significantly to economic development. However, it also directly or 

indirectly contributes to employment generation. More than 8 million tonnes (mt) of press mud, 7.5 (mt) of 

molasses, 43.8 (mt) of bagasse, and 7.4 (mt) of bagasse ash were produced as by-products from the sugar 

industry (FAI, 2011). The disposal of this huge quantity of waste is a challenging option. The simplest and 

easy way of disposal of this waste is open dumping. However, open land filling of these causes several 

consequences viz., soil, water, and environmental pollution. The open dumping of sugarcane wastes emits 

several harmful greenhouse gases like carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). The 

best option is to handle these consequences applied in the agricultural field after making it compost. 

Bagasse and press mud are both sugarcane residues. These by-products of the sugar industry and their 

disposal management are extremely difficult. Utilization of these by-products in the agricultural field will 

solve the disposal issue as they contain ample amounts of the nutrient.  

Several researchers around the world have characterized these bio-resources from the point of view of their 

application in agriculture, and they have reported that these bio resources could be used in agriculture to 

improve soil fertility and productivity, as well as crop growth and yield. The current trend of 

intensive agriculture makes it impossible to sustainably sustain inherent soil health. Soil nutrient supply 

capacity steadily declines under constant and intensive cropping (Shukla, et al., 2017).  

The use of optimum levels of nitrogen, phosphorus, and potassium has failed to maintain yield levels, most 

likely due to increased secondary and micronutrient deficiencies, as well as unfavorable changes in soil's 

physical and chemical properties. Aside from fertility and productivity concerns, the use of chemical 

fertilizers is becoming increasingly difficult due to high costs and scarcity during peak seasons. Alternative 

nutrient delivery methods must be investigated. In this context, the use of by-products and industrial 

wastes as sources of macro-, secondary-, and micro-nutrients is justified. 

Sugarcane is a heavy feeder, necessitating a higher amount of nitrogenous, phosphatic, and potassium 

fertilizers for a healthier crop (Irfan et al., 2019). If all of the press mud is reused through agriculture, 

approximately 32,460, 28,078, 14,040, 3435, 395, 1035, and 250 tonnes (t) of N, P, K, Fe, Zn, Mn, and Cu 

can be made available, saving money on expensive chemical fertilizers (Khan et al., 2019). 
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Figure 1 By-products of sugarcane 

 
Figure 2 Pressmud and bagasse 

Table 1 Nutrient content in pressmud and bagasse: 

Nutrients Pressmud (%) Bagasse (%) 

Organic carbon 50.11 45.67 

Nitrogen 2-2.5 1-2 

Phosphorus 2-3 0.0004 

Potassium 1-2 0.00031 

Iron 0.05 0.0365 

Znic 0.03 0.0243 

Calcium 11 0.0020 

Sulphur 0.3 0.02 

Sources: Diaz, 2016; Radhakrishnan and Sugumaran, 2010. 

Conclusion 

The use of sugarcane industry by-products reduces the recommended dose of fertilizer and increases soil 

organic matter during crop production. It can also be used in conjunction with inorganic chemical fertilizers 
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and packaged and sold alongside commercial fertilizer for a specific cropping system. This helps to alleviate 

the storage problem of the sugarcane industry by-products throughout India. 
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Agriculture is a major employment sector in Haryana. Rice being a major crop of Haryana covers a large 

area of total 18 districts in the state. The major credit for higher production of rice in Haryana goes to 

electrifications of the farms for harnessing of ground-water in last three decades. Habitat destruction for 

agricultural land area requirements, deterioration of water resources is leading to human-wildlife conflicts. 

Hence, encounters between the both are becoming very common these days. A new emerging pest has been 

reported in the rice growing region of Haryana. The purple swamphen (Porphyrio porphyrio) is a waterbird 

classified as "Least Concern" by IUCN. The species favors wetlands and, depending on the subspecies and 

local conditions, often lives in couples or larger communal groups. A modification in the feeding behavior 

of the water bird/purple swamphen (Porphyrio porphyrio poliocephalus) has been observed. As it is seen 

feeding on the root portion of rice. The waterbird pulls out the plant at an early stage out from the soil and 

cut the shoot portion, which causes permanent damage to the plant. Interestingly it only feeds on the root 

potion and leave behind the shoot portion of the plant. Floating shoot portion of the plants can be easily 

identified later on the water surface. Bald patches resulted due to the damage can be seen in the field after 

heavy infestation. This kind of conflict is being detected currently throughout Haryana, especially in the 

rice fields which are adjacent to ponds. It was formerly recorded in rice grown areas of Spain which were 

adjacent to natural wetlands. The purple swamphen is widely distributed in southern and southeastern 

Asia, extending from Pakistan throughout the Indian subcontinent and east to Burma and south-central 

China. These birds are predominantly herbivorous but are also opportunistic, consuming a wide range of 

taxa, including birds, amphibians, reptiles, fish, eggs, insects, arthropods, and molluscs. The reason for 

this conflict is probably the major destruction of their natural habitat which ultimately pulls the birds’ 

population for migration to new areas or habitats. Habitat destruction includes the drying of natural 

wetlands and micro-climate destruction of the natural wetlands throughout the Indian continent due to 

anthropogenic activities. Another major reason is destruction of village ponds by eutrophication which 

ultimately favors the over growth of water weeds such as water hyacinth. Over growth of these weeds 

provides favorable environment for these birds to reside in village ponds but also disturbs the food chain, 

which ultimately pulls the bird’s population to feed on alternate food sources in agriculture fields. Rice 

fields are favorable habitat owing to the presence of plenty of water and good source of substitute food. 

Witnessing the current scenario, it can be concluded that anthropogenic activities are causing unpredicted 

and new ecological imbalance in nature which is leading to new challenges in agriculture since, their control 

is not known yet. The only solution to dodge such situations is proper monitoring of water resources in the 

area. People’s participation in maintaining the health of waterbodies. Proper communication with the 

officials in case worse conditions are noticed. Establishing Scarecrows in the fields can also be a harmless 

solution for the waterbirds. 
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Introduction 

Numerous diseases, including rusts (Black rust, Stripe rust, and Brown rust), loose smut, Karnal Bunt, 

and others, harms wheat crop that eventually leads to the reduction in grain output and quality. Cereal 

rusts proofs to be the biggest threat to wheat productivity out of all these distinct wheat diseases. Wheat 

stripe rust (Puccinia striiformis f.sp. tritici) was thought to be the most severe of the rust diseases. Wheat 

stripe rust is also termed as yellow rust as it produces yellow coloured urediniospores. In India's North 

West Plain Zones (NWPZ), which include the key wheat-growing states of Punjab, Haryana, and Western 

Uttar Pradesh, stripe rust is the most common disease. Additionally, Jammu & Kashmir, Himachal 

Pradesh, and the tarai districts of Uttarakhand have all had a lot of stripe rust occurrence. However, 

significant outbreaks of stripe rust were noted in India's North Western Plain Zone (NWPZ) and Northern 

Hills Zone (NHZ) in 2006 and 2012–2013, resulting in significant yield losses. Wheat yellow rust was first 

ever reported in Florida in February 2003, all the experimental wheat lines showed traces of stripe rust on 

the plant leaves. The cool and wet winter climate encouraged the spread of yellow rust on the susceptible 

wheat lines. Yellow rust outbreaks frequently begin as isolated plants, generally in the fall. Small patches 

or foci of infected plants can be observed in the fields in the early spring, but symptoms frequently don't 

show up until then since they develop slowly during the winter. Typically, these patches move in the 

direction of the predominant wind. The fungus that causes wheat rust spread by wind for thousands of 

kilometers from initial infection sites across numerous continents and oceans in the form of clonally 

produced dikaryotic urediniospores. It is an obligate parasite that requires another living host to complete 

its life cycle. Yellow rust is a serious issue in wheat-producing regions all over the world since it can happen 

anytime the wheat plants are in green and the atmosphere is favourable for spore infection. The coldest 

time of the year and the time of winter wheat emergence are critical for the emergence of epidemics in 

wheat crops with a winter habitat. 

Symptoms 

Yellow rust is an obligate parasite that requires living host to complete its life cycle. The name "yellow 

rust," sometimes known as "stripe rust," comes from the parallel yellow stripes that form along the 

venations of each leaf blade. These yellow stripes are in fact a distinguishing feature of uredinia, which 

create yellow urediniospores. 

 

The infection begins with small, circular to oval yellow spots on the infected tissue and as the infection 

increases the spots develop into orange colour pustules. Further as the disease progresses the orange 
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pustules converts to black spots and forms the mixture of back and orange spots. Triticum aestivum (bread 

wheat), Triticum turgidum (durum wheat), triticale, and a few cultivars of Hordeum vulgare (barley) are 

the main hosts of yellow rust of wheat. The rust Puccinia striiformis f.sp. tritici attacks all the above ground 

parts of the wheat plant. The illness often strikes in the early stages of the growing season, when 

temperatures are between 2 and 15 °C (36 and 59 °F), though it can strike at temperatures as high as 23 

°C (73 °F). When an epidemic is in full swing, high humidity and rain are conducive for spreading the 

infection to the leaf sheath as well as the leaf blade. Stunted and weakened plants, shrivelled grains, fewer 

spikes, a decrease in the number of grains per spike, and a drop in grain weight are all symptoms. 50% of 

losses are possible, but in some circumstances 100% of the population is exposed. 

 

Pathogen 

The basidiomycete fungus Puccinia striiformis f. sp. tritici in the order Uredinales is responsible for stripe 

rust of wheat. It is an obligate parasite. The fungus creates urediniospores that are 20 to 30 µ in diameter 

and bright yellow to orange, along with hyaline wall. These spores are present in a sori or pustules on the 

plant. Further teliospore formation takes place after the generation of urenidiospore. The teliospores or 

teleutospores are dark brown in colour, two celled and generally measure 12 to 20 µ in diameter. This rust 

of wheat is known to be heteroecious in nature, but the alternate hosts are still unknown therefore, the 

pycnial and aecial stages have not been observed. The pathogen survives inside the wheat as dormant 

mycelium in cooler climates. 

Epidemiology 

Wheat can host dormant yellow rust mycelium. It is especially prevalent in cooler climates and higher 

elevations. The pathogen may survive best in temperatures of 150C at night. It predominantly forms at 

lower temperatures than other wheat rusts. The ideal temperature for uredeospore germination is between 

7-150C. The spread of the disease may be accelerated by persistent dew or light rain. When the temperature 

continuously exceeds 21–23 °C, infection ends. The primary infection occurs in the foothills and sub-

mountainous regions of North-Western India by the middle of January. The pathogen survives in cool 

climates of hills (Himalayas and Nilgiris). By way of wind currents, uredeospores move to healthy plants, 

where they start a new infection. 

Disease Cycle 

The fungus is heteroecious in nature, but its alternate host is yet not known. The fungus survives in 

volunteer wheat or some weeds in the hills during the summer season at an elevation of around 1990 metres 

and above. Around 90 weeds (Eg. Agrophyron semicostatum and Hordeum murinum etc.) acts as the 

collateral host of the fungus. The uredeospores that are the source of main infection are carried by the wind 

from the hills, and further they cause infection. The teleutospores, germinate right away without a waiting 

period. 

Management 

Following are the methods that are mainly followed to manage the disease: 

1. Regular survey and surveillance of the crop after the 2nd week of December particularly after irrigation 

or rain to locate the initial foci of infection. 



 

 
Volume 04 - Issue 08 - August 2022       347 | P a g e  
 

2. Identify the hotspots in the hilly areas through regular disease survey during December-January. 

3. Farmers are advised to destroy early grown volunteer wheat plants. 

4. Grow yellow rust resistant varieties like Unnat PBW644, PBW723, PBW725, HD3043, WH 1105 etc. 

5. Balanced use of fertilizers as per the local recommendation and avoid excess use of nitrogenous fertilizers 

6. Avoid water logging in the field 

7. Collect and destroy infested crop debris and maintain field sanitation 

8. Spray with recommended need-based fungicides as per label claim approved by thje Central Insecticide 

Board and Registration Committee. Some of the recommended fungicides are Propiconazole 25%EC, 

Tebuconazole 50+Trifloxystrobin 25% WG, Picoxystrobin 7.05%+propiconazole 11.7% SC. 
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Introduction 

Quorum sensing can be defined as the type of intercellular communication generally seen in bacteria. This 

communication process generally associated with the action of large population of bacteria but 

unproductive when taken up by an individual bacterium. Quorum sensing enables the bacteria to co-

ordinate and respond quickly to environmental changes, such as availability of nutrients, other microbes 

or toxins in their environment. This process allows bacteria to alter behavior on a population wide scale, in 

response to changes in number or species present in a community and thus function as multicellular 

organism. It is a chemical communication which involves producing, releasing, detecting and responding 

to small hormones like molecules termed as autoinducers whose external concentration increases as a 

function of increasing cell-population density. So, it can also be described as when the concentration of the 

autoinducers reaches a critical threshold, the bacterial population can sense the autoinducers and lead to 

a change of genes in complete population of bacteria. Quorum sensing in bacteria is used for the regulation 

of various aspects of its psychological functions. Some of the functions are symbiosis, virulence, conjugation, 

antibiotic production, competence, motility, sporulation and quorum sensing biofilm formation. 

Components of Quorum Sensing 

To understand the mechanism of action of quorum sensing it is important to understand each of the 

components involved in quorum sensing. It involves two major components that are as follows: 

Autoinducers: They are the chemical compounds produced by the bacteria known as quorum sensing 

molecules. These are the molecules which when crosses the critical threshold in the population, they start 

a signaling cascade to alter the gene expression. There are some important criteria for a signaling molecule 

to be termed as autoinducer as: 

a. Autoinducers must be synthesized by the bacteria during a specific developmental stage or in 

response to changes in environmental conditions. 

b. These molecules must accumulate in the extracellular environment until the critical threshold is 

reached. 

c. The autoinducers must bind to a specific receptor. 

d. The cellular response must be concerted in the population. 

Autoinducer can be broadly classified into three classes: 

a. Acylated homoserine lactone, commonly known as AHL. They are composed of homoserine lactone 

ring which is joined with acyl chain. They are neutral lipid molecules produced by gram negative 

bacteria. R regulators are the receptors of these signals and regulate on the regulation of 

transcription. 

b. Peptides include oligonucleotides, mostly secreted by gram positive bacteria and they are 

generally involved in the post-transcriptional modification. 

c. Furanosyl borate diester, secreted by gram positive as well as gram negative bacteria. They are 

also called as the evolutionary link between these two types of bacteria. The most common example 

of this class is Autoinducer-2  

Receptors: Receptors are biological transducers that convert energy from both the outside and inside 

environments into electrical impulses. 

Quorum Sensing in Gram-Negative Bacteria 

Quorum sensing was first described in Vibrio fischeri, a bioluminescent marine bacterium. V. fischri 

colonizes the light organ of Hawaiian squid. Bacteria grow its population in the squid to high cell density 

and persuade the expression of genes required for bioluminescence. The squid uses this light for counter 
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illumination. Bacteria get benefit from light organ because it is rich in nutrients. Luciferase operon is 

required for light production which is controlled by two proteins, LuxI and LuxR. LuxI produces 

autoinducer acyl-homoserine lactone (AHL) and LuxR autoinducer receptor. LuxR is the DNA binding 

transcriptional activator. With increasing cell density, the AHL increases in concentration. When the AHL 

reaches threshold concentration, it gets bound by LuxR and the resulting complex activates transcription 

of the operon encoding luciferase. As the signal concentration floods into the environment creates a positive 

feedback loop that causes the entire population to switch into quorum sensing mode and produce light. A 

large number of gram-negative bacteria use these LuxIR proteins for quorum sensing. LuxI protein 

produces multiple types of AHLs and in mixed-species environments in which multiple type of AHLs are 

present, each species can distinguish and respond only to its own signal. Most of the gram-negative bacteria 

use only one type of LuxIR quorum sensing system but in rare cases it uses more LuxIR systems in 

conjugation with other type of system. 

 

Quorum Sensing in Gram Positive Bacteria 

In case of gram-positive bacteria, oligopeptides (AIPs) act as autoinducers and two-component-type 

membrane-bound sensors histidine kinases as receptors. The quorum sensing pathway in gram positive 

bacteria is same as in gram negative bacteria. The immature AIPs cannot enter or exit the cell membrane 

freely but they cross it with the help of ATP-binding cassette transporter or other membrane proteins. 

When the concentration of AIPs in environment reaches a threshold, the AIPs can bind to the receptors 

located on the cell surface. This activates the phospho-kinase system to initiate gene transcription. Many 

gram-positive bacteria communicate with multiple signals in combination with other quorum sensing 

systems. Example of this system exists in Staphylococcus aureus which is usually a human commensal but 

becomes a deadly pathogen at high cell density which initiates the secretion of toxins and proteases. 

Another example is streptomyces, a diverse group of gram-positive soil bacteria. Streptomyces controls 

morphological differentiation and secondary metabolite production by quorum sensing. 

Importance of Quorum Sensing in Bacteria 

1. It regulates bacterial communication 

2. It regulates the symbiotic relationships of bacteria. 

3. It regulates virulence of bacteria. 

4. It regulates conjugation. 

5. It regulates competence of bacteria. 

6. It regulates production of secondary metabolites. 

7. It also plays in important role in secretion of polysaccharides. 

Conclusion 

The ability of bacteria to adapt to the environment is fundamental to their competitive growth and survival. 

For some bacteria these adaptive responses are accomplished by quorum sensing system. The most 

important implication of quorum sensing is that if we understand how bacteria communicate, we can find 

ways to block their communication. This knowledge could potentially be used to develop novel methods for 

treating various bacterial diseases. Further study on quorum sensing mechanism will become a major 

research focus in the field of biological control to build new ecological methods for the control and prevention 

of pathogens. 
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Abstract 

Gardening is the practice of growing and cultivating plants as part of horticulture (it is technically the 

science, technology and business involved in intensive plant cultivation for human use. It is very diverse 

in its activities, incorporating plants for food and non-food crops such as flowers, trees and shrubs). Most 

of the time or the most common style of gardening is usually outdoors, but it can also be indoors. Indoor 

gardening had its primary heyday in Victorian time. Plants such as abutilons, palms and hibiscus were 

discovered by botanists (a scientist who specializes in studying plants) in distant parts of the world, those 

who could afford to do so fill their parlours and conservatories with these exotic beauties. 

Introduction 

During 1970’s there was another revival of indoor plants though it was largely confined to foliage plants 

such as spider plants, Swedish ivy and ferns. 

In indoor gardening it is concerned with growing plants or houseplants within a residence or a building 

due to lack of natural space. It is beneficial to those who live in the city and it is mostly recommended to 

the people who lived in apartments, condominiums and little houses which have no space for gardening. It 

is also perfect for the winter season. It also purifies the air that we breathe. Understanding a plant’s native 

habitat can help you decide which potting soil to use, how often you should water and the amount of 

sunlight needed. 

Benefits of Indoor Gardening 

 
Indoor gardening has many benefits like it is good in our health, beautification of home, and many more. 

Houseplants produce a healthier environment by absorbing chemicals from building materials, 

hydrocarbons from furniture and detergents as well as filtering allergens from the air. They can get rid of 

eighty-seven percent of air toxins in twenty-four hours through absorbing them and giving off oxygen. It 

helps us to relax our mind, eyes and ease fatigue from the busy days because of its cooling effect. It 

constitutes a productivity gain in the workplace because of the raise in the humidity levels cause by the 

houseplant or indoor plants. Indoor gardening is also a form of exercise; it can reduce stress, weight and 

depression. Indoor plants have been adding the finishing touch and that accent color to homes since the 

seventeenth century. They get the warmth that can tie the bridge from “house” to “Home”. There are 

flowering plants, textured plants, climbing plants, plants to perfume a room, plants for bright areas and 
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for nearly dark corners. It can make our house more organize and clean and it can decorate some bare walls 

of the house. It brings life into your living room, bedroom and other parts of the house. 

Things Required for your Indoor Garden 

Most of the plant species thrive indoors when grown under proper conditions. In indoor gardening you will 

require plants or seeds, soil, gardening pot, fertilizer, moisture, temperature, water, pest control and 

amount of light. Although most of the plants were acquired already potted, they can also grow from seeds 

or from cuttings from another plant. The seed that some plants produce is alive and can grow into plants 

if they have water and proper temperature. Many plants when cut through the stem and placed in water, 

soil or sand will grow roots. Soil should be customized to a particular plant type. For instance cactus needs 

fast drainage so the soil should be composed of plenty of coarse sand, grit or perlite. It determines whether 

the plants die or flourish. Soil is important because it holds the plant’s roots, contains nutrients and 

minerals. Gardening pot is a container for plants that grows indoors instead of planting them to the ground 

because of lack of space or for ornamental purposes. It is also useful in areas where the soil or climate is 

not suitable for the plant to grow. It is usually constructed of plastic and window boxes (also known as 

flower box that is usually placed outdoors) but the custom is terracotta. The smaller ones are called flower 

pots. The advantage of using gardening pots is nearly eliminated weeds, less risk of soil-borne diseases and 

it gives more control of temperature, moisture and sunlight. Plants supply their own food by means of 

photosynthesis, but grow better when fertilized. Fertilizer is a chemical or natural substance that is added 

to the soil to boost its fertility. In potted plants, the soil nutrients can be diminished. You can artificially 

add nutrients by using fertilizer. However, do not add too much fertilizer to the plant because it can be 

harmful to the plant. Also, do not add fertilizer to a weak plant or plant that was suffering from an insect 

or disease. You have to wait to until new healthy leaves appear or signs of recovery before you add fertilizer. 

Moisture refers to the presence of liquid especially water, often in trace amounts. The best way to determine 

if the plant needs to be watered is to check its moisture. Proper soil moisture can be range from slightly 

moist on the surface, but dry on the bottom. Temperature is the numerical measure of hot and cold. 

Temperature control for other plants with contrary requirements needs attention to heating or cooling. Too 

many fluctuations in temperature will probably mean that the area you chosen are not ideal. Water is very 

important in life because all living things need water to survive. Plants absorb or take in water from the 

soil with their roots. Soils which are good have chemicals called minerals, which help the plants grow. 

When plant roots absorb water, they also absorb minerals which may be dissolved in the water. If a plant 

does need to be watered, you should slowly pour the water over the surface of the soil until it begins to 

drain out the bottom of the pot, making sure of complete saturation. Plants need frequent watering when 

the weather is sunny and warm, but they may not need it during cool and cloudy days. 

Designing your Indoor Garden 

 
There are several ways in designing your indoor garden. These are some of the designs: potted, hanging 

pot or basket, terrarium and many more. A terrarium is a simulating a dry habitat. It can be formed to 

create a temperate woodland habitat and even jungle-like habitat. It can be created with pebbles, leaf litter 

and soil. You should also consider the variety of plant that will grow slowly or remain small. Plants kept 

in a terrarium have to be tolerant of low levels of light because the glass can magnify the light so better 

chose plants that prefer shade. Humidity levels in terrariums rise quickly so go with plants tolerant of high 

humidity. Also choose your container; it should be deep enough for your plant’s roots. You can also choose 

a simple garden pot. You should still consider the light and ventilation for them to grow. You can put them 

near the window which is the most common sources of light for indoor gardens. In the northern hemisphere, 
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south-facing windows have the most sun exposure, while western, eastern and north-facing windows have 

less exposure but seasonal change can also affect. You can have an alternative light source like fluorescent 

lighting. Fluorescent lighting provides excellent quality while incandescent bulbs do little in plant growth. 

Blue fluorescent lights provide the light needed for green foliage plants while the red fluorescent lights are 

needed for blooming flowers and fruit production. 

Selecting Plants for your Indoor Garden 

There are lots of plants that you can select for your indoor garden. The most common indoor plants are 

Boston fern, Peace lily, Spider plant, Snake plant and Weeping fig. Boston fern is the most classic common 

plant for indoors and it is also the most popular fern species that originated in Central America and become 

a favourite in parlors and porches in North America during the Victorian era. It is often grown in hanging 

baskets or related conditions. It is also the most tolerant to drought. Boston fern likes damp but not soggy 

soil that is rich in nutrients. This plant is safe for cats to eat because it is known to be non-toxic. 

Maintaining Your Indoor Garden 

In maintaining your indoor garden, you should know the type of your plant. You should do a little research 

for your houseplant to understand their individual needs. The second factor is the amount of light because 

various plants need various degrees of light. Those in the northern hemisphere the south-facing windows 

have the most sun exposure. The duration of light is also important. In places which the sunlight can’t be 

reached you can use some artificial light. Plants should never be placed between a curtain and the window 

if the nights are cold, even if they are sun lovers. It is better to have a sheer curtain that will admit the 

light and have the plant in the heated area. Another factor is plants need water, the right amount of water. 

As what we mention earlier plants absorb or take in water from the soil with their roots. Whether the 

plants need to be watered always check the moisture of the soil. There are no hard and fast rules to watering 

because every situation is different due to temperature variations, humidity and soil types and many more. 

Soil is also one of the factors needed in maintaining your indoor garden. As mentioned earlier various 

plants thrive only in certain types of soil. Fertilizer is also needed in maintaining your indoor garden. The 

nutrition depletes in a potted environment. 

Conclusion 

There are, however, many different purposes for indoor gardening and multiple styles and techniques that 

can be used. The reasons for indoor gardening can be strictly practical, purely for enjoyment, or maybe for 

a little of both. Whatever your reasons for indoor gardening, there is a lot to know about what your specific 

garden will need. 
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The term millet includes a number of small-grained cereal grasses. Based on the grain size, millets have 

been classified as major millets which include sorghum and pearl millet and several small grain millets 

which include finger millet (ragi), foxtail millet (korra), kodo millet (arika), proso millet (variaklu), 

barnyard millet (udalu) and little millet (kutki). The nutritious Millets traditionally occupied substantial 

part of the diets and crop systems in tribal areas and in the dry rain fed areas (Reduction in millets resulted 

in nutrition imbalances and distorted cropping systems increasing demand on water. Millets are more 

resilient to climate vulnerability and change and can be cultivated even in marginal lands. millets are high 

in their nutrient content. Need very little water for their production. Millets are three times nutritionally 

superior to rice and wheat. Millets can be easily cultivated in drought conditions. Millets are also rich 

sources of phytochemicals and micronutrients, play many roles in the body immune system. It has 

nutraceutical properties in the form of antioxidants which prevent deterioration of human health such as 

lowering blood pressure, risk of heart disease, prevention of cancer and cardiovascular diseases, diabetes, 

decreasing tumor cases etc.  

Rashtriya Krishi Vikas Yojana Scheme on Initiative for Nutrition Security through Intensive Millets 

Promotion has been formulated to operationalize the announcement. The scheme aims to demonstrate the 

improved production and post-harvest technologies in an integrated manner with visible impact to catalyze 

increased production of millets in the country.  Besides increasing production of millets, the Scheme 

through processing and value addition techniques is expected to generate consumer demand for millet-

based food products. The scheme proposed to bring 0.5 million hectares (ha) under millet cultivation and 

has made provision to supply hybrid seeds to the farmers. Inclusion of millets in Mid-day meals and other 

similar programmes for women and child development. The States may involve SAUs/NGOs in creating 

awareness generation activities. Centre of Excellence on Small Millets (NFSM) University of Agricultural 

Sciences, Bengaluru  

Millet incubation centre Established in the year 2013(July 20) under the financial support from RKVY.  

This is kind of set up was first of its kind in India. To use the centre as an incubation unit for interested 

stake holders involved in product development and market testing and commercialization millet products, 

import training to technology licensees in production and processing of millet products. It involves in more 

activities franchising, consultancy, training on millet processing and product development, technology 

transfera and invite public partnership. Marketing through private entrepreneurs. Millet products supply 

to social welfare schools in Telangana. 

National food security mission: The interventions covered under NFSM-Coarse Cereals include Cluster 

Demonstrations on Improved package of practices, Seed distribution of hybrid and HYVs. Local initiatives 

and other initiatives like demonstration by NGOs in remote areas, assistance for custom hiring. Funding 

pattern: From the year 2015-16, the mission is being implemented on 60:40 sharing pattern between Centre 

and State Governments and on 90:10 sharing pattern between Centre and Northeastern & 3 Hill states. 

Millet Network of India is a pan India alliance of over 65 institutions that promote different varieties of 

millet. Those are millet diet in Aanganwadi Centres, preparation of educational material, awareness 

generation, consumer outreach and markets, consumer meets, millet school program, and millet resource 

centres (www.milletnetwork of India).  

Deccan Development society plays role in is participative development in the areas of food security, 

ecological agriculture, and alternate education. The Society is trying to relocate the people's knowledge in 

the area of Health and Agriculture.  Indian institute of millet research, Basic and strategic research to 
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increase productivity of millets and their diversified utilization for enhancement of profitability. 

Coordination and development of improved crop production and protection technologies of millets. Training 

and consultancy on millet production and utilization. Dissemination of technologies and capacity building.  

IIMR coordinates and facilitates Sorghum Research and Development at national level through All India 

Coordinated Research Projects on Sorghum, Pearl Millet and Small Millets and provides linkages with 

various national and international agencies providing end to end solutions in a value chain mode. All 

together 35 Sorghum Hybrids; 32 Sorghum Varieties released through AICRP system including 1 sweet 

sorghum Hybrid, 2 sweet sorghum varieties and 3 single-cut forage varieties; and 2 multi – cut hybrids 

besides about 175 state varieties released through various SAUs. International Crops Research Institute 

for the Semi-Arid Tropics (ICRISAT) collaboration with CIGAR working on genetic enhancement of 

sorghum for high yield and includes adaptation to post rainy season, terminal drought tolerance, and 

increasing micronutrient contents bio fortification of millets (Fe and Zn) in grain (pearl millet and 

sorghum). Harvest Plus aims to support initiatives of governments, research organizations, non‐profit 

organizations and private companies to reduce hidden hunger and provide micronutrients to one billion 

farmers and consumers through the staple foods they eat.  

Some of the non- governmental organizations working on millet production, promotion through different 

interventions. Development of Humane Action (DHAN).  M.S Swaminathan Foundation, Nirjan are have 

been working for millet. Those promoting millets nutritional through poster preparation, introduction to 

small millets, their production status, crop wise recipes, health benefits and tips for including it in the 

regular diet, preparation of short films, pamphlets and books. Promotion through public channels, 

Inclusion of finger millet in mid-day meals in schools. 
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The largest endocrine organ in the body is the gastrointestinal tract, through the gut and pancreas secrete 

a number of peptides with activity on gut motility gut secretions and appetite, therefore it is very important 

to understand the interactions between different gut peptides produced, and how they all play a role in 

food intake. Gut hormones function to optimize the process of digestion and absorption of nutrients by the 

gut. In this capacity, their local effects on gastrointestinal motility and secretion have been well 

characterized (Chaudhri et al.,2006). 

Cholecystokinin (CCK), pancreatic polyptide, peptide YY, glucagon-like peptide-I (GLP-I) and 

oxyntomodulin, gut peptides have been shown to influence energy intake.  These hormones act to increase 

satiety and decrease food intake and atleast one, gherlin, increases food intake. Ghrelin, a hormone that is 

synthesized primarily in the epithelial P/D1 sense of the gastric fundus, is an agonist of the growth hormone 

receptor and a member of the motilin- related family of regulatory petptides. Ghrelin stimulates appetite 

and induces a positive energy balance, thus leading to body – weight gain in addition to its ability to 

stimulate growth hormone secretion and accelerate gastric motility (Wren et al., 2010; Mells and Anania, 

2013). Unique among gut hormones, plasma ghrelin levels increase with fasting, and decrease immediately 

after a meal, supporting a role in meal initiation. Plasma ghrelin levels also increase with diet – induced 

weigh loss with suggests that ghrelin may act to counter diet – Induced weigh loss by invigoration hunger 

and increasing energy intake.  

Cholecystokinin was the first gut hormone which is secreted post – prandially from I cells of the small 

intestine and promotes fat and protein digestion, have a role in appetite regulation. It is effects on 

increasing satiety following meal ingestion are via the CCK 1 (cholecstykinin 1) receptors and the vagal 

afferents, brain steam and the hypothalamus. Despite the convencing support for the cholecstykinin’s role 

in the mediating post – cranial satiety, its potential the therapeutic agent for obesity is limited. Repeated 

or chronic administration of the cholecsytokinin is ineffective in reducing long term- term food intake. It is 

possible that short duration of cholecystokinin’s anorectic effects may account for its failure in mediating 

long term changes in food intake and weight loss (Hussain and Bloom, 2013) 

Peptide YY(ppy) is a member of the pancreatic polypeptide (pp)- fold family . which also includes 

neuropeptide Y and PP. These related peptides have a similar PP fold structural motif and bind to Y family 

of receptors. Pyy is secreted by the L cells of the gastrointestinal tract. It binds preferentially to the Y2 

receptors. Its levels are low in the fasting state and rise post-prandially, for several hours, in proportion to 

calories ingested and especially after a protein-rich meal. Blunted post-prandial rises in PYY are noted in 

obesity (Choudhury et al., 2016;).  

Pancreatic polypeptide is a 36 amino acid peptide hormone secreted from pancreatic F cells in response to 

nutrient ingestion, particularly lipids. Peripheral infusion of pancreatic polypeptide in healthy individuals 

causes significant reduction in food intake over 24 hours trough appetite suppression, delayed gastric 

emptying and attenuated gastric accommodation. pancreatic polypeptide shows high affinity to the 

neuropeptide Y 4 receptors, which is expressed in the hypothalamus and brain stem, notably in the area 

postrema and dorsal nucleus of the vagaus (Varschueren et al., 2014; Behary et al., 2015; Sam et al., 2015) 

Glucagon-like peptide 1(GLP-1) is principally released by L cells in the small intestine and colon. Plasma 

levels of GLP-1 rise rapidly after food ingestion, suggesting that humoral or neural factors are involved in 

its release.  The half-life of circulating GLP-1 is short this is partly due to renal clearance and partly to 

degradation by circulating protease including dipeptidyl-peptudase IV ( Schmidt et al., 2014) 

 Oxyntomodulin (oxm) is a 37 amino acid peptide hormone that is secreted alongside PYY and GLP -1 from 

the intestinal L cells. It acts to suppress appetite and increase resting energy (REE). OXM may be involved 

in appetite control, not only by its distribution and secretion pattern, but also by observations of elevated 
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plasma levels in illness characterized by weight loss, such as tropical sprue (Behary et al.,2015; Tan et 

al.,2013; chaudhri et al.,2006). 

The actions of ghrlein and leptin are complimentary, yet they are antagonistic in that they modulate 

appetite, gastric motility, and body weight by counter regulating the same hypothalamic signals, 

neuropeptide Y (NPY) and agouti-related peptide (AgRP). NPY and AgRP are two extremely potent 

orexigenic peptides of the arcuate nucleus (AR) within the hypothalamus that together act to reduce energy 

expenditure. Leptin in secreted in response to a positive energy balance, and circulated to the 

hypothalamus and other regions of the brain inducing negative feedback responses (Inui et al., 2004; 

Konner et al.,2009 

 Foxx –Orenstein (2010) elucidated that gut hormones exert exocrine actions, regulate the secretion of 

insulin, and central nervous system circuits that control food intake, and influence gut motility. Insulin 

receptors are expressed in the CNS and injections of insulin into the brain of insulin-deficient animals can 

markedly reduce eating behaviour. Gastrointestinal hormones contribute to energy balance in humans by 

influencing feelings of hunger and satiety. Several gut hormones have been found to exert anorectic effects. 

Therefore, they represent therapeutic targets for obesity. The three primary mechanisms that control 

appetite include;the hypothalamus that serves as the center for the integration of feeding and associated 

neuroendocrine and gastrointestinal activities; the gastrointestinal tract provides a rich source of hunger 

and satiety factors that modulate meal intake and termination and adipose-derived leptin which is involved 

in the long-term regulation of energy intake and expenditure (Inui et al.,2004;Gardiner et al.,2008). 

Conclusion 

The impetus for understanding the regulation of food intake and the development of effective 

pharmacological approaches to the treatment of obesity remain strong. Gut hormones have also been shown 

to act directly on neurons in hypothalamic and brainstem centres of appetite control and their effects such 

as the inhibition of gastric emptying might contribute to the decrease in energy intake. Modifying and 

navigating gut hormones and /or their signalling  pathways provides a promising target for anti-obesity  

treatment in future. 
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Abstract 

Chemical insecticides play an important role in the control of plant damage and plant diseases. However, 

extensive use of these products has led to the disruption of ecosystems because of several reasons such as 

death of non-target species, accumulation of pesticide residues in the environment, and buildup of pesticide 

resistance in the target species. Biological control is one of the alternatives to chemical pesticides and it 

can be described as the limitation of the abundance of living organisms and their products by other living 

organisms. Predators, parasitoids, fungi and other beneficial organisms can be used for the biocontrol of 

insect pests. The fungus Verticillium lecanii is one of the members of Deuteromycetes and it can be used 

for crop protection. This paper reviews V.lecanii for the bio-control of insects, an antifungal agent. 

Introduction 

V. lecanii is an entomopathogenic fungus, which means that it acts as a parasite of various insects. V. 

lecanii has a wide variety of insect hosts that range from aphids, whiteflies and leafhoppers to locusts, 

crickets and grasshoppers that belong to the order Orthoptera. This is in addition to parasitizing various 

plant pathogens such as soybean cyst nematodes. 

Because of their ability to parasitize and even kill these insects, V. lecanii has become one of the most 

important biological agents used for pest and insect control. Previously known as Verticillium lecanii, the 

fungus is today simply referred to as Lecanicillium lecanii belonging to the Superkingdom Eukaryota under 

the Kingdom Fungi. It also falls under Phylum Ascomycota and Family Hypocreaceae. Fungus V. lecanii 

is widely distributed, which can cause large epizootic in tropical and subtropical regions, as well as in warm 

and humid environments. 

Characters 

Fungus is characterized by verticillate branching of conidiophores, i.e., the branches arise in whorls on the 

upper portions of conidiophore. 

1. Ovoid/ellipsoid conidiospores 

2. Conidiospores are single celled 

3. Long phialides 

4. The vegetative mycelium has the following characteristics: hyaline, multinucleate. 

V. lecanii as Bio Control Agent 

V.lecanii is primarily marketed for control of greenhouse aphids, whiteflies, and thrips. The different 

strains of V. lecanii (AAI, As-MEGHVL, ICAR, NCIM 1312) is commercially available with the trade names 

- WP ABTEC Verticillium, Biosar, Biovert Rich, AvishiVerti, Bio-catcg. 

It is targeted against scale insects, thrips, whiteflies, mites, mealybugs, Aphids, Pod fly, mites and other 

Homopterans. V.lecanii is used as a biocontrol agent against green peach aphid causing infection in many 

economically significant agricultural crops. The crude toxins - toxinv3450 and toxinVp28 from V.lecanii 

Gams and Zare strains exhibited toxicity and antifeedant property on sweet potato whitefly. 

It may be formulated in different ways by different companies, the formulation allows for the spores to 

remain viable so that they can grow on and kill host pests. For instance, the wettable powder formulation 

carries viable spores that are capable of penetrating the cuticle of insects such as aphids and killing them 

in the farm and greenhouses. 
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Mechanism of Action 

The spores of V. lecanii adhered on the protective outer layer of the insect (epicuticle). The conidia start 

germinating and forming elongated germ tubes capable of penetrating the hard layer. This is made possible 

by the secretion of enzymes that enhance the lysis of the epicuticle making it possible for the germ to easily 

penetrate the covering and continue growing in the host insect. 

Life Cycle 

 

Mother Culture Preparation 

 

Mass Multiplication 

Broth is poured at rate of 300ml per bottle 

 
Sterilized in autoclave at 121 deg C for 20 min 

 
Cooling 

 
Incubated with mother culture 
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Kept for 10 to 15 days at room temperature 

 
Fungal growth along with broth collected and homogenized in a blender. 

 
Mixed with particular formulation 

 
Packed, sealed and labelled. 

 

Conclusion 

Concept of biological control is increasing largely because of greater environmental awareness, food safety 

concerns and the failure of conventional chemicals due to an increasing number of insecticide resistant 

species. The application of entomopathogenic fungi Verticillium lecanii is one of the alternatives in 

biological control. V.  lecanii are opportunistic and widely distributed entomopathogenic fungi that cause 

mycosis in a number of insects of orders Homoptera, Coleoptera, and Lepidoptera. The safety of this fungus 

for humans, environment and non-target organism offers as one of the effective alternatives in integrated 

pest management (IPM). 
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The frequency and intensity of extreme weather events like cloud burst, heat waves, cold waves are on the 

rise across the globe. India is reporting cloud burst more frequently in this decade (2020-29) compared to 

the previous one (2010-2019). The sudden, heavy downpour is creating flood like situation in a matter of a 

few minutes, which throws the life out of gear. In many cases, wide spread loss of human and animal lives, 

damage to agriculture and infrastructure etc. are reported. This article explains the science behind cloud 

burst, its causes and a few management options. 

Definition and Characteristics 

Cloudbursts are short-duration, intense rainfall events over a small area. The India Meteorological 

Department (IMD) has defined cloud burst as extremely heavy rainfall over a small area at a rate of up to 

100 mm per hour as well as strong winds and lightning. It is a highly limited phenomena that only affects 

a region of no more than 20 to 30 km2. During the monsoon season, a cloudburst happens across 

orographically dominant areas like the Himalayan region, the northeastern states, and the Western Ghats. 

They are likely to happen when low-pressure monsoon clouds move northward from the Bay of Bengal 

across the Ganges plains and onto the Himalayas and "burst" in heavy downpours (75-100mm per hour). 

The corresponding convective cloud can rise as high as 15 km above the surface. It is an example of 

cumulonimbus convection that occurs when steep orography, marked moist thermodynamic instability, and 

deep, quick dynamic lifting are present. It's common for cloudbursts over sparsely inhabited, hilly areas to 

go undetected until fatalities are reported in the media. 

Causes of Cloud Bursts 

When warm monsoon winds interact with cold winds, it leads for the formation of massive clouds, aided by 

orographic factors. Generally, cloudbursts are associated with thunderstorms. The air currents rushing 

upwards in a rainstorm hold up a large amount of water. As all are aware, air current always moves from 

high pressure to low pressure area. If this movement suddenly cease, the entire amount of water descends 

to a small, focused area all of a sudden. 

Areas Vulnerable to Cloud Burst 

As it is a convective phenomenon, the geography of a place is a significant factor in vulnerability to cloud 

burst. Due to the orographic effect, the entire Himalayan region, western ghats are more prone to cloud 

burst. 

How Climate Change Will Affect Cloud Burst 

In its latest 6th assessment report, Intergovernmental panel on climate change (IPCC, 2021) has stated 

that the frequency and intensity of extreme weather events are on the rise and it will continue to increase 

in the future. There is ample evidence for increase in mean global temperature over the years due to climate 

change. As the temperature rises, the capacity of the atmosphere to hold moisture also increase. This means 

that at higher temperature (which is going to happen in the years to come, as projected by various general 

circulation models), the water vapour content in the atmosphere will be higher. This will increase the 

probability for cloud burst in future. 

Management Options for Cloudburst Events 

It is very difficult to forecast a cloud burst event as they occur over a very small area. A possible solution 

to forecast cloud burst is through Doppler weather radars. Doppler radars can assist in early warning for 

cloudbursts by predicting rapid changes in the weather three to six hours in advance. There are currently 

33 of these fixed in the western, eastern, and lowlands of the Himalayas, and their numbers are being 
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steadily raised so that they can be used in a multi-hazard early warning system for severe snowfall and 

rain.  

Implementing mitigation strategies, such as relocating populations from valleys to hills, elevating 

buildings, homes, and commercial establishments above floodplains, far from rivers and streams, and 

improving rainwater and floodwater management, prevent and minimize disaster-related losses 

(Vasudeva, 2022). It is necessary to implement watershed management that stabilizes the hilly terrain and 

ensures better handling of resulting mudslides, flash floods, and land-caving. In the hotspots, these actions 

should be strategically put into action first. 
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Summary 

Bamboo shoots are considered as one of the useful health foods because of their rich contents of proteins, 

carbohydrates, vitamins, fibers and minerals and very low fat. Though bamboo shoots provide lots of health 

benefits, their consumption is confined mostly to Southeast Asian and East Asian countries. The 

acceptability of bamboo shoots as popular vegetable crop is very less due to their high pungent smell and 

bitter acidic taste. The use of bamboo as food in India is mainly restricted to Northeastern part of the 

country where they form an indispensable part of several traditional specialty dishes. The different ethnic 

communities take fresh or fermented bamboo shoot as one of most preferred traditional food items. The 

prospect of bamboo shoot industry in Northeast India is bright due to its rich genetic resources of bamboos. 

However, habitat destruction and extensive use of bamboos for food, handicraft, and construction purposes 

have resulted in severe depletion of natural bamboo resources. 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. This review emphasizes the health benefits of 

bamboo shoots and their potential for utilization as a health food. 

Introduction 

Bamboo plant is considered as a giant grass. Bamboo shoot is the new tender growth of young culm from 

the rhizome apex having compressed internodes which are protected by numerous leathery sheaths. So, it 

is the young emerging culm of the bamboo plant. 

The Scientific Classification of the Bamboo is as Follows 

Kingdom: Plantae  

Order: Poales  

Family: Poaceae  

Subfamily: Bambusoideae 

The natural distribution of bamboo encompasses mainly the tropical, subtropical and mild temperate zones 

of worldwide and the tropical belt have the maximum number (320 species) of bamboo species. There are 

more than 1,250 species which belong to 75 genera worldwide, indeed India has more than 125 species 

belonging to 23 genera. India is third largest country in the world, that is, next to China (300 species) and 

Japan (237 species) as far as diversity of the bamboo species is concerned. The shooting period of bamboo 

varies species to species. Generally, it is known that runners are the temperate climate bamboos which 

shoot in the spring and clumpers which shoot in the late summer and fall which belong to tropical and 

subtropical regions. Bambusa balcooa, B. tulda, Dendrocalamus hamiltonii, D. giganteus and Malocanna 

bacciferra etc. are some of the examples of bamboo species which are available in North Eastern region of 

India. 

The edible part consists of meristematic cell tissue with regions of rapid cell division and differentiation, 

which is enveloped in protective, non-edible leaf sheaths. The whole bamboo shoot consists of three parts, 

sheath, tender bamboo shoot (tip), and basal bamboo shoot. Above all, it is traditional delicacy of different 

north eastern states of India. Bamboo shoots are used to make pickle, fermented products, biscuits and 

canned products etc. 
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Nutritional Value of Edible Bamboo Shoots 

Bamboo shoots are highly nutritious. The main nutrients in bamboo shoots are protein, carbohydrates, 

amino acids, minerals, fat, sugar, fiber, and inorganic salts. The shoots have a good profile of minerals, 

consisting mainly of potassium (K), calcium (Ca), manganese, zinc, chromium, copper, iron (Fe), plus lower 

amounts of phosphorus (P), and selenium. Fresh shoots are a good source of thiamine, niacin, vitamin A, 

vitamin B6, and vitamin E. They are rich in protein, containing between 1.49 and 4.04 (average 2.65 g) per 

100 g of fresh bamboo shoots. They contain 17 amino acids, 8 of which are essential for the human body. 

Tyrosine amounts to 57% to 67% of the total amino acid content. Fat content is comparatively low (0.26% 

to 0.94%) and the shoots contain important essential fatty acids. The total sugar content, 2.5% on average, 

is lower than that of other vegetables. The water content is 90% or more. Major advances have been made 

in fresh shoot production and processing and in the analysis of nutrient components of edible shoots. Based 

on nutritional analyses, it has been determined that bamboo shoots are a good source of food energy and 

are being projected as a new health food. 

Health Benefits of Edible Bamboo Shoots 

Lower Cholesterol: With high levels of fiber and very few calories per serving, bamboo shoots are a great 

way to lower your levels of “bad” LDL cholesterol. This, in turn, can reduce your risk of heart disease. 

Stimulates Appetite: From digestive disorders to pregnancy-related nausea, there are plenty of reasons 

you might want to increase your appetite. It’s not just the mildly sweet taste and crunchy texture of bamboo 

that gets your stomach rumbling though. The high concentrations of cellulose in bamboo have been shown 

to stimulate the appetite, prevent constipation, and improve digestion. 

Supports a Low-Carb Diet: Low-carbohydrate diets have been shown to help prevent or improve some 

medical conditions, including diabetes, high blood pressure, and cardiovascular disease. Bamboo supports 

a low-carbohydrate diet by providing plenty of nutrients with very few carbohydrates. This can help people 

on low-carb diets get the vitamins and minerals they need. 

Conclusion 

Bamboo shoots are rich source of nutrients. The usefulness of bamboo shoots as health food is not largely 

known by general public due to ignorance of their high nutritional values. There is a greater necessity to 

create awareness among the people about their nutritional health benefits so that they are widely accepted. 

https://www.webmd.com/heart-disease/ldl-cholesterol-the-bad-cholesterol#1
https://www.webmd.com/digestive-disorders/default.htm
https://www.webmd.com/baby/guide/morning-sickness-pregnant
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Bamboo shoot has a great potential for economic growth through cultivation, processing, packaging and 

commercialization. There are limited standard processes or technologies for bamboo shoot and mostly the 

products of bamboo shoot are traditional, local, unorganized and based on the taste of the local people which 

is following generation wise. There is a great scope for development of standard processes or technologies 

for bamboo shoot based products or preservation of raw bamboo shoots into various food items in an 

organized manner. 
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Abstract 

Aloevera is a succulent plant, originated in South Africa but grows worldwide. It is a wonder plant having 

medicinal and ornamental value. It has more than 200 different biologically active compounds. The 

medicinal properties associated with Aloe species are due to inner gel of the leaves. There are about 400 

species of genus Aloe with some species like Aloe ferox, and Aloe arborescens, are globally used for variety 

of purposes. Today, it has a strong global reputation due to its widespread usage in cosmetics, particularly 

to treat burns and sunburn, to aid wound healing, and to fight against cell aging. Aloe vera plants also used 

as reinforces the immune system and improves blood circulation. The plant Aloe vera is used in Ayurvedic, 

Homeopathic and Allopathic streams of medicine, and not only tribal community but also most of the people 

for food and medicine. The plant leaves contain numerous vitamins, minerals, en-zymes, aminoacids, 

natural sugars and other bioactive compounds with emollient, purgative, antimicrobial, anti in-

flammatory, antifungal, antiseptic and cosmetic values for health care. 

Introduction 

The name A. vera derives from the Arabic word “Alloeh” meaning “shining bitter substance,” while “vera” 

in Latin means “true.” It is also known as Aloe barbadensis. A. vera develops water-storage tissue in the 

leaves which allow to survive in dry areas with low or erratic rainfall. It grows well in bright sun light and 

every type of soil. This plant undergoes Crassulacean acid metabolism (CAM) metabolic pathway but can 

also shifts to CAM-idling (a dampened form of CAM). From many years aloevera is used as medicine in 

many countries. It had high water content of 99.5% and 0.5 % of solid material. The structural components 

of A. vera plant leaf portions contain70-80% pulp and 20-30%of rind of the whole leaf. There are many 

linear changes of mannose and glucose present in polysaccharides of aloevera 

Medicinal Properties 

1. Wound healing: The extract of aloevera increases cell proliferation and thus healing of wounds occur 

at high rate through synthesis of collagen and contraction of wound area. Glucomannan, a polysaccharide 

found in aloevera gel is very beneficial to heal wounds. 

2. Intestinal absorption: The aloin present in Aloevera increases the bioavailability of many drugs and 

vitamins and thus boost their absorption in the intestine. 

3. Boosts Immunity: The phytochemicals along with enzymes, vitamins and proteins present in aloevera 

all together boost our immune system and thus prevent from various diseases. 

4. Anti - Inflammatory: The phytochemicals present in aloevera inhibit Cyclogenase pathway and 

arachidonic acid pathway which results in decreased production of prostaglandin E2 from arachidonic acid 

thus prevents inflammation and inflammatory bowel disease. 

5. Antidiabetic affect: Aloevera is safe antihypercholesterolemic and antihyperglycemic agent for type 2 

diabetic patients. The gel of aloevera reduce insulin resistance in obese prediabetes patients by enhancing 

carbohydrate metabolism and thus improving glucose transport. Phytosterols are not extensively absorbed 

from intestine which reduce plasma cholesterol concentration including antherogenic low density 

lipoprotein (LDL), thus controlling diabetes. 

6. Hepatoprotective Effect: Lophenol and Cycloartanol are two phytosterols present in aloevera plant 

and induces downregulation of fatty acid synthesis along with upregulation of fatty acid oxidation in liver, 

thus reducing intraabdominal fat and improve hyperlipidemia. 
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7. Antimicrobial Agent: Aloevera acts as antibacterial agent. The Aloe protein exhibited a potent 

antifungal activity against Cadidaparaprilosis, Candida krusei, and Candida albicans.Theanthraquinones 

present in aloevera inhibits bacterial protein synthesis by blocking the translation. 

8. Antioxidant affect: Several antioxidants like ascorbic acid, Tocopherol, Carotenoids, flavonoids, and 

tannins are present in aloevera which help to treat various disorders. Also, phenolic compounds like 

AleoBarbendol, Aloe emodin, aleochrysone, present in aloevera has potent antioxidant activity. 

9. Anti-Cancer: Aloin, an anthraquinone being a natural compound and the main ingredient of Aloe, 

inhibit the secretion of VEGF in cancer cells thus VEGF-induced angiogenic response of human endothelial 

cells, causing an inhibition of prolifeation and migration of endothelial cells. Aloe-emodin (AE), is also a 

subtype of anthraquinone, a natural compound which also prevent tumor formation. 

10. Effect on estroganstatus: Breast cancer cell proliferation is inhibited by emodin present in aloevera 

gel through suppression of estrogen receptor. The gel also maintainestrogen to testosterone ratio. 

11. Laxative: Latex of aloevera contain anthraquinone glycosides, present between gel and outer leaf 

surface is very beneficial to treat constipation and increases intestinal water content thus also treats 

intestinal peristalsis. 

12. Anti-ulcer: Aloevera is widely used for a variety of illnesses and also promoted for digestion and are 

used in the treatment of peptic ulcer. Also, natural agent for combination with antibiotics for the treatment 

of H. pylori gastric infection and effective in topical management of minor recurrent aphthous stomatitis 

and was superior in decreasing ulcer size, erythema, and exudation. 

13. Skin Protection: Metallothionein (antioxidant protein) scavanges hydroxyl radicals and inhibit 

superoxide dismutase thus prevent skin from UV radiations and also the application of it's gel on the skin, 

keeps our skin glowy appearance. 

14. Moisturizing and anti-aging Effect: Aloevera has a wonderful moisturizing activity as it contains 

mucopolysaccharides which help to bind moisture into the skin. The amino acids present in aloevera also 

soften hardened skin cells and zinc acts as an astringent to tighten the pores and improve the skin integrity, 

decrease in appearance of fine wrinkle and decrease erythema. 

Conclusion 

The pharmacological attributes of Aloe vera have been revalidated in modern sciences through various in 

vivo and in vitro studies. These scientific studies are good enough proof that drug has immense potential 

as a dental therapeutic. So proper diagnosis, knowledge of the traditional medicine, and implementation 

of that knowledge to the treatment plan are important in ensuring success with this dental therapeutic 

agent. As a footnote, though Aloe vera is a promising herb with its various clinical applications in medicine 

and dentistry, the authors feels that more clinical research needs to be undertaken especially to validate 

and explain the action of acemannan hydrogel in accelerating the healing of aphthous ulcers and to validate 

the efficacy of Aloe gel on plaque and gingivitis, so that it can be established in the field of dentistry. 

References 
1. Agarry OO, Olaleye MT, Machael CO (2005). Comparative antimicrobial activites of Aloe vera gel and leaf. Afr. J. Biotechnol. 

4:1413-1414. 

2. Ajabnoor MA (1990). Effect of Aloe on blood glucose levels in normal and alloxan diabetic mice. J. Ethnopharmacol. 28:215-

220. 

 
  



 

 
Volume 04 - Issue 08 - August 2022       367 | P a g e  
 

Effectors that Aid in Nematode Parasitism 
Article ID: 37881 
Mrs. K. Suganthi1 

1M.Sc. Scholar, Department of Nematology. 

 

 
 

Introduction 

Nematodes are found in almost every kind of environment. Plant parasitic nematodes are obligate 

biotrophic parasite feeding on the roots of their host. Nematode invasion and feeding causes tissue damage 

and leads to the activation of host basal defense responses. Basal defense is considered to be the first line 

of defense in plants. The plant nematode interaction has emphasized effector triggered immunity rather 

than basal plant defense responses. The nematode effectors are able to target the host proteins directly for 

compatible plant nematode interaction by modulating plant defense responses. By recognising the 

nematode mediated plant R proteins through the nematode effectors and evokes a resistance response. 

How ETI Activated? 

However, to defeat PTI responses many pathogens deploy a variety of effector protein. When they are 

recognized by specialized receptors in the plant called resistance (R) proteins, the second layer of plan 

immune responses is activated which is ETI (Effector triggered immunity). Plant response to these 

challenges by activation of ETI which triggers release of antimicrobial molecules and hydrolytic enzymes 

which leads to encasement of pathogens and deposition of callus at the infection site. 

Nematode Effectors 

The nematode secretes a special molecule called effectors to facilitate invasion of the host root, avoid plant 

defense responses and reprogram root cells to form specialised feeding cells. Nematode effectors can 

originate from variety of body structures. 

The majority of the characterized effectors are expressed in the subventral or dorsal oesophageal gland 

cells and secreted into their host cell through the protrusible stylet. Plant parasitic nematodes also have 

been shown to coat their surface with antioxidant proteins that metabolise ROS produced as a result of 

host basal defense response. 

Some plant parasitic nematodes also produce proteins in their hypodermis and transported to its parasitic 

surface which are able to metabolize lipid binding proteins that may influence the jasmonate defense 

signalling pathway. 

Several root knot nematode and cyst nematode effectors have been characterized that mimic and interfere 

with plant hormone peptide pathways. The secretion of such hormone mimicking peptides enables plant 

parasitic nematodes to modulate root cell hormonal balance to promote feeding site formation. Some 

effectors also modulate auxin signalling pathway by interacting with auxin transporter and affecting the 

expression of auxin responsive factors. 

Several other nuclear effectors have been shown to target transcription factors directly.  Hs32Eo3 is the 

first nematode effector for which a role has been reported in the epigenetic regulation of plant gene 

expression to promote parasitism. 

Some important nematode effector proteins are SPRYSEC effectors, CLAVATA3 (CLV3)/ESR (CLE) like, 

Mi-EFF1, Calreticulin Mi CRT and Hs 1Co7. 

Nematode Parasitism 

Secretory gland cells in the nematode oesophagus are the principal sources of secretion involved in plant 

parasitism. The stylet secretion has the direct role in infection and parasitism. The secreted products of 

the parasitism genes expressed in the nematode oesophageal gland cell are considered collectively as the 

“parasitonme”, a subset of secretome (secreted proteins) of a parasite that mediates parasitism. 
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Conclusion 

Functional analysis of effector target may lead to the identification of the susceptibility genes with potential 

for use in resistance breeding. By understanding the effector function, we are able to block compatible plant 

nematode interaction and produce resistant plant. Recent comparative and functional genomic approaches 

have accelerated the identification of effectors from PPN and offer opportunities to control these effectors. 
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Introduction 

The genus Actinidia and family Actinidiaceae are the home of the kiwifruit. Actinidia is a genus of 76 

species and roughly 125 taxa that are recognised globally. The delectable kiwifruit has recently been more 

well-known throughout the world due to its wide range of climatic adaptation, distinct flavour, high 

nutritional content, and therapeutic benefits. It also has a pleasing aroma and refreshing flavour.  

Because of its sensory and nutritional qualities, kiwifruit, which is native to Asia, has gained popularity 

all over the world. It has significant concentrations of minerals, vitamin C, vitamin E, flavonoids, 

carotenoids, and other bioactive substances. Chinese gooseberry or the "wonder fruit" of China, the 

kiwifruit (Actinidia deliciosa) is a deciduous vine that originated in China. A different name for it is New 

Zealand's Horticultural Wonder. The USA, Italy, China, Japan, France, Germany, and Australia are among 

the countries where it is grown globally. 

It was originally made available in India at Lalbagh Garden, and today it is grown in the mid-hills of 

Himachal Pradesh, Jammu & Kashmir, Uttarakhand, Sikkim, Arunachal Pradesh, Meghalaya, Nagaland, 

and the Nilgiri Hills in South India. 

Varieties 

Kiwi fruit is a dioecious plant bears staminate and pistillate flowers on separate plants. Hayward’ accounts 

for about half of kiwifruit cultivation throughout the world. ‘Hayward’ kiwifruit also represents about 90% 

to 95% of the kiwifruit traded internationally. 

Pistillate Varieties 

1. Bruno: It is longest among all cultivars and rich source of vitamin-C. Chilling requirement is low with 

medium sized fruits.  

2. Abbott: Early flowering & maturing cultivar, medium sized fruit, suitable for mid hills. 

3. Hayward: Late maturing, requires late flowering pollinizer and close planting for commercial 

production with maximum keeping quality, suitable for high hills. 

4. Monty: Late flowering cultivar but maturity period is short and bearing is better.  

5. Allison: Fruits are medium in size and slightly tapering at both ends, heavy bearer and suitable to mid 

and foot hills region. It has low vitamin-C. 

Staminate Varieties 

1. Allison: Fruit is slightly broader than Abbott. 

2. Tomuri: Flowers appears usually in groups of 5-17, late in the season and good pollinizer for cv. 

Hayward. 

3. Matua: Good pollinizer for early and mid-season pistillate cultivars. 

Methods of Production 

Site Selection: A site that is not affected by winter or fall frost is necessary for the establishment of 

kiwifruit orchards. Rows should be aligned north to south to maximise solar exposure and produce fruit of 

optimum size and quality. 

Planting: Planting at distance of 4-5 meter between rows and 7-8 meter between plants. 
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Nutrient Management:  Based on the soil type and vine age, fertiliser should be applied to kiwifruit. In 

their estimation of the removal of macronutrients from a cv. Hayward orchard that was 10 years old, 

Ferguson and Eiseman (1983) discovered that nitrogen at 24 kg/ha, phosphorus at 3.5 kg/ha, and potash 

at 4.8 kg/ha, 4.7 kg/ha calcium, and 2 kg Mg are sufficient. Before the bud burst (March–April), apply 

nitrogen in two equal dressings. Apply nitrogen again only when there is enough moisture to prevent root 

damage. 

Time of flowering and fruiting: On current-season shoots emerging from axillary buds on one-year 

lateral canes, deciduous flowers are produced. The flowers are huge, unattractive, and range in colour from 

creamy white to yellow. While staminate blooms yield viable pollen for a short time, pistillate flowers are 

less attractive to insects and are only open for 2-3 days before they are no longer amenable to pollination. 

Germination and Growth 

Due to seed dormancy and the need for chilling, the seedling production is limited and can be enhanced by 

chemical treatment and varietal selection. The rate of germination is increased by stratification under cool, 

wet conditions or by GA treatment. The germination period is shortened by a 24 hours treatment with GA3 

@ 2000-6000 ppm. 

The best time to plant kiwifruit is in the early spring or late fall. They grow swiftly, frequently gaining 

between 6 and 12 feet in a year. Only fully developed female vines, however, will bear fruit, and many won't 

until they are at least three years old. 

Environment 

With enough moisture, kiwis may be cultivated in any type of soil. It needs a deep, well-drained, sandy 

loam soil that is rich in organic matter and has a pH between 5.5 and 6.5 that is perfect for vine growth 

and fruit production. 

It needs a temperate temperature to grow well, although it can also thrive in warm temperate to subtropical 

regions. Frost and low temperatures (-2.5 or below) in the spring and fall are particularly harmful and 

damage young shoots and fruit buds. Low humidity and high summertime temperatures can result in plant 

mortality or the blistering of leaves and sunburning of fruits. 

For healthy growth and development, 120–150 cm of rain, evenly distributed throughout the growing 

season, is necessary. High velocity of wind during April and may breakage of growing tender flowering 

shoots, whereas low temperature, hails and rainfall during flowering hamper the fruit set. 

Watering 

Because of their strong vegetative development and higher leaf surface area, kiwi vines need a lot of water. 

In the summer, fully grown vines need 80 to 100 litres of water. Young vines should receive irrigation every 

two to three days, while bearing vines require irrigation every five to six days. Utilizing drip irrigation 

increases the output of high-quality fruits. 

Harvesting 

Since the skin, meat, or size of the fruit do not alter at maturity for kiwis, determining the ideal fruit 

maturity is challenging. 

For fruit harvest, a maturity index of 6.2 oBrix TSS is deemed adequate. In addition, after maturity, the 

hairs on the fruit skin can be easily removed and utilised to determine when it is time to harvest or when 

the fruit is mature. Fruits are gently twisted during manual harvesting, and then they are picked up 

without a stem. 

Washing and Drying 

After harvesting the fruits must be wash with water and dry in shade. 

Packaging 

In India Kiwifruit is packed in 3-5 kg boxes of card board. In other countries it packed in tray pack. 
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Labelling 

There are no standards for grading, in India it can be graded as under- 

Indian Grading 

  Grade                                                    Fruit weight (g) 

  A                                                             > 70 

  B                                                             50-70 

  C                                                             < 50 

International 

  A                                                             100 

  B                                                             70-100 

  C                                                             < 70 

Storage and Shipping 

Kiwifruit has excellent keeping quality, storage of fruits should be done with hours of picking. Fruits can 

be stored at ambient temperature for 6-7 weeks, but for good commercial storage refrigeration is necessary. 

It can be stored for 4-6 months in cold storage at 0oC and 90 % Relative Humidity. 

Conclusion 

Kiwi having high vitamin C content, kiwi fruit has seen a significant increase in popularity recently. 

Additional nutrients found in kiwi fruit include dietary fibre, iron, carotenoids, and antioxidants. These 

could help to enhance intestinal health, wound healing, blood glucose control, and blood pressure. 
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There are many areas in which agricultural methodologies must be worked on should be implemented , one 

of the primary issue is seed planting  or seed sowing , as sowing is the foundation for good yield and 

maximum returns for the farmers it should be done in a precise manner following accurate spacing and 

depth to avoid competition of plants for nutrients , light and other natural resources thus ultimately 

resulting in good yields and returns, to overcome this major problem, new devices with refreshing concept 

and accuracy is coming into limelight which is known as seed singulation as the term itself mentions only 

single seeds will be planted in the soil that too with accurate spacing and depth, the mechanism involving 

in seed singulation is that it will include seed metering devices such as drum type, disc type, belt type . The 

drum type seed metering device will consist of an drum with vacuum holders installed in it along with 

bristles to make sure that only single seed is being fitted in the vacuum holder and the seed will drop 

through a pipe downwards by maintaining accurate spacing before planting in the soil the seeds will pass 

through a seed sensor which will measure the spacing ,speed, of the seed which will ultimately result in 

the accurate planting of the seed with spacing and depth resulting in less competition between plants and 

good yields. researchers conducted trial for seed singulation on maize crop and they see a major difference 

in the yields that is a difference of 7 bushels per acre increase compared to conventional sowing method, as 

it works efficiently when seeds are of uniform size and shape crop seeds with dissimilar size can be shaped 

into uniform pattern by seed pelleting technique it is a method in which seeds are coated with inert matter 

with and making then uniform in size and shape thus we can achieve good seed singulation if we pellet 

seeds before sowing so irrespective of the crop seeds size and shape so the future of sowing is in the hands 

of electronic seed singulation with seed singulation and pelleted seeds which in turn helps farmer’s 

attaining optimal plant density. 

Square Seed Tube 

This helps in rolling back the seeds which are dropped by the seed metering unit and maintain uniformity 

and helps to release the seed with accurate speed and trajectory. 

Round Seed Type Seed Metering Device 

It is mainly applied in the air pressure seed meter, the main principle lying behind is that seed upon 

reaching the seed tube the air pressure is cut off and with the effect the seed will be planted accurately on 

the soil, and during its working all the seeds are transferred accurately without being affected by the 

vibrations and slope of the seed tube  

Plate type metering device: The working principle of the plate type seed metering devices will comprise 

of holes or seed cells which will be lying to the periphery where single seeds will be picked up and with the 

rotation of the disc the seeds are transported downwards towards the seed tube with the help of gravity  

Brush type seed metering devices: The working principle is involved by the brushes by which only a 

single seed in held by the brush and the remaining seeds will fall back into the seed lot thus delivering the 

seeds into seed tube accurately 

Vacuum type seed metering devices: As the name itself indicating the working principle of this seed 

metering devices the seeds are held in chamber by the negative pressure created by vacuum when the seed 

delivery tube comes the seeds are passed through a brush which will eventually make the seeds fall into 

the seed tube  
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Air pressure type seed metering device: Seeds are held into the chamber by positive pressure when 

the seed tube arrives the air supply is cutted off resulting in the delivery of seed into the seed tube it 

comprises of higher seed rates at higher speeds and increased field efficacy 

Conclusion 

In agriculture every method must come up with a new innovation to not only overcome the above problems 

but to improve the efficacy of the machines and farmers yields keeping the above-mentioned problems 

regarding sowing of seeds we can come up with the solution by using seed metering devices as an better 

alternative by reducing the cost of input for farmers and by increasing the yield by precision planting with 

the help of seed metering devices. 
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Introduction 

The 21st century is known as “Information Age”. Timely information is said to be saving and replicating 

the money. Thus, access to information and improved communication is a crucial requirement for 

transferring technologies in agriculture. Since independence, India has implemented numerous researches 

to improve crop productivity; still, it does not go beyond 60 per cent of its sustainably level. 

It is because of non-adoption of improved technologies by the farmers. The solution to these problems is to 

use of demand driven and bottom-up approaches using Information and Communication Technologies. 

Social media, among other ICT tools, are the best and optimal tools to disseminate the latest information 

within time to their ultimate users which gives an opportunity to connect and interact with audience in 

agriculture, educate them and helps to know more about the improved technologies.  

Social media are web-based tools of electronic communication that allow users to personally interact with 

others individually or in groups for the purposes of exchanging information, sharing thoughts and opinions, 

influencing and facilitating decision-making by creating, storing, retrieving and exchanging information in 

any form (text, pictures, video, etc.,) by anyone in the virtual world (Suchiradipta and Saravanan, 2016). 

Review of Literature 

Use of different social media platforms: Darshan (2015) reported that great majority (90.00 per cent) 

of the farmers and extension agents as well, have account on face book and 85.00 per cent of the researchers 

have account on Google plus.  

Thomas &Laseinde (2015) reported that nearly half (47.60 per cent) of the extension agents are using face 

book. 

Suchiradipta and Saravanan (2016) found that 64.70 per cent of the people preferred to use face book at 

global level while in India 61.00 per cent of the people preferred to use whatsapp. They further revealed 

that majority (80.90 per cent) of the respondents used face book followed by twitter and blogs at global level 

while in India 74.30 per cent of the respondents were used Face book followed by You tube and Google +. 

They also reported that 34.00 per cent people are versatile users followed by 27.00 per cent people are 

expert communicator while 19.00 per cent people are Novel users and Introvert.  

Balkrishna and Deshmukh (2017) studied that half (50.00 per cent) of the respondents were used 

Whatsapp, followed by 28.00 per cent were Face book and 18 per cent were YouTube.  

Reasons to use social media: Sokoya et al. (2012) reported that 40.00 per cent agricultural researchers 

use social media for the purpose of establishing relationship with their professional colleagues. They 

further reported that majority (77.22 per cent) of the researchers use social media to expose them to latest 

knowledge, skills and technology in their research endeavors. 

Ajayi (2015) found that majority (98.19 per cent) of the respondents claimed that they were used social 

media for customer relationship management followed by 90.95 per cent for price monitoring. 
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Suchiradipta and Saravanan (2016) found that 79.80 per cent majority of the respondents use social media 

for find out news and event related to agriculture. They further reported that 75.70 per cent of the people 

use social media in agriculture to find information followed by 73.80 per cent use social media to share 

ideas. 

Balkrishna and Deshmukh (2017) studied that 34.00 per cent respondents are using social media for 

information seeking in agriculture marketing followed by 28.00 per cent respondents use social media for 

solution of problems. 

Narukaet al. (2017) studied that 76.66 per cent respondents use social media mainly to find information 

related to agriculture news and events followed by 67.77 per cent use for exchange agriculture knowledge. 

Constraints of social media: Zanamwe (2013) found that 38 per cent of the respondents have challenges 

associated with security during use of social media. 

Balkrishna and Deshmukh (2017) found that 45 per cent of the respondents have a problem of limited 

access to social media because of data, network etc. 

Need of Social Media in Transfer of Technology 

1. Very a smaller number of extension workers as compared to number of farmers. 

2. Need to deliver different alternatives to cater the needs of large number of farmers. Social media is an 

appropriate tool for diffusing the information, getting their feedback and answering their queries within 

short time. 

How Social Media in ToT? 

1. Connecting social media to agriculture and leveraging it to bridge the farmer-extension gap.  

2. Few pointers in engaging with farming community through social media. 

3. A thorough planning is needed before engaging online through social media. 

4. Posting information at times when target audience are most probably active online.  

5. Sharing only relevant posts or information.  

6. Information related to local context can be brought out more efficiently. 

7. To tackle literacy issues, using more pictures and videos, even audios if possible. 

8. Connecting farmers and consumers on the same platform for increased interaction and market for 

producers. 

Principles of Social Media 

1. Participation 

2. Collective  

3. Transparency  

4. Independence  

5. Persistent  

6. Emergence. 

Users Category of Social Media 

1. Introvert - only update profile and mostly communicate through private messaging 

2. Novel user- updates profile, actively seek out information, spend time tagging photos, logs in between 1-

5 hours a week 

3. Versatile user- updates profile, sends public and private messages, shares links, comment on discussion 

threads, mostly in social media for professional activities 

4. Expert communicator- logs in several times a day, actively engaged in all social media/networking 

activities, stay updated and interact very frequently both professionally and personally. 

Advantages of Social Media 

1. Save money, time and effort  

2. Information rich and interactive  

3. Per unit cost is less as compared to traditional form of extension  

4. Experts can be contacted directly  
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5. Suitable for creating awareness among the users  

6. Supplying extension information to a nationwide / worldwide audience  

7. Facilitate quick dissemination  

8. Extending outreach to new audience  

9. Publications in agriculture extension can be shared  

10. Attracting youth towards agriculture  

11. Widen the scope of extension  

12. Help in market-led extension  

13. Assist to get feedback. 

Need of Social Media 

1. Agricultural growth  

2. Knowledge resources  

3. Better information access   

4. Technical manpower 

5. Stronger linkage  

6. Cost-effective 

7. Develop knowledge  

8. Empower  

9. Service to stakeholders. 

Important Social Media Platforms 

Social networking sites  Facebook, Google+ 

Blogs and vlogs  Blogger, Wordpress  

Micro-blogs  Twitter, Instagram  

Collaborative projects  Wikis 

Content communities  

 

Video (YouTube) , Photo (Instagram) Audio 

(Sound cloud, Podcasts) MS Office docs, PDF, PPT 

(Slideshare) 

Socially integrated messaging platforms  Whatsapp, Facebook messenger, Snapchat 

Professional networking  Research Gate, Academia.edu, LinkedIn  

Social Media Tools 

1. Social Networking Services, i.e. Facebook, Google+, LinkedIn, etc. 

2. Voice over Internet (VoIP) Applications, i.e. Google Talk, Skype, etc. 

3. Discussion Forums/Platforms, i.e. Dgroups, Google Groups, etc. 

4. Micro-blogging Applications, i.e. Twitter, Friend Feed, etc. 

5. Cloud Storage Applications, i.e. Dropbox, iDrive, Microsoft Sky Drive, etc. 

6. Online Mapping Tools, i.e. Google Maps, Google Earth, etc. 

7. Online Collaboration Applications, i.e. Google Docs, Wikis, etc. 

8. Video Sharing Applications, i.e. YouTube, Vimeo, etc. 

9. Presentations, i.e. author STREAM, Slidshare, Slidesix, etc. 

10. Photo Sharing Applications, i.e. Flickr, Picasa, etc. 

Opportunities of Social Media in Extension 

1. Few social media apps are available without internet  

2. Forming global/national interest groups is possible 

3. Reaching one to many  

4. Can act as catalyst for resource mobilization 

5. Allows for integration of a wide range of stakeholders  

6. Greater engagement and dialogue  

7. Integration of a wide range of stakeholders. 
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Challenges of Social Media in Extension 

1. Ensuring participation 

2. Quality control and monitoring of posts 

3. Internet and IT infrastructure issues 

4. Continuous engagement  

5. Skilled human resource to maintain social media interactions 

6. Measuring the impact – lack of capacity for tools and analytics that help monitoring and assessing the 

value of information  

7. Creating awareness about social media’s potential at the organizational level. 

8. Allocating time to update content. 

Conclusion 

The important components of Agricultural extension systems are agricultural research, extension and 

farmers. So, the main role of social media is to establish connections among them. Social media transcend 

geographical boundaries and make researches available and accessible to people which helps to achieve 

real impact on productivity and livelihoods. There is a need to develop awareness and interest among the 

farmers and extension personnel about the use of social media. so that extension could be made effective. 
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Abstract 

The use of nematicides is an important component of any effective and economic nematode control strategy. 

Nematicide reduces the nematode population drastically below the threshold level. However, quick results 

in crop growth and increase in yield are obtained. At present losses caused by nematodes have to be checked 

by all means. New nematicides are being identified that have good potency and are safe to environment 

and have minimum residual toxicity. In this context nematicides have a crucial role to play in avoiding 

crop losses. Esterified products of Thevetianerifolia resulted in 100% mortality at 500ppm after 72 hours 

exposure to J2 of M. incognita. Howver, esterified products of Ricinuscommunis resulted in 100% mortality 

ofM. incognita and R. reniformis at 250ppm after 72 hours exposures. Methyl ester of 9-hydroxy nonenoic 

acid resulted in 100% mortality of J2 of M. incognita at 250ppm after 48 hours exposure. Metabolites from 

Paecilomyceslilacinus, Fusariumoxysporum, Trichodermaharzianum were tested and found active against 

plant parasitic nematodes. There are various methods of application of nematicides which reduces the 

amount in a judicious manner. There is a recent development adopted by Industrial Nematology 

Laboratories based on an active structural load obtained in a screening programme, chemical synthesis of 

analogues and homologues are attempted. 

Keywords: Nematodes, newer molecules, nematicides, new formulations. 

 

Introduction 

In the beginning plant nematologists were more concerned about the control of phytonematodes. Kuhn 

(1881) used CS2 for the first time as nematicide for the control of sugarbeet cyst nematode. In Germany in 

1919, the nematicidal property of chloropicrin was discovered by Mathews. This chemical was used as 

lacrative (tear gas) during World war I which was brought to Hawaiian pineapple plantation to control root 

knot nematode on pineapple. But the era of nematicide was started with the discovery of DD and EDB in 

1943 and 1945 by WalterCarter and J. F. Christie, respectively. The use of these nematicides led to the 

development of nematology and was considered as land mark in the history of nematology. Further, the 

screening of newer compounds led to the discovery of DBCP in 1954 by McBeth and Bergeson that paved 

the new line of research from highly volatile to fewer volatile compounds. DBCP commonly known as 

nemagon has several advantages over highly volatile compounds as this nematicide could be used in 

standing crops, applied along with irrigation water in fields. This molecule was recommended to be used 

either pre or post treatments. But was banned by U.S.A firm on the basis of human health and ground 

water contamination. 

Likewise, non-fumigants vizaldicarb and carbofuran though granule formulation have been found to 

contaminate ground water. The study in USA revealed that aldicarb residues above the health advisory 
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quantity level of 10ug/L were found in ground water of 8 states. In California residues were detected in 17 

of 21 wells tested at levels up to 44ug/L and thus aldicarb use was discontinued.  

Irrespective of ill - effect of nematicidal use these have certain inherent advantages such as:  

1. The use of nematicide reduce the nematode population drastically below the threshold level 

2. Quick results in crop growth and increase in yield are obtained 

3. Use of nematicide is good tool to demonstrate the yield loss 

4. Some of the nematicides have insecticidal, fungicidal or herbicidal effects and 

5. Nematicides have boosting effects to the crops probably macro and micro-nutrients are up taken. 

Use of Nematicides 

Nematodes cause a loss of 100 million in the world in various crops such as: 

Crops  Loss % 

Rice 10.0 

Wheat 7.0 

Banana 19.7 

Okra  20.4 

Tomato 20.6 

Sugarcane 15.3 

Coffee 15.0 

Chickpea 13.7 

Citrus 14.2 

(Sasser and Freckman, 1987) 

At present losses caused by nematodes have to be checked by all means. In this context nematicides have 

a crucial role to play in avoiding crop losses. Agriculture has assumed greater importance because it can 

be a powerful instrument for economic growth and employment generation in rural areas. It has been 

estimated that 4% increase in agricultural production leads to 8% increase in industrial production. It is 

in this context that the agriculture can serve to ward off not only ‘food famine’ but also ‘work famine’. 

New Molecules 

An exploratory research project in collaboration of Division of Agricultural Chemicals, IARI, New Delhi 

was initiated since 1993. New molecules belong to groups like organophosphorothroats, phosphonates, 

phosphorotrithionates, halogeno-nitroaryl esters of xanthic acid, isoxazoles, phenol derivatives phosphoric 

acid etc. were evaluated against plant-parasitic nematodes. Out of 433 new molecules tested against plant 

parasitic nematodes in vitro and in vivo the following molecules were found to be quite potential. (Gupta 

et al., 1994). 

New Molecules as Nematicides 

1. Organophosphorus compounds    LC50 (ppm) 

a. Diaryl S-O ethyl phosphorothiolates   53 

b. 0,0-dimethyl phosphoromidates    32 

c. Methyl phosphoric diamides    30 

d. 0,0-diaryl 0-2 chloroethyl phosphates   72 

e. Bisaryl 2-choloroehtyl phosphonates   28 

f. 2-chloroehtyl o-aryl 0-methyl phosphonates  18 

g. S-alkyl S, S diarylphosphorotrithioates   35 

h. 0-alkyl S, S diarylphosphorotrithionates  44 

i. 0-aryl-0-ethyl-2-chloroethyl phosphonates  20 

j. 0-aryl 0-2 chlorethyl 0-methyl phosphonates  29 

k. 0-0 diaryl 0-methyl phosphothionates   55 

l. 0,0 diaryl-0-n-propyl phosphorothionates  23 

m. Triazole compounds     20 
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Two aryl alkene group compounds were prepared and tested and found potential nematicide –forwarded to 

ICAR for patenting. 

2. Planting Derivatives used as Nematicide: 

a. Esterified products of Thevetianerifolia resulted in 100% mortality at 500ppm. After 72 hours 

exposure to J2 of M. incognita. 

b. Esterified products Ricinuscommunis resulted in 100% mortality to M. incognitaand R. reniformis 

at 250ppm after 72 hours exposures. 

c. Parthenin, active principle of Parthenium was found to be moderate in action. 

d. Essential oils of Artemisia annua –LC50 was found to be 50.5 ppm. 

e. Essential oils from flowers of Tageteserecta and leaves of Murrayakoenigii showed good per cent 

mortality of root knot nematode. 

3. Lac Based Nematicide: Methyl ester of 9-hydroxy nonenoic acid resulted in 100% mortality to J2 of M. 

incognita at 250ppm after 48 hours exposure. 

4. Secondary Metabolites from Fungal Bioagents: Metabolites from Paecilomyceslilacinus, 

Fusariumoxysporum, Trichodermaharzianum were tested and found active against plant parasitic 

nematodes. 

Strategies to Minimize Nematicidal Use 

There are various methods of application of nematicides which reduces the amount in a judicious manner 

such as row treatment, strip or band treatment, spot and basin treatment for orchards, nursery treatment, 

foliar application, seed dressing, seed soaking, bare dip treatment, application of nematicide as paste on 

trunk of tree pralinage, application of chemicals in low dose in INM or in split dose, chemigation 

(nematicides in sprinkler system) and slow release of formulations. 

The use of nematicides is an important component of any effective and economic nematode control strategy. 

New nematicides are being identified that have good potency and are safe to environment and have 

minimum residual toxicity. 

Structure Activity Relationship (SAR) 

This is a recent development adopted by Industrial Nematology Laboratories based on an active structural 

load obtained in a screening programme, chemical synthesis of analogues and homogues are attempted. 

The SAR of phosphorus and phosphorothioates showed that 0-0-di (2,4,5-trichlorophenyl) S-methyl 

phosphorothiolate possess nematicidal activity against Meloidogyne incognita (Gupta et al., 1994). 

Similarly, SAR analysed by means by multiple regression analysis using physio-chemical substituted 

parameters for hydrophobic electronic and steric properties revealed that the nematicidal activity of 0-alkyl 

S, S-diarylphosphorothrithioate was dependent on lipophilicity of the alkyl groups attached to oxygen and 

increased with decreased lipophilicity (Gupta et al., 1991, 1993). Quantitative SAR using electronic 

hydrophobic and steric properties revealed that nematicidal activity of phosphate compounds against M. 

incognita was mainly affected by electron with drawing nature benzene ring substituents and steric 

parameters (molar refractivity and sterimol) affected the mortality of M. incognita juveniles (Singh and 

Prasad, 2000). 

New Formulations 

In India neem researchers, have made significant advances in neem research and development. Processes 

to obtain technical 22, 23-dihyroazadirachtin-A as well as dihydro- and tetrahydro-azadirachtin –A 

concentrates are reported. Photo, thermal, hydrolytic, etc. stability of the reduced derivatives has been 

demonstrated.Several formulations based on different derivatives have been developed. These include 

Emulsion Concentrate (EW), Soluble Liquid (SL), Microemulsion (ME)/Microemulsion Yielding 

Concentrate, spreading oil, Dustable Powder (DP), Encapsulated/Entrapped products, Microcapsules, 

Tablet, Pellets, Polymeric Seed Coats, controlled Release Beads and others. The technologies for 

commercialization of several amongst these are available. Besides, a number of adjuvant/formulant other 

auxillary based products/technologies have been reported to overcome/mitigate the problem of instability 

of neem pesticides under diverse conditions. Many barriers exist which can block an active ingredient from 

reaching the site of action. One of the approaches to circumvent such problems is the development of new 
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formulations that protect the rhizosphere region of the plant from parasitic nematodes. It is possible to 

develop controlled release formulation of nematicides. Phorate and triazophos have been developed and 

tested for slow release of toxicant for nematode control. (Thomas, 2003 and Kumar et al., 2004). 

Conclusion 

The ultimate aim of plant nematologist is to develop suitable control measure so that the losses due to 

various nematodes may be prevented and economic value of the crops are raised. There are several methods 

to control the plant parasitic nematodes however newer approaches are being used to manage these tiny 

organisms which bound in every biological niche of the world. On an average 12 per cent crop loss due to 

nematodes have been reported world over. Chemical control with various groups of molecules is losing the 

sheen against major nematode pests and that paved the way for alternative technologies. To mitigate the 

losses caused by nematodes, chemicals are the best options, however, there are various other methods 

which have been used either alone or in an integrated manner. In near future, use of nematicides will 

continue to be an integral component of agricultural production system. Nematicides whether these are 

synthetics or plant based, aid in profitable production of food and fibre. Therefore, need based use of 

nematicides for management of nematodes has special place in the integrated pest management system for 

enhancing agricultural production. 
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Plant Nutrition 

Plant nutrition is the study of the chemical elements that are necessary for growth of the plant. Plants 

need 17 elements for normal growth and development. The nutrients present in the soil vary in their 

concentration.  

Basic elements: Carbon, hydrogen and oxygen are the basic elements; plants absorb these nutrients 

mainly from the air and water  

Primary elements: Are used in relatively large amounts by plants and often are supplemented as 

fertilizers. Ex: Nitrogen, Phosphorus and Potassium  

Secondary elements: Are also used in large amounts but are typically readily available and in adequate 

supply. Ex: Calcium, Magnesium and Sulphur.  

Micronutrients: Are needed only in small quantity to the plants. Ex: Copper, Iron, Zinc, Molybdenum, 

Manganese, Boron, Cobalt and Chlorine.  

Border or Beneficial elements: Presence these elements in plant growth show a positive effect on crop 

growth and yield and also suppresses pest and disease incidence. 

Criteria of Essentiality of Element in Plant Nutrition (Arnon and Stout, 1939) 

1. Absence of an element in plant is unable to complete its life cycle.  

2. The element should be specific and can’t be replaced by another element.   

3. The element is directly involved in the metabolism/nutrition of the plant.  

Even though well availability of nutrients, still we are going to apply nutrients externally to the plants. 

Silicon (Si) is one of the most abundant mineral elements found in soil that accounts for about 28 per cent 

of earth Although Si has not been considered an essential element for plants, but it has beneficial effects 

on crop growth and yield and also suppresses pest and disease incidence. 

Even though plenty availability of Si in soil but it is not available to the plant is mainly because of: 

1. Heterogeneous condition of soil 

2. Presence in the deeper layer of soil  

3. Problem of leaching 

4. Unavailable form  

5. Combined with another element. 

Silicon 

Silicon (Si) constitute 27.8% (w/w) in earth’s crust which occurs as silica (SiO2) and silicates (SiO3) but not 

in its elemental form. Silicon content in soil ranges from <1 to 45% by dry weight while the silica (Si to SiO2 

- 2.1; Si to SiO3- 2.6) constitute 50-70% of the soil mass varying from less than 20% to almost 100%. All 

plants rooting in soil therefore contain silicon. soluble silicon was found to enhance plant growth and yield 

of many crop plants, protect them from pests and diseases and hence accepted as an ergonomically 

beneficial element (Vasanthi et al., 2014). 

1. Silicon uptake by plants: Plants are classified as silicon accumulators, intermediate accumulators 

and silicon excluders. This difference is attributed to the difference in the ability of plant roots to absorb Si 

from soil solution. Active, passive and rejective modes of Si uptake were recognized by comparing Si uptake 
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with water uptake. An active Si uptake is similar to water uptake and a rejective mode is slower than the 

water uptake.   

2. Role of silicon in plants: Silica deposition confers rigidity and strength to the culms and erectness to 

leaves and thereby facilitates non- lodging, enhanced interception of sunlight and photosynthesis. Silicon 

supply was found to increase the photo assimilation of carbon and also promoted the assimilated carbon. 

Low silica content results in succulence and increases the transpiration rate creating poor water-use 

efficiency. The thick silica - cuticle double layer formed in leaves render them difficult for the sucking and 

chewing pests for feeding and for penetration by pathogenic fungi. 

Silica Reduces Pest Incidence 

The use of ashes to control aphids in lab is an age-old practice. The role of silicon in pest control was 

reviewed recently. A cursory perusal of the available literature indicates that higher silica content reduced 

the incidence of several crop pests. Sucking pests and leaf eating caterpillars have a low preference for the 

silicified tissues than low silica containing succulent parts. Both physical and /or biochemical defence 

systems might operate. Ex: reduction of thrips infestation in palmer cultivar of mango. 

Silicon in Disease Suppression 

The accumulation of silica induces resistance by playing a mechanical role as a barrier for the invading 

pathogen either by reducing the rate of progress of the disease or by restricting the lesion size and 

production of spores for secondary infection and by inducing host resistance by enhancing the levels of 

preformed inhibitors like phenolics or by mediating the synthesis of post inflectionally formed antifungal 

phyotalexins or by activating oxidative enzymes. Ex: Sigatoka reduction in banana Si helps in increasing 

the activity of chitinases, peroxidases and polyphenol oxidases when their roots were colonized by pathogen. 

 
Fig 1: Abundance of the elements in the earth crust. 

 
Epstein (1994) reported that Si exist in both solid and liquid form as a different form as 

presented in Fig. 2. 

Solid form Liquid form  

Amorphous  
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Crystalline  
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( ) Secondary 
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Monosilicic acid  

Polysilicic acid  

Complex with        
organic  
compounds  

Complex with    
inorganic  
compounds  

Organo - silicon  
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Biogenic forms 

✓ Phytoliths 

A biogenic form  

✓ Amorphous silica 

Fig. 2. Silicon forms in soil  
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Silicon Accumulators and Uptake Mechanism 

Si accumulation in plants varies from 0.1 to 10% of its dry weight.There are mainly three group of plants 

based on Si content in their tissues.  

Silicon accumulators: These are the plants which absorb the Si in the range of more than 4%. Ex: 

Banana. 

Silicon intermediators: These are the plants which absorb the Si in the range of 2-4%. Ex: 

Cucurbitaceous    

Silicon non accumulators: These are the plants which absorb the Si in the range of less than 2%.  Ex: 

Strawberry. 

a. Active uptake: Plants with an active mode of uptake, take up Si faster than water. Ex. Banana 

and Avocado. 

b. Passive uptake:  Plants take up Si at the rate similar to the uptake of water. Ex. Cucumber. 

c. Rejective uptake: Plants take up silicon more slowly than the water. Ex. Strawberry. 

Conclusion 

The role of silicon as a nutrient for plant growth was overlooked because of its natural abundance. But with 

the application of more nitrogenous fertilizers, crops become succulent, prone to lodging and increased 

incidence of pests and diseases resulting in demand for more silicon than the soil could sustain.   

Silicon nutrition enhances host resistance to pests and diseases and also alleviates abiotic stresses thus 

protecting the crops. In the context of organic farming the application of siliceous materials and silicon 

sources to not only agricultural crops but also to horticultural crops especially fruit crops may pave way for 

increasing the yield and reducing the use of chemical fertilizers, pesticides and fungicides. The ashes from 

agro industries and industrial slags free from heavy metals will find future source of silicon fertilizers in 

future to protect the crops and to boost the yield. 
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Introduction 

India and the world at large both rely heavily on cotton (Gossypium hirsutum L.) as a key fibre and cash 

crop. The only crop that goes wherever a person goes in his or her life is cotton. In more than 70 different 

nations around the world, it is grown in tropical and subtropical environments (ICAC, 2021). Having a 

considerable impact on both the agricultural and industrial economies, cotton is a crop of international 

importance. Cotton accounts for over 60% of the fibre used in Indian textiles. Recent data shows that India 

(13.40 million ha) has more than one third of the world's cotton production (32.94 million ha), with a 

productivity of 487 kg/ha, which is significantly lower than the global productivity of 775 kg/ha (USDA-

FAS, 2021). This situation clearly illustrates the gap that currently exists in India, which, if newer 

technologies and cropping techniques are fully embraced, might help the country advance in the cotton 

output front. The development of compact cotton ideotypes with zero monopodia or short sympodial 

branching architecture that would suit high density planting systems (HDPS) and mechanised cultivation 

from sowing to lint collection, standardised agro-management systems for maximising more unit area 

productivity, and strong management practises to fend off pests, diseases, and other nutritional disorders 

are three strategies that could be used to increase cotton's per unit area yield. 

Genetics of Cultivated Gossypium Species 

The development of an appropriate genotype is primarily responsible for enhancing production in any crop, 

and cotton is not an exception. A large number of the wild species found in crops are used to transfer the 

segments (QTLs) that harbour pest and disease resistance in relation to high yield. About 55 species in the 

genus Gossypium are divided into diploid (2n=2x=26) and tetraploid (2n=4x=52) ploidy levels, only very 

few wild species of Gossypium are crossable with cultivated species (Lee et al., 2007). The spontaneous 

formation of allopolyploid (AADD) cotton, which was later domesticated into four cultivated species 

throughout the New World, was a significant event in the evolution of cotton genome. These species are G. 

hirsutum, G. barbadense, G. arboreum and G. herbaceum and each species has a different genome size 

(ranging from 885Mb to 2.5 Gb) and level (from A to K) (Lee et al., 2007). Among the extant diploids 

resembling the ancestors of tetraploid cotton, the AA progenitor species produce both lint fibres (spinnable 

into yarn) and shorter fibres (fuzz). In contrast, the DD genome pro-genitor species produce very few lint 

fibres and shorter in length that is initiated pre-anthesis. The fibre traits in the allotetraploids are 

dramatically enhanced (Lee et al., 2007). 

Genetic Enhancement 

The term "enhancement" is used to indicate the introduction of beneficial genes into a background that 

satisfies agronomic requirements, ideally a cultivar of choice, from atypical or wild kinds (Craig and 

Gwathmey, 2005). Later, pre-breeding or developmental breeding were used to replace this phrase for 

enhancement to describe the same action (Craig and Gwathmey, 2005). Genetic advancement frequently 

coexists with traditional breeding. But as the name suggests, these procedures form the basis of any plant 

breeding programme that tries to introduce genes from closely related or unrelated species and which often 

begins with the discovery of a beneficial trait in unadapted or wild genotypes, the capture of its genetic 

variety, and the extraction for use of the genes/QTLs that control these variations. Typically, wild species 

are used to transfer features that boost production, quality, and pest and disease resistance. Because the 

majority of natural species have a perennial and spreading nature, they are not particularly effective for 

changing the plant kinds in cotton. 
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Considering these facts, primary aim of the plant breeders has to be in designing a genotype that would fit 

for the given situation. Moreover, the present-day hybrids put forth biomass enormously and are of speed 

and spread growing in nature. Thus, the ratio of bolls to biomass if worked out would be much lesser. For 

having a match between the growth, water requirement, duration, yield, per unit and day productivity etc. 

a system was arrived at by the Central Institute of Cotton Research (CICR), Nagpur which is HDPS with 

early maturing, semi compact genotypes for realizing higher yields with low production costs under rainfed 

condition primarily (Gunasekaran et al., 2020). The main tenets of this proposition cover tailoring a 

genotype suiting to high density planting (more than one lakh plants per hectare), having less/shy 

branching, zero monopodia, its uniformity in boll development, maturation and bursting, its adoptability 

to the given condition and efficiency in the nutrient utilization etc., which would also fit robotic farming. 

Under the direction of ICAR-CICR, Nagpur, research on HDPS on cotton accelerated in 2010. In order to 

speed up the release of compact genotypes appropriate for HDPS, the AICRP on Cotton began a separate 

trial in 2012 to evaluate compact genotypes for HDPS under rainfed and irrigated conditions. The first 

cotton variety released for HDPS in India was variety CSH 3075. Following the acceleration of research, 

the Tamil Nadu Agricultural University (TNAU) released two varieties for HDPS: TCH 1705 as CO 15 and 

TCH 1819 as CO 17 (Gunasekaran et al., 2020). In the Tamil Nadu Cauvery Delta Zone's fallow rice 

circumstances, cotton CO 17 has been functioning admirably. Additionally, nationwide study had led to the 

release of cultivars intended for HDPS that are described in more depth (Table 1 and Figure 1). In addition 

to genetics, agronomic practises and plant protection measures could also aid in creating a genotype that 

is compatible with HDPS. 

Table 1. Details of cotton varieties and cultures released in India to suit HDPS: 

Name of the Variety Year of Release Center or State Release Name of the Institution  

F 2381 and F 2383 2016 State PAU, Faridkot 

ARBC 19 2016 Central UAS, Dharwad 

CSH 3075 2017 Central CICR, Sirsa 

CO 15 (TCH 1705) 2018 Central TNAU, Coimbatore 

CO 17 (TCH 1819) 2020 State TN AU, Coimbatore 

RS 2818 2020 Central SKRAU, Sriganganagar 

ARBC 1601, ARBC 

1651 and DSC 1651 

2020 Central UAS, Dharwad 

TVH 002 Yet to be release Now under AICRP trails TNAU, Veppanthattai 

The Genetics of HDPS-Governing Traits 

The majority of the traits that characterise a genotype suitable for HDPS include the absence of monopodia 

and short sympodial, 10-15 bolls per plant, setting of the bolls closer to the main stem, uniform size and 

shape of the bolls weighing 4-5 g, completion of the bursting of all the bolls in 3–4 days, superior medium 

fibre length with appreciable strength, and duration of 120–125 days to accommodate different cropping 

schedules (Gunasekaran et al., 2020). To determine the genotypes that would fit in HDPS, these qualities 

have been thoroughly researched utilising the available germplasm and notable crosses. 

  
1. CO 17 (TCH 1819) 2. Culture TVH 002 

Figure 1. A field view of zero monopodia and short sympodial cotton cultures suit to HDPS 
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Conclusion 

The developed genotype's appropriateness to the various management techniques determines its 

adoptability, even though developing compatible ideotypes continues to be essential to the acceptance of 

any HDPS. Many farmers now choose Bt cotton, and they do so in rainfed environments. With this as a 

backdrop, it should be clear that the genotypes being developed, whether through conventional methods 

involving crossing between the chosen genotypes and progeny selection, mutation breeding, or selection of 

desirable genotypes from pre-bred materials, or by any molecular methods, must fit for one or more of the 

above situations. Additionally, it has been shown that using a single row picker mechanically under HDPS 

increased production by 25–40% in comparison to farmer practises. This clearly illustrates the need of 

mechanising cotton agriculture and the need for an improved genotype that is suitable for automated 

cultivation in India. 
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Abstract 

The guava fruit fly Bactrocera correcta (Bezzi, 1916), belonging to the family Tephritidae, is of concern as 

an invasive pest in tropical and subtropical regions of the world. It is associated with mango fruit fly B. 

dorsalis (Hendel, 1912) and peach fruit fly B. zonata (Saunders) and widely distributed in India, Pakistan, 

Nepal, Sri Lanka, and Thailand. It is polyphagous in nature and infests more than 70 species of fruits and 

melons including citrus Citrus spp., coffee Coffea canephora (Pierre ex Froehn.), Coffea robusta, mango 

Mangifera indica (L.), peach Prunus persica (L.) Batsch, guava Psidium guajava (L.), castor plant Ricinus 

communis (L.), white sandalwood Santalum album (L.), Syzygium jambos (L.) Alston, roseapple Eugenia 

jambos, Eugenia uniflora (L.), Eugenia mitchelli and ber Ziziphus spp. including Ziziphus jujuba (Mill.). It 

is a brightly coloured dark brown and yellow fly characterized by the presence of transverse facial spots, 

black scutum having a pair of parallel lateral postsutural vittae ending behind intra alar setae. It completes 

its life cycle in 25 to 40 days. The maggots are the damaging stage feeding on the pulp of the fruits. The 

distribution, host range, biology, nature of damage and management practices are outlined here. 

Introduction 

Fruit flies are the economically important pests causing serious loss in the yield of fruits and vegetables. 

They are regarded as quarantine pests (Jena et al., 2022a; Jena et al., 2022b; Jena et al., 2022c; Jena et al., 

2022d). Among fruit flies, the guava fruit fly, B. correcta is an important insect pest infesting more than 70 

species of tropical and subtropical fruits and melons representing 35 plant families, such as guava, mango, 

cashew, cherry, jujube, orange, banana, carambola, and wax apple (Maynard et al. 2004). In Thailand, B. 

correcta along with B. dorsalis are considered the main fruit pests, seriously affecting production of mango 

and guava (Kunprom et al. 2015). In India, damage rates to tropical fruits caused by B. correcta can reach 

80%, ranking it as the country’s most serious fruit fly pest (Jalaluddin et al. 1999). B. correcta is currently 

a serious pest in tropical and subtropical areas of Asia, being first recorded in Bihar, India in 1916 (Bezzi, 

1916), followed by Nepal, Pakistan, Sri Lanka and Thailand (White and Elson-Harris, 1992). It has since 

expanded to Bangladesh, Bhutan, China, Laos, Malaysia, Myanmar and Vietnam (Qin et al. 2015). Possibly 

through trade of infested fruit, small numbers of B. correcta have been detected multiple times in California 

and Florida, USA, which were followed by active eradication programs. B. correcta is highly invasive, and 

is targeted as a quarantine pest in many countries (Qin et al. 2016). The female fruit fly punctures the 

fruits by its ovipositor and lays eggs into healthy, ripening fruits just beneath the skin. Eggs hatch within 

two to three days and the maggots feed on the decaying fruit tissue (Kumar et al. 2011). It can be managed 

by the use of hydrolyzed protein and sugar spray, pheromone trap, spraying of botanicals and chemical 

insecticides, field sanitation, poison food trap and bagging of fruits for management of fruit fly. 

Synonyms 

Chaetodacus correctus (Bezzi)  

Dacus (Strumeta) correctus (Bezzi) 

Taxonomic position 

Kingdom: Animalia 

Phylum: Arthropoda 

Sub-phylum: Uniramia 

Class: Insecta 

Order: Diptera 

Family: Tephritidae 

Genus: Bactrocera 

Species: correcta 
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Distribution: The guava fruit fly Bactrocera correcta occurs in India, Pakistan, Nepal, Sri Lanka, and 

Thailand 

Host Range: Citrus Citrus spp., coffee C. canephora, C. robusta, mango M. indica, peach P. persica, guava 

P. guajava, castor plant R. communis, white sandalwood S. album, S. jambos, roseapple  

E. jambos, E. uniflora, E. mitchelli and ber Ziziphus spp. including Z. jujuba (Mill.). 

Bezzi (1915) noted that B. correcta lives in company with B. zonata (Saunders) and  

B. tuberculata (Bezzi), feeding on the same fruits. In India, B. zonata is called "the Ranchi peach-pest," is 

very injurious to peach, mango, and several other fruits, including ripe bael fruit Aegle marmelos (L.) 

Correa, Careya arborea (Roxb.), common fig Ficus carica (L.), white gourd Lagenaria vulgaris and sapodilla 

Manilkara zapota (L.) Van Royen, Achras sapota, all of which must be considered potential hosts of B. 

correcta. 

Marks of Identification: Bactrocera correcta is a brightly coloured dark brown and yellow fly 

approximately 6 mm in length. It is similar to B. zonata but is distinguished by the facial spots being united 

or almost so, presence of transverse facial spots. Scutum is black with a pair of parallel lateral postsutural 

vittae ending behind intra alar setae; abdominal terga III-V with a black ‘T’ pattern marking. Scutellum is 

yellow with a narrow black basal band and two scutellar setae. All segments of legs are fulvous except hind 

tibiae pale fuscous and mid tibiae with an apical black spur. 

 
Fig 1. B. correcta 

Biology: Female B. correcta lays eggs under the skin of the fruits. Developmental periods of the eggs 

ranged from 3.19 days at 19°C to 1.06 days at 31°C; the period decreased significantly as the temperature 

increased from 19°C to 31°C. Maggots emerged from the eggs tunnel through the fruit feeding on the pulp 

of the fruit and shed their skin twice. Developmental periods of the maggots ranged from 11.30 days at 

19°C to 4.01 days at 31°C; the period decreased significantly as the temperature increased from 19°C to 

31°C. After full development, the maggots emerge through exit holes and fall on the ground to pupate in 

the soil. Developmental periods of the pupae ranged from 22.15 days at 19°C to 8.01 days at 31°C; the 

period decreased significantly as the temperature increased from 19°C to 31°C. The pre-oviposition period 

ranged from 28.54 days at 19°C to 10.57 days at 31°C. The period decreased as the temperatures increased 

both from 19°C to 25°C and from 28°C to 31°C. The period slightly increased from 25°C to 28°C; however, 

no significant differences were noted. Breeding is continuous with several annual generations (Kamiji et 

al. 2014).   

Nature of Damage: The female fruit fly B. zonata punctures the fruits by its sharp pointed ovipositor and 

lays six or more banana shaped eggs into healthy, ripening fruits just beneath the skin. The sting sites 

appear as discoloured or blackish spots, which may exude distinctive blobs or filaments of gum. As the fruit 

skin is breached, secondary infection by bacteria induces decaying of fruit tissue. Eggs hatch within two to 

three days and the maggots feed on the decaying fruit tissue (Kumar et al., 2011). If host fruits are profusely 

available, a single female fly can lay eggs throughout her life, which may last for two or three months. 

Infested fruits are not generally marketed. 
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Management: 

a. Field sanitation 

b. Early harvesting 

c. Larvae can be collected from infested fruit, killed in boiling water, and placed in 50% alcohol for 

two days, then to 75% Propyl alcohol 

d. Bagging of fruits using wrapping materials (polypropylene bag of 20μ gauge with and without 

paper piece inside, butter paper bag, non-woven poly fabric bags of white, green and blue colour 

with 20 gsm and 40 gsm thickness) 

e. Use of Jackson/methyl eugenol trap, Nauroji Stonehouse Fruit fly Trap, traps containing β-

caryophyllene 

f. Males were found to be attracted to tulsi plant (Ocimum sanctum) which yields aromatic oils, 40% 

of which are methyl eugenol. Therefore, planting tulsi plant for attraction and killing using 

Malathion insecticide is effective in managing this pest 

g. Sterile Insect Technique in which irradiated competing males are released in to the wild 

population 

h. Use of leaf extract of marigold Tagetes erecta (L.), Siam weed Chromolaena odorata (L.) King & 

Robinson and hedge flower Lantana camara (L.) either individually or their combinations 

i. Fumigation with Methyl bromide and phosphine at low temperature 5oC 

j. Use of hydrolyzed protein and sugar spray. 

Conclusion 

The guava fruit fly B. correcta is a brightly coloured dark brown and yellow fly closely associated with B. 

dorsalis and B. zonata. It passes through the developmental stages egg, maggot, pupae and adults. The 

maggot is the damaging stage that feeds on the pulp of the fruit. The fly causes up to 100 per cent damages 

to the fruit crops if uncontrolled. It can be managed by various practices field sanitation, early harvesting, 

bagging, use of traps and various synthetic pesticides etc. 
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Mental health is a state of well-being in which an individual realizes his or her own abilities, can cope with 

the normal stresses of life, can work productively, and is able to make a contribution to his or her 

community. Mental/ Psychological disorders are commonly defined as disease that cause disturbance in an 

individual’s thought processes and feelings, or that cause behavioral changes which inhibit him/her from 

coping with daily routine. (2016 Mental Health Policy and Service Development Project. WHO, Geneva.) 

Mental disorders are one of the leading causes of disability. Suicide is the fourth leading cause of death 

among 15-29-year-olds. People with severe mental health conditions die prematurely – as much as two 

decades early – due to preventable physical conditions. As per the Global Burden of Disease report, mental 

disorders accounts for 13 % of total disability –adjusted life years (DALYs) lost for years lived with 

disability (YLD) with depression being the leading cause. As per mental health survey of India, it is 

estimated that excluding tobacco use disorders, mental morbidity of individuals above the age of 18 years 

currently is 10.6%. 150 million Indians need active interventions. 

Social and financial circumstances, biological factors, persecuted ethnic group and lifestyle choices can all 

shape a person’s mental health. Everyone has some risk of developing a mental health disorder, no matter 

their age, sex, income, or ethnicity. The NIMH suggest that genetic family history can increase the 

likelihood of mental health conditions, as certain genes and gene variants. Mental health conditions may 

also develop due to underlying, life-changing physical health problems, such as cancer, diabetes, and 

chronic pain. (Adam Felman , 2020). It was found that being female increased the risk of low mental health 

status by 3.96 times. People with a “weak economic status” also scored highest for mental health conditions 

in a study carried out by Meysam Behzadifar et al, 2015).  

Mental health problems that can be modifiable are known as modifiable factors, which can change over 

time, and nonmodifiable factors, which are permanent plays a key role. 

Modifiable Factors for Mental Health Disorders Include 

1. Socio-economic conditions, such whether work is available in the local area 

2. Occupation 

3. A person’s level of social involvement 

4. Education 

5. Housing quality. 

Non-Modifiable Factors Include 

1. Gender 

2. Age 

3. Ethnicity. 

Classification of Mental Disorders 

There are more than 200 classifications of mental disorders. of which the most common are depression - 

dementia, schiaforenia and anxiety. 

1. Anxiety disorders: According to the Anxiety and Depression Association of America, anxiety disorders 

are the most common type of mental illness.  

Generalized anxiety disorder (GAD): The American Psychiatric Association defined GAD as 

disproportionate worry that disrupts everyday living. People might also experience physical 

symptoms, including 

i. Restlessness 

https://pubmed.ncbi.nlm.nih.gov/?term=Behzadifar%20M%5BAuthor%5D
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ii. Fatigue 

iii. Tense muscles 

iv. Interrupted sleep. 

They may experience excessive anxiety on encountering everyday situations that do not present a 

direct danger, such as chores or keeping appointments. A person with GAD may sometimes feel 

anxiety with no trigger at all. (Dillon Browne, 2020) 

2. Panic disorders: People with a panic disorder experience regular panic attacks, which involve sudden, 

overwhelming terror or a sense of imminent disaster and death. 

3. Phobias: here are different types of phobia: 

a. Simple phobias: These might involve a disproportionate fear of specific objects, scenarios, or 

animals. A fear of spiders is a common example.   

b. Social phobia: Sometimes known as social anxiety, this is a fear of being subject to the judgment 

of others. People with social phobia often restrict their exposure to social environments.     

c. Agoraphobia: This term refers to a fear of situations in which getting away may be difficult, 

such as being in an elevator or moving train. Many people misunderstand this phobia as a fear of 

being outside. 

Phobias are deeply personal, and doctors do not know every type. There could be thousands of 

phobias, and what might seem unusual to one person may be a severe problem that dominates daily 

life for another. 

4. obsessive-compulsive disorder (OCD): People with OCD have obsessions and compulsions. In other 

words, they experience constant, stressful thoughts and a powerful urge to perform repetitive acts, such as 

hand washing. 

5. Post-traumatic stress disorder (PTSD): PTSD can occur after a person experiences or witnesses a 

deeply stressful or traumatic event. During this type of event, the person thinks that their life or other 

people’s lives are in danger. They may feel afraid or that they have no control over what is happening. 

These sensations of trauma and fear may then contribute to PTSD. 

6. Mood disorders: People may also refer to mood disorders as affective disorders or depressive disorders. 

People with these conditions have significant changes in mood, generally involving either mania, which is 

a period of high energy and elation, or depression. Examples of mood disorders include: 

a. Major depression: An individual with major depression experiences a constant low mood and 

loses interest in activities and events that they previously enjoyed. They can feel prolonged periods 

of sadness or extreme sadness. 

b. Bipolar disorder: A person with bipolar disorder experiences unusual changes in their mood, 

energy levels, levels of activity, and ability to continue with daily life. Periods of high mood are 

known as manic phases, while depressive phases bring on low mood. Read more about the different 

types of bipolar here. 

c. Seasonal affective disorder (SAD): Reduced daylight triggers during the fall, winter, and early 

spring months trigger this type of major depression. It is most common in countries far from the 

equator. 

7. Schizophrenia disorders: Mental health authorities are still trying to determine whether 

schizophrenia is a single disorder or a group of related illnesses. It is a highly complex condition and signs 

develop between the ages of 16 and 30 years, according to the NIMH. Schizophrenia has negative and 

positive symptoms. Positive symptoms include delusions, thought disorders, and hallucinations. Negative 

symptoms include withdrawal, lack of motivation, and a flat or inappropriate mood.There is no physical 

test or scan that reliably indicates whether a person has developed a mental illness. However, people should 

look out for the following as possible signs of a mental health disorder (Johnstone and Lawrie SM., 2010):  

a. withdrawing from friends, family, and colleagues 

b. avoiding activities that they would normally enjoy 

c. sleeping too much or too little 

d. eating too much or too little 

e. feeling hopeless 

f. having consistently low energy 
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g. using mood-altering substances, including alcohol and nicotine, 

h. more frequently displaying negative emotions 

i. being confused 

j. being unable to complete daily tasks, such as getting to work or 

k. cooking a meal 

l. having persistent thoughts or memories that reappear regularly 

m. thinking of causing physical harm to themselves or others 

n. hearing voices 

o. experiencing delusions. 

Managing Mental Disorder by Diet 

Considering the increasing number of Mental health issues WHO declared 10th October every year to be 

observed as world mental health day. In 2019, WHO launched the WHO Special Initiative for Mental 

Health (2019-2023): Universal Health Coverage for Mental Health to ensure access to quality and 

affordable care for mental health conditions in 12 priority countries to 100 million more people.  

Human brain is always "on." It takes care of thoughts and movements, breathing and heartbeat, senses — 

it works hard 24/7, even while when we are asleep. This means human brain requires a constant supply of 

fuel. That "fuel" comes from the foods we eat — and what’s in that fuel makes all the difference. In other 

terms what we eat directly affects the structure and functions of brain and, ultimately, the mood.   

Diet is an extremely important prerequisite for good mental health. What you eat affects you both 

physically and mentally. People who include loads of junk and comfort foods in their diet tend to have 

poorer mental health as compared to the ones who follow a healthy and balanced diet. The relationship 

between food intake and depression defined calorie restriction as a 30–40% decrease in calorie intake while 

retaining protein, vitamin, mineral, and water intake to maintain proper nutrition. According to this 

definition, a person who usually eats 2,000 calories per day would eat between 1,200 and 1,400 calories 

instead. Healthy people who reduced their calorie intake by 25% for 6 months also had reduced depressive 

symptoms. Yifan Zhang et al., (2015). It is also important not to restrict calories or follow a low-calorie diet 

in the long term, as this can damage neurons and make depressive symptoms worse. 

Foods that Boost Mental Health 

1. Salmon: Salmon a “fatty” fish, containing high amounts of omega-3 fatty acids, which have been linked 

to a reduction in mental disorders such as depression. Omega-3s have been shown to boost learning and 

memory as well. Salmon also has a naturally high-occurring amount of vitamin D, which is often added to 

foods and has been linked to lower rates of depression. Other types of fish with high Omega-3 counts include 

tuna, mackerel, and herring. 

2. Chicken: Chicken, like turkey, is a delicious lean-protein choice containing the amino acid tryptophan. 

It helps body produce serotonin — which is vital in helping your brain manage your mood, fight depression 

and help maintain strong memory. 

3. Whole Grains: Foods classified as whole grains contain complex carbohydrates, which leads to glucose 

being produced more slowly, as a more even and consistent source of energy. Also, whole grains help the 

brain absorb tryptophan, which means that when eaten in conjunction with foods like chicken and turkey, 

you can further reduce symptoms of depression and anxiety while boosting brain function. 

4. Avocados: Avocados are full of vitamin K and folate, which help protect your brain against stroke. and 

boost memory and concentration. Avocados serve up a high dose of lutein, too, which studies have linked 

to improved brain function. 

5. Spinach: Spinach and other leafy greens provide brain with solid amounts of folic acid, which has been 

shown to be a great deterrent to depression. It also helps fight off insomnia, which is heavily linked to 

mental impairments and can help reduce dementia in older adults. 

6. Yogurt: Yogurt and other products containing active cultures are excellent sources of probiotics and 

play a role in reducing stress and anxiety. Yogurt is a good source of potassium and magnesium, which 

helps oxygen reach the brain, further improving its ability to function. 

https://apps.who.int/iris/handle/10665/310981
https://apps.who.int/iris/handle/10665/310981
https://doctor.ndtv.com/living-healthy/quitting-junk-food-can-cause-withdrawal-symptoms-like-drug-addiction-study-1919962
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang%20Y%5BAuthor%5D
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7. Nuts: Like salmon, nuts are an excellent source of omega-3 fatty acids, helping to fight depression. 

Cashews, for example, help provide oxygen to the brain with a dose of magnesium. Almonds contain a 

compound called phenylalanine, which is shown to help the brain produce dopamine and other 

neurotransmitters that boost up mood. Phenylalanine has also been linked to a reduction in the symptoms 

of Parkinson’s Disease. 

8. Olive Oil: Pure, extra virgin olive oil has been quite popular as of late as a part of healthy 

Mediterranean-style diets. This type of oil contains polyphenols, which help to remove the effects of proteins 

linked to Alzheimer’s Disease. It can also help improve learning and memory  

9. Tomatoes: The source of a tomato’s red hue, lycopene is classified as an all-around beneficial 

phytonutrient. One of the many health boosts it provides is in the fight against brain disease. It’s been 

shown to delay the onset and progression of Alzheimer’s Disease, fighting off cell damage. In addition, 

lycopene has been shown to help with memory, attention, logic and concentration. 

10. Dark Chocolate: Dark chocolate is categorized as such due to its cocoa content, which you won’t find 

in milk chocolate. And the darker the better-85% cocoa or more is the most beneficial. Dark chocolate 

contains high levels of flavonoids, a type of antioxidant. It has been shown to boost attention and memory, 

enhance mood and help fight cognitive decline in older adults. Just remember, chocolate should still be 

consumed in moderation. (Boyles,2018) 

11. Bananaa: Affect tryptophan - an amino acid which helps in production of serotonin. Tryptophan also 

helps in improving sleep and regulates intake of food. Potassium-rich bananas also contain good amount of 

Vitamin B-6 and fibre. 

12. Sweet potatoes: Beta-carotene is an antioxidant which also helps in reducing oxidative stress on DNA 

- thus reducing risks of diseases like schizophrenia, anxiety and depression. 

13. Turmeric: Curcumin is a compound in turmeric which can help in improving memory, ease depression 

and facilitate growth of new brain cells. 

14.Vitamin C rich fruits: Vitamin C is a key nutrient which helps in preventing mental decline. Eating 

Vitamin C-rich foods regularly can help in preventing Alzheimer's disease as well. Fruits rich in Vitamin 

C include oranges, kiwi, tomatoes, strawberries and bell peppers. 

15. Berries: Berries contain flavanols. These possess antioxidant and anti-inflammatory properties and, 

as a result, they can decrease and fix cell damage. They also contain anthocyanins, which slows down the 

process of ageing in brain cells, and improves memory. 

Foods or Diets to Avoid 

A 2010 study showed that women who ate unhealthful Western-style diets had more psychological 

symptoms. The foods that these participants were eating included: processed foods, fried foods, refined 

grains, such as white bread, sugary products and beer. Similar unhealthful dietary patterns that typically 

lead to obesity, diabetes, and other physical health problems can also contribute to poor mental health. 

(Felice N Jacka et al,2010). 

Conclusion 

Mental health is an important aspect of overall health. Many mental health conditions can be effectively 

treated at relatively low cost. Psychotherapy approaches and medications are standard first-line 

treatments suggested for clinical depression and general anxiety disorders. In addition, the emerging field 

of nutritional psychiatry suggests a relationship between diet quality and mental health and considers the 

use of dietary and nutraceutical interventions to address mental disorders and to potentially improve 

patient outcomes. Recent research suggests that while nutritional habits, dietary patterns, and diet quality 

may all impact overall mental wellness, they may also be modifiable risk factors for mental disorders. The 

burgeoning field of nutritional psychiatry is finding there are many consequences and correlations between 

not only what you eat, how you feel, and how you ultimately behave, but also the kinds of bacteria that live 

in your gut.   Eating high-quality foods that contain lots of vitamins, minerals, and antioxidants nourishes 

the brain and protects it from oxidative stress. Hence practice clean" diet for two to three weeks — that 

https://doctor.ndtv.com/diseases/schizophrenia
https://doctor.ndtv.com/diseases/anxiety
https://doctor.ndtv.com/diseases/depression
https://pubmed.ncbi.nlm.nih.gov/?term=Jacka+FN&cauthor_id=20048020
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means cutting out all processed foods and sugar and feeling of wellness in terms of physically and 

emotionally. 
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Introduction 

Today, food security is a concern for populations all over the world on a scale unseen in recent human 

history. Despite considerable improvements in food production and our understanding of food nutrition and 

food safety, millions of people throughout the world still suffer from hunger. This is because of how we feed 

our populations and the technologies we employ to do it, which have resulted to a unique set of 

circumstances and challenges. According to estimates, more than a billion people worldwide are currently 

undernourished. Another issue with food production stems from agriculture's reliance on fertile soil; 

according to current estimates, 38 percent of all agricultural land worldwide is degraded. Reduced yields 

are typically the result of reduced yields caused by a lack of or insufficiency of nutrients or water 

availability. Soil degradation is the change brought on by a natural decline in the soils' capability for 

productive use. 

 

Aquaponics: An Ingenious Approach 

Aquaponic systems combine hydroponics and recirculating aquaculture, the two main methods of 

agricultural production. The main problems with these two systems are resolved by aquaponics: the need 

for nutrient-rich water to act as a fertiliser, containing all the nutrients and minerals required for plants 

grown hydroponically, and the need for sustainable methods of filtering or disposing of nutrient-rich fish 

waste in aquaculture. Combining these two methods eliminates a waste product that is frequently dumped 

in effluent while offering a natural fertilizer solution for plant growth. This nutrient-rich effluent is also 

used to fertilise the plant crops in the hydroponic bed that is attached to it. Denitrifying bacteria in the 

hydroponic grow bed transform the nutrients, which are primarily in the form of ammonia, into forms easily 

absorbed by plants for energy and growth. The hydroponic bed's plants essentially act as a bio filter for fish 

waste water before it is cleaned and reintroduced to the fish tank. 

System Designs 

There exist several system designs for recirculating aquaponics systems. The designs are based on 

hydroponic systems, the difference being that the water source for the aquaponics system come from the 

fish tank and is eventually returned to its source of origin. The widely follow system is: 

Floating Raft System: The floating raft system is another device with a lot of promise for commercial 

application. Plants are raised in this manner on floating rafts. Small holes in the rafts have been cut for 

the placement of plants in net pots. In the water, where the roots dangle freely, nutrient absorption takes 

place. The amount of water used in raft systems as opposed to NFT and media-based systems is a 

significant distinction. The volume of water is around four times more than other systems since the water 

beneath the rafts is ranging from 10 to 20 inches deep. Because of the reduced nutrient concentrations 

caused by the larger water volume, higher feeding rate ratios are required. Although bacteria can grow on 
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the rafts' bottom surface, typically a separate biofilter is required. Additionally, some dangerous water-

dwelling organisms are exposed to the plant roots, which might have a great impact on plant growth. 

 

Water Quality: For the fish to continue to grow and stay healthy, good water quality must be preserved 

at all times in a recirculating fish tank. Water quality testing kits can be purchased from businesses that 

supply aquaculture with supplies, and regular testing of water quality is necessary. 

Basic Treatments Includes 

1. Aeration to raise the concentration of dissolved oxygen. 

2. Degassing to remove carbon dioxide and hydrogen sulphide and lower the overall gas pressure. 

3. Controlling temperature by combining water from various temperatures or by utilising water heaters. 

4. Iron removal through filtration and sedimentation, as well as calcium addition to soft water. 

5. Surface water supplies that are free of pollution have a huge benefit because some of the aforementioned 

procedures are not necessary. 

Fish Feed 

Most fish respond favourably good to commercial fish feed. A good balance of amino acids, proteins, lipids, 

vitamins, minerals, and carbohydrates must be included in their diets. Some wild fish may consume algae, 

which is low in protein, and other small animals like worms, which are high in protein. Small-scale 

aquaponic farmers may choose to feed their fish with a variety of these materials, but commercial feed 

pellets will result in the best growth for Tilapia fish. 

Plant Crops 

Nutritional Requirements All plants may have different nutritional requirements; for instance, leafy green 

vegetable require more nitrates than fruiting plants. The 16 essential nutrients come in the form of 

macronutrients, which in addition to carbon, hydrogen, and oxygen, which are supplied by water, carbon 

dioxide, and atmospheric air, include Nitrogen (N), Potassium (K), Calcium (Ca), Magnesium (Mg), 

Phosphorous (P) and Sulphur (S). There are seven micronutrients necessary as well and they are Chlorine 

(Cl), Iron (Fe), Magnesium (Mn), Boron (B), Zinc (Zn), Copper (Cu), and Molybdenum (Mo). 

Crop Selection 

Plants of many different species can flourish in aquaponic systems. It was always believed that the only 

plants that could be successfully cultivated were leafy green vegetables and herbs, but it has since been 

demonstrated that a wide range of fruiting plants, beans, and flowers can also be successfully grown. 



 

 
Volume 04 - Issue 08 - August 2022       398 | P a g e  
 

Conclusion 

The new design choices are anticipated to significantly improve water quality, which will favourably impact 

fish output and growth. Today's world faces a very real and serious challenge to food security. Aquaponic 

food production is very appealing since it may address resource conservation challenges and offer a 

consistent and high-quality food source. Additionally, because an aquaponic system is so straightforward 

and user-friendly, it may be able to assist families who are most in need. 

Reference 
Aquaponics raft system without filter in soilless agriculture, S.AASHA, B.FARHAN M.A, Journal of Interdisciplinary Cycle 

Research Volume XII, Issue VIII, August/2020 ISSN NO: 0022-194. 
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Summary 

Banana (Musa spp.) is the most widely consumed, exported fruit in the world. Among the production 

constraints, diseases affecting commercial and subsistence of banana production throughout the banana 

producing areas of the world. The use of pesticides to control pests and diseases is extensive in banana 

plantations, particularly in those that produce for export and throughout the year. Large part of applied 

pesticides remains either as residual pesticide or gets volatilized or leached resulting in ecological and 

environmental problems, and human health hazards. The increased consumer demands for safe food have 

invigorated research on development of safe and eco-friendly approaches. Various control strategies like 

crop rotation, intercropping, organic amendments, soil solarization, anaerobic soil disinfestations, 

biofumigation and use of biopesticides and botanicals have been attempted to effectively control the banana 

diseases. With people turning more health conscious, different non-chemical approaches seem to the best 

alternative to disease suppression with no environmental hazards. 

Introduction 

Banana (Musa sp.) is the most important fruit crop commercially grown in a number of countries worldwide 

for its utilization as dessert and as staple food in certain parts of world. Among the fruit crops, it is one of 

the most important crops in international trade for earning the foreign exchange in many countries. But 

production of Banana is thwarted by a number of factors such as Plant diseases, insects, and weeds which 

decrease the production of crops worldwide by 36%, and diseases alone have been shown to reduce crop 

yields by 14%. Thus, the control of plant diseases contributes to increased crop production. Different 

approaches may be used to prevent, mitigate or control plant diseases. Beyond good agronomic and 

horticultural practices, growers often rely heavily on chemical fertilizers and pesticides. Such inputs to 

agriculture have contributed significantly to improvements in crop productivity but the environmental 

pollution caused by its excessive use, has led to considerable changes in people’s attitudes towards the use 

of pesticides in agriculture. Considering these risks there is an increased consumer demands for safe foods 

which have eventually led to shifting from chemical pesticides to eco-friendly approaches for disease 

management. 

Eco-Friendly Management Practices of Banana Diseases 

1. Cultural Practices: 

Intercropping: Several studies have been conducted to investigate the effect of various intercrops 

on the performance of bananas with respect to yield, growth and disease/pest incidence. 

Intercropping and rotating banana with Chinese chive could significantly reduce the incidence of 

Panama disease (Zhang et al.,2012). In the region of Talamanca, Gros Michel was intercropped with 

cacao and timber trees, where disease incidence by Foc was just 1.4% (Silagyi and Pocasangre, 

2003).  

Crop rotation: In China, Chinese leek (Allium tuberosum) was cultivated for three years and then 

switch to banana for three years to combat the tropical race 4 strain of Fusarium oxysporum f.sp 

cubense. (Huang et al., 2012). Crop rotation with sugarcane, rice or sunflower helps to reduce the 

disease incidence. Crop rotation with Tagetes spp. when Moko is extensive in the field is also very 

commendable. In India, rotating bananas with rice is used to control nematode numbers (4 

September 2013 issue of The Hindu).  

Organic Soil Amendments: Organic amendments, including animal manures, composts and 

green manures, are commonly used in agricultural systems to recycle nutrients and energy as well 

as improve soil conditions for plant growth. Organic amendments can be plant debris (stem, root 

and leaves), organic waste, or compost. The mechanism of pathogen control following addition with 
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certain Organic Amendments and the evolution of soil suppressiveness might be related. Organic 

Amendments decomposition in the soil not only induces shifts in chemical and physical conditions 

but also in soil microbial populations and activities. The new microbial balance might be involved 

in the suppression of pathogen reinfestation and delay of disease onset in future cropping. Sewage 

and sludge (4% and 5% concentration) reduced Foc incidence (disease severity index and external 

severity) and increased plant growth (Heck et al., 2019). The treatment of rice straw (C/N, 46.0) 

showed the best effect on reducing Foc populations, followed by bagasse (C/N, 129.6), and pig 

manure (C/N, 12.8) as reported by Huang et al. (2015). 

2. Physical Measures: 

Soil solarization: Soil solarization affects soil-borne pathogens and pests directly through heat 

inactivation of cellular processes and indirectly by increasing their sensitivity to antagonistic 

microorganisms and abiotic stresses. It can also enhance plant growth by increasing the availability 

of mineral nutrients and improving soil tilth. The ultimate effectiveness of soil solarization depends 

on the maximum and minimum temperatures reached and the depth to which the soil is heated, as 

well as the sensitivity of the targeted pathogens.  

Anaerobic soil disinfestation (ASD): Also known Biological soil disinfestation or Reductive soil 

disinfestations was developed in Japan and the Netherlands. It involves incorporation of fresh 

organic material in moist soil under airtight plastic. The carbon source provides a substrate (food 

source) for the proliferation of soil microbes. Wheat bran/rice bran, cover crop/fresh crop residues, 

Bagasse and pig manure are used in BSD treatments. Effective at controlling several soil-borne 

plant pathogenic fungi, bacteria and nematodes, including Fusarium oxysporum, Rhizoctonia 

solani, R. tuliparum, Sclerotinia sclerotiorum, Verticillium dahlia, Ralstonia solanacearum, 

Globodera rostochiensis, Pratylenchus spp. and Meloidogyne spp  

Aerobic soil disinfestation – biofumigation: Biofumigation is an approach to soilborne pest and 

pathogen management that involves the use of plants primarily from the Brassicaceae family (e.g., 

mustards, cauliflower, and broccoli) in rotation with cash crops (Kirkegaard et al., 1993).  The term 

‘biofumigation’ was originally coined by J.A. Kirkegaard to describe the process of growing, 

macerating / incorporating certain Brassica or related species into the soil, leading to the release of 

isothiocyanate compounds (ITCs) through the hydrolysis of glucosinolate (GSL) compounds 

contained in the plant tissues (Kirkegaard et al., 1993). In most cases these biofumigant plants are 

chopped and incorporated into the soil so they can release their inhibitory chemicals. Indian 

mustard, has been effective in reducing populations of Ralstonia solanacearum and various 

nematodes (Meloidogyne chitwoodi, Tylenchus semipenetrans) and fungi (Sclerotinia minor, 

Rhizoctonia solani).  

3. Biological Control: The indiscriminate use of synthetic pesticides has resulted in ecological and health 

hazards along with development of resistance in insect pests. This has led to the popularity of pest control 

agents derived from plants as they are biodegradable, environmentally compatible and less toxic to non-

target organisms. Microbial biological control agents (MBCAs) are applied to crops for biological control of 

plant pathogens where they act via a range of modes of action. Some MBCAs interact with plants by 

inducing resistance or priming plants without any direct interaction with the targeted pathogen. Sucker 

treatment before planting with biocontrol agents Trichoderma viride and Pseudomonas fluorescens and soil 

drenching with same biocontrol agents twice at 30 and 180 DAP as booster application, effectively reduced 

the fusarium disease incidence and intensity thereby increasing the yield (Pushpavathi et al., 2015). 

Thangavelu et al. (2001) demonstrated that P. fluorescens strain pf10, which was isolated from the 

rhizosphere of banana roots, was able to detoxify the fusaric acid produced by Foc race-1 and reduced wilt 

incidence by 50%. Dutta and Bora (2017) reported that Trichoderma viride, Metarhizium anisopliae, 

Pseudomonas fluorescens and Bacillus thuringiensis and their consortia were used to suppress 

Colletotrichum musae, the causal agent of anthracnose disease and Ralstonia solanacearum, the causal 

agent of bacterial wilt disease of micropropagated banana. 

Bioorganic Fertilizers: Bio-fertilizers are an environmentally friendly and cost-effective 

renewable source of plant nutrients that supplement fertilizers. Bio-fertilizers contain living or 

latent micro-organisms cells that are capable of fixing the atmospheric nutrients or solubilize the 

insoluble nutrient for the plant's absorption. The application of BIOs (matured compost mixed with 
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antagonists Paenibacillus polymyxa SQR-21 and Trichoderma harzianum T37 (BIO1), Bacillus 

amyloliquefaciens N6 (BIO2), Bacillus subtilis N11 (BIO3), and the combination of N6 and N11 

(BIO4) significantly decreased the incidence rate of Fusarium wilt by up to 80% compared with the 

control. (Zhang et al., 2014). Bacillus amyloliquefaciens NJN-6 isolate with compost significantly 

decreased disease incidence by 68.5%, resulting in a doubled yield.  

4. Use of Botanicals: Botanicals either act on the pathogens directly or induce systemic resistance in the 

host plants resulting in the reduction of disease development. Three plant extracts at 75, 50 and 25 % 

concentrations suppressed panama disease in banana seedlings (in vivo), with a survival rate of 50, 49 and 

48 %. Ziziphus spina-christi extracts had the lowest effect on the severity of the disease and also the 

survival rate (Abdullahi et al., 2018). Ethanol extract of Terminalia arjuna (Arjun) showed a broad 

spectrum of antibacterial activity against Ralstonia solanacearum causing bacterial wilt in Banana (Islam 

et al., 2017). 

Conclusion 

The use of pesticides to control pests and diseases is extensive in banana plantations, particularly in those 

that produce for export and throughout the year. With people turning more health conscious, different non-

chemical approaches seem to the best alternative to disease suppression with no environmental hazards. 

As the demand for organic products continues to grow, so there is the need for improved production systems 

to fulfill this demand. 
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Introduction 

Oyster mushrooms are perishable and begin to spoil after a few hours, depending on storage conditions. 

The shelf life of this mushroom is 1-2 days at ambient temperature due to its high-water content, delicate 

texture, and unique physiology (Sexena and Rai, 1990). Therefore, ›proper post-harvest techniques need to 

be developed for longer storage and use. India's fresh mushroom market is primarily a minor contributor, 

and small-scale producers with limited resources must rely on the local market to sell their produce. 

Producers often face the problems of market saturation and the pain of selling at very unprofitable prices. 

Storage of fresh mushrooms at various levels, including producers, wholesalers, retailers and end 

consumers, reduces product quality and incurs economic losses. Currently, long-term storage of mushrooms 

by drying, canning and pickling is popular (Chandrasekar et al., 2002). However, excess mushroom 

production during peak harvest times can be controlled by using appropriate post-harvest techniques to 

process excess mushrooms into new value products, as well as drying and canning. These value-added 

products not only reduce post-harvest losses, but also increase mushroom growers' additional income and 

provide consumers with low-fat, high-protein foods, including dietary supplements (Ariimuganallian et al. 

2005). This research deals with the development of volume-added products such as mushroom biscuits, 

mushroom juice, mushroom pickles, mushroom patties, and pakkodas from oyster mushrooms. 

 

Mushroom Biscuits 

Oyster mushroom powder was combined with a variety of ingredients, including maida (3.0 kg), sugar (1.2 

kg), ghee (bakery fats), mushroom powder (300 g), milk powder (200 g), coconut powder (500 g), baking 

powder (300 g), ammonium bichromate (2 g), and water (500 ml), to make delectable and crunchy 

mushroom biscuits. All ingredients for the biscuits were thoroughly cleaned with the use of a fine sieve 

before being finely ground using an electric mixer. Ghee and sugar were thoroughly combined for 5-7 

minutes using a dough kneeder to create a homogeneous mixture. These components were included in the 

dough mixer and allowed to dry mix for 20 to 25 minutes. Then, for the following 10-15 minutes, 500 ml of 

water was added to the kneeder to make the dough cohesive and uniform. 

Mushroom Soup 

Oyster mushrooms (1 kilogramme), tomatoes (Z kg), maida (100 g), salt (20 g), gramme masala (20 g), pieces 

of baked bread (100 g), garlic (10 g), ginger (20 g), and ghee were some of the items used to make mushroom 

soup (50 g). Fresh oyster mushrooms were simmered in hot water with 2 percent salt for ten to fifteen 

minutes. Other ingredients were tomato, onion, garlic, and ginger. After being partially cooled, all of the 

components were removed from the hot water and finely ground in order to create a homogeneous mixture 
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using an electric mixer. After that, the ingredients' small particles were filtered out using a fine cloth. The 

extracted material was cooked. To achieve the desired taste and flavors, fried spices were combined with 

oil and maida powder. 

Mushroom Pickle 

To make one kilogram of pickle, 1.5 kg of freshly picked oyster mushrooms were sorted by size and properly 

cleaned in clean water to remove any foreign objects that had adhered to the surface. Small portions of the 

cleaned mushrooms were promptly blanched by being dipped in a boiling solution of 0.05 percent KMS, 0.1 

percent citric acid, and 2 percent brine solution for ten minutes (Rat and Arumuganathan, 2008). The 

blanched mushrooms were held overnight after being salt-cured in 10 percent NaCl. The following day, the 

extra water that had leaked out of the mushrooms was removed, and salt (90 g), black mustard seed powder 

(rat) (35.0 g), turmeric powder (20.0 g), red chilli powder (10.0 g), and cumin seed powder (1.5 g) were added 

as necessary preservatives. 

Mushroom Patties and Mushroom Pakoda 

Several ingredients, including maida flour (2 kg), ghee (1 kg), refined oil (200 ml), carom seed (20 g), salt 

(50 g), and water, were correctly combined. The dough was spread out into thin sheets and folded after 

being thoroughly mixed. Seven times of the same process (spreading and folding) were done with a 10-

minute break between each time. Then, for the purpose of forming patties, a sheet of dough that had been 

cut into little pieces had 1 kilogramme of fried mushrooms added to it. A small amount of milk powder (50 

g) was used to prevent the dough pieces from becoming sticky while being handled. 100 pieces of crisp, 

snappy patties were made using raw portions that were maintained in a hot oven (180°C) for 10 minutes. 

Similar to this, fresh, cleaned mushrooms were chopped into little pieces for oyster mushroom pakkoda. 

Table Based on Organoleptic Evaluation Made by Panel Members: 
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Mushroom 

Biscuits 

8.7 8.2 8 8.4 8 8.6 8.31 

Mushroom 

Soup 

8.7 8.6 8.2 7.6 8.64 8.5 8.37 

Mushroom 

Pickle 

8.5 8.7 8.57 8.7 8.2 8.7 8.56 

Mushroom 

Patties and 

Pakkodas 

7.7 8.3 8 7.2 7.9 8 7.85 

Results and Discussion 

Color, appearance, aroma, taste, texture, and overall acceptability of various value-added products made 

from fresh or dried oyster mushrooms, such as mushroom biscuits, mushroom soups, mushroom pickles, 

mushroom patties, and pakkoda. Was evaluated using sensory evaluation. On a 10-point hedonic scale by 

10 judges’ trials. The data table shows that mushroom soup and mushroom pickles achieved the highest 

sensory score among value-added products with taste panels. 
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Introduction 

It is a technique that alters a person’s gene to treat the disease. These techniques mainly focus on the 

genetic modification of the cells. Two types of vectors are used in gene therapy. are viral and non-viral 

vectors. Retro virus, adeno virus, adeno virus associated vectors are suitable for gene therapeutic approach. 

Non-viral vectors are less efficient that viral vector due to low immunogenicity. 

Types 

1. Somatic gene therapy – It occurs in somatic cells of human body 

2. Germline gene therapy - It occurs in germ line cells of human body. 

Principle 

1. Replace the mutated gene with healthy gene 

2. Insertion of new functioning gene to fight against disease 

3. Inactive a faculty gene that is causing disease 

Methods of Gene Therapy 

1. Direct injection of DNA 

2. Liposome mediated DNA transfer 

3. Calcium phosphate transfection 

4. Electroporation 

5. Retrovirus vectors 

6. Targeted gene transfer. 

 
Source: U.S. National Library of Medicine 

Applications 

1. It is used to cure the genetic disorders 

2. It is used to cure the disease like brain tumour, Alzheimers disease and haemophila  

3. Destroys the disease-causing cells 

4. It is used to cure the disease that is not possible in traditional medicine  

5. It is used in the changing of genes 

6. Problem causing genes get destroyed 
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7. It helps the body to fight against the diseases 

8. Cancer, cystic fibrosis and ADA deficiency is treated by using this technique. 

 

Disadvantage 

1. Does not have reliable delivery method 

2. Expensive technique 

3. It will not get adapted to changing the world 

4. Risk to offspring. 

Conclusion 

Gene therapy gives permanent solution for curing the genetic diseases. This technique is not accessible due 

to more cost. 
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Ants are the important insects belonging to Hymenoptera order of class Insecta. More than 10,000 known 

ant species occur around the world. They are key stone species, playing several important ecological roles 

including the suppression of pest population of different crops, pollinating flowers, tillage of soil and 

aeration etc. But, some ant species damage agricultural crops directly or by aiding sucking pests like scales, 

aphids, mealy bugs etc. Some ants raid stored food, some damage pollen grains, while others may damage 

indoor structures and some are invasive species posing threat to biodiversity in an ecosystem. 

Invasive Ant Species 

The term invasive refers ‘tending to spread very quickly and undesirably or harmfully’. Some ant species 

are considered invasive and are reported to be threat to biodiversity. Typically, the abundance is what 

makes the invasive ants to be such a problem for people's lives, agriculture and the environment. There 

are many ant species categorized as invasive. The common ones reported in different parts of the world 

includes, Anoplolepis gracilipes Smith, Monomorium pharaonis , Paratrechina longicornis, Pheidole 

megacephala (F.), Solenopsis invicta, Solenopsis geminata F., Tapinoma melanocephalum F etc. The details 

on 44 invasive ant species of the Pacific Islands are available in PIA key web page. The invasive ant species 

recorded in cashew plantations of Puttur, Karnataka state include, Anoplolepis gracilipes (yellow crazy 

ant), Pheidole megacephala (F.), Tapinoma melanocephalum F. (Ghost ant) and Solenopsis geminata F. 

Invasive ant colonies have many queens (polygyny), which increases reproductive output and leads to 

larger colony size. Colonies spread by budding and form super colonies. For spreading distances of more 

than a few meters, invasive ants rely on accidental transport by people, also called jump-dispersal. Invasive 

ants behave very aggressively towards other ants and other animals within their foraging territory. 

Yellow crazy ant (Anoplolepis gracilipes Smith F. 1857) – an invasive ant species. Other common names: 

Crazy ant; long-legged ant; Maldive ant. Yellow crazy ant (YCA) is a common ant species present in the 

cashew plantations of Puttur, Karnataka. It is abundantly seen in cashew plantations, and its nests are 

found beneath the fallen leaves. The ants also tend aphids, mealy bugs and scales seen on cashew leaves 

or fruits. This ant species is thought to originate from Africa but can now be found throughout the Pacific. 

It is a relatively large, yellow to orange colored ant with long legs, large eyes and extremely long antennal 

scapes. These ants are one of the world's worst invasive species. They can form huge super-colonies 

containing thousands of queens and have worker densities reaching up to 20 million ants per hectare. 

 
Fig. 1. Yellow crazy ants tending aphids (Toxoptera aurantii) on cashew inflorescencens and 

cashew nuts. 
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This species has been nominated by invasive species specialist group (ISSG) as one of the 100 ‘world’s worst’ 

invaders. A more recent study using ecological niche modeling suggested that YCA is originated from south 

Asia, expanded into Europe and then into Afrotropical regions, after which it formed its current 

distribution.YCA is widespread across the tropics, and populations are especially dense in the Pacific 

region. It has invaded in numerous locations worldwide, including Hawaii, the Seychelles and Zanzibar. It 

is unpalatable to most vertebrate predators. 

Habitats of YCA 

These ants often nest under leaf litter or in cracks and crevices. There are ready invaders of disturbed 

habitats such as urban areas, forest edges or agricultural fields. YCA successfully colonize in a variety of 

agricultural systems. For example, in New Guinea it nests in the crowns of coconut trees, feeding off 

honeydew-producing scale insects and palm flower nectar. On Christmas Island, its nests were on crab 

burrows, woody debris of the forest floor, tree hollows, epiphytes and the hollows created at the base of 

palm leaves. The ability of A. gracilipes to live in human dwellings or human-frequented areas has meant 

it has become a serious pest in many households and buildings. YCA is also capable of invading undisturbed 

habitats. Although A. gracilipes typically nests under leaf litter or in holes in the ground, it forages 

extremely competitively over every surface within its territory, including forests trees. The ant colonies 

readily migrate, if disturbed. 

 
Fig. 2. A. gracilipes in human dwellings and its developmental stages (right) 

Life Cycle 

The life cycle of YCA varies from 76 to 84 days. Eggs hatch in 18-20 days, and worker larvae develop within 

16-20 days. Pupal period of worker ants is around 20 days, while for queens it is 30-34 days. 

Threat to Biodiversity 

1. These ants are reported to pose a major threat to biodiversity. They can out-compete and displace native 

insects, invertebrates and also vertebrates, which are crucial for ecosystem health. These ants’ prey on, or 

interfere with the reproduction of a variety of arthropods, reptiles, birds and mammals. The impacts of 

YCA are best known from Christmas Island, where they have been responsible for the death of up to 20 

million red land crabs, causing major changes to the rainforest ecosystem. It is commonly referred as 

ecological meltdown" of Christmas Island (O'Dowd et al. 2003). 

2. In Hawaii, ground nesting seabirds, such as red-tailed tropicbirds and wedge-tailed shear waters suffer 

dreadfully as YCA which are acid-spraying constantly moving over them. Often their eyes swell shut due 

to the acid and they have to try to take off blind. 

3. YCA also troubles beneficial insects, resulting in negative impacts in pest management aspect. In 

Zanzibar, this species has been reported to displace the native weaver ant, Oecophylla longinoda, which is 

an effective predator of the coconut bug, Pseudotheraptus wayi. Similarly in Malaysia and 

Indonesia, YCA eliminated the native ants Oecophylla smaragdina and Dolichoderus spp. that protect 

cocoa plants against the mirid bug, Helopeltis spp. 

Thus, high densities of YCA have the potential to devastate native key stone species, resulting in a rapid 

alteration of ecosystem processes and negative effects on endemic species.  YCA is sometimes regarded as 

a beneficial insect and reported as a predator of coconut pests like Amblypelta cocophaga, Melittomma 

insulare, Oryctes monoceros etc. However, due to the negative impacts of this ant species it would outweigh 

any potential benefit from bio-control within horticultural systems. 
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Management Measures 

Toxic baits having stomach poisons are commonly used against these ants. Detailed information on 

the management of the yellow crazy ant is compiled by the ISSG. One promising approach is use of 

pheromones to disrupt the reproduction by the queen as suggested by O’Dowd et al. 1999. There are several 

initiatives around the world to manage this dreadful invasive ant species. Since 2003, CSIRO has been 

working on the Yellow Crazy Ant Management Project. As a result, these ants have been eradicated from 

26 locations covering more than 295 hectares on aboriginal land in the Northern Territory. The Pacific Ant 

Prevention Programme aims to prevent invasive ant species from establishing within or spreading between 

countries in the Pacific. 'The Invasive Ant Risk Assessment Project' of New Zealand has ranked YCA as a 

high-risk threat to New Zealand. Thus, strong quarantine measures are essential to prevent the movement 

of yellow crazy ants. 
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The cashew (Anacardium occidentale L., Anacardiaceae) is a commercial tree nut crop known to be infested 

by more than 150 insect pests. Among the pests, tea mosquito bug and cashew stem and root borers are 

considered as chief pests in majority of cashew growing regions, while leaf miners, leaf and blossom 

webbers, apple and nut borers and thrips are the other important emerging pests. Eco-friendly pest 

management methods are necessary in the changing pest management scenario. Natural enemies like 

predators and parasitoids play a crucial role in biological pest management. 

Besides spiders, ants and reduviid bugs, praying mantids are also common predators in the cashew 

plantations. The ant mimicking mantids, Euantissa pulchra (F.) (Acromantinae: Hymenopodidae, 

Mantodea) is a common mantid species in cashew plantations of Puttur, Karnataka. These mantids are 

smaller in size, active and adults are bright green in colour. This mantid species remain active during the 

flushing and flowering period of cashew ie., March-August commonly seen on the leaves. It is a predator of 

several insect species damaging cashew like tea mosquito bug, leaf weevils, ants, grasshoppers, leaf beetles, 

small caterpillars, hoppers etc. This mantid species is wide spread in China and Sri Lanka and also in 

many parts of India including Eastern, North eastern and Southern parts. 

 
An early nymph of E. pulchra resembling ants 

A nymph of E. pulchra predating on tea mosquito bug, a major pest of cashew. Early instars (younger 

nymphs) of E. pulchra are full black in colour resembling ants, and thus the name, ant mimicking mantid. 

 
Nymph of E. pulchra predating on tea mosquito bug, a major pest of cashew 
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Upon laboratory rearing of the mantids to understand the breeding behaviour and life cycle of this mantid 

at ICAR-Directorate of Cashew Research, Puttur, it was observed that the nymphs and adults successfully 

feed on the larvae of greater wax moth, Galleria mellonella and completes its life cycle. Adult mantids 

successfully bred under laboratory conditions and viable egg laying was also found successful. The colour 

change occurs in subsequent stages with the development of brown, white and pinkish tinges on the body. 

Colour of the legs changed from black to brown and then to green.  

The nymphs underwent six instars to become adults in a period of 53-65 days. The wing buds started 

developing during fourth - fifth instars and became prominently visible during the final instar. 

Cannibalism was not noticed at all the nymphal stages, when 3 or 4 nymphs were kept together even with 

sufficient prey, which could be the regulatory mechanism in field conditions on mantid population as a 

result of competition. 

Developmental Duration of E. pulchra 

Sl. No.  Life stages  Duration in days (mean ± SE) 

Male Female 

1 Incubation period  9.38 ± 0.18 

2 Total nymphal developmental period 57.08 ±0.98 58.50±0.60 

3 Nymphal survivability  10-20 % 

4 Adult longevity  95.58±2.67 127.50±3.72 

5 Total life cycle 152.05±3.35 185.38±2.58 

Adults are green in colour. Male mantids are smaller (1.93±0.08 cm) then female mantids (2.22±0.13 cm). 

Forewings are dark green, opaque, costal area yellow; hind wings are transparent, basal part pink, 

posterior border with brown band. 

In female, abdomen is stout and wings are slightly shorter exposing abdominal tip unlike male mantids. 

Female mantids lived up to 127.50±3.72 days in laboratory conditions, while male lived for 95.58±2.67 days. 

Sexual maturity occurs in a period of 12-14 days. First ootheca is laid after 12-20 days of emergence. The 

fecundity of female varied from 8-15 oothecae/ female and the ovipositional frequency recorded as 7-10 

days. The oviposition period varied from 102-118 days. Eggs showed very good hatchability of 92 %. 

 
Male and female mantids in courtship 

High fertility, shorter life cycle, suitability for captive breeding under laboratory are the advantageous 

characteristics of this mantid species for mass culture and inundative releases. These mantids appear to 

be potential candidates for biological control of certain insect pests of cashew. Nevertheless, strategies are 

required to ensure establishment of mantids in sufficient numbers cashew plantations so as to assess their 

pest management efficiency. 



 

 
Volume 04 - Issue 08 - August 2022       411 | P a g e  
 

Selected References 
1. Vanitha, K.and P. S. Bhat. (2017). Life cycle and behaviour of Hestiasula brunneriana and Euantissa pulchra (Acromantinae: 

Hymenopodidae, Mantodea) - predators in cashew plantations, Journal of Applied Zoological researches.28 (2): 147-156. 

2. Vanitha, K, P.S. Bhat and T.N. Raviprasad. (2017). Mantid fauna of cashew plantations, seasonal occurrence and biology of 

few species. Indian Journal of Plant Protection, 45 (4): 327-333. 

3. Majumder, A., Raha, A., Mukherjee, T.K., Kailash Chandra1 and G. Srinivasan. (2015). Mantis (Insecta: Mantodea) fauna of 

Chhattisgarh, India. Rec. zool. Surv. India: 115(Part-4): 365-383. 

4. Sureshan, P.M. (2009). A Preliminary Study on the Mantid Fauna (Insecta : Mantodea) of Orissa, India. Rec. zool. Sur. India, 

Occ. Paper No., 305 1-56, (Published by the Director, Zoo I. Surv. India, Kolkata) 

5. Sureshan, P.M., T. Samanta and C. Radhakrishnan. (2007). Mantid (Insecta : Mantodea) fauna of Orissa with some new 

records for the state. Zoo’s Print Journal, 22 (1): 2539-2543. 
  



 

 
Volume 04 - Issue 08 - August 2022       412 | P a g e  
 

Recent Advancements in Unmanned Ground Vehicles for 

Herbicide Applications 
Article ID: 37896 

Omkar Gupta1, Gopal Carpenter1 

1Ph.D. Scholar, Division of Agricultural Engineering, ICAR-IARI, New Delhi. 
2Scientist, Division of Post Harvest Management, ICAR-CISH, Lucknow. 

 

 
 

Abstract 

Chemical application is becoming an inseparable part of the agriculture inputs as it is the most popular 

method of weed control. However, there are many significant problems caused by using excessive chemicals 

in agriculture such as pollination decline, losses to adjacent crops and contamination of groundwater. 

Currently, the chemicals sprayed in fields for weed control are applied on all the plants irrespective of 

presence or absence of weeds. 

But the amount of chemical use can be reduced by development of a system that can perform site-specific 

application. Lamm et al., (2002) developed a real–time robotic weed control system and tested in 

commercial cotton fields. They found that their system was able to identify and spray 88.8% of the weeds 

in the field. Gonzalez et al. (2016) developed a robotized patch sprayer systems for precise spraying and 

evaluated it on a simulated weed patch. 

They found that more than 95% of the area of the weed patches was treated by the developed system for 

the herbicide spraying. Utstumo (2018) designed a specialized robot for drop-on-demand (DoD) for weed 

control in vegetables. They reported herbicide saving by the DoD system in the range of 73–95% comparing 

with label glyphosate application. 

They have also analyzed the difference in Relative Green Index (RGI) between the two treatments 

(glyphosate and unsprayed control) and found that the treated plots had a reduction in RGI by 6.3% and 

the untreated an increase by 5.6% of the image area means the system was successful in controlling weeds 

in the applied area. These site-specific systems can reduce the number of herbicides used by 90% and in 

near future can be able to even eliminate the need of manual weeding. But these systems need to be faster, 

more reliable, robust and cost effective. 

Keywords: Precision Agriculture, Smart Farming, Unmanned Spraying. 

Introduction 

Weeds are major problem in crop field which compete for water, nutrient, light, space and cause severe 

reduction in crop yield and quality. Various kind of chemicals (herbicides, pesticides and weedicides) are 

used to control different weeds grown around crops. Presently throughout the glove approx. 2 million tons 

of pesticides are utilized, out of which 47.5% are herbicides, 29.5% are insecticides, 17.5% are fungicides 

and 5.5% are other chemicals (De et al., 2014). 

Currently, the chemicals sprayed in farms for weed control are applied on all over the field irrespective of 

weeds presence. Excess chemical sprayed in the farms results in problems such as human health hazard, 

air pollution and loss of natural antagonists to pests, pesticide resistance in crops, honeybee and pollination 

decline, fishery and bird losses and contamination of water. 

The amount of chemical sprayed in the field can be reduced by more advanced site-specific applications of 

chemicals. Researchers have been working on this site-specific application system for weeding in row crops. 

This system can able to detect the weeds within the plant row and selectively shoot droplets of herbicide 

on those weeds and leaving the crop and soil unaffected. 
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Fig.1: Schematic Diagram of the fundamental Spraying System 

Components of Unmanned Ground Vehicle (UGV) for Precision Spraying 

Basic Structure: Basic structure includes main frame of the UGV, wheels or wheel track, mounting frame 

for different sensors, wheel axles and steering structure. 

Control System: This includes different sensors and its control unit, feedback system, system controllers 

etc. main controller used for synchronizing and processing the information coming from different sensors 

and the external operator. 

Navigation or Guidance Systems: Global positioning System (GPS), Global Navigation Satellite system 

(GNSS), Light Detection and Ranging (LIDAR) are the sensors and systems used for providing position, 

orientation and obstacle detection for proper navigation in the field. 

Communication links & Integration Features: Many communications links like LAN, CAN, Ethernet 

and Serial Bus etc. are used for providing communication between main controller and other subsystems. 

Precision spraying Subsystems: The basic principle of a smart herbicide application system is that a 

real-time machine vision system can detect weeds or use accurate prescription maps of weed infestation 

growing within the field (e.g., Using a camera mounted on an unmanned aerial vehicle). 

Advantages of a Precision Spraying System on UGV 

1. It is able to reduce the quantity of Agro-chemicals significantly. 

2. It eliminates the need of operator in the field, hence the health hazard caused by harmful chemical spray. 

3. In future, this system can reduce the weed of manual weeding in large scale and even eliminate it. 

4. Less amount of sprayed chemicals in the fields means less air pollution, less impact on live-stock and 

birds and overall environment. 



 

 
Volume 04 - Issue 08 - August 2022       414 | P a g e  
 

Conclusions 

These site-specific herbicide spray systems can reduce the amount of herbicide by 90% and could be utilized 

for other agricultural tasks, for example fertilization tasks using liquid fertilizer where the concentration 

applied could be varied according to the requirement of the different zones of the crops. Although, the 

machine vision system is refined in many ways, still there is scope for improvement in speed, reliability, 

robustness and cost effectiveness to be used by common man. There type of system can reduce or even 

eliminate the need of manual-weeding in future. 
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The deforestation is still continuing and takes a heavy toll of forest wealth. This not only affects the forests 

but the wildlife and the whole ecosystem also. Deforestation is on alarmic rate (1.5 million hectare every 

year). For carrying out artificial regeneration, there are some preliminary considerations which are 

urgently needed. 

Basic Steps in Artificial Regeneration 

Choice of Species: 

a. The choice of species is very important in artificial regeneration. Therefore, before choosing the 

tree species, the purpose of growing the trees has to be specified. 

b. Climate and microclimate: The choice of species depends upon the prevailing climatic and micro-

climatic conditions. 

c. Soil requirements: 

i. Wet soils - Salix species, Populus species, etc. 

ii. Water - logged soils, Eucalyptus robusta, E. saligna etc. 

iii. Sandy loam - Albizia procera, Acacia nilotica, Dalbergia sissoo, etc.  

d. Market facilities. 

e. Growth rate: Fast growing tree species - Acacia nilotica (Babul), Leucaena leucophala (Subabool), 

Melia azedarach (Bakain), P. deltoides (Poplar), Salix species (Willow) 

f. Viability of Exotics: In simple it meaning pertains to, not native to the area of question. The exotic 

can be described as "an organism in an area which is not native of the area but has its origin in some 

other region. For example, Eucalyptus species, Leucaena leucocephala, Robinia pseudacacia, 

Populus deltoids etc. 

g. Management objectives. The artificial regeneration depends upon the objectives of management. 

h. Site conditions: The site is the complex of physical and biological factors of an area that determine 

what forest of other vegetation. 

i. Succession: The succession is the gradual replacement of one community by another in the 

development of vegetation towards a climax. 

j. Cost of growing: This is also very important factor affecting the choice of species. 

k. Availability of seed /propagation material: The seed source should be sound. 

2. Choice of Method: The success of artificial regeneration depends, to a great extent upon the choice of 

method. There are mainly two methods of this regeneration, viz. 

a. Sowing: Sowing, in the simplest words, is the process of scattering the seeds in a particular place 

e.g. nursery bed, field etc. 

b. Planting: Planting is another method of artificial regeneration. However, planting is described 

as the transferring nursery stock to the planting site as contrasted with transplanting in the 

nursery. 

3. Site Selection: The selection of site is also a crucial factor in artificial regeneration. There are several 

factors which affect the site preparation. 

a. Ground Cover: 

b. Physical Factors: 

i. Topography. 

ii. Exposure. 

iii. Soil type. 

iv. Erosion hazards. 
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v. Size of treatment area. 

vi. Access. 

c. Preparation requirement: To create a suitable environment for establishment of desirable species. 

d. Man Power and Equipment: The site selection and preparation methods require good skill and 

useful equipment. 

e. External Constraints: 

i. Legal responsibilities. 

ii. Smoke management guidelines. 

iii. Proximity to sensitive areas. 

iv. The attitude of adjacent farmers / land owners. 

f. Spatial Arrangement: This is also called as Spacing. 

Artificial Regeneration by Vegetative Method 

Planting material besides seeds for e.g. Bare root seedlings, containerized seedlings, cuttings, layering, 

rhizomes, suckers, offsets, bulbs, corms are also used for vegetative propagation material. 

Propagation by Cuttings: Cuttings are of two types, 1. Stem cutting 2. Root cutting 

1. Stem Cutting: Very few species response well for this method. The species, which easy to root are 

suitable for this method of planting. Particularly species of di-cotyledons group having active cambium 

layer e.g. Shisam, Nimbara Drumstick, Mulberry Inga dulsis, Dhaman, Pangara, Pimpal, and Banyan Tree 

etc. 

Depending upon the maturity of stem cutting are grouped into: 

a. Hard Wood Cutting: Mature woody branches are used. 

b. Soft Wood Cutting: Recently mature branches are used e.g. mulberry-Inga dulsis. 

c. Root-cutting: Roots are used for preparation of cutting e.g. Sandalwood, Pangara. 

 

2. Stumps: In few species, stumps are used for planting e.g. Teak, Shivan, Shisam, Cassia spp. Stums are 

easy to transport, require less space and can be transported to long distance. These are prepared at the 

time of planting operation or just before planting operation. Fresh uprooted seedlings are used to transplant 

easily. 20% stem portion and 80% taproot are kept while preparing the stump. Fine edge knife or implement 

is to be used so as to avoid the damage, stem portion is cut 5 to 6 cm above the collar region is kept intact 

and remaining portion or roots are cut to prepare stump. The stumps are then packed in bundles, keeping 

stem portion on one side and roots on m, another side, the stumps should be transported immediately. For 

transportation stumps are covered with moist gunny bag cloth to avoid desiccation. They can be transported 

within 2-3 days without much loss. 

These stumps are planted on start of monsoon after 3-4 rain showers when soil becomes sufficiently moist 

and soil temperatures are warm. Stumps are planted by preparing small holes in slating portion with the 

help of crowbar so that new shoot will rise straight. Then the stumps are inserted inside and soil is pressed 

firmly so as to avid water stagnation in the hole. The cooler region is kept just near to the soil surface. 
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3. Root Suckers: Root suckers can also be used for planting purpose e.g. Pomegranate, Kokum, Salaim 

Anjan, Shisam, Nimbara, Pangara, Erythrona etc. The layers, grafted plants, budded plants can be used 

to prepare planting material. These all are only used in forestry for conservation of superior genotype. It is 

used for commercial plantation as they are short lived, spreading and not develop long straight (trunk), 

particularly suitable for timber purpose. 

Planting by root cuttings in sandal wood, pangara. Planting by root suckers e.g. Pala, Anjan, Pomegranate, 

Kokum, Salai, Shisam, Nimbara, Erythrina Supersa. 

Conclusions 

Artificial regeneration offers greater opportunity than natural regeneration to modify the genetic 

constitution of stands. The most important decision made in artificial regeneration is the selection of the 

species used in each new stand. The species chosen should be adapted to the site. The most successful 

introductions are obtained by moving species to the same latitude and position on the continent that they 

occupied in their native habitat. 

  

https://www.britannica.com/science/habitat-biology
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Introduction 

Grafting is the process of combining plant parts together through tissue regeneration so that they 

physically unite and develop into a single plant. Grafting is a frequent practise in hydroponic tomato 

greenhouses to increase vigour, hardiness, and disease resistance. For field production, cucumbers are 

frequently grafted in Asia and Europe. Almost all vegetables are annuals in general, though some are 

biennials when grown for seed production and annuals when grown for consumption. Therefore, grafting 

is required for vegetables in order to increase yield and quality while also developing resistance to a variety 

of biotic and abiotic stresses, without reducing juvenility. 

Purpose of Vegetable Grafting 

1. To avoid soil borne diseases 

2. To tolerate low-temperature 

3. Salt and wet-soil tolerance 

4. To enhance water and nutrient uptake 

5. To increase yield 

6. To increase plant vigour 

7. To reduce fertilizer and agrochemical application 

Direct and Indirect Responses Due to Grafting 

S.No  Direct response  Indirect response  

1 Disease tolerance Shoot growth promotion 

2 Low temperature tolerance Juvenile and adult phase changes 

3 High temperature tolerance Translocation studies of stimuli 

4 Enhanced mineral uptake Sex expression 

5 Salt tolerance Hormonal regulation 

6 Increasing fertilizer efficiency Physiological changes or disorders 

7 Wet soil tolerance Organic substances translocation and composition 

8 Enhanced water uptake Propagation and transformation 

9 Root nodulation Fruit yield and quality 

10 Winter hardiness Heritable changes 

11 Xylem sap composition Ornamental value 

12 Nematode resistance Earliness size control, extended harvested period 

Problems Associated with Grafted Plants 

In addition to the labour and trained personnel needed for grafting, farmers may experience unforeseen 

issues when using grafted seedlings as opposed to self-fruited seedlings. The following are these issues: 

Occurrence of secondary diseases such as anthracnose in bottle gourd, internal fruit decay or premature 

fermentation in melon, tobacco mosaic virus and other in tomato; occurrence of unexpected diseases such 

as virus infection in rootstock seeds; Poor fusion of vascular bundles in grafted unions; changes in graft 

compatibility with the growing season; environmental stresses; and poor quality of fruits harvested from 

the grafted plants. 
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Objective for Grafting of Rootstocks and Scions in Different Vegetable Crops 

Scion  Objective  Rootstocks  

Tomato Tolerance to bacterial wilt 

(Ralstonia solanacearum), 

Fusarium oxysporum, Nematodes 

(Meloidogyne sp), Verticillium 

dahlia 

Lycopersicon pimpinellifolium, 

Lycopersicon esculentum 

Solanum nigrum 

Eggplant Tolerance to bacterial wilt 

(Ralstonia solanacearum), 

Fusarium oxysporum, Nematodes 

(Meloidogyne sp), Verticillium 

alboatrum, low temperatures. 

Solanum nigrum, Solanum torvum 

Solanum melongena 

Solanum integrifolium 

Cucumber Tolerance to Fusarium wilt, 

Phytophthora melonis, low 

temperature. 

Cucurbita moschata 

Cucurbita fisifolia 

Cucurbita maxima 

Sicyos angulatus 

Watermelon Tolerance to Fusarium wilt 

(Fusarium oxysporum), low 

temperature, drought tolerance. 

Citrullus lanatus 

Cucurbita moschatus 

Cucurbita maxima 

C. moschata X C. maxima 

Bitter gourd Tolerance to Fusarium wilt 

(Fusarium oxysporum.f.sp. 

momordicae). 

Cucurbita moschata 

Lagenaria siceraria 

Luffa aegyptica 

Melon (for open field) Tolerance to Fusarium wilt 

(Fusarium oxysporum), low 

temperature, drought tolerance, 

Phytophthora disease. 

Cucurbita sp. 

Cucurbita moschata X C. maxima 

Cucumis melo 

Rootstock and Method of Grafting Used in Different Vegetable Crops 

In solanaceous crops splice grafting, tube grafting, cleft grafting and pin grafting are using, while in 

cucurbitaceous crops hole insertion method, tongue approach method and one cotyledon method of graftings 

are mostly using. 

S.No Vegetable Rootstock Methods of grafting 

1 Watermelon  Bottle gourd and squash  Hole insertion grafting 

Tongue approach grafting 

and Cleft grafting 

2 Cucumber  Squash and fig leaf gourd  Tongue approach grafting 

and splice grafting 

3 Melons  Squash for Oriental melons  Tongue approach grafting 

and splice grafting 

4 Tomato  Brinjal and wild species of tomato  Tongue approach grafting 

and splice grafting 

5 Brinjal  Brinjal and its wild species  Tongue approach grafting 

and splice grafting 

6 Pepper  Pepper and its wild relatives  Splice grafting 

Grafting Robots 

Despite being labor-intensive, manual grafting has, with a few exceptions, been the main technique utilised 

in many well-established grafting propagation operations. Experienced propagators choose grafting 
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techniques based on the plant species being grafted as well as the level of expertise of their workers because 

grafting methods have a significant impact on grafting speed and success rate. Many propagators are 

interested in automated grafting or grafting robots because labour management is a crucial problem in 

large-scale propagation (producing more than 10 million plants annually) or in propagation with seasonal 

demands. In 1993, the first grafting robot for cucurbits was made available commercially (GR800 series, 

Iseki & Co. Ltd., Matsuyama, Japan) (Kubotayashi, 2005). Since then, several agricultural machine 

industries have developed semi- or fully automated grafting robots (Kurata, 1994), and a number of 

commercial models are now offered in East Asia, Europe, and most recently the United States. Semi-

automated grafting robots typically graft at a rate of 600–800 grafts per hour (speed equivalent of 5–6 

skilled workers for cucurbit, and 2-3 skilled workers for tomato), but they still need a minimum of two 

workers, as well as one trained worker, to check the grafting quality. Fully automated grafting robots have 

recently become accessible. 

The Japanese model was created for cucurbits and has scion and rootstock feeders that choose, orient, and 

feed the scion and rootstock shoots to the grafting processor. It can conduct 750 grafts per hour with an 

average success rate of 90% and only needs one skilled person to make inspections. Another fully automated 

model created in the Netherlands has the capacity to graft 1,000 tomato or eggplant seedlings per hour and 

includes additional features like automatic matching scion and rootstock seedling selection, which is 

essential to increasing success rates. There are numerous grafting operations currently available, both with 

and without automation. Based on the availability of personnel and other resources, propagators choose 

what works best for their particular operation. 

Grafting Machine and Robots Used in Grafting 

Grafting machine Company (Country) Crop(s) Efficiency 

CCG  IAM BRAIN (Japan)  Cucumber (1983)  500/hr  

Super angel G 892  IAM BRAIN (Japan) Cucumber (1987) 1200/hr  

Super angel G-710  Nasmix Co. (Japan)  Cucurbits (1989)  600-800/hr  

Super angelG-720  Nasmix Co. (Japan) Solanaceous  
 

 AG-1000  Yanma (Japan) Solanaceous 1000/hr  

TGR grafting robot  TGRI (Japan) Solanaceous & Cucurbits  800/hr  

Pin grafting robot  Takii (Japan) Solanaceous -  

Plug-in grafting robot  Osaka prefecture Univ. 

(Japan) 

Solanaceous and 

Cucurbits  

-  

grafting robot/Korea 

(Plug-in type)  

Kyungpuk Univ. (Japan) Solanaceous and 

Cucurbits  

900/hr  

Pin grafting robot  RDA (Korea)  Solanaceous 1200/hr  

Tongue approach 

grafting robot  

SungKyunKwan Univ. 

(Korea) 

Cucurbits  900-1200/hr  

Semi-automatic 

grafting machine  

Yupoong (Korea) Cucurbits  400/hr  

Fully Automatic Grafting Robot 

Grafting machine Country Crop(s) Efficiency 

Fully automatic grafting robot 

(with seedling feeding device)  

Japan  Watermelon and Cucumber 800 /hr 

Fully automatic grafting robot 

(without seedling feeding device) 

Japan  Watermelon, Cucumber and 

Tomato 

900/hr using 

3 workers 

Marketed in 2010 in Japan with 95 % and 99 % success rate in watermelon and cucumber respectively. 

Source: Keita Yoshinaga, Current topics and technical development in fully automatic grafting robot in 

Japan, International Symposium on Vegetable grafting, Italy, 2011. 
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Semi-automatic grafting robot 

 
Fully automatic grafting robot 

Conclusion 

Even though there are many problems associated with cultivating grafted vegetable seedlings, the need for 

successfully grafted seedlings is growing rapidly. Breeding multipurpose rootstock and developing efficient 

grafting machines and techniques will undoubtedly encourage increased use of grafted seedlings not only 

in Korea and Japan, but also in many other countries. Large-scale commercial production of vegetable 

seedlings is expanding rapidly in many developed countries, and this will lead to an increased commercial 

supply and use of grafted vegetable seedlings throughout the world. 
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Diversification in Farming System Defined 

We refer to a farming system as “diversified” when it intentionally includes functional biodiversity at 

multiple spatial and/or temporal scales, through practices developed via traditional and/or agro ecological 

scientific knowledge. Farmers manage this functional biodiversity to generate critical ecosystem services 

to agriculture. At the plot (i.e., within-field) scale, diversified farming systems (DFS) may include multiple 

genetic varieties of a given crop and/or multiple crops grown together as polycultures, and may stimulate 

biodiversity within the soil through addition of compost or manure. By crops, we mean either annual or 

perennial crops, including tree crops. 

At the field scale, DFS may include polycultures, noncrop plantings such as insectary strips, integration of 

livestock or fish with crops (mixed cropping systems), and/or rotation of crops or livestock over time, 

including cover cropping and rotational grazing. Around the field, DFS may incorporate noncrop plantings 

on field borders such as living fences and hedgerows. At the landscape scale, DFS may include natural or 

semi-natural communities of plants and animals within the cropped landscape/region, such as fallow fields, 

riparian buffers, pastures, meadows, woodlots, ponds, marshes, streams, rivers, and lakes, or combinations 

thereof (see also Kremen and Miles 2012). The resulting heterogeneous landscapes support both desired 

(beneficial) components of biodiversity and “associated biodiversity”; together these two elements make up 

agro biodiversity. 

Present Scenario 

1. Soil degradation, salinity and alkalinity 

2. Depletion of water table in greenbelt 

3. Untapped rain water resources in dry land. 

4. Raising cost of input hence, high cost of production 

5. Reduction in productivity 

6. Regional imbalance in production and productivity. 

Strength 

1. Food grain production rise from 51 to 212 metric tones 

2. Close to one fourth GDP contributed by agriculture 

3. Largest producer of milk and tea 

4. Second largest producer of rice, wheat vegetable, tobacco 

5. International market through world trade organization 

6. 7.36% share in total biota against 2.46% of the global land mass 

7. 356 major and minor crop plant species and 326 wild relatives. 

Need for Diversification 

Indian agriculture is fraught with risk and uncertainty as more than two third of cultivable land is 

dependent on monsoon. The farmers are often not sure about outcome from agriculture due to weather and 

market induced risk. Diversification become necessary for developing countries only growing of basic 

staples such as cereals cannot alone support economic development notwithstanding the need to ensure 

the food security of the people. 

Diversification to commercial crop and commodities becomes an essential strategy that can increase income 

in agriculture, minimize risk due to crop failures and above all earn foreign exchange. Diversification can 

be designed to help poverty alleviation, employment planning and environmental conservation. The small 

and marginal farmer cannot adopt capital intensive technology. 
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Importance of Diversification 

1. The imperative to increase the income of small holdings 

2. The need for full time employment to farmer family 

3. Stabilization of farm income over the year 

4. Conservation and enhancement of natural resources 

5. To combat risk associated with monocropping 

6. To endanger food and nutritional security through diverse of area away from food grains. 

 

Steps for Diversification 

1. Select the highly location specific system and technology of the area 

2. Priority input/credit supply for alternative system 

3. Share the risk of new system 

4. Market support and rural up linking 

5. End to end approach. 

Constraints in Diversified Farming 

1. Over 117 m.ha of the cropped area in the country is completely dependent on rainfall. 

2. Sub optimal and over use of resources like land and water. 

3. Poor basic infrastructure like roads, power, transport, communication etc. 

4. Very weak agro based industry. 

5. Fragmentation of land holding less favoring modernization and mechanization of agriculture. 

6. Large scale illiteracy amongst farmers. 

 



 

 
Volume 04 - Issue 08 - August 2022       424 | P a g e  
 

Government Policies and Strategies for Diversified Farming 

1. Launching a technology mission for the integrated development of horticulture in the northeastern 

region 

2. Implementing national agriculture insurance scheme. 

3. Adopting technology mission on cotton. 

4. Provision of capital subsidy of 25% for construction/modernization/expansion of cold storages and 

storages for horticultural produce. 

5. Creation of watershed development fund. 

6. Strengthening agricultural marketing 

7. Seed crop insurance. 

8. Seed bank scheme. 

9. Cooperative sector reforms 

10. Gober bank at village level. 

Diversified Farming Sub System 

Sub system Component involved 

Silviculture Trees and shrubs with or without animals 

Agri silviculture Growing tree with annual or perennial 

agricultural crops 

Silvi pastorals Growing tree with grasses for rearing cattle 

Silvi horti Trees and fruit crops 

Silvi horti pastures Trees fruits and grasses 

Agri horti Agricultural crop with fruit trees 

Silvi horti floriculture Growing trees fruit trees and flower together 

Alley cropping Shrubs or trees alternated with crop with fixed 

width 

Aqua forestry Combined cultivation of trees and fish 

Silvi sericulture Practicing sericulture on tree 

Integrated animal based Agricultural crop with dairy, poultry, fisheries, 

piggery, apiary 
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What is Green Manuring? 

Green manuring is the ploughing under or soil incorporation of any green manure crops while they are 

green or soon after they flower. Green manures are forage or leguminous crops that are grown for their 

leafy materials needed for soil conservation. 

Methods of Green Manuring 

In-situ green manuring: In this system the short duration suitable crops are grown in a field prior to 

crop cultivation and then cut and buried in the same site when approximately 50 percent of all plants are 

flowering. 

Ex –situ green manuring: Green leaves and tender plant parts of the plant are collected from shrubs and 

tree growing on bunds, degraded lands or nearby forest and they are incorporated or mixed into the soil 15-

30 days before sowing of the crops depending on the tenderness of the foliage or plant part. 

 

Why Green Manure is Needed? 
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It has been seen that considerable loss of organic matter is occurring from the soil due to high temperature, 

oxidation of organic matter, high annual rainfall, high dose of inorganic fertilizer and poor aeration. Green 

manuring plays a very valuable role in agriculture for improving soil condition and nutrition. 

Characteristics of Green Manure Crops 

1. Multipurpose use 

2. Short duration, fast growing, high nutrient accumulation ability 

3. High N accumulation rates 

4. Timely release of nutrients 

5. Photoperiod insensitivity 

6. High seed viability and leafy 

7. Ease in incorporation 

8. Smothering effect on weed 

9. Pest and disease resistant. 

Types of Green Manure 

1. Legumes: These are plants with roots that collaborate and work with the bacteria in the soil to trap 

nitrogen from the atmosphere, in a process called nitrogen fixation. The process is further aided by an 

inoculant or treatment medium that helps the legumes work. The inoculant is available at garden centers 

in powder form and significantly improves the yields if used. Some legume green manures include soybeans, 

letches, alfalfa, peas, beans, lupins, and clover. 

2. Nonlegumes: These are any other green manures, and mainly serve as cover crops. They also enrich 

the soils with organic matter. They include ryegrass, phacelia, turnips, rye, chicory, oats, barley, mustard 

and buckwheat. Winter rye is a form of rye that grows in the coldest zone. 

Green Manure Crops can also be Classified Based on their Purposes 

Cover crops: these are crops sown to cover soils and prevent erosion. They include vetch, Sirius peas, oats, 

clovers, winter rye, and lentils 

Break crops: they are crops that interrupt the lifecycle of pests or diseases and include alfalfa, mustard, 

brassica and rye 

Nitrogen-fixing crops: they are leguminous crops planted to enrich soils of available nitrogen. Some 

examples include beans, vetches, clovers, peas, soybeans, lupins, and alfalfa. 

Nutrient conserving crops: as the name suggests, they minimize nutrient leaching and add more 

nutrients into the soil. They include ryegrass, oil radish, buckwheat and red clover. 

Smother crops: these are crops grown to outcompete weeds in growth, and they include winter rye, 

buckwheat, yellow sweet clover and oil radish. 

Advantage of Green Manuring 

1. Improving soil fertility and soil structure. 

2. Supplements for nutrients 

3. Maintain the organic status of arable soil 

4. Prevention of soil erosion 

5. Increase activity of micro-organisms 

6. Used as a mulch and weed control 

7. Amelioration of soil problems. 

Factors Affecting Decomposition of Green Matter 

1. soil moisture 

2. microbial population 

3. Aeration  

4. Soil texture 

5. Soil temperature 
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6. Soil fertility 

7. Composition of green manure 

8. C:N ratio of green manure. 

Limitation in Raising Green Manuring Crop 

1. Non availability of water resources may restrict the raising of green manure crop 

2. Non availability of good quality seeds poses a problem 

3. Allotment of 6-8 week exclusively for growing a green manure crop is not preferred by farmers in 

intensive cropping system. 

4. In north India where rice is grown after a wheat crop, the farmer is not able to carry out field operation 

in the peak summer months of May and June. 

5. Vegetative growth is retarded by early flowering during a short, dry season, resulting in less biomass 

production. 

6. Incorporation of green manure crops under certain situation may be difficult and costly  

Effective incorporation of the green manure crop is as important as the growing of the crop. Green material 

of incorporated crop should breakdown quickly and this will depend on good mixing of the green manure 

crop and proper aeration of the soil. It is also important that the green manure has not become too mature 

and woody at the time of incorporation. Before incorporation, the top growth should ideally be wilted. If 

there is a lot of bulk a topper should be used to chop the growth, which is then wilted for up to 7 days before 

incorporation. To chop the green material into the soil surface, an alternative approach is uses disc harrows 

or a shallow rotavator. 

Conclusion 

From the above discussion it can be concluded that incorporation of green manuring, different treatment 

is low cost and effective technology in minimizing the investment cost of chemical fertilizers and 

safeguarding the productive capacity of the soil by improving physical and chemical properties. The 

additions of suitable green manuring crops in cropping system can reduced the fertilizer usage to 

succeeding crop and increase the nutrient uptake and finally results in better crop growth and yield. 
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Abstract 

Ripening is the process by which fruits attain their desirable flavour, quality, colour, palatable nature and 

other textural properties. Ripening is associated with change in composition i.e., conversion of starch to 

sugar. Currently the evaluation of watermelon ripeness is performed manually by tapping the surface of 

fruit or by visually evaluating from its appearance. However, these evaluations are subjective and 

inconsistent, therefore, modern non-destructive acoustic response system can be used to classify 

watermelons into ripeness stages according to their acoustic response. 

Introduction 

The watermelon is an important and common fruit, especially during summer and in tropical areas. It is 

mainly valued for its high-water content (over 90 %) and vitamin levels (Wolbang et al., 2008). Maturity of 

watermelon during harvest is very important to attain good sensory attributes as the sugar content does 

not show significant increase after harvest. It is harvested at different stages as it is difficult to judge 

correct harvest maturity. So even immature fruits are harvested and sent to the market due to lack of 

expert graders. Presently, the ripening is mainly assessed by humans according to appearance, flavor, 

texture, sound, and so on. However, none of these factors constitutes reliable indicators, as such methods 

are prone to human error. Chen et al., (2018) summarize number of approaches for nondestructive quality 

determination such as acoustic and dynamic methods, electrical and magnetic methods, X-ray methods, 

and near infrared spectroscopy methods. These approaches can successfully achieve their goals. However, 

it remains an open challenge to develop easily implementable, low cost, high accuracy methods of 

evaluating quality. Among the methods mentioned above, acoustic detection technology has developed 

rapidly and become a primary method for the nondestructive quality assessment, owing to its high speed, 

effectiveness, and low cost. Acoustic technologies are based on the hypothesis that good quality 

watermelons yield a different acoustic resonance to those of bad quality, and many interesting relationships 

between the acoustic features and internal qualities (Chen et al., 2018; Karthickumar et al., 2018; Wolbang 

et al., 2008). The several studied have been reported the repines could be estimation by using acoustics 

response method. 

Ripeness Detection of Watermelon 

Chen et al. (2018) developed a system based on acoustic impulses for separating ripe watermelons from 

unripe ones, by combining the WMRD analysis with a statistical hypothesis test. 

 
Fig. 1: Schematic diagram of experimental system: (1) supporting platform; (2) watermelon; (3) 

wooden stick; (4) microphone; and (5) notebook computer. 
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The experimental equipment consisted of product support, a light exciting stick, a microphone, a notebook 

computer (with a built-in 16-bit data acquisition card), and Matlab software to acquire and analyze the 

results. A schematic diagram of this system is presented in Fig. 1. 

The proposed method is developed by multiresolution decomposition using Daubechies wavelets. A 

discrimination index was used to estimate the separation degree of ripe and unripe samples, and the results 

confirmed that the 5-level wavelet decomposition yielded a maximum index. The final results demonstrated 

that the proposed method is effective, and the testing accuracy is 91.76%. it was concluded that the 

presented method is considerably easy to implement in actual applications, 

because it avoids complicated feature extraction and classification modeling.  

Zeng et al. (2014) developed a real-time crowdsourcing mobile application to judge watermelon ripeness 

automatically using mobile devices. Through analyzing ripeness-related features extracted by thumping 

watermelons, collecting acoustic signals by microphones on mobile devices (Fig. 2). 

 
Fig. 2: Thump a watermelon and record acoustic signals using the microphone on the mobile 

device 

 
Fig. 3: Work flow of preprocessing of acoustic signal 

This is possible in real time, making use of machine learning techniques to provide good accuracy. We 

firstly, collect a training dataset comprising acoustic signals generated by thumping both ripe and unripe 

watermelons. Audio signal analysis on this helps identify features related to watermelon ripeness. These 

features are then used to construct a classification model for future signals. Based on this, we developed a 

crowdsourcing application for Android which allows users to identify watermelon ripeness in real time 

while submitting their results to us allowing continuous improvement of the classification model. 

Experimental results show that our method is currently able to correctly classify ripe and unripe 

watermelons with an overall accuracy exceeding 89 %. 

Lee et al. (2005) employed multiple acoustic sensors to assess the internal qualities of watermelons, and 

established a prediction model using partial least squares regression. Jamal et al. (2005) studied the 

relationship between the resonant frequency and firmness of watermelons. Diezma-Iglesias et al. (2004) 

used the acoustic impulse response to detect internal defects in watermelons, and determined that a band 

amplitude parameter displayed the best ability to detect internal disorders. The acoustic response could be 



 

 
Volume 04 - Issue 08 - August 2022       430 | P a g e  
 

used in the watermelon processing industry and other packaging units for non-destructive fruit 

classification. 

Conclusion 

Watermelon is a large consumption summer fruit all around the world. Nevertheless, the maturity of this 

fruit is hard to measure without destruction. Traditional non-destructive methods are to count the day that 

fruit grows and judge ripeness by the sounds of slapping melons. The disadvantage of those methods is: it 

is hard to judge accurately, even for experienced growers. Thus, a valid non-destructive technique is needed 

to test melons for ripeness. The non-destructive acoustic response system can be used to classify 

watermelons into ripeness stages according to their acoustic response. 
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Introduction 

Lantana camara is a perennial, erect sprawling or scandent flowering plant found in tropical areas. It is 

indegenous to America and Africa but can be now found as an exotic species in many other places of Europe, 

Asia and Oceania. The leaves are broadly ovate, opposite and simple and have a strong odour when crushed. 

Lantana camara has small tubular-shaped flowers, which each have four petals and are arranged in 

clusters in terminal areas stems. Flowers come in many different colours, including red, yellow, white, pink 

and orange, which differ depending on location in inflorescences, age and maturity. The flower has a tutti 

frutti smell with a peppery undertone. After pollination occurs, the colour of the flower’s changes (typically 

from yellow to orangish, pinkish or reddish), this is believed to be a signal to pollinators that pre-change 

colour contains a reward as well as being sexually viable thus increasing pollination efficiency. The berry-

like drupe, dark purple or black fruits are eaten when fully ripe. In Meghalaya before people- built walls 

between their homes in the city of Shillong. The people of the city used the Lantana plant as hedge plant, 

it was how homes were seperated from one another. Yes, a lot of management went into prevent the 

Lantana plant from becoming an agricultural weed. 

Despite its tendency as an invasive plant species, Lantana camara is known to be an important medicinal 

plant with several medicinal uses in the traditional medication system. Its preparations are in folk 

medicine for the treatment and management of numerous disease conditions including skin itches, leprosy, 

rabies, cancers, chicken pox, measles, asthma, ulcers, swellings, eczema, tumours, high blood pressure, 

bilious fevers, catarrhal infections, tetanus rheumatism and malaria. The infusion of the whole plant is 

used to cure bronchitis. In parts of its native range, Lantana camara is used as a source of medicine for 

treating stomach disorders. Medicinally, the plant has antimicrobial, fungicidal, insecticidal and 

nematocidal properties. 

Uses of Lantana camara 

Medicinal value: Studies conducted in India have found that Lantana camara leaves can display 

antimicrobial, fungicidal and insecticidal properties. L. camara has also been used in traditional herbal 

medicines for treating a variety of ailments including cancer, skin itches, leprosy, chicken pox, measles, 

asthma and ulcers. 

Ornamental Plant: Lantana camara has been grown specially for use as an ornamental plant since Dutch 

explorers first brought it to Europe from the New World. Its ability to last for a relatively long time without 

water and the fact that it does not have many pests or diseases which affect it, have contributed to it 

becoming a common ornamental plant. L. camara also attracts butterflies and birds and is frequently used 

in butterfly gardens. As an ornamental, L. camara is often cultivated indoors or in a conservatory, in cool 

climates but can also thrive in a garden with sufficient shelter. 
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As a Host Plant 

Many butterfly species feed on the nectar of L. camara. Papilio homerus, the largest butterfly in the western 

hemisphere, is known to feed on the nectar of the flowers as an opportunistic flower feeder. A jumping 

spider, Evarcha culicivora, has an association with L. camara. They consume the nectar for food and 

preferentially use these plants as a location for courtship. 

 

Good for Landscaping 

One of the benefits of Lantana camara plant is, it makes a good choice for garden landscaping. It can be 

used for a border or as ground cover. It is drought and salt tolerant and can also be used for dry landscaping. 

It is easy to cultivate, drought resistant and lasts throughout the summer. The Lantana flower adds to a 

good-looking landscape. 

 

Benefits of Lantana camara 

Medicinal properties of the leaves: Lantana camara has amazing health benefits too. According to a 

published medical review on medicinal properties of Lantana, its leaves are used for treating malaria, 

chickenpox, asthma, ulcer, swelling, eczema, tumour, high blood pressure, bilious fever, sores, measles, 

fevers, colds and high blood pressure. 

 

A source of essential oil: Lantana camara essential oil extracted from the leaves through distillation 

method. The extract has a pale-yellow colour and its aroma exhibits woody undertone and scent like that 

of basil. The processed and tested Lantana essential oil is used externally for treating skin irritation, 

leprosy and scabies. It is also an antiseptic for wounds. 
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Here are a few more Lantana camara uses: Lantana camara can be used as an eco-friendly and 

durable wood polymer composite for making baskets, foot mats and pen cases.  The aromatic leaves are 

used to make tea. The sweet tasting drupaceous ripe black fruits are eaten in handfuls especially by 

children as a snack. However, some reports mention the toxicity of the unripe fruits. The stem bark of 

Lantana camara is stringent and used as a lotion in leprous ulcers and other skin eruptions. Long straight 

stems make a decent friction timber for starting a fire and serve as useful fuel for cooking and heating in 

homes. 

 

Uses of Lantana camara in Ayurveda: Lantana camara, which belongs to the Verbenaceae family has 

been an important coniferous plant in ayurvedic and indigenous medicinal systems. The freshly harvested 

leaves are boiled and applied externally to alleviate body swelling. The different parts of plant extract have 

been used for various illness. The root is used for influenza, cough, mumps, fever, malaria, toothache, 

headache etc. The flowers are used hemoptysis and pulmonary tuberculosis, constipation and bronchitis 

among others can also be treated using plant parts of Lantana camara. 

Caution for Growing or Using Lantana Plant 

Even though Lantana camara offers tremendous benefits, make sure you are wearing gloves while planting 

or plucking this plant. Wash your hands after touching them. All parts of the plant are poisonous and 

should not consume. 

Using Lantana Essential Oil at Home 

1. Essential oil extract of Lantana plant has a floral-woody fragrance and can be mixed with water and 

sprayed to refresh a room. 

2. You can use it as a diffuser blend. Add a few drops of the essential oil to your sweaters or flannel shirts 

with it for a blissful scent of woodiness. 

3. Use it as a freshner while you clean your home. This is simple- add a few drops of the essential oil in 

each new bag you put in your vacuum. If your vacuum has a washable filter then you can add a few drops 

in the filter. As you vacuum your house, it will smell amazing. 

4. You can add it with disinfectants or water used for mopping to make your home smell fresh and natural. 

5. Add a few drops on your furnace air filters. Let the scent diffuse throughout your homes. 
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Conclusion 

Despite its reputation as a no-good weed, the Zizira explorers have discovered that the Lantana camara 

has lots of hidden potentials. The team found interesting ways of using Lantana plant. Medicinally, the 

plant has antimicrobial, fungicidal, insecticidal and nematocidal properties. 
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Introduction 

The genus Cyperus has a large number of annual and perennial species of sedges and belongs to a single 

botanical family Cyperaceae. Cyperus iria, Cyperus difformis, Cyperus compactus, Cyperus compressus are 

annual species and present lesser in number than the perennial ones. The perennial sedge species include 

Cyperus rotundus, Cyperus esculentus, Cyperus blysmoides, C. bulbosus, C. rigidifolius, C. tuberosus, etc. 

Cyperus rotundus (purple nutsedge, nutgrass, cocograss) is perennial in habit and a difficult-to-control 

weed, it is prevalent in the tropics and sub-tropics. It can grow in any type of soil and can also withstand 

very hot weather.  Cyperus routndus lives in many places, such as in cultivated fields and waste areas as 

well as on the sides of roads and the banks of rivers and streams are good places to find it.  It is figured to 

an invasive because of how quickly it grows and how resistant it is to herbicides.  C. rotundus grows a lot 

of underground tubers from which it can grow back.  This makes it hard to get rid of once it’s there. 

Morphology 

Cyperus sedge is very different from other sedges that live all year long.  The flowering stem, which can be 

up to 60 cm tall and has swollen bases, is smooth outside (basal bulbs).  There is a distinct midrib in the 

leaves.  They are linear, up to 7 mm wide and usually shorter than the flowering stem.  The leaves come 

out of a sheath around the base of the flowering stalk.  There are a lot of leafy bracts covering the 

inflorescence, which is a long, open umbel on top of the plant that’s at the end of the plant.  Flattened 

spikelets about 1 cm long and 2 mm wide are on 2-6 cm long rays.  Each spikelet has up to 30 glumes, about 

3-4 cm long. Rhizomes are long, wiry, dark and strong.  They connect a network of daughter shoots and 

tubers that are from them.  They are dark brown to black, a little lumpy and about 1 cm long when they 

are grown. The fruit has a seed that is about 1.5 mm long, dark brown or black. C. rotundus is thought by 

some participants to have come from India, but other people think it came from other places, like northern 

and eastern Australia and not just India. A lot of people think this species lives in the tropical and 

subtropical parts of Africa and Eurasia. 

The chances of C. rotundus getting into the country are very high. Because this species moves around a lot 

and is very adaptable to different environments. When native plants are displaced or native animals have 

less food or shelter, it can be bad for agriculture and natural ecosystems. This is why it is called one of the 

"world's worst weeds." This fast-growing plant can quickly form dense colonies because it can make a lot of 

rhizomes and tubers, which help it grow. As a result, its chances of taking over new places are still very 

good. 

Dormancy and Survival 
Toward the end of the growing season in which they were made, tubers of yellow nut sedge are most 

dormant. They are less dormant at the start of the next growing season in spring. Some things help seeds 

grow in temperate areas, such as cold winter temperatures and water that drains away from the soil. A lot 

of things, including tillage operations, and chemical and physical elements like ethylene, O2, and gibberellic 

acid, can make dormancy fall out of the way. Desiccation and scarification can also do this. In the places 

where the soil gets warmer, make plants easier to start growing. It's easier for plants to grow in dry places 

because the soil gets wet, which makes it easier for them. Due to apical dominance and bud dormancy, 

tubers stay in the soil for a long time before they start growing. Control would be easier if tubers lived long 

enough so that all buds could grow simultaneously and the plants could be killed. This is what happened 

in a continuous maize field that was moderately infested with yellow nutsedge. It took at least two years 

of season-long chemical control, to get the tuber population down by 80%. 
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Control Methods 

1. Mowing: By cutting down on yellow nutsedge shoot biomass, mowing, or spraying herbicides, you could 

cut down on the number and viability of tubers by cutting down on carbohydrate stores. This could make 

tubers less likely to grow. A lot of people cut their grass 1 to 3 times a week, but this can make the rhizomes 

shorter. 

As a general rule, more nutrients are good for the number and dry matter content of tubers, the rhizomes, 

and the plant as a whole. The nutrient level seems to have a role in the mowing schedule as well. Cutting 

the plant’s aboveground biomass by 50% resulted in a 50% reduction in tuber size per unit of plant biomass. 

Tubers, basal bulbs, and shoots may all be produced by rhizomes. Rhizomes do not develop shoots, or just 

a small number of them, under low nutrition levels, although they may still produce tubers. Rhizomes 

generate both tubers and shoots when nutrition levels are high. When nitrogen is incorporated into tubers, 

it is thought to speed up the growth of the base bulb, which leads to the growth of aboveground shoots. 

When aboveground biomass is removed at high nutrient levels, the plant attempts to restore the lost 

biomass. As a consequence, the tubers are temporarily storing fewer reserves. Because the plant isn't 

investing in aboveground biomass at low nutrient levels, eliminating aboveground biomass has little effect 

on tuber growth. 

2. Compost: Yellow nutsedge rhizomes died as a consequence of a garden compost experiment. Rhizomes 

could be buried in garden compost for 56 days at a depth of 30 cm. The compost's core temperature was 

600C. None of the rhizomes were able to withstand the treatment. 

3. Tillage and mechanical operations: Mechanical management is generally seen to be ineffective, and 

it is supposed to assist spread the plant across fields rather than decrease the population in a field. Tuber 

population control may be aided by tillage activities that bring tubers near to the soil surface. Frost will 

affect tubers nearest to the soil surface the most, putting them in danger of desiccation. Because purple 

nutsedge is susceptible to desiccation, this might be a good choice for controlling it in dry areas. During the 

summer, fallow tillage was found to be very good at reducing the number of viable yellow nutsedge tubers 

that could grow. For example, after the emergence of a maize crop, tandem disc harrowing would decrease 

the number of C. esculentus weeds per meter square by 70 to 87 percent.  

4. Soil Solarization: Solarization of the field from May or July to October is an efficient way to suppress 

naturally existing yellow nutsedge populations. Starting in September, solarization didn't seem to work 

unless it was done every month or every week. Power tillers were used to do the tillage at a depth of 7.6 

cm. 30°C: At a depth of 10 cm, soil temperatures averaged 30°C. Under a solarization mulch (clear, 

colourless polyethylene), the same depth had temperatures that averaged 40°C. Solarization treatments 

cut down on the number of viable tubers in a maize crop not only right away, but also a lot in the next 

growing season, too. 

5. Biological control: Fungal and insect species over 130 insect species, 26 fungus species, ten nematode 

species, and two viruses were founded mostly harmful to C. rotundus. Nematodes were found on both yellow 

and purple nutsedge in the same numbers. These organisms have been suggested as possible ways to 

control nutsedge. They include Aleurocybothus sp., Antonia australis, Athesapeuta cyperim, Bactra 

minima, Bactra verutana, Bactra truculenta, Bactra venosana, Chorizococcus rostellum, Dercadothrips 

caespitis, Phenacoccus solani, Rhizoecusi cacticans, Sphenophus phoenicicensi, and Puccinia canaliculata, 

among others. The pathogens were not good enough to control nutsedge and also, they act as pests that 

spread diseases to important crops that’s why they were unpopular. Many types of fungi can grow on purple 

and yellow nutsedge. These include Alternaria and Ascochyta, as well as Cercospora, Corynespora, 

Chaetophoma, Claviceps and Cochliobulus.  

6. Chemical control: The glyphosate spraying over wasteland or fallow land could be the recommended 

control method. However, the suggested doses are too high to be compliant with existing and future laws. 

Bentazon, in conjunction with mineral oil, may be used to reduce yellow nutsedge in maize crops at the 

five-leaf stage, beans and onions. As for nutgrass plants, they should be no more than 10 cm tall for their 

effective control. Metolachlor and metazachachlor have also been shown to cut down on the number of 

nutsedges in a place. In order to come up with an effective way to manage nutsedges, there needs to be 

more research into how to choose a crop, how much nutrition it needs, and how to use both mechanical and 

chemical methods to get rid of the nutsedges. 
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Conclusion 

The C. rotundus is presumed to be one of the worst weeds in the world.  There are more than 90 countries 

where it grows as a weed in at least 52 types of crops. Even though the Cyperus species has been considered 

a difficult weed to control in the agricultural sector, it also has different medical and pharmacological 

usages. It is said that the rhizomes of C. rotundus are analgesic, anti-spasmodic, aromatic and carminative. 

They are also antitussive, emmenagogue, litholytic and sedative in Ayurveda. 
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Abstract 

Global warming phenomenon or climate change has grabbed people attention worldwide. This phenomenon 

leads to many environmental issues including, higher atmospheric temperatures, intensive precipitation 

and increase greenhouse gaseous emission.  This climate change also will affect the indoor comfort 

temperature of building.  When the outdoor air temperature increases, building will experience indoor 

discomfort conditions. The demand for mechanical ventilation will be critical and lead to higher energy 

consumption in building. In conjunction with, researchers worldwide collectively agreed that one way of 

reducing the impact of global warming is by implementing green roof technology. This paper aims to 

investigate the cooling potentials of green roof and how potted plants can contribute to the effort to reduce 

the carbon dioxide concentration in atmosphere. Green roof has been known be one of the passive 

techniques in reducing energy consumption and thermal performance of building. It also can be used to 

mitigate heat island effect in urban areas and therefore lessen the impact of global warming.  

Keywords: green roof, thermal performance, energy consumption, carbon dioxide. 

Introduction 

By 2050, the world population is estimated to be 9.6 billion and 66% of the world’s population is projected 

to be urban. As people live in cities, cities are expected to experience rapid urbanization that will result in 

a scarcity of land in major cities and urban areas will be confronted with environment destruction, such as 

global warming, environmental degradation, pollution, and resource depletion, among others. 

Environmental problems that are related to climate change remain the core urban challenge. The reduction 

of green areas in cities is a contributing factor to the climate change phenomena because there is less area 

available to absorb carbon dioxide (CO2) emissions and other anthropogenic greenhouse gas emissions. 

Green space is not limited to ground areas only; unused building’s rooftop provides potential sites for roof 

greenery. Left bare roofs contribute to urban heat island effect and can increase in energy consumption 

(Jim CY, 2015). Green roofs are well recognized throughout the world as an effective strategy to solve 

environmental problems and space scarcity. The benefit of green roofs has been proven through many 

studies conducted across the region. The potential benefits that can be offered based on local climate and 

context will be explored. Therefore, this article reviews the existing literature on green roof benefits and 

performance. The environmental benefits of green roofs will be reviewed because it is a strategy that deals 

with climate change. 

Green roofs:  Green roofs are defined as roofs that support vegetation (Werthmann, 2007). They consist 

of vegetation and soil, or growing medium, planted over a waterproofing membrane. Sometimes referred to 

as eco-roofs or roof gardens, (Anon, 2007), they may also require additional layers such as drainage layer, 

roof barrier and irrigation system. It is distinguished as either intensive or extensive. According to Dunnet 

(2004) and Werthmann (2007), extensive green roof requires only 2 to 15 cm (0.8 to 6 inch) of substrate 

depth and require minimal maintenance. 

It is inaccessible to public and is mainly installed for environmental performance and visual improvement. 

In contrast, intensive green roof consists of soil substrate generally at least 15 cm (6 inch) deep and can be 

accessible for public. Intensive green roof requires regular maintenance and much heavier than an 

extensive green roof. Roof gardens can only be built on the roofs of building that are strong enough to 

support the load. They are ideally suited to reinforced concrete structures and steel frame. 
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Environmental Benefits 

According to the studies, green roofs can contribute towards carbon reduction, temperature reduction, 

reduction of rain water run-off, reductions in the urban heat island effect, reduction in air pollution and 

increased biodiversity. Research related to the local conditions is highly encouraged since each country 

possesses different climates and urban conditions. 

Storm Water Run-off Reduction: Delayed rain water run-off can reduce the risk of urban flooding and 

can also provide a source of water when there are shortages in the water supply. Green roofs can prevent 

polluted water from impervious surface run-off into water ways. Soil substrate for green roofs plays a vital 

role as it will affect the quality of water and a deeper substrate retains more water.  

Air Pollution Reduction: Green roofs can contribute to the reduction of air pollution because trees as a 

main component of green roofs have a major impact on reducing air pollution. Plants can filter out 

particulate matter and gaseous pollutants in the air through leaf stomates. Air pollutants in urban areas 

are a major threat to human health. Health problems such as respiratory distress and decreased lung 

functions are related to air pollution, which makes the reduction of air pollution crucial.   

Increased Bio Diversity: Green roofs, although not equivalent to natural habitats, can contribute to 

mitigating the loss of ecosystems in urban areas. Green roof potential in conserving habitats for birds. The 

ability of green roofs to conserve fully protected and rare breeding birds such as the black redstart. 

Additionally, green roofs are also promising for bee conservation sites in urban areas. The abundance of 

bee species at sedum plant type green roofs. Being a highly mobile insect, bees are acknowledged to gain 

greater benefits from green roofs than other insects. The authors highlighted green roof insect’s richness 

and abundance are likely to be greater at ground level sites; however, green roofs provide habitats for a 

wide variety of insects including rare species. In the urban landscape, green roofs can act as habitats for 

native plants by creating new green space on top of the building.  

Carbon Sequestration: In mitigating climate change, green roofs can play a significant role as an 

effective strategy to reduce carbon dioxide. Green roofs have the potential to mitigate carbon dioxide in the 

following ways: 1. through photosynthetic uptake during daytime; and 2. the storage of carbon in the form 

of stems, branches, or roots. Green roof ability to sequester carbon is discovered from the use of field 

measurements, chamber experiments, numerical simulations, and literature reviews. Getter et al., (2009) 

have quantified carbon storage potential at 12 extensive green roof projects. Their findings indicated that 

the entire green roof system sequestered 375g cmˉ² in above and below ground biomass and substrate 

organic matter. It is also noted that due to the types of species used and shallow depths, extensive green 

roofs basically cannot sequester a large amount of carbon dioxide. 

Conclusion 

Through this review, the researchers have assessed green roof environmental benefits and performance 

can potentially mitigate climate change. Green roof implementation among established countries can be a 

point of reference but it must accommodate the local environments and climates. As green roofs are 

promising strategy for land scarceness and mitigating environmental problems, the implementation of 

green roofs emphasized the environmental aspect is noteworthy. Intensive green roofs are more promising 

in mitigating climate change since deeper substrates will influence green roofs performance. Therefore, 

green roofs are carefully planned on environmental improvement must be studied. 
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Abstract 

The imbalance use of synthetic fertilizers with minimum application of organic inputs results into nutrient 

deficiencies, deterioration of soil, causes environment pollution and also affects the sustainability of 

agricultural production. As organic manure solely cannot fulfill the nutrient demands of agriculture crops, 

hence the need of the hour is the integration of fertilizers along with organic and other nutrient sources 

thus the concept of integrated nutrient management emerges. The INM involves the integrated use of 

organic manures and chemical fertilizers which encompasses crop rotations, introduction of legumes, and 

efficient management of water, weed and insect-pest. 

Introduction 

Integrated nutrient management is the combined application of chemical fertilizers along with organic 

resource materials like organic manures, green manures, bio-fertilizers and other decomposable materials 

of organic origin for crop production. Integrated management of nutrients is practiced by farmers to derive 

higher productivity with simultaneously maintaining soil fertility and decreases cost of fertilizers. This 

practice is ecologically, socially and economically viable and environment friendly. In Integrated Nutrient 

Management, efficient use of chemical fertilizers in conjugation with organic manure, crop residues, green 

manures, nitrogen fixing crops (pulses and oilseeds), bio-fertilizers and locally available plant nutrient 

source is used. The basic concept of INM is the maintenance of soil fertility, sustainable agricultural 

productivity and improving profitability through judicious and efficient use of fertilizers (Vinay et al. 2020). 

Integrated nutrient management (INM) aims at judicious and efficient use of chemical fertilizers in 

combination with organic manures, green manure, crop residues, legumes in cropping systems, use of bio-

fertilizers and other locally available nutrient sources which can sustain soil health and environment as 

well as crop production. The need of INM has arised due to high cost of chemical fertilizers, imbalances in 

the ratio of NPK consumption, deterioration of soil health and pollution hazards of chemical fertilizers. 

Six Basic Principles of Sustainable INM System 

1. Nutrients which are removed by crops must be returned back to the soil.  

2. Soil physical conditions should be properly maintained.  

3. Optimum organic carbon levels in soils should be maintained.  

4. The abiotic stress build-up should be minimal.  

5. Degradation of land due to soil erosion must be minimized.  

6. Soil quality in terms soil acidity, salinity and sodicity or build-up of toxic elements must be minimized. 

Goals of INM 

1. To ensure productive and sustainable agriculture system.  

2. To cut costs of purchased inputs by using locally available farm yard manure and crop residue etc.  

3. To utilize the potential benefits of green manures, leguminous crops and bio-fertilizers.  

4. To prevent degradation of the environment.  

5. To meet the social and economic aspiration of the farmers without destroying the natural resource base 

of agricultural production. 

Components of the INM 

INM is the judicious and efficient use of chemical fertilizers in combination with organics, crop residues, 

green manures, legumes in cropping systems, use of bio-fertilizers and other locally available nutrient 
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sources so as to supply plant nutrient as well as to maintain the soil fertility. The various components of 

INM are fertilizers, organic manures, green manures, legumes, crop residues and biofertilizers etc. 

Chemical fertilizers: Use of chemical fertilizers is inevitable because the entire nutrients demand cannot 

be met by organic manures alone. Chemical fertilizers should be used in balanced proportion and in 

recommended amounts. The chemical fertilizers are nutrient specific and comes is various forms such as 

straight fertilizer containing only single nutrient such as urea, Mixed fertilizer containing two or more 

fertilizers such as DAP etc. 

Organic manures: The organic sources of nutrients contain animal dung/urine and plant residues and 

are mainly known for improvement in the soil physical, chemical and biological properties. FYM is the most 

important and commonly used organic manure in India.  

Crop residues: Crop residues contain all the nutrients essential for plants growth and can be used to 

improve the soil quality and productivity to some extent. In India, most of the crop residue is used as animal 

feed and mostly burnt in the field. Moreover, due to the wider C:N ratio of crop residue, it requires longer 

time for decomposition, and un-decomposed residues profusely causing termites problem.  

Green Manures: Green manuring is the practice of ploughing undecomposed green plant in the soil for 

improving soil fertility and productivity. This practice directly adds nitrogen into the soil thus enhances 

the soil fertility by the direct addition of nitrogen and also improves the soil structure, water holding 

capacity and microbial population of soil by the addition of humus or organic matter. Green manuring is 

practiced according to suitability of soil and climatic conditions.  

Biofertilizers: Bio-fertilizers contains microorganisms that helps in adding nutrients in the soil through 

nitrogen fixation, phosphorous solublization & mobilization. Biofertilizers are an important component of 

integrated plant nutrient management (INM) that leads to sustainable agriculture. These are eco-friendly, 

low external input intensive, low cost INM technology to conserve natural resources besides maintaining 

food safety and environmental quality in a sustainable manner eg Rhizobium, Azospirillum, Azolla. 

Advantages of Integrated Nutrient Management 

INM helps in plant nutrition and soil fertility management in farming systems by utilizing the mixed 

proportion of organic and inorganic nutrient resources to meet the increasing needs of food production and 

economic, environmental and social viability. INM also encourage the farmers to enhance their technical 

expertise and decision-making capacity. It also promotes use of different crop rotations and involves 

interactions between different agricultural components such as forestry, livestock and different cropping 

systems as part of agricultural intensification and diversification. 

Conclusion 

INM leads to increase in crops productivity, maintains soil health and enhances resource-use efficiency. 

INM is an effective farm technology to conserve resource base, sustain desired productivity in addition to 

supply of plant nutrients and maintaining soil fertility. 
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Sand is an invaluable planting for most children and a sandpit can become a very useful piece 

of garden equipment. All too often, however, it is poorly constructed and badly sited –an 

eyesore and a feature of your garden that never realizes its full potential.  

Incidental features in garden design are often overlooked, and their finishing details, the most crucial and 

obvious aspects of any job, need to be closely attended to. 

 

A sandpit can make an attractive addition to any garden, provide you approach its design and 

location with sense and imagination. A hard bed bounded by a hedge of well –trimmed box 

adjoins the raised sandpit. 

Sitting your Sandpit 

Sandpits are inherently messy so it is sensible to site them in an area where the mess can be kept down to 

a minimum. Also, it is important that children, especially young ones, can be kept easily in view. This 

reduces your choice of position to somewhere close to the house, preferably an easily-swept area of paving 

that will keep free from mud. At this point you might say that you would rather have an uncluttered ‘patio’, 

but it is possible to build a sandpit that is practical as well as attractive, and serves both children and 

adults alike. 

Raised or Groundnut Level 
If the sand is contained within a rectangular retaining wall about 38 cm high, children can either lean over 

to play or climb right in. This wall is low enough to give easy access to older children but high enough to 

act as a simple table or seat when a wooden cover is fitted. Build the top course of the wall with bull-nosed 

bricks to save scraping shins, its height simplifies the problem of drainage in a water-logged garden. 

Drainage is essential, so lay a minimum of 30 cm of well – rammed hardcore, topped with 5 cm of rolled in 

gravel, to help excess water to drain away. A cover is invaluable in keeping out unwanted debris and 
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discouraging cats who find sand irresistible. Use hardwood, marine ply or softwood treated with a suitable 

preservative. 

 

Raided and ground level sandpits are constructed on the same principal layers of hardcore and 

gravel drainage in both cases. 

A sandpit at ground level can prove simple to construct and if within a paved area, the slabs can be allowed 

to overhang slightly, with resulting shadows that will soften the edge. 

Portable Sand Pits 

Portable ones are useful and variations on the wheel barrow theme allow the sun t be chased around the 

garden. Here, plastic comes into its own for use as moving parts, for sand tends to clog oily metal wheels. 

Pipes for Play Areas 

Moving away from rectangular shapes, you will find that circles provide ample scope for your imagination. 

A large concrete sewage pipe, up to 3m in diameter, is most effective, with a simple paved surround of brick 

or pre-cast slabs, the joints between the latter being filled with small cobbles. 

A group of pipes could be used to form a play area, the largest having sand in it and the smaller circles 

being filled with concrete and positioned at different heights to form seats and stepping stones. 

Which Sand to Use 

The type of sand is also important, ‘silver sand’ is the best, and this is finely textured and will not stain or 

turn into a quagmire when wet. It can be obtained from most good builder’s sand should be avoided at all 

costs; it’s good for brickwork but extremely messy in the garden. 

Converting to Other Use 

Once a sandpit has outlived its purpose, it should be easy enough to turn it into a second feature, 

particularly if it was intelligently built and sited in the first place. The inside of a brick sandpit can be 

reconstituted to form an attractive pool by giving it a waterproof lining, a raised sandpit can be turned into 

a miniature herb garden, with planting flopping over the edges. 

Strong colour within a paved area is also effective and last year’s sandpit could will be converted into a bed 

for spring bulbs and annual bedding plants. 

Play Area Uses Large – Diameter Piped for Sandpit, Stepping Stones and Seats 
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Introduction 

With a daily manufacturing rate of several tones, eggshell is a solid waste. Most eggshell is disposed of in 

landfills at a considerable expense. To recover new values from the eggshell waste, it is practical to alter 

it. The annual global production of eggshell waste is about 250,000 tones. Approximately 10% of the weight 

of a hen's egg is made up of eggshell. Numerous chicken eggs are produced each year, and 30 percent of 

those are processed in the food industry, which results in a huge accumulation of eggshell trash. Currently, 

the majority of the eggshell wastes are accumulated on-site without any prior treatment. In recent years, 

significant attempts have been made to turn eggshell waste into a useful commodity. Egg waste disposal is 

not a pleasant task because the decaying of eggshells causes environmental contamination. So, a few 

initiatives have been launched to increase the value of eggshells. 

Composition of Egg Shell 
Eggshells are made up of inner shell membranes and an outer CaCO layer known as calcite. Three percent 

of an eggshell's composition is made up of organic materials like protein and lipids, and the other 97 percent 

is composed of inorganic materials like minerals like calcium carbonate and magnesium carbonate. 

Calcium carbonate makes up 94 % of eggshells, followed by organic compounds (4 %), calcium phosphate 

(1 %), and magnesium carbonate (1%). Each eggshell contains 2.21 g of calcium in the form of calcium 

carbonate.  

Table 1: Composition of egg shell: 

S.No Constituents Concentration (%) 

1. Moisture 0.46 

2. Protein 3.92 

3. Ash 94.61 

4. Fat 0.35 

6 Iron 22 ppm 

7 Zinc < 1ppm 

Applications of Eggshell Waste 

1. Animal feed: Calcium and proteins are found in eggshell. To meet the daily calcium needs of livestock, 

it is advised to use eggshells as a calcium supplement in animal feed. Studies have also shown that adding 

eggshell powder to animal feed significantly contributes to providing chickens with calcium sources for egg 

production. The capacity of hens to lay eggs is significantly influenced by calcium. Along with traces of 

phosphorus found in eggshells, it aids in bone growth. Proteins necessary for preserving the structure of 

muscles are found in the eggshell membrane. 

2. Pharmaceutical industries: Researchers are working tirelessly to identify uses for eggshells as a 

calcium supplement in every industry. One of the most crucial minerals for healthy bones is calcium. 

Human calcium accounts for around 99 % of what makes bones and teeth strong. Low bone mineral density 

results from a low calcium content in the body (BMD). Low calcium levels in the body can also cause 

osteoporosis, which causes patients to experience excruciating joint pain. CIPCAL-500 is a medicine for low 

BMD that is frequently administered. It gives patients the quantity of calcium necessary for their 

restoration. It is anticipated that the patients will easily absorb the calcium in this drug, allowing it to bind 

to the bones and raise BMD. Eggshells are being studied to simulator CIPCAL-500 since they can provide 
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individuals with calcium supplements. Eggshells are first ground to the required particle size in ball mills, 

they are then turned into tablets, with the content somewhat altered to mimic CIPCAL-500. It follows that 

the eggshell tablets function as a reliable substitute for CIPCAL-500. 

3. Soil amendment: Eggshells can be added to a compost mixture to produce a product that is used to 

amend and enhance soil. For nutrient-rich compost, eggshell powder can be added to the soil. Eggshell 

powder can also be combined with fertilisers to supply plants with nutrients. Eggshell powder is added to 

boost the nutritional intake of plants. Compared to limestone, coral sources, and oyster shell, calcium from 

eggshells or eggshell powder is absorbed around 90% more easily. 

4. Bioavailability and bio-accessibility of calcium: Calcium must be available for intestinal absorption 

in order to be considered bioavailable. Contrarily, the term "bio-accessibility" describes the proportion of 

calcium in dietary products that is still in soluble form after intestinal digestion. To aid in calcium 

absorption in the human body, especially in cases of osteoporosis, it is imperative to increase the amount 

of soluble calcium in diets. The calcium content significantly rises with the addition of eggshell powder, 

making it more readily absorbed by the body. Eggshell-based calcium sources are substantially better 

assimilated by humans than other food-based, purified sources, making them a healthy calcium source 

with no side effects. 

5. Human consumption: As far as calcium goes, eggshells are the best natural supply. When powdered, 

the eggshell of a typical hen's egg contains 750–800 mg of calcium. Heat treatment is applied to eggshells 

in order to destroy any surface-dwelling microorganisms because eggshells are extremely polluted with 

microbial diseases. Then, depending on the desired particle size, they are ground into a powder using a ball 

mill or hammer mill. Human cells have been discovered to absorb calcium from eggshells at a rate of 90%, 

which is higher than that of manufactured calcium. Consequently, powdered eggshells can be added to 

human meals as a calcium supplement.  

6. Application of eggshell in producing biodiesel: One of the most promising alkaline earth metal 

oxides with high basicity is calcium oxide (CaO), which is appropriate for the synthesis of biodiesel. 

Mollusk, egg, and mussel shells could all be calcined and utilised to absorb CaO, which is employed as a 

heterogeneous catalyst in the synthesis of biodiesel. 

7. Eggshell as an absorbent: Numerous studies examine the effectiveness of using chicken eggshells as 

affordable, environmentally friendly adsorbents to remove hydrogen sulphide from wastewater. To do this, 

the physical and chemical characteristics of the treated eggshell were examined, and its potential use in 

the removal of heavy metals from both synthetic and actual wastewater was researched. 

8. Milk tablets supplemented with eggshell powder: A milk tablet is a solid product comprised of 

powdered milk and one binding agent. Powdered milk, carbohydrates like sucrose and dextrin, and calcium 

are all ingredients in milk tablets; calcium is regarded as a crucial mineral for human health. Eggshell and 

oyster shell are the two possible sources of calcium. When calcium is added to food products using 

nanotechnology, their bioavailability is higher than when calcium is added using microtechnology. 

9. Preparation of lactose free milk for lactose intolerant individuals: Using eggshell powder and 

kefir created lactose-free milk for people who are lactose intolerant. Lactic acid and carbon dioxide combine 

to make kefir milk, which is fermented milk. This method of producing milk prevents demineralization, 

does not result in lactose intolerance, and is good for the heart. 

10. Nano-sheets for bone graft substitute: Calcium citrate has the potential to affect the healing 

process in the early phases of a bone defect. Calcium citrate can resorb more quickly than calcium 

hydroxyapatite and calcium phosphate if a bone defect is not too significant. Calcium carbonate, which can 

be used to extract calcium citrate, is present in higher concentrations in eggshells, shells, and other 

biological waste materials. 
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Figure 1: Application of eggshell into various different products 

Table 2: Utilization of eggshell waste for the fortification of different food products: 

Commodity Form of 

Calcium 

Process development Characteristics 

Yogurt NPES (Nano-

Powdered 

Eggshell) 

Formation of Nano-Powdered 

Eggshell and its addition in yogurt. 

 Increased storage life.  

• No adverse effect in the 

yogurt quality 

Biscuit Eggshell powder Addition of powdered eggshell 

directly in biscuit mix. 

No change in the quality of 

biscuit for calcium content 

up to 6% 

Roasted and 

Ground 

Coffee 

Calcium citrate  Formation of calcium citrate by the 

addition of citric acid to eggshell 

powder.  

• It is added to roasted and ground 

coffee to obtain a fortified powder. 

Increased calcium 

bioavailability  

•No change in sensory 

characteristics of coffee 

Chocolate 

Cake 

Eggshell powder Uniform addition of ground eggshell 

powder to the chocolate cake mix. 

Minimal changes in 

textural and sensory 

characteristics of the cake 

Pizza and 

spaghetti 

The eggshell 

powder dissolved 

in vinegar, 

lemon, and 

orange juice 

The eggshell powder was prepared by 

home scale rolling pin and sieve.  

• It was then added to respective 

doughs before being baked for bread 

and pizza and extruded for spaghetti. 

No significant change in 

flavor and texture of 

different foods after the 

addition of eggshell powder 

Muffins Eggshell powder 8 & 16 g of eggshell powder was 

added to 500 g flour and baked. 

A significant increase in 

calcium content was 

observed for 8 g muffin with 

improved sensory 

characteristics 
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Polish bread 

spread 

Eggshell powder 265 mg of eggshell was added to 100 g 

of bread spread and baked. 

Enrichment with eggshells 

increased the calcium levels 

by 2.5 fold 

Soy milk 

jelly Candy 

Eggshell powder The eggshell powder was added to soy 

milk jelly candy for its fortification 

0.8% eggshell powder 

resulted in the optimum 

quantity of calcium content 

with 0.51% 

Chokeberry 

& Cranberry 

juice 

Eggshell powder The eggshell powder was added to 

both the juices till 2% amount 

1% eggshell powder was 

found to be optimal with no 

significant change in 

precipitate and color  

• Calcium content was 

found to be 25 times higher 

for chokeberry and 66 times 

for cranberry 

White bread Eggshell powder Addition of eggshell powder to bread 

recipe 

 High total score in sensory 

evaluation 

 
Figure 2: Utilization of eggshell waste for the fortification of different food products 

Conclusion 

Due to growing nutritional awareness, the egg industry has experienced remarkable growth in recent 

years. It is currently widely used as a reliable source of high-quality protein. However, a huge quantity of 

eggshells is also dumped in the environment, which causes pollution. These eggshells are a valuable 

resource that can be used to create a wide range of goods with potential uses in medicine, pharmaceuticals, 

and industry. Additionally, this raw material is easily and readily available. 
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Summary 

Hurdle technology is an integrated approach of basic food preservation methods for creating safe, stable, 

yet nutritious foods. The combined use of multiple preservation methods, including physical, chemical, and 

biological factors, has been practiced for centuries around the world without clear scientific understanding. 

In recent years, however, the concept has been applied consciously, based on the improved understanding 

of the main factors governing food preservation, such as pH, temperature, water activity, and, in particular, 

their influence on microorganisms occurring in raw materials, ingredients, and finished food products. 

Introduction 

Most raw foods are perishable, they are subjected to preservation to maintain their qualities, control 

pathogens and reduce their spoilage potentials during storage, transportation and marketing. Quality 

deterioration is observed in food after harvesting, slaughter or manufacture, the rate of deterioration varies 

according to food composition, handling method and properties of the storage condition. Degradation of 

quality can occur at any of the many activities taking place between farm and consumers’ tables. Changes 

in the qualities are triggered by several causes which include physical, chemical, biochemical and microbial. 

Preservation technologies, therefore, are based mainly on the inactivation of microorganisms or on the 

delay or prevention of microbial growth. It is appreciated that the word "hurdle" might imply superficially 

a sequence of effects (Leistner and Gould, 2002). However, the concept has become well-understood to 

include combination preservation techniques. From an understanding of the hurdle effect, hurdle 

technology has been derived which has the goal not just to understand why a certain food is safe and stable, 

but to improve the microbial quality of the food by an optimization and intelligent modification of the 

hurdles present. An additional step was to focus in food design not just on microbial safety and stability 

but also on the sensory and nutritional quality of a food product, i.e., on total quality. The hurdle effect is 

of fundamental importance for the preservation of foods, since the hurdles inherent in a stable product 

control microbial spoilage and ensure safety with respect to food poisoning as well as promoting the desired 

fermentation of relevant foods. For each stable and safe food, a certain set of hurdles is inherent, which 

differ in quality and intensity depending on the particular product. In any case the hurdles must keep the 

"normal" population of microorganisms in each particular food under control. Effective operation of the 

hurdle effect requires that the microorganisms present (at the start) in a food should not be able to overcome 

(leap over) the hurdles present, otherwise the food will spoil or even cause food poisoning. This situation 

illustrates the so-called hurdle effect. If there are only a few microorganisms present at the start, then a 

few or only low hurdles are sufficient for the microbial stability of the product. The super clean or aseptic 

packaging of perishable foods, which minimizes recontamination of heated products, is based on this 

principle. The same proves true if the initial microbial load of a food (e.g., high-moisture fruits or carcass 

meat) is substantially reduced (e.g., by application of steam), because after such decontamination fewer 

microorganisms are present at the start, which are easier to inhibit. The microbial stability and safety as 

well as the sensory and nutritional quality of most preserved foods are based on a combination of several 

empirically applied preservative hurdles, and more recently on knowingly employed hurdle technology 

(Pinto et al., 2012). If the intensity of a particular hurdle in a food is too small it should be strengthened; 

on the other hand, if it is detrimental to the total quality, it should be lowered. By this adjustment, the 

hurdles in foods should be kept in the optimal range, considering safety as well as quality. Different quality 

attributes of foods are influenced by hurdles. For instance, the rheological (particularly chewiness and 

hardness) properties of a food might be affected by different hurdles. They include three major 

microorganism growth-inhibitory hurdles (reduced temperature for storage; reduced water activity (aw), 

achieved by partial drying or addition of solutes, predominantly sodium chloride and sugars; reduced pH, 
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achieved by fermentation or by the addition of acids), and one major microorganism-inactivation hurdle 

(mild, pasteurization heat treatment). In many long-standing empirically derived processes, these four 

hurdles have been the key contributors to successful applications. Furthermore, although employed for the 

preservation of some types of foods for many centuries past, their efficacies have been steadily improved in 

more recent applications. Hurdle technology is the best way to preserve food safety at the optimum 

processing condition. The aim of combining different preservation methods or techniques is to preserve the 

quality and safety of food during an extended storage period. The increasing demand for fresh, qualitative, 

microbiologically safe and stable foods stimulated the use of hurdle technology in food preservation. An 

important current trend adopted by hurdle technology ensures the delivery of foods that are not heavily 

preserved through the combination of many preservative techniques at lower levels. This approach ensured 

higher quality foods that are more natural, contain fewer additives, received simple treatments and are 

nutritionally healthier than foods preserved through conventional methods. Consumer demand for foods 

with fewer changes in nutrients and sensory qualities also promoted hurdle technology in recent years. 

Hurdle Technology 

Hurdle technology is a multiple-barrier technology that employed multiple preservative measures that are 

strategically applied, to efficiently control the growth of microorganisms in food. It is an important area of 

food microbiology which described the potentials of multiple preservation approach that act synergistically 

to inhibit microorganisms in foods. The concept of hurdle technology involves the optimization of 

preservation techniques that ensure safe products with greater sensory and nutritional quality at lower 

costs. Combining hurdle technologies has great potential in improving safety, stability, as well as freshness 

by minimizing destructive processing and preservation methods. The approach to hurdle technology 

involves combining traditional and novel technologies to control microbial growth in food. A combination of 

inhibitor factors or additives at a minimal level limit pathogenic growth by providing cumulative stress 

that makes microbial survival difficult. Control of spoilage and pathogenic microorganisms remains a 

serious challenge to the food industry despite many preservation techniques available. Adverse effects of 

conventional food processing on nutrients, texture and acceptability could be minimized or eliminated by 

hurdle technology. Smart combinations of different hurdles ensure microbial safety, minimize energy 

consumption, reduce emissions, increase profit and affordability and increase overall quality. In addition 

to preservation effects, hurdles used in food can improve acceptability and nutritional values of foods 

Principles of Hurdle Technology 

Conventional food preservation methods such as heating, chilling, freezing, freeze-drying, drying, curing, 

salting, sugar-addition, acidification, fermentation, smoking or oxygen removal are used in making food 

safe and stable. The microbial safety, stability and sensory attributes of many processed foods including 

traditionally processed depend on the combined effects of many hurdles. Different hurdles were combined 

smartly at lower levels to develop preservation measures that are mild but very reliable. Hurdles apply 

barriers (hurdles) such as heat, aw, irradiation, chemical, pH, competitive flora, etc. (Abdullahi and 

Dandago, 2020), simultaneously to contaminating microorganisms. These barriers act synergistically and 

induce injuries that are more severe than that of a single barrier. The microorganisms required certain 

efforts to overcome each of the hurdles. More efforts will be required by microorganisms to overcome the 

hurdles when they are many. 

The most important factors used in the hurdle technology are the intrinsic factors (aw, pH, Eh, and 

chemicals) the extrinsic factors (temperature of storage and gas atmosphere), and the processing factors 

(heating, drying, fermentation). Novel physical factors such as hydrostatic pressure, pulsed electric fields, 

ultrasound, ozone, pulsed light, and ultraviolet light, among others, are now used to replace the deleterious 

processes such as thermal processing. This technology plays an important role in the production of various 

ready to-eat and ready-to-cook stable products. Understanding microbial cell physiology and growth 

requirements play an important role in choosing the right hurdle combination that will cause injuries and 

death. Food preservation methods are more concerned about the physiology and behavior of 

microorganisms in foods viz. stress response, homeostasis and metabolic difficulties. The novelty of the 

multi-target food preservation approach based on a clear understanding of the physiology and behavior of 

contaminating microorganisms. 
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Most Important Hurdles for Food Preservation 

Symbol Parameter Application 

F High temperature Heating 

t Low temperature Chilling, freezing 

aw Reduced water activity Drying, curing, conserving 

pH Increased acidity Acid addition or formation 

Eh Reduced redox potential Removal of oxygen or addition 

of ascorbate, etc. 

Pres. Preservatives Sorbate, sulfite, nitrite, etc. 

c.f. Competitive flora Microbial fermentations 

Most-Used Food Preservatives 

Preservative Examples of foods in which they are used 

Weak lipophilic acids and esters 

Sorbate  

p-Hydroxybenzoate esters 

Propionate 

Cheeses, syrups, cakes, dressings, meats 

Benzoate Pickles, soft drinks, dressings 

 

Organic acid acidulants 

Acetic, lactic, citric, malic 

and others 

Low pH sauces, mayonnaises, dressings, salads, 

drinks, fruit juices, and concentrates 

Inorganic acid acidulants 

Phosphoric, hydrochloric 

As above 

Inorganic anions 

As above 

Sulfite (S02, metabisulfite) 

Nitrite 

Fruit pieces, dried fruits, wine, meat (fresh sausages) 

Cured meats 

Antibiotics 

Nisin 

Natamycin (pimaricin 

Cheeses, cannedfoods 

Soft fruit, dry-cured meats 

Smoke Meats and fish 

Major Quality Loss Reactions of Foods 

Chemical Physical Enzymic Microbiological 

Oxidative rancidity  Mass transfer, 

movement of low MW 

components 

Lipolytic rancidity Growth or presence of 

infectious 

microorganisms 

Oxidative and reductive 

discoloration 

Loss of crisp textures Rancidity catalyzed by 

lipoxygenases 

Growth of toxinogenic 

microorganisms 

Nonenzymic browning Evaporative loss of 

flavors 

Proteolysis Growth of spoilage 

microorganisms 

Destruction of nutrients Freeze-induced 

structural damage 

Enzymic browning  

Types of Hurdles 

Physical hurdles- 

1. Heat (sterilization; pasteurization; thermization; blanching) 

2. Radiation (nonionizing UV; ionizing {J, y, X) 

3. Storage temperature (chill; freeze) 

4. Electromagnetic energy (radiofrequency energy-microwaves; high electric field pulses-electroporation; 

oscillating magnetic fields) 

5. Packaging (vacuum; "active" packaging; edible coatings) 

6. Modified atmosphere-packaging (N2; O2; CO2) 

7. Modified atmosphere storage 
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8. Controlled atmosphere storage. 

Physicochemical Hurdles 

1. Water activity 

2. pH value 

3. Redox potential (Eh value) 

4. Sodium chloride and other salts 

5. Organic acid preservatives (propionic; sorbic; benzoic, etc., and derivatives), etc. 

Microbiologically Derived Hurdles 

Competitive floras; starter cultures; bacteriocins; antimycotics; antibiotics, etc. 

Conclusion 

Application of hurdle technology is progressing globally; the technology is used in developed countries to 

improve stability, safety and quality of foods. Hurdle technology is proved to be more useful in developing 

countries for the creation of novel foods that are minimally processed and ambient stable. It also plays 

important roles through modification and improvement of traditional food to produce intermediate 

moisture foods which are stable and also possess better sensory qualities. To apply preservative factors 

sensibly, concerning their quality and intensity, it is essential to know their effects and limits to inhibit or 

inactivate relevant microorganisms and their side effects on the sensory and nutritional quality of the food. 
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Introduction 

The development of pulsed electric field (PEF) technology for non-thermal food processing applications has 

been a major field of research in the last two decades in the study of alternative energy efficient 

applications. Short, high-power electrical pulses (ms or µs) are delivered to a product in a treatment 

chamber confined between electrodes using PEF technology. Pumpable fluid treatment systems typically 

include a PEF generation unit (a high voltage generator and a pulse generator), a treatment chamber, a 

suitable product handling system, and a set of monitoring and controlling devices. 

Consumer demand for high-nutritional fresh-like food products, combined with an interest in 

environmentally sustainable production technology, has facilitated the development of innovative non-

thermal technologies such as pulsed electric fields. The impacts of PEF treatments on bioactive components 

found in foods, on either hand, are poorly understood. According to preliminary research, PEF treatments 

could be a viable mechanism to ensure pasteurization without adversely impacting food product nutritional 

composition. This review provides comprehensive information on PEF technology, with a focus on reducing 

microbial load in various PEF-treated food products. 

Electropermeabilisation Mechanism 

When biological cells are subjected to an external electric field, the cell structure is obstructed. To date, 

several theoretical models have been proposed, but still no credible evidence on the inherent efficacy and 

safety at the cellular level has been found. The most widely accepted explanation is the electromechanical 

theory introduced by Zimmerman et. al., (1974). The cell membrane is depicted as a low-dielectric-constant 

capacitor. When free charges of opposite polarities are present on both sides of a membrane, a naturally 

occurring transmembrane potential occurs. When a cell is subjected to an electric field, interior and exterior 

charges accumulate across the membrane, raising the trans - membrane potential. An external electric 

field incites additional potential, which increases compression pressure on the membrane due to interaction 

between opposite charges on both sides of the membrane, likely to result in membrane deformation. As a 

membrane thins, the electrostatic attraction between its two sides increases. When the deformation 

resistance of a membrane is exceeded by electro-compression at a given field value, pores form in the sub-

microsecond range. 

Pore formation is a dynamic process that, depending on the strength of the treatment, can be reversible or 

irreversible. The electric breakdown is reversible when the induced pores are small in comparison to the 

membrane area and generated by low intensity PEF treatment (Angersbach et. al., 2000). The cell's 

viability is preserved in response to the stress condition caused by PEF treatment, and secondary 

metabolite biosynthesis can be activated. Increasing treatment intensity in a batch system by increasing 

electric field strength and/or treatment time while taking into account the number of pulses and pulse 

width used promotes the formation of large pores and irreversible permeabilization. Plant cells require 1-

2 kV/cm (cell size 40-200m) to induce membrane permeabilization, while microorganisms require 12-20 

kV/cm (cell size 40-200m) (cell size 1e10mm) (Heinz et al., 2002). 

PEF Treatment Effects on Microorganisms 

Table. 1 summarizes the effects of Pulsed electric treatment methods on various microorganisms found in 

fruit juices. It is a field that has originally been subjected to rigorous study. The majority of the previous 



 

 
Volume 04 - Issue 08 - August 2022       453 | P a g e  
 

focused on the impact of PEF on microbes conclude that the more electric energy applied to the samples 

treated, the greater the extent of microorganism reduction. 

Table 1. Pulsed Electric field processing parameters for microbial reduction: 

Microbe Liquid 

food 

Treatment Conditions Inactivation Reference 

E. Coli Strawberry 

puree 

Field intensity 24kW/cm 

frequency 400Hz, and pulse 

width 1.8µs 

7.3log David et al., 

(2015) 

Milk Field intensity 30kW/cm 

frequency 1176Hz, pulse 

width 1.5µs and treatment 

time 22 µs 

>4log McAuley, C.M., 

et al., (2016) 

Apple juice Field intensity 31kW/cm, 

pulse width 4µs, frequency 

700Hz and treatment time 

202 µs, Bipolar square-wave 

2.63log cfu/ml G. Akdemir et 

al., (2005) 

Salmonella Orange juice Field intensity 20kW/cm, 

pulse width 2.6µs and 

treatment time 480 µs, 

Bipolar square-wave 

3.54log CFU/ml Joshua B. 

Gurtler et al., 

(2010) 

Listeria 

innocua 

Liquid 

whole egg 

Field intensity 50kW/cm, 

pulse width 2µs, frequency 

3.5Hz and treatment time 

202 µs, no. of pulses 32 

3.5log Maria L. 

Calderon-

Miranda et al., 

(1999) 

Conclusion 

PEF-processing may enable the creation of safe, shelf-stable plant-based containing products elevated 

amounts of phytochemical compounds and other quality-related substances. In broad sense, the 

temperature of the food products during processing and storage has a significant impact on its bioactive 

content. Quality losses, however, are caused by several factors other than temperature. The findings of the 

project show that PEF processing can be used industrial applications to produce juices that are more similar 

to freshly squeezed juices, especially in terms of aroma profile and bioactive constituents. As an outcome, 

PEF technique has showing promise commercial prospects, presuming that even intensive treatment 

options are beneficial of phytochemical retention. However, PEF would seem to have an irregular effect on 

enzymes, potentially limiting its use to specific products. Individualized approaches are required for the 

industrialization of Pulsed electric for fruit and vegetable juices to be successful. 
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Introduction 

Loss of fruits and vegetables due to postharvest diseases is a major issue of concern on a global scale. 

Chemical molecules are frequently used to avert and treat postharvest entities, still long-term and 

widespread usage might render pathogens resistant having a severe impact on human health and 

environment. Therefore, in order to combat various plant diseases, endophytes emerge as a sustainable 

agriculture idea. Endophytes colonize plants without any symptom with aid in growth and improvement of 

the host resistance. Using them have positive impacts on plant including direct stimulation of plant 

development through phytohormones and intermediate metabolites. The researchers have interest in using 

endophytes as biological control agents for diseases in fruits and vegetables after harvest as endophytes 

offer benefits over chemical control in that they are safer, more sustainable and more ecologically friendly. 

Though, endophytes also defend their plant hosts by triggering the innate immune system of the plant or 

biocontrol pathogens. Thus, in order to safeguard crop plants and the agricultural commodities using 

endophytic bacteria as biological agents both before and after harvest is emerging method. 

Plant Associated Bacterial Endophyte 

Bacteria have a favourable effect on plant development and health, allowing plants to choose beneficial 

bacteria inhabiting their microbiome or core microbiome, including endophytes, which live inside plant 

tissues. Bacterial endophytes may possess an extra benefit over rhizospheric bacteria as they have constant 

access to plant cells and their metabolites while residing within the tissues of a plant and easily have a 

direct positive influence. The root environment is well known as one of the primary sites for endophytic 

bacterial colonization using various entry mechanisms, such as wounds causing leakage of plant 

metabolites and attract these bacteria. This is due to the possibility of rhizospheric bacteria entering and 

colonizing plant roots. The phyllosphere, which is the microbiota that lives on the surfaces of plant parts 

like leaves or flowers, may be more preserved than previously believed. The phyllosphere may be more 

plant-specific with intimate connections that are significant from an ecological or agricultural standpoint 

(Santoyo et al., 2016; Herpell et al., 2020). 

Diversity in Endophytes 

Searching for endophytes among each plant species existing on planet is very tedious thing. Studies on 

endophytic diversity, tend to favor cultivable and ingested plant species because of their value in 

agriculture. The diversity of bacterial endophytes supporting plant growth are Arthrobacter, Bacillus, 

Burkholderia, Enterobacter, Methylobacterium, Microbacterium, Micrococcus, Paenibacillus, Pantoea, 

Phyllobacterium, Pseudomonas, Rhanella, Rhodanobacter, Sphingomonas and Stenotrophomonas. The 

areas having harsh environmental circumstances and potential favourable for microbiome to plant has 

been chosen to survive in such harsh conditions as selection. Thus, it is important to identify bacterial 

endophytes in plants that have ecological rather than agricultural value as such bioprotective bacterial 
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endophytes may have antagonistic effects on a variety of diseases that impact other crops before and after 

harvest. (Santoyo et al., 2016). 

Biocontrol Mechanisms 

 

Application in Management 

Pyoluteorin and 2,4-diacetylfloroglucinol (DAPG) are produced by P. flourescens to prevent take-all disease 

in wheat and root rot of the tobacco. Also, pioluteorin and pyrrolnitrin in treating watercress disease 

brought on by Pythium ultimum and Rhizoctonia solani is effective (Milner et al., 2019). An extracellular 

chitinase from P. aeruginosa control black rot disease caused by Xanthomonas campestris and Bacillus 

subtilis manage R. solani, responsible for black scabies in potatoes in similar way (Saber et al., 2015). 

Moreover, Pseudomonas strains from chickpea rhizosphere generate cellulases and chitinases that hostile 

to Pythium aphanidermatum and Rhizoctonia solani (Sindhu and Dadarwal, 2001).  ISR has been 

demonstrated in tobacco, where PR2 and PR3, encode a -1,3 glucanase and a chitinase, were activated in 

response to volatile chemicals generated by Bacillus against Rhizoctonia solani and Phytophthora 

nicotianae (Kim et al., 2015) and Bacillus also activates lignin buildup resulting in structural alterations 

in cell wall and generation of secondary metabolites including flavonoids, phytoalexins, auxins and 

glucosinolates minimizing ability of plant pathogens (Pretali et al., 2016). By producing catecholate-type 

siderophores (Bacillibactin), B. subtilis CAS15 inhibited the development of Fusarium, Colletotrichum, 

Pythium, Magnaporthe and Phytophthora (Yu et al.,2011). Bacillus genus was the most abundant 

producer with 98 different lipopeptides involved in biological control of a wide range of phytopathogens 

(Coutte et al.,2017). 

Endophytes on Sustainable Agricultural Production 

Agricultural commodities use pesticides to combat against pre- and post-harvest diseases in an effort to 

decline their detrimental effects. Now, there is a global drive away from the use of pesticides (Seufert et 

al., 2012). So, it is vital to expand alternatives for protecting crops before and after harvest using safer 

molecules conferring safe for the environment, health of animals and people and the use of bacterial 

endophytes is one of it. Combining opposing bacterial endophytes with other products could be a workable 

solution. Endophytic bacteria offer certain benefits. With the microbiota found in the rhizosphere, by 

environment, have less competition. Endophytes are effectively passed on to next plant generations 

through the seeds as vertical transmission, giving the offspring advantageous endosymbionts and can serve 
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as bioprotectors of future diseases throughout plant growth in the field and during transmission in seeds 

and fruits. High hopes are held for this microbiome engineering method to replace agrochemicals. 

Conclusions 

The misuse of pesticides in agricultural systems is a major factor in the high environmental costs associated 

with green revolution initiatives. To address historical environmental issues, a new green revolution or bio 

revolution is required. Since bacterial endophytes have shown to be effective agents for managing crop 

diseases throughout the pre- and post-harvest periods appear as a possible tactic. It is anticipated for the 

reduction or ideally the disuse of toxic chemicals even when physical and chemical treatment strategies 

are continued, in some cases in combination with the application of compounds produced by bio-protective 

endophytes, with the intention of increasing their protective effectiveness against pathogens in fruits and 

vegetables. In order to develop a long-term sustainable agricultural production, comprehensive methods 

and a coordinated approach between academics and industry are needed to successfully accomplish these 

aims. 
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Abstract 

Hydroponics is a method of growing plants without soil in a horizontal or vertical fashion, where nutrients 

are provided through the water. Hydroponics systems that allow growing of plants in a vertical fashion are 

known as vertical hydroponics. Vertical hydroponics works by using conventional hydroponic technique in 

a vertical, gravity fed system. The nutrient-rich water is fed from the top and collected at the bottom. 

Keywords: Hydroponics-vertical farming-types of vertical hydroponics. 

Introduction 

Vertical hydroponics is the brilliant culmination of two ground- breaking modern farming techniques – 

hydroponics farming and vertical farming. Hydroponics is all about growing plants in a soil less medium 

and using water to provide a rich and balanced diet. Vertical farming looks to save space by using tall 

structures such as skyscrapers in order to build on farm space in a vertical direction instead of the 

conventional horizontal method. When applying the major principles of vertical farming and hydroponics 

into a single form of agriculture, we arrive at vertical hydroponics. 

 

How does Vertical Hydroponics Works? 

There are many different hydroponic techniques like ebb and flow and nutrient film technique (NFT). Due 

to the unique dynamics of a vertical system, NFT is often the easiest to do. Nutrient Film Technique 
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involves having a constant thin stream of water flowing over the root system of the plants. This is a closed, 

constant flow system, which makes it perfect for a vertical tower design. 

Vertical Hydroponic Tower 

In a typical hydroponic tower, the idea is to use a tube system with a pump to get water to the top layers. 

From there, we can use the assistance of gravity to channel the flow down to the reservoir. We can either 

use a single tube to deliver water to the top level or use multiple channels to different layers for optimal 

delivery of water and nutrients. DIY designs typically involve the use of PVC pipes or thicker drainage 

pipes for the central tower. On these, smaller holes are drilled at intervals to house the individual plants. 

The plants are usually housed in net cups to allow the water to flow through the root systems. In a tower 

design, the plants are grown at an angle, typically around 45 degrees. 

 

Zig-Zag Vertical Hydroponic System 

Not all vertical hydroponics systems need to use the vertical tower design. Some outdoor designs use 

multiple PVC pipes arranged on a trellis frame at diagonal angles. The pipes are usually in a compact zig-

zag pattern going up. The plants are housed in net cups, placed in regular 90-degree angles. These systems 

also use NFT techniques to grow the plants. The water with nutrients is pumped to the top pipe, from 

where it flows down in a constant stream. With an indoor system, artificial lighting is a major concern. 

Since the plants in a tower vertical system are placed at an angle, the best option might be to use vertical 

grow lights. Panels hanging from the ceiling may not be ideal since all the plants are at different heights. 

The best way to circumvent is by using multiple vertically mounted lights to cover all the growing surfaces 

uniformly. 
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What can We Grow in Grow in Vertical Hydroponics? 

Fast growing plants and herbs are the best options for tower hydroponics. This includes leafy greens like: 

a. Lettuce 

b. Kale 

c. Chard 

d. Mustard greens 

e. Collard Greens 

f. Spinach 

Other options include: 

a. Flowers 

b. Cabbage 

c. Basil 

d. Cilantro 

e. Mint 

f. Dill 

g. Chives 

h. Broccoli 

Fruits and some veggies can also be grown. These include: 

a. Tomatoes 

b. Cucumbers 

c. Eggplants 

d. Peppers 

e. Strawberries 

Advantages of Vertical Hydroponics 

1. Compact & Space Saving Design 

2. Does not require soil 

3. Efficiency & productivity 

4. Minimal wastage & maintenance. 
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Disadvantages of Vertical Hydroponics 

1. Water flow changes 

2. Light supply issues 

3. Resource intensive 

Conclusions 

Vertical hydroponics is a godsend for folks who don’t have access to the soil to grow things. Vertical grow 

systems can significantly increase the productivity of your indoor grow areas. These days there are 

numerous commercially available readymade vertical grow kits on the market. They are a sure sign of the 

increasing interest in vertical hydroponics, especially among urban growers. Increased input costs and 

complexity can be a drawback, but the benefits do outweigh these limitations. There is no doubt that 

vertical gardening is a vital technique for a more sustainable future. 
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Mushroom is the fleshy, spore-bearing fruiting body of a fungus, typically produced above ground on soil or 

on its food source. Mushrooms are edible and non-edible/ poisonous fungi which occupied a pivotal position 

among the lower organisms. There are only a small number of deadly species, several other can cause 

particularly severe and unpleasant symptoms. 

Classification 

Kingdom: Fungi 

Phylum: Basidiomycota 

Class: Agaricomycetes 

Order: Agaricales 

Family: Agaricaceae 

Genus: Agaricus 

Species: Agaricus bisporus, Agaricus campestris 

The production of mushrooms is increasing everywhere in the world, and nowadays these are available all 

the year round and are used in enormous quantities to serve all kinds of table dishes. 

Mushrooms are used extensively in cooking, in many cuisines. Though neither meat nor vegetable, 

mushrooms are known as the “meat” of the vegetable world.   

They are a low-calorie source of good quality protein and fibre. A hundred grams of white button 

mushrooms can deliver approximately twenty-two calories. They are the rich source of vitamins, minerals 

and trace elements. Therefore, mushroom is referred as powerhouse of nutrition. However, some edible 

mushrooms may cause people with allergies to have side effects. Mushroom allergy can lead to life-

threatening side effects when consumed. 

Mushrooms, including wild and magic mushrooms, may also trigger stomach problems like nausea, 

vomiting, and diarrhoea in a small section of individuals. Therefore, while consumption of mushrooms, 

extra cautious is necessary as there are chances of side effects during pregnancy. 

Various Mushrooms are Safe to Eat During Pregnancy 

1. White button mushrooms. 

2. Shiitake mushrooms. 

3. Maitake mushrooms. 

4. Porcini mushrooms. 

5. Chestnut mushrooms. 

Nutritional Value of Mushrooms 

Mushrooms consist of nutrients essential during pregnancy. Here are the nutrients found in 100 grams of 

fresh Button mushrooms. 

Energy  27.49 calories 

Protein 3.68 gms 

Carbohydrate  1.98 gms 

Calcium   18.38 mg 

Iron  0.29 mg 

Magnesium   18.3 mg 

Phosphorus  87.11 mg 
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Potassium   318 mg 

Sodium   7.72 mg 

Zinc   0.17 mg 

Copper 0.09 mcg 

Vitamin D 0.2 mg 

Folate  8.28 mcg DFE 

Benefits of Mushrooms During Pregnancy 

The best thing about mushrooms is that they make foods around them taste better while adding very small 

quantities of fat, calories or carbohydrates. They are nutritional powerhouses and contain significant 

quantities of substances important during pregnancy. Some of them are given below. 

1. Good Source of Vitamin B Nutrients: Mushrooms are a natural source of many complex vitamin B 

components, such as riboflavin (B2), thiamine (B1), niacin (B3), pantothenic acid (B5) and folic acid (B9 /M). 

These components have several benefits for the mother and the baby.  

a. Riboflavin is essential for nerve development, healthy skin, good eyesight and the development 

of strong bones and muscles.  

b. Niacin helps maintain cholesterol levels and is very good for the health of the heart and 

circulatory system of both the mother and the foetus.  

c. Thiamine is responsible for the baby’s brain development. It also boosts your energy, helping with 

fatigue which can be a common issue during pregnancy.  

d. Pantothenic acid prevents digestive disorders by helping food metabolism in your body. 

e. Folic acid is necessary for producing red and white blood cells in bone marrow, producing DNA 

and RNA and transforming carbohydrates into energy. The nutrient is crucial during early 

pregnancy to reduce the risk of birth defects of the brain and spine. 

2. Aids Muscle Strength and Digestion: Mushrooms are an important vegetarian source of protein, 

which is vital for the development of the placenta and the foetal support system in the womb.  

Mushrooms also have a high fibre content which promotes regular motions. The insoluble fibre is crucial 

for proper digestion, and the soluble fibre moderates blood sugar absorption and helps maintain blood 

pressure and cholesterol levels too. 

3. Antioxidants and Trace Elements: Antioxidants present in mushrooms boost the immune system 

and help keep you healthy and disease-free during your pregnancy. Mushrooms also contain potassium, 

and zinc which are vital for the proper growth and development of your baby. 

All these benefits might tempt you to get a packet of mushrooms and cook them in several ways. But, before 

you do that, you need to know the precautions you must take while eating mushrooms. 

Precautions to Take While Eating Mushrooms 

Once you are sure that your body can handle mushrooms, and you get a safe variety of the fungi to have 

for your next meal, you must follow these precautions to ensure you get the most health benefits out of it. 

Here are some ways you can do that: 

1. Mushrooms should be bought and consumed fresh. 

2. Do not eat them raw. 

3. They should be free of bruising and decay spots. 

4. They should be washed thoroughly and cooked well. 

5. As much as possible, avoid processed mushrooms, but if you have to, reduce your portion and eat it well 

within their expiry date. 

6. If you are doubtful about consuming mushrooms, eat a small amount and wait a while. If there are any 

side effects, do not eat anymore. 

7. If allergic symptoms are severe or look worrisome, call or see your doctor immediately.  

8. When eating medicinal mushrooms, be careful and monitor your health. This way, any allergy or side 

effect can be handled in its inception. 

9. Pregnancy is not the best time to experiment with adventurous foods. Avoid wild and magic mushrooms 

during pregnancy. 
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Conclusions 

Mushrooms can supply several essential nutrients to a pregnant woman. Enjoy eating them during 

pregnancy by keeping the above precautions and considerations in mind. If you have concerns regarding 

the consumption of mushrooms considering your current health condition, you must seek medical advice 

before adding mushrooms to your pregnancy diet. 
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Soil fertility comprises three interrelated components: physical fertility, chemical fertility and biological 

fertility. Of the three fertility components, the rich diversity of organisms such as bacteria, viruses, fungi 

and algae that form interactive microbial communities which are the most complex and least understood. 

Biological fertility, the organisms that live in the soil and interact with the other components, varies greatly 

depending upon conditions and it is highly complex and dynamic roles in the nutrient cycles.  

Bacteria: They are decomposers, eating dead plant material and organic waste. By doing this, the bacteria 

release nutrients that other organisms could not access. The bacteria do this by changing the nutrients 

from inaccessible to usable forms. The process is essential in the nitrogen cycle. 

Actinomycetes: Actinomycetes are soil microorganisms like both bacteria and fungi, and have 

characteristics linking them to both groups. Actinomycetes give a characteristic smell to soil. They have 

also been the source of several antimicrobial compounds and are widely used as biocontrol agents. These 

group of organisms are commercialized in the production of antibiotics.  

Fungi: The group themselves into fibrous strings called hyphae. The hyphae then form groups called 

mycelium which are less than 0.8mm wide but can get as long as several metres. 

Some of the Functions Performed in Soil by Fungi are 

1. Decomposers (saprophytic fungi): convert dead organic material into fungal biomass, carbon dioxide 

(CO2), and small molecules, such as organic acids.  

2. Mutualists (mycorrhizal fungi): colonize plant roots. In exchange for carbon from the plant, 

mycorrhizal fungi help to make phosphorus soluble and bring soil nutrients (phosphorus, nitrogen, 

micronutrients and, perhaps, water) to the plant. Two major group of mycorrhizae:   

a. the ectomycorrhizae, grow on the surface layers of the roots and are commonly associated with 

trees.  

b. the endomycorrhizae that grow within the root cells and which are commonly associated with 

grasses, row crops, vegetables and shrubs. 

 
Fig: Influence of bacteria and fungi bodies involved soil aggregation 

3. Parasites: The third group of fungi, pathogens or parasites, causes reduced production or death when 

they colonize roots and other organisms.  

4. Algae: Algae are present in most of the soils where moisture and sunlight are available. Their number 

in the soil usually ranges from 100 to 10,000 per gram of soil. They are capable of photosynthesis, whereby 

they obtain carbon dioxide from atmosphere and energy from sunlight and synthesize their own food. 

The major roles and functions of algae in soil are: 

a. Playing an important role in the maintenance of soil fertility, especially in tropical soils.  

b. Adding organic matter to soil when they die and thus increasing the amount of organic carbon in 

soil.  
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c. Acting as a cementing agent by binding soil particles and thereby reducing and preventing soil 

erosion.  

d. Helping to increase the water retention capacity of soil for longer time periods. 

e. Liberating large quantities of oxygen in the soil environment through the process of 

photosynthesis and thus, facilitating submerged aeration.  

f. Helping to check the loss of nitrates through leaching and drainage, especially in un-cropped soils. 

g. Helping in the weathering of rocks and the building up of soil structure.  

5. Protozoa: These are colorless, single-celled animal-like organisms. They are larger than bacteria, 

varying from a few microns to a few millimetres. Their population in arable soil ranges from 10,000 to 

100,000 per gram of soil and they are abundant in surface soil. They can withstand adverse soil conditions, 

as they are characterized by a protected, dormant stage in their life cycle. The major functions, roles and 

features of protozoa are: 

a. Most protozoans derive their nutrition from feeding or ingesting soil bacteria and, thus, they play 

an important role in maintaining microbial/bacterial equilibrium in the soil.  

b. Some protozoa have been recently used as biological control agents against organisms that cause 

harmful diseases in plants.  

c. Several soil protozoa cause diseases in human beings that are carried through water and other 

vectors. Example: Amoebic dysentery 

6. Viruses: Soil viruses are of great importance, as they may influence the ecology of soil biological 

communities through both an ability to transfer genes from host to host and as a potential cause of 

microbial mortality. Consequently, viruses are major players in global cycles, influencing the turnover and 

concentration of nutrients and gases. 

Soils probably harbour many novel viral species that, together, may represent a large reservoir of genetic 

diversity.  

7. Nematodes: Not microorganisms (strictly speaking), nematode worms are typically 50microns in 

diameter and one millimetre in length. Species responsible for plant diseases have received much attention, 

but far less is known about much of the nematode community, which play beneficial roles in soil i.e.,in food 

web . Some feed on the plants and algae (the first level), others are grazers that feed on bacteria and fungi 

(second level), and some feed on other nematodes (higher levels). 

Free-living nematodes can be divided into four broad groups based on their diet.  

a. Bacterial-feeders consume bacteria.  

b. Fungal-feeders feed by puncturing the cell walls of fungi and sucking out the internal contents. 

c. Predatory nematodes eat all types of nematodes. 

Like protozoa, nematodes are important in mineralizing, or releasing, nutrients in plant-available forms. 

When nematodes eat bacteria or fungi, ammonium is released because bacteria and fungi contain much 

more nitrogen than the nematodes require. 

Nematodes may also be useful indicators of soil quality because of their tremendous diversity and their 

participation in many functions at different levels of the soil food web. 

Role of Soil Microbes 

Collectively, soil microorganisms play an essential role in decomposing organic matter, cycling nutrients 

and fertilizing the soil. The reactions involved in elemental cycling are often chemical in nature, but 

biochemical reactions, those facilitated by organisms, also play an important part in the cycling of elements. 

Soil microbes are of prime importance in this process. 

Soil microbes are also important for the development of healthy soil structure.  

a. Soil microbes produce lots of gummy substances (polysaccharides and mucilage, for example) that 

help to cement soil aggregates. This cement makes aggregates less likely to crumble when exposed 

to water. 

b. Fungal filaments also stabilize soil structure because these thread-like structures branch out 

throughout the soil, literally surrounding particles and aggregates like a hairnet. The fungi can be 

thought of as the “threads” of the soil fabric.  
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Soil microorganisms are both components and producers of soil organic carbon, a substance that locks 

carbon into the soil for long periods. Abundant soil organic carbon improves soil fertility and water-

retaining capacity. Soil microorganisms may provide a significant means of reducing atmospheric 

greenhouse gasses and help to limit the impact of greenhouse gas-induced climate change. 

 
Fig: Role of soil microbes and their influence on soil health 

Conditions 

Healthy soils contain enormous numbers of microbes and substantial quantities of microbial biomass. This 

translates into an enormous potential for microbial activity when soil conditions (available carbon sources, 

moisture, aeration, temperature, acidity/alkalinity and available inorganic nutrients, such as nitrogen), 

are favorable.  

Almost all soil organisms (except some bacteria) need the same things that we need to live:  

a. food. 

b. water. 

c. oxygen.  

They eat a carbon-based food source, which provides all their nutrients, including nitrogen and phosphorus. 

They require a moist habitat, with access to oxygen in the air spaces in soil. Because of these reasons, 75 

per cent of soil organisms are found in the top five centimeters of soil.  

It also explains, however, why many of our agricultural soil microorganism populations are depleted. 

Unfortunately, some of the agricultural practices such as  

a. excessive land clearance. 

b. the burning of stubble. 

c. inappropriate fertilizer application. 

d. over-tillage, have degraded soils and produced conditions such as salinity, acidification, soil 

structural decline and desertification. 

Remediation 

Creating the favorable conditions to beneficial microbes results better microbial population and, 

alternatively, if the conditions are unfavorable, efforts to introduce beneficial microbes are doomed to fail. 

Recently, however, scientific research has achieved significant success in the inoculation of soils and seeds 

with beneficial bacterial and, in particular, mycorrhizal fungi to improve yields and to promote healthier 

soils. 

Conclusion 

Diversity of soil microorganisms play a pivotal role in maintaining good soil fertility by balancing the 

nutrient status, moisture content and aeration, further depicts the better soil health and therefore we refer 

such soils as living soils, which further affects the plant/crop growth and development which further decides 

the quantity and quality of the respective yield of the crop. 
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Introduction 

Indian blackberry is commonly known as Jamun fruit, java plum, or black plum. It belongs to the Myrtaceae 

family. The scientific name of the jamun fruit is Syzygium Cumini. Syzygium cumini is one of the most 

identified species. It is found in Tropical Asia, particularly India. 

The Different Names of Jamun are as Given Below 

English name - Java plum, Indian black berry, black plum, Jambul tree 

Latin name - Syzygium Cumini 

Hindi name - Jamun, Jambol, Jambul, Jamun  

Urdu name - Jamun 

Sanskrit name - Mahaphala, Mahajambu, Ksudrajambu 

Telugu name - Neredu 

Kannada name - Nerale 

Malayalam name - Naval  

Tamil name - Naaver pazham 

Punjabi name - Jamalu 

Assam name - Jam 

Bengali name - Kala jam, Jaam 

Gujarat name - Gambu Jamun 

 

Discussion 

The Jamun fruit has been used in Ayurvedic treatments and medications since ancient times. Jamun comes 

in two varieties, one with purple flesh and the other with white flesh. The outer layer of the fruit appears 

blackish or dark purplish in colour and has a distinct sweet taste. In addition to being consumed fresh, it 

is also used to make delicious beverages, pickles, jam, jellies, squash, wine, and vinegar. Jamun is 

renowned for treating a wide range of medical diseases, including heart problems, diabetes, infections, skin 

problems, asthma, stomach pain, and a lot of other medical problems. Traditionally, the Jamun fruits, 

seeds, bark and leaves can be used in Ayurvedic medicine. In addition to being consumed fresh, it may be 
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used to make wonderful beverages, pickles, jam, jellies, squash, wine, and vinegar. Jamun is a rich source 

of all the important nutrients and phyto chemicals. The jamun is very rich in antioxidants and an excellent 

source of iron, potassium, vitamin C, proteins, carbohydrates, and magnesium. This fruit is an excellent 

source of vitamin C and iron. It also increases haemoglobin count. The higher haemoglobin level permits 

the blood to carry more oxygen to the organs and maintain body health while iron works as a blood purifier. 

Jamun Nutritive Values Per 100g 

S.No Nutrients Nutritive value 

1 Energy (KJ) 235 

2 Carbohydrates (g) 12.30 

3 Protein (g) 0.82 

4 Fat (g) 0.17 

5 Iron (mg) 0.33 

6 Vitamin C (mg) 16.47 

7 Calcium (mg) 25.36 

8 Magnesium (mg) 27.97 

9 Potassium (mg) 103 

10 Vitamin B1 (mg) 0.02 

11 Vitamin B2 (mg) 0.02 

12 Vitamin B3 (mg) 0.14 

13 Vitamin B5 (mg) 0.31 

14 Vitamin B7 (mg) 2.57 

15 Vitamin B9 (μg) 7.63 

Source: NIN, Hyderabad KJ: Kilo joules, g: grams, mg: milli grams, μg: micro grams 

List of Phytochemicals Present in Jamun Plant Parts 

S.No Plant part Chemicals present 

1 Leaves β-sitosterol, Betulinic acid, Mycaminose, crategolic (Maslinic) acid, 

heptacosane, n-nonacosane, n-hentriacontane, noctacosanol, ntriacontanol, n-

dotricontanol, quercetin, myricetin, myricitrin and the flavonols glycosides 

myricetin 3-O- (400-acetyl)-α L-rhamnopyranosides 

2 Flowers Oleanolic acid, Ellagic acids, isoquercetin, quercetin, Kaempferol, and 

myricetin 

3 Stem Fried Elin, friedelan-3-α-ol, Betulinic acid, β-sitosterol, Kaempferol, β-

sitosterol-D-glucoside, gallic acid, ellagic acid, Gallotannin and ellagitannin, 

and myricetin 

4 Fruit pulp Anthocyanins, delphinidin, petunidin, malvidin-diglucosides 

5 Seeds Jambosine, gallic acid, ellagic acid, corilagin, 3,6-

hexahydroxydiphenoylglucose, 1-galloylglucose, 3-galloylglucose, quercetin, β-

sitosterol, 4,6 hexahydroxy diphenoy lglucose 

6 Essential oils α-Terpineol, myrtenol, eucarvone, muurolol, α-myrtenal, 1, 8-cineole, geranyl 

acetone, α-cadinol and pinocarvone 

Source: Yogendra et al. 2019. 

Therapeutic Uses of Jamun 

S.No Plant part Therapeutic Uses 

1 Bark Astringent to the bowels, Asthma, Digestive, Antiulcer, Antidysentric, Blood 

Purifier  

2 Fruit 

 

Astringent to the bowels, Astringent to the mouth, Stomachic, Diuretic, 

Antidiabetic.   

3 Leaf 

 

Gums strengthening, Vomiting, Haemorrhoids 

The leaves are also used in soaps and perfumes. 
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4 Seeds Antidiabetic 

Benefits of Jamun 

Jamun Increases Haemoglobin: The amount of iron and vitamin C in jamun makes it beneficial to 

increase the haemoglobin level. Due to the high iron level in it, it's excellent for people with anaemia and 

jaundice. Jamun's iron concentration also functions as a blood purifier. Women have blood loss during the 

menstrual cycle; thus, the iron content is beneficial in these circumstances. 

Diabetes Management: Jamun reduces diabetic symptoms like frequent urination and thirst. The 

polyphenolic ingredients present in jamun play a significant role in the treatment of diabetes. 

Digestive Problems: Jamun also improves digestion and helps in reducing water retention in the body. 

Jamun can help treat digestive disorders. The diuretic properties keep the body and digestive system cool 

and provide relief from constipation. 

Fights Respiratory Problems: The presence of antibiotics and anti-inflammatory properties in jamun 

that help in treating problems like asthma, the common cold, and flu. 

Keeps the Heart Healthy: The fruit contains potassium that helps in preventing diseases like stroke, 

high blood pressure, and heart problems. 

Keeps Skin Healthy and Radiant: Jamun is rich in astringent properties which protect the skin from 

blemishes, pimples, wrinkles, and acne. Moreover, the vitamin C content helps purify the blood, leaving 

the skin radiant and glowing. 

Strengthens Teeth and Gums: Jamun is used for oral hygiene. It’s beneficial in strengthening teeth and 

gums. The anti-bacterial properties and the presence of Vitamin K found in Jamun help prevent bleeding 

gums. 

Conclusion 

Jamun leaves, barks, fruits, stems, and roots are used as medicine in the Unani and Ayurveda health 

systems. It is very effectively used as a traditional medicine as a preventive measure in the treatment of 

diabetes mellitus, inflammation, ulcers, and diarrhea. Several studies have reported that jamun has been 

used to cure a variety of illnesses, particularly diabetes and its consequences. In the end, it may be said 

that jamun is an actual therapeutic tree, and its fruits and products should be commercialized. 
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Natural farming is a model of organic farming, also referred to as the “Fukuoka Method”. In simple sense 

we can say that it is a natural way of farming or do nothing farming. This farming approach was established 

by Mesanobu Fukuoka, a Japanese farmer and philosopher, introduced the term in his book 1975. It is a 

chemical free traditional farming method. It is considered as agro ecology based diversified farming system 

which integrates crops, trees and livestock with functional diversity. In natural farming, there is no 

ploughing, no tilting of the soil and no fertilizers and weeding is done to make the ecosystem natural. It is 

an environmentally sustainable way of growing food with an equitable relationship between farmer and 

nature. It is a holistic ecological farming approach that is closely observing the natural conditions in order 

to build a mutually beneficial relation between the farmer and nature. (Altieri, 2002). Natural farming is 

not for just growing crops, it is for the cultivation and perfection of human being. 

Genesis of Natural Farming 

It is a simple and effective method of growing quality food crops without harming the environment. This 

technology advocated long before the green revolution uses available resources in a sustainable manner to 

produce high yields. It is an integrated approach to chemical free food productions. Nature has been 

designated in such a way that it purifies everything and produces rich biodata and biomass. The key word 

of philosophy is that Nature is the God and has power or capacity to support all life forms including the 

human being. 

In respecting the nature or laws of nature, human can produce its food without destroying the environment. 

Nature does not discriminate any life forms in the world and integrates the plants and animals into a 

diverse landscape. Therefore, a major tenet of natural farming is to create and maintain natural 

biodiversity. When early humans replaced hunting and gathering of foods with domestication of crops and 

animals, the landscape changed accordingly. Since then, humankind has greatly reduced biological 

diversity by a limited selection of crop plants and animals. 

Annual crop monoculture represents a typical example in response to manmade biological simplification; 

nature has struggled to restore diversity. For example, the weed and other pest incidence is the effort of 

nature to restore the bio-diversity from the monoculture. However, human has continued to fight with 

nature over the biodiversity by using chemicals to kill insects and weeds. Human being always makes the 

nature to lose diversity and if human being continues fighting with nature, the situation gets worse. 

Principle of Natural Farming 

1. Enhanced biomass recycling 

2. Strengthened immune system through enhanced functional biodiversity 

3. Improving soil health by managing organic matter and soil biological activity 

4. Minimized loss of energy, water and nutrients 

5. Diversification of genetic resources 

6. Enhanced beneficial biological interventions 

7. Produce safe and nutritious food that conserves good health 

8. Economically and spiritually beneficial to both producers and consumers 

9. Sustainable and easily practiced. 

10. Conserve and protect the environment 

11. Enough food for world population 



 

 
Volume 04 - Issue 08 - August 2022       471 | P a g e  
 

Importance of Natural Farming 

Natural farming provides food of good quality due to proper soil management. The use of animal manure 

to improve the health of the soil supplies the crops with necessary nutrients like N, P and K. The 

effectiveness of Natural farming is to increase in production, maintain sustainability, saving of water, 

improvement of soil health and maintain farm land eco system. 

Advantages of Natural Farming 

1. Cost of fertilizer is saved 

2. Labour requirement reduces considerably 

3. Productivity increased 

4. Insect damage minimized.  

5. Grain volume increases so that there is little lose in cooking and grain is delicious. 

Attributes of Natural Farming 

1. No tillage 

2. Intercropping 

3. Crop rotation 

4. Mulching 

5. Maximum functional biodiversity 

6. No use of agrochemicals and biofertilizers. 

References 
1. Nature Farming in Japan 2006 : 1-168 ISBN: 81-308-0119-1 

2. Credit seminar presentation on Natural farming in Horticultural crops : Status, scope and limitations by D.M. Kadam, Division 

of Fruits and Horticultural Technology, ICAR, New Delhi 

3. Agricultural Ecosystems and Environment 93(1-3) : 1-24 Dec, 2002 an article by Altieri. 

4. Internet. 
  



 

 
Volume 04 - Issue 08 - August 2022       472 | P a g e  
 

Techniques for Crop Regulation in Guava 
Article ID: 37917 

Manish Kumar1, Ritu Yadav2 

1Research Scholar, Department of Horticulture, Maharana Pratap Horticultural University, Karnal. 
2Research Scholar, Department of Horticulture, CCS Haryana Agricultural University, Hisar. 

 

 
 

Guava (Psidium guajava L.) is the fifth most important fruit crop of India. It is popular fruit crop of tropical 

and sub-tropical areas due to its early availability and high nutritional value. It is also known as “apple of 

tropics”. It gives an assured crop on wastelands with little care. It has gained considerable prominence and 

consumer access on account of its high nutritive value, easy availability at moderate prices. It is a good 

source of Vitamin C (150-200 mg/100 g of pulp) as compared to many other fruits. In rainy season heaviest 

flowering is observed because of ample humidity and emergence of current shoots which bears fruit bud in 

leaf axils. But, the bearing fruits of rainy season crop are rough, insipid in taste, poor in quality, less 

nutritive and are heavily attacked by many insects, pests and diseases. On the other hand, winter season 

fruits are superior in size, taste, aroma, quality. Winter season crop is less infested with pests and diseases 

and fetch higher price than rainy season crop. 

Why Crop Regulation? 

The rainy season crop of guava is poor in terms of consumer acceptance quality and crop is affected by 

many biotic and abiotic stresses as compared to winter season crop. The winter season crops which ripen 

from second fortnight of October to first fortnight of January are superior in quality, free from diseases and 

pests and fetch higher income. The flowering is more in summer season because of heavy new flushes that 

lead to high fruit production in rainy season. In this season, duration of fruit harvesting is reduced to 30 

days due to high temperature and rainfall and it causes glut in the market which lead to poor price and 

less demand in the market. In rainy season there is a serious attack of fruit flies which deteriorates its 

quality and fruits become unfit for human consumption. Water availability is also a big issue in 

Maharashtra, Rajasthan and Gujarat during summer season for guava grower. 

Principle of Crop Regulation 

The basic principle of crop regulation is to manipulate the natural flowering behaviour of the guava plant 

in desired season which contributes to increased fruit yield, quality and profitability. This concept is based 

on the fact that guava flowers are borne only on new vigorously emerging vegetative growths. These new 

growth flushes can be either on new emergences of lateral bud on older stems or extensions of already 

established spurs of various size and vigour. 

Objectives of Crop Regulation 

1. To obtain suitable crop at a desired season.  

2. To force the tree for rest and produce profuse blossom and fruits during any one of the two or three 

flushes.  

3. To regulate a uniform and good quality of fruits. 

4. To increase the production as well as profit to the grower.  

5. Reduce crop load intensity.  

6. To get better market price.  

7. To obtain good quality fruit. 

The Selection of Bahar at a Location is Mainly Determined by Number of Factors 

The key factors which substantially regulates bahar includes availability of the irrigation water, quality of 

products, occurrence and extent of the damage done by the disease and pests, market demands, climate of 

the area, availability of fruits in the market and comparable yields with other fruit crops prevailing at a 

particular time are the major determinants and governing factors. 
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Methods of Crop Regulation 

In order to get only winter season, crop it is necessary to manipulate the flowering. The following practices 

are being adopted in order to get the remunerative fruit crop in winter season of better fruit quality in 

terms of size, shape, taste and aroma factors. 

Pruning 

Terminal portion of the guava up to 20 or 30 cm length should be pruned during April to avoid Ambe bahar 

and always avoid severe pruning. Pruning current season’s growth of spring flush to avoid rainy season 

crop has been advocated in northern parts of the country. Annual pruning is effective culture technique for 

regulating cropping pattern and enhancing yield and quality. The pruning promotes more flower 

production in July-August flush thereby more fruits in winter season. Overall pruning was found to have 

rejuvenated impact on aged trees due to better light interception leading to better photosynthetic rate and 

improved nutrient and water supply with reduced canopy and better-quality yields. Pruning also help in 

reducing the size of tree. 

Root Exposure 

For minimizing the rainy season crop, various degree of root pruning is found suitable. The technique of 

root exposure and pruning is done in regions with high atmospheric humidity and water table. The 

procedure involves exposing the upper roots of the tree up to 1.5 ft. radius around the trunk on removing 

the upper 8 cm soil. The main root system is not disturbed while the fibrous roots on them are removed by 

pruning shear. This results in shedding or leaves from the tree. At this stage, the exposed roots are again 

covered with soil, mixed with manures and immediately irrigated. Root pruning should, however be avoided 

as it has adverse effect on plant longevity. In Maharashtra, withholding of water and root exposure is 

commonly practiced for crop regulation. 

Withholding Irrigation 

In guava the operations of withholding water, expose of feeder roots and pruning of fibrous roots to force 

blossom in the desired season are practiced in Maharashtra and Deccan plateau growing belt of guava in 

India. The bahar treatment is of greater significance in southern, central and western India where growth 

and flowering continue throughout the year. Some researchers recommended withholding of water for those 

areas of the western India where soils were lighter in texture. However, for heavier soils suggested root 

pruning in addition to the withholding of water during December or January is practiced. In northern 

plains withholding irrigation after harvesting of winter crop, results in the shedding of flowers and the tree 

goes to rest. The basin of the tree is dug up, manured and irrigated in June. After about 20- 25 days, the 

tree put forth profuse flowering and fruit mature in winter. Induction of water stress by withholding 

irrigation from December to June or until the beginning of monsoon depending upon the prevailing 

conditions has been recommended by some scientists. Water stress can be induced by practices like root 

exposure and root pruning to suppress the rainy season crop and for induction and obtaining a good winter 

crop. 

Nutrition 

Nutrients are also responsible for crop regulation. To increase the quantum of winter crop the fertilizer 

schedule should be changed from April-May to May-June that will induce more vegetative growth that 

subsequently increases the winter cropping. Two sprays of 10 and 15 % urea at 10-day intervals during 

flowering in the summer season was economically feasible for crop regulation in Allahabad Safeda and 

Sardar guava, respectively. 

Deblossoming 

Growth regulators and certain chemicals have been found very effective in thinning of flowers and 

manipulating the cropping season. Flower thinning by using naphthalene acetic acid (NAA), naphthalene 

acetamide (NAD), 2,4-dichlorophenoxy acetic acid (2,4-D), potassium iodide (KI), 2-chloroethyl phosphonic 

acid (ethephon), 4,6-dinitro-o-cresol (DNOC) and urea were found successful in reducing the rainy season 

and increasing the winter crop under different agro-climatic conditions. Manual deblossoming of rainy 

season flowers at small scale, kitchen garden and early age of the plant is very effective, but at large 
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commercial plantation it is not easy to follow, which is very cumbersome, laborious and uneconomical. 

Chemical thinning is economic and it increases the winter yield as well as helps in improvement of fruit 

quality. Chemical treatment of NAD at 30 and 50 ppm, NAA 100 and 125 ppm and 2, 4 – D at 15 and 30 

ppm can be successfully used for thinning of summer flowers. 

Bending of Shoot 

Bending induces profuse flowering and fruiting in guava and fetches greater returns. This practice is very 

much dependent on training of guava branches. On the basis of calculation of expected flowering the 

branches of guava plants are bent down about 45-60 days before the expected date of flowering so as to 

produce fruits in the off season. First time bending of branches of guava plant should be employed at the 

age of 2 years of plant. Before bending the leaves small shoots, flowers and fruits from branch are removed 

or cut off keeping 10-12 inches of terminal twigs intact. During autumn (September-November) the new 

shootlets take 20-25 days to emerge. Bent branches should be untied when the new shootlets are about 1 

cm in length. Flowering occurs in the new shootlets at 4-5 pairs of leaf stage after 45-50 days of summer 

and 60-65 days of autumn bending. Manures and fertilizers should be applied 15 days before bending of 

branches and again at pea stage of fruit growth followed by irrigation. In case of bending of branches of 

guava wood tension of branch is increased and phloem formation decreased. As a result, photosynthetic 

assimilates pass slowly from the shoots of bent branch to the other parts, maintaining increased C: N ratio 

and induce more flowering and fruit set. Bending forces dormant reproductive buds into active growth. 

Bending consistently increased the lipid, tryptophan, proline, polyphenol oxidase, catalase, and peroxidase 

levels in leaves, bark, and fruits, but decreased phenolics. These changes may have resulted in greater 

flowering and fruiting, giving rise to higher yield on guava. 

Conclusion 

The various methods involving use of different chemicals and bending technique has been adopted across 

the globe for crop regulation in guava. Fruits of winter season were significantly superior in every respect, 

i.e., attractive size, weight and better internal bio- quality parameters than the fruits of rainy season, which 

helped to fetch remunerative price of fruits to growers as well as affordable price to consumers. Depending 

upon the availability of manpower and chemicals, a suitable technique suited to edaphic conditions should 

be adopted to obtain higher quantitative and qualitative outcome of fruits from guava orchards. The 

suitability of crop regulation method must be tried first at micro-level before adopting it at large scale level. 

Climate, water stress and plant nutrition play an important role as determinants in selection of suitable 

method for regulation of flowering in guava. 
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Abstract 

Growth rates of the vegetative parts of a plant are always strongly influenced by temperatures. Pre chilling 

of seeds sometimes has a strongly delayed effect on growth, in addition to its dormancy breaking action. 

An original implication of thermoperiodism concept was that plant productivity was higher under 

Thermoperiodic environment. Cocklebur, sugar beet, Wheat oats, bean and pea grow as well at optimum 

constant temperatures vary. 

Keywords: Growth, Temperature and Thermoperiodism. 

Introduction 

Thermoperiodicity is the term used for responses plants to cyclic temperature variations. Chouard (29) in 

a most interesting review has distinguished these responses as annual and diurnal thermoperiodicity. 

Annual thermoperiodicity: It is found in deciduous trees and shrubs and in most plants with 

underground storage organs in temperate climates. In such plants, development is possible only when 

periods of low temperature (winter) are altering with periods of high temperature (summer). In general, 

these cycles are approximately of a year`s duration, but can be shortened or lengthened about 50% by 

proper succession of temperature. 

Diurnal thermoperiodicity: It concerns the adaption of plants to the daily cycle of higher day and night 

temperature. During daytime, photosynthesis is the prominent process, and has a fairly high optimal 

temperature, the optimal day temperature is approximately 25oC. Most of the growth of tomoto plants 

occurs during night and consequently, the night temperature is correlated with the growth rate. In young 

plants, the optimal night temperature lies above 25oC, but as the plants grow older, the optimum shifts to 

below 20oC. Not only vegetative growth, but also fruit production is thermoperiodic in tomato, with the 

optimum lying at about the same temperature. 

Classification of Plants Based on Heat-Resistance 

The resistance is ordinarily taken as the temperature at which half of the plant samples are destroyed (this 

is called as temperature lethality TL 50). On the basis of heat resistance, plants may be categorized into 

the following three types. 

1. Heat sensitive species:  Injured at 30 to 45oC. Eg. submerged vascular plants, soft-leaved land plants, 

tomato wilt virus. 

2. Relatively heat-tolerant eukaryotes: They can survive for half an hour at 50- 60oC. Eg: plants at 

sunny and dry habits. 

3. Heat tolerant prokaryotes: Can survive at higher temperatures. Eg: Thermophilic bacteria (can 

survive at 90oC), Blue-green algae (as much as 75oC). 

Disadvantages of Thermoperiodism 

1. Too high or too low temperature prevent fruit set.  

2. Not all the plants grow in the same temperature range. 

3. Photosynthesis slows at low temperatures. 

4. Since photosynthesis is slowed, growth is slowed and this results in lower yield. 
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Abstract 

The word vernal means spring season and accordingly, the literal meaning of vernalization is springization, 

i.e., rendering (changing) something to behave like spring. Vernalization refers to exposing germinating 

seeds or growing plants to low temperature for a certain period of time, with the idea that the flowering 

time of the resulting plant (in case of seed), or the plant itself (in case of growing plant) is hastened. 

Key words: Growth, Temperature and Vernalization. 

Introduction 

Temperature: Temperature is the relative term implying a degree of molecular activity or heat of a 

substance. It is a measure of intensity of heat. 

Qualitative and quantitative responses: There are some species of plants, or even varieties, types, 

strains etc, within a plant species, in which, the low temperature exposure is essentially required for 

flowering to take place, i.e, they will not produce flowers and will remain in vegetative condition, if they 

are not exposed to the appropriate low temperature and for the specific duration. This means that these 

plants have an oblique requirement of vernalization & they are refered as Qualitatively vernalisable 

plants. Eg: Henbane and biennial plants and also some perennial plants. 

There are species, varieties, etc, in which cold treatment is not absolutely required for flowering, i.e, they 

produce flowers if not exposed to low temperature. But flowering in these plants is definetly accelerated, if 

they are exposed to the desired low temperature for the specific duration. These plants have a facultative 

requirement and refered as Quantitatively vernalisable plants. Eg: winter annuals, Lettuce,Radish, 

etc. 

Low Temperature and it`s Duration 

The low temperature to be exposed varies according to materials. In general, lower the temperature, lesser 

will be the duration of exposure but upto a limit. The requirement of temperature for a material varies 

within a range. For winter wheat, duration for three weeks may be enough, it may require several months 

in Hyoscyamus niger. Effective range of temperature may be from 1O to 7OC. It has been stated that the 

vernalization effect is more stable and is not cancelled by devernalization when duration of low temperature 

is longer. 

Vernalization effect is reversible. It is possible that the effect of vernalization can be titally cancelled by 

the use of some agents under certain conditions. This phenomenon is known as devernalization and was 

first demonsrated by Gregory and Purvis (1937) in Petkus Winter Rye. 

After devernalization, the same material may be vernalized again, following the same treatment i.e, by 

exposure to low temperature. The phenomenon is known as Revernalization. 

Practical Utilization of Vernalization 

Vernalization treatments provide a number of benefits: 

1. As the flowering time hastens by shortening the growing period, the number of crops raised in the same 

land may be more. 

2. Vernalisation is known to increase productivity of some crops. Lysenko reported 25 times higher yield in 

2 varieties of Wheat by vernalisation. 

3. For seed vernalisation , large number of materials are possible in much less space. 
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Dolgusin (1935) has subdivided Wheat into 5 groups in respect to the optimum temperature and the time 

required at these temperatures to complete the vernalization process as follows: 

Group Temperature (oC) Time ( in days ) 

Early spring 8- 15 5- 8 

Late spring 3- 6 10- 15 

Intermediate 2- 5 20- 25 

Winter 4 30- 35 

Extreme winter 3 30- 45 

List of some species which require vernalisation: 

a. Secale cereal 

b. Triticum aestivum 

c. Lolium perenne 

d. Brassica oleracea 

e. Beta vulgaris 

f. Apium graveolens 

g. Sinapsis alba 

Classification of Plants Based on Cold-Resistance 

1. Chilling – sensitive plants: Eg: Rice, Cotton and Cowpea. 

2. Freezing – sensitive plants: Eg: Valencia, peanuts. 

3. Freezing- tolerant plants: Eg: certain fresh water algae, algae of tidal zones, perennial land plants. 
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Introduction 

Silicon (Si) is the second most abundant mineral element present in the soil and silicon dioxide composes 

approximately 50–70% of the soil mass. Silicon has various ecological functions such as complex roles in 

plant processes and in mediating interactions with the environment and other organisms. Silicon 

accumulation varies greatly among plant species, ranging from 0.1 to 10% dry weight. Based on the Silicon 

content in tissues, plants can be classified as accumulator (e.g., rice, wheat and maize), intermediate (e.g., 

cucumber, bitter gourd, and melon) and excluder (e.g., tomato, potato, canola, and lentil) types. Silicon 

uptake takes place in three modes viz., active, passive, and rejective.  

Different mode of silicon uptake is due to the abilities of the roots of various plant species to absorb Si. 

Below a pH of nine, Si is generally taken up by plant roots in the form of silicic acid [Si(OH)4], an uncharged 

monomeric molecule that is dependent primarily on a specific Si influx transporter (Lsi1) and a specific 

efflux transporter (Lsi2). 

Another influx transporter, Lsi6, regulates the unloading of Si from the xylem to leaf tissues and further 

facilitates root-to-shoot translocation. In addition to Si taken up by roots, Si fertilizer can also be efficiently 

supplied to leaves to increase plant dry matter production and is absorbed mainly via cuticular pathways, 

stomata, and trichomes. Foliar application of Si-containing solutions is a viable alternative Si fertilization 

method to increase Si accumulation, especially for intermediate and Si non accumulator plants. 

Plants are subjected to various environmental stresses during its growth and development. Si has been 

widely reported to enhance plant tolerance to various abiotic and biotic stresses, such as drought, salt, 

freezing, nutrient imbalance, radiation damage, metal toxicity, pests, and pathogens. 

Drought is a recurring phenomenon with major impacts on both humans and natural ecosystems. It is the 

most widespread climatic extreme that hinders primarily crop growth and productivity. In this context, the 

alleviating effects of Si on drought stress have been observed in a wide variety of crop plants species, 

including both monocots (e.g., rice, wheat, maize, and sorghum) and dicots (e.g., tomato, cucumber, mango, 

and canola). 

Interestingly, Si has been shown to counteract the effects of drought stress in plant species that have a 

weakly ability to accumulate Si (Si excluders) such as tomato and canola. The role of Si in low Si-

accumulating plants is attributed mainly to the biochemical function of Si, while mechanical and physical 

barriers induced by Si deposition in high Si-accumulating plants are important for the stress response. For 

example, Si also was shown to induce resistance to bacterial wilt disease caused by Ralstonia 

solanacearum in Si-non accumulating tomato plants, which was mediated mainly via signaling pathways 

such as those involving ethylene (ET), jasmonic acid (JA) and reactive oxygen species (ROS). 

Although Si is not considered an essential element for plants, it is well known to be beneficial for plant 

growth and development, especially under stress conditions. Si stimulates seed germination in wheat, 

maize, and tomato under drought stress, the effects of which is attributed to the increased antioxidant 

defense and decreased oxidative stress induced by Si. 

Si has been found to increase plant biomass and grain yields of several crop species under drought stress, 

which is attributed to increases in total root length, surface area, and volume as well as increases in plant 

height, dry matter, panicle length, and tiller number. Another important feature due to the possible role of 

Si is reducing spikelet sterility and subsequently increasing the grain yields of rice supplied with Si. 
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Increasing Root Water Uptake 

Given the obvious benefits of Si on drought tolerance, it may be expected that its process has been 

extensively characterized. However, the detailed mechanisms remain unknown and appear to vary 

according to genotype and environment. Increasing root water uptake by regulating the root surface and 

anatomy is important for plant stress tolerance. Si is essential for root development and water uptake 

under drought stress conditions. It was suggested that Si application regulates polyamine (PA) and 1-

aminocyclopropane-1-carboxylic acid (ACC) levels under drought stress conditions to increase root growth 

and the root/shoot ratio, thus improving root water uptake. Such Si-mediated changes in root development 

also increase root endodermal silicification and suberization, therefore enhancing the capability of water 

retention to overcome the effects of drought stress. 

Osmotic Adjustments 

Osmotic adjustment and accumulation of compatible cellular solutes are considered plant physiological 

processes that occur in response to drought stress. These adjustments are attributed mainly to turgor 

maintenance and the protection of specific cellular functions by the accumulation of compatible organic 

solutes such as amino acids, soluble sugars, and minerals, resulting in a favorable osmotic gradient between 

the plant roots and the growth medium to facilitate water uptake. Other osmotic responses are exhibited 

by cucumber, which show increased protein content when exposed to salt and drought stress together with 

Si. 

Increasing Root Hydraulic Conductance 

Overall, the modification of root growth and hydraulic conductance in response to Si application enhances 

root water uptake under drought stress conditions. A Si-mediated reduction in membrane oxidative damage 

via increased antioxidant defense may contribute to enhanced root hydraulic conductance. 

Regulating Aquaporins 

Aquaporins belong to the major intrinsic protein (MIP) family and regulate the transport of water and 

small solutes across membranes, contributing to root water uptake, especially under drought stress 

conditions. Water moves within the roots both radially from the root surface into xylem vessels and axially 

along the xylem, while aquaporins mainly function in radial water movement in both the water uptake and 

transport. 

There are three main pathways for water flow in radial movement: the apoplastic, symplastic, and 

transcellular pathways. The symplastic and transcellular pathways are collectively referred to as the cell-

to-cell pathway, which is mainly dependent on aquaporins. 

Increasing Nutrient Uptake 

Mineral nutrient uptake and homeostasis can be disrupted by environmental stimuli, especially drought 

stresses. It has been reported that the uptake of nitrogen (N), phosphate (P), potassium (K), calcium (Ca), 

magnesium (Mg), iron (Fe), copper (Cu), and manganese (Mn) increases in response to Si application under 

drought stress, which not only enhances plant growth but also improves plant resistance and tolerance.  

For example, K and Ca contents were considerably increased in maize in response to Si application under 

drought stress in which K benefits plant growth, osmotic adjustment and drought tolerance and Ca is 

critical for achieving better survival with improved plant growth, maintaining the integrity of plant 

membranes and regulating ion permeability and selectivity. 

In summary, the beneficial effects of Si on water uptake may be attributed to the improvement in root 

growth, driving force, root hydraulic conductance, aquaporin activity, and gene expression, as well as the 

maintenance of nutrient balance. 

The interactions between the Si and other essential nutrients under drought stress are worthy of further 

study to explore the role of Si in root water uptake. Si application enhances the resistance and tolerance of 

plants under drought stress by increasing plant defense responses, such as those of the antioxidant system, 

thereby reducing drought-induced oxidative stress. 
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Conclusion 

It summarizes the effects of Si on plant resistance and tolerance to drought stress. Si application alleviates 

plant drought stress by (i) enhancing root water uptake, mainly through improving root growth, osmotic 

driving forces, hydraulic conductance, and mineral nutrient uptake, as well as by regulating aquaporin 

(AQP) activity and gene expression, (ii) regulating leaf transpirational water loss depending on root water 

status, and (iii) inducing plant defense responses through modification of signaling pathways and 

activation of antioxidant systems. This makes Si application an attractive approach to improving plant 

water status and maintaining plant water balance under drought stress conditions. Understanding the 

interactions between Si application and plant responses will contribute to more efficient fertilization 

practices or enhanced stress tolerance of crop plants. 
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While sunflower is one of the important oilseed crops, which is grown mainly in Karnataka, Maharashtra, 

Andhra Pradesh, Punjab, and Haryana, the Government is reviewing potential of other States in this 

regard. There is scope of sunflower area in other states such as Bihar, Uttar Pradesh, West Bengal, Odisha 

and Chhattisgarh. 

Currently, India produces about 45% of its domestic edible oil consumption requirement. Soya bean (24%) 

and groundnut (7%) are other oils that contribute to domestic production. Crude palm and soya bean oil 

are imported mainly from Malaysia, Indonesia, Argentina and Brazil, and form shares of 62% and 21% of 

edible oil imports, respectively. 

Because of high import dependence, edible oil imports are estimated to be worth around Rs 1.5 trillion in 

2021-22. India imports 13 million tonne of edible oil annually. India depends on Ukraine for sunflower oil, 

which had a 15% share in the edible oil import basket in 2020-21. Ukraine is the largest exporter of 

sunflower oil in the world, producing almost 46% of the world’s sunflower and safflower oil. 

India is focused on promoting the area and production of sunflower in the country. Measures to revive 

sunflower production, which used to be grown on 2.66 million hectares (mh) in 1993-94, includes supply of 

quality seeds, productivity improvement through introduction of technology, and promotion of processing 

and value addition. 

The sunflower has crop in Bihar has literally wilted. The resplendent and colourful sunflower plants, which 

blossomed and dotted the vast tracts of farmland across Purnia and Kosi divisions until a  couple of years 

back, are no longer the farmers' favourite. The area under sunflower cultivation has shrunk.The farmers 

are  greatly enamoured of planting sunflowers, which yielded us huge profits. But the subsequent 

experiences only soured them. "It was a real cash crop and crop yield fetched us enough profits. The entire 

scenario has, undergone a sea change.The sunflower cultivation has lost its shine and farmers have 

gradually shifted their attention to other patterns in farming which yield more profit. In the past couple of 

years, farmers have significantly riveted towards maize. Over fifty (50) rakes of maize crops were 

transported from different stations like Purnia, Kishanganj, Forbesganj and Dalkola last season alone -- 

which was more profitable and money earner. The market mechanism and nature's vagaries like off season 

rains and squalls are big daunting factor and have effected sunflower cultivation.The maize is the inthing. 

Farmers are literally moon-shining on maize Sunflower is mainly sown between mid- November and mid-

December, but some farmers prefer to sow them later in January and early February. But the yield is 

relatively very poor for those who opt for late variety of sunflower, though farm input costs are practically 

the same for the two farm patterns. In the absence of any factory for squeezing oil out of it, sunflower crops 

are naturally exported to states like Gujarat, MP and Maharashtra. 

The sunflower cultivators are always at the whims and mercy of the middlemen and agents of factory 

owners from these states. Sometimes sunflower farmers, who cannot afford to hold on their produce for 

long are obliged to sell their produce to local buyers, who only use them as a mix and adulterate them with 

other oilseeds, “Nearly 75% of the farmers have given up sunflower farming in Purnia district and have 

switched over to maize now, which has emerged as the best cash crop for them. The scenario is still worse 

in Kishanganj, “Sunflower farming is virtually a thing of the past. The farmers were getting attracted 

towards it some years back. But now you only come across small patches of it here and there. 

The overall situation as far as sunflower farming is concerned is no less depressing in Kosi division. 

  

https://timesofindia.indiatimes.com/topic/purnia
https://timesofindia.indiatimes.com/topic/kosi
https://timesofindia.indiatimes.com/topic/sunflowers
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Rice bran oil (RBO), an increasingly preferred alternative over regular edible oils available on the market, 

continues to represent a sizeable global market on the back of its solid nutritional profile. Enriched with 

vitamin E, and natural antioxidants, rice bran oil is especially being a recommended one owing to its 

balanced fatty acid content. Besides its application by consumers in their diet, RBO has been gaining 

ground in the pharmaceuticals, and cosmetics industries over the past decade, which marks an important 

trend supporting the market growth.  

Refined Rice bran oil is obtained and extracted from rice outer layer of rice called chaff. The outer layer is 

commonly known as Bran. It is a hard brown outer layer of rice; it has its high smoke point 232Â°C and 

mild flavor, making it suitable for high-temperature cooking methods such as stir-frying and deep-frying. 

Oil is produced from rice bran, an oily layer in between the paddy husk and white rice. It has a mild flavor 

and is neutral in taste. The taste does not clash with Indian food and you can even use it in cookies and 

cakes. It may lend a mild nutty flavor. It can be used for grilling, marinades and is great in salad dressings. 

It’s light and quite versatile. The World Health Organization (WHO), suggested rice bran oil as an effective 

choice to keep cholesterol under control. 

Food, An expanding health-conscious population is working to the advantage of rice bran oil market. While 

the low-cholesterol low-fat low-calorie trend among consumers has been favouring the demand for rice bran 

oil, its nutraceutical attributes will remain instrumental to its growing consumption by pharma players 

from across the globe. A measurable chunk of population believes in the finding that preparations made in 

rice bran oil tend to absorb much lesser oil that that by regular oil varieties, which sustains its demand in 

local markets. On the other side, research findings also suggest that RBO can be potentially effective 

against gastrointestinal conditions, allergic reactions, and even Alzheimer's. 

Consumption of rice bran oil as an immunity booster is also on the rise recently, which is again a strong 

factor fostering the growth of the rice bran oil market. With growing preference for natural ingredients in 

cosmetic products, rice bran oil manufacturers are discovering multiple windows of opportunities in the 

various segments such as skincare, hair care, anti-ageing, lip care, and other product categories. The 

bakery sector is extensively utilising rice bran oil for production of several baked goods, sauces and 

dressings, shortenings, mayonnaise, margarine, and non-dairy creamers.  

Some of the world's largest producers and exporters of rice bran oil are the Asian economies, including 

India, Japan, China, Vietnam, and Thailand. India however holds an exceptional untapped potential for 

the market growth as the country has rice as one of its top cereal crops. Moreover, some of the governments 

in India (the latest, Odisha) has been offering subsidiary benefits to rice bran oil manufacturers, which is 

supporting the growth of market within the region. 

As the world's largest importer of vegetable oils attempts to deal with an edible oil shortage caused by 

global supply disruptions, rice bran has grown in popularity in India. Rice bran, a by-product of the milling 

of rice, has long been used as livestock feed and poultry. Rice oil, which is preferred by health-conscious 

customers but has historically been more expensive than competing oils, is now being extracted by oil mills. 

 Rice bran oil is one of the fastest-growing edible oils, although it only makes up a small fraction of India's 

total vegetable oil consumption. To satisfy the demand, output and imports are expected to rise. The 

traditional advantages of rice bran oil over rival oils have been removed by the sudden rise in global edible 

oil prices driven by Indonesia's restrictions on palm oil exports and problems in shipments of sunflower oil 

from Ukraine. Because of this, demand for bran oil, which has similar taste qualities to sunflower oil, has 

increased. According to B.V. Mehta, secretary-general of the International Association of Rice Bran Oil 

(IARBO), when sunflower oil shipments from Ukraine decreased, customers began substituting rice bran 

oil. Over two-thirds of India's needs for sunflower oil are typically met by imports from Ukraine. Sharma 
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said, referring to the oil's cholesterol-lowering and anti-oxidative characteristics, "It tastes delicious and is 

beneficial for health as well."Currently, rice bran oil costs 147,000 Indian rupees ($1,879) a tonne while 

sunflower oil costs 170,000 rupees in India. 

According to data collected by the Solvent Extractors' Association of India (SEA), rice bran oil normally 

demands a 25 percent premium over other oils but has recently become less expensive than imported 

vegetable oils, making it more accessible to the public. 

Since March, increased demand for rice bran oil due to competitive prices has encouraged businesses to 

increase oil extraction. 

From By-Product to Main 

Since there is such a high demand for rice bran oil, rice millers are now prioritizing the manufacturing of 

bran oil, which has completely changed their economics. 

While these duty cuts helped, they have also altered the price gap that exists between healthy and 

unhealthy oil options. Duty cuts were taken by the government for palm, sunflower and soyabean, and the 

centre has left out olive and olive pomace oil, both of which are imported too. These two oils are considered 

the healthiest of the old due to their antioxidant properties. 

“When it comes to other healthy edible oils like rice bran and olive pomace oils, the duties are still 

disproportionately high at 38.5%, leaving consumers with no healthy options to choose from. We urge the 

government to reduce the duty on crude oils of these sources, make it a level playing field. 

Manufacturer of Oleev oil Modi Naturals’ five-liter olive pomace currently costs ₹2199. Dhara’s sunflower 

oil, on the other hand, costs ₹943 for 5 liters. The price of olive oil is already high and disproportionate 

duties might make them costlier by comparison. 

As trends indicate, Indians have already been downtrading from brands to unbranded or local items when 

it comes to packaged foods. And, it has already affected FMCG major Marico. Its healthy cooking oil brand 

version Saffola declined in double digits in the quarter ending June 2022. 

“Saffola Oils declined in double digits, having to contend with high in-home consumption in the base 

quarter and significant downtrading visible from super premium to mass segment in edible oilsMarico has 

a range of healthy cooking oil options under its brands named Weight Watchers, Total Pro Heart and more. 

It also has cans of rice bran oil with other vegetable oils, providing a multitude of options for consumers 

searching for healthy options. 

  

https://www.businessinsider.in/india/news/oats-and-honey-are-some-of-the-health-foods-that-indians-are-buying-less-of/articleshow/92697833.cms
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Introduction 

Rice husks are the hard protective coverings of rice grains, which are isolated from the grains during the 

milling process. In recent years the agricultural waste or by-products has received increasing attention in 

the economic, scientific, social and technological areas. Rice husk is a by-product of rice milling and rice 

husk ash (RHA) is the one of the major by-products of rice husk burning. Transportation of rice husk is 

problematic as it creates various problem related to its disposal and when it is burnt in field it creates 

serious environmental issue (Pode, 2016). The silica obtained from RHA or RH provides a potential 

substitute to conventional silica for the synthesis of many value-added products. It has been reported that 

around 20 million tonnes ash is produced per year around the world (Soltani et al.,2015). The 

characteristics of the ash are dependent on composition of the rice husks, burning temperature and burning 

time. Rice husk improve the texture of the soil, add better drainage, add silica, and they can be used as 

weed-fighting mulch. Rice hulls also add silica to the soil. Silica is used to strengthen the cell walls in the 

plant, and it improves their immunity to diseases, drought, and heat. Mulch facilitates more retention of 

soil moisture and helps in control of temperature fluctuations, improves physical, chemical and biological 

properties of soil as it adds nutrients to the soil and ultimately enhances the growth and yield of crops. 

Composition 

The composition of rice husk is affected by various factor such as variety of rice, type of fertilizer used, 

geographic location of the area and soil structure of that region. Rice husk constitutes about 16-25% of the 

weight of rice (Soltani et al.,2015) and its composition is as follows: cellulose (50%), lignin (25%-30%), silica 

(15%-20%), and moisture (10%-15%). Bulk density of rice husk is low and lies in the range 90-150 kg/m3, 

and it contains about 30%-50% of organic carbon. Rice husk is a cellulose-based fibre and contains 

approximately 20% silica in amorphous form. The elemental constitution (wt %) of rice husk is 41.92% C, 

6.34% H, 1.85% N, and 0.47% S. The proximate analysis (wt%) of rice husk is 10.89 moisture, 73.41 

volatiles, 11.44 fixed carbon, 15.14 ash, and 12.87 HHV (MJ/kg). Rice husk can absorb water ranging from 

5% to 16% of unit weights, and the unit weight of rice husk is 83-125 kg/m3. X- ray fluorescence was used 

to determine chemical composition of RHA and it was found to contain- SiO2 89%, Al2O3 1.20%, C 18.24%, 

CaO 1%, K2O 1.22%, Fe2O3 1.28% The ash properties are affected by different factors such as rate of 

heating, incinerating conditions and different burning methods (Mohamed et al.2015). 

Common Products 

Common products from rice husk are solid fuel (i.e., loose form, briquettes, and pellets), carbonized rice 

husk produced after burning, and the remaining rice husk ash after combustion. 

   
  

Rice husk (loose 

form) 

Rice husk 

briquettes 

Rice husk 

pellets 

Rice husk ash Carbonized 

rice hus 

Fig 1: Common products of rice husk 

Rice husk in its loose form is mostly used for energy production, such as combustion and gasification. Rice 

husk briquettes and pellets are produced using densification to increase the density of materials and their 

combustion performance. These densified rice husks are mainly used in industrial boilers as a substitute 

https://gardeniaorganic.com/improve-soil-aeration/
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for fossil fuel. Rice husk ash is the remaining by- product after combustion is done. The amount of carbon 

remaining in ash depends on the combustion performance (i.e., complete or incomplete combustion). 

Carbonized rice husk is produced by thermal decomposition of the rice husk under a limited supply of 

oxygen (O2) and at relatively low temperatures (<700°C). 

From By-Product to Main 

 
Fig.2 Uses of rice husk 

1. Source of fuel: Rice husk works as very good source of biofuel. The RH has calorific value around 

15218.21 kJ/kg. The performance of rice husk as fuel is comparable to that of traditional fuels. Hence RH 

is cheaper fuel than coal (Yadav and Singh, 2011). 

2. As organic fertilizer: RH is being used as major source of an organic fertilizer. These fertilizers improve 

productivity and also increase water efficiency of the agricultural field (Badar and Qureshi, 2014). 

3. Source of fibre: Dietary and food: Right from the ancient times rice husk has been used as an important 

constituent in ruminant and poultry (Aderolu et al., 2007). 

4. As an adsorbent: The rice husk is insoluble in water due to high silica content; it also has effective 

chemical stability due to its structure. Therefore, it finds application in the purification of water and 

treatment of waste water. It also works as good adsorbent to remove different type of heavy metals, 

pollutants, dyes, pesticides, phenols, inorganic anions and organic compounds (Lata and Samadder, 2014). 

5. In synthesis of bio-ethanol: Rice husk is used for the synthesis of bioethanol which is solution to many 

problems such as energy, environment, economic faced by the world (Srivastava, 2014). 

6. Application of rice husk ash: RHA is a valuable raw material for various industrial as well synthesis 

applications such as polymer industry, adsorbent and heterogeneous catalysts, refractory industry, ceramic 

applications, cement industry, fillers of rubber, plastic composites, (Turmanova et al., 2012). Some of the 

other important industrial and domestic applications of RHA are discussed below: 

7. As silica source: RHA contained over 60% silica and it is economically feasible raw material for 

preparing silica gels as well as powder. Precipitated silica can be widely utilised in many of the industries 

such as tyre industry, cosmetics, electronics, ceramic, polymer material, paint industry, food industry, 

thickening agent in paints, reinforcing agent in rubber, thermal insulators, thyrotrophic agents, in 

toothpastes as a cleansing agent and composite-fillers (An et al., 2010). 

8. In building materials (Cement and Concrete Industries): RHA is used as filler to enhance strength of 

concrete blocks. It has been observed that with the use of RHA along with concrete increase compressive 

strength, reduced permeability and the improved flexural strengths (Ganesan et al., 2008). 

9. As filler in polymer: RHA has been successfully utilized as filler in the various polymers such as 

polypropylene, polyethylene, polystyrene. Thermal degraded products of rice husk are often used as fillers 

in many polymers, and polymeric composites, paper, paint, etc. 

10. Vulcanization of rubber: Addition of RHA as an additive with other coupling agents in natural 

rubber improves its mechanical properties. The presence of coupling agent in rubber as well as composites 

increase the mechanical and physical strength, filler dispersion as well as crosslink density (Araya pranee 

et al., 2005). 
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11. Synthesis of refractory bricks: As compared to conventional clay bricks, the bricks prepared by 

mixing of rice husk ash, have greater compressive strength. 

12. Insect pest controller in stored foodstuffs: RHA is found to be effective in controlling the effect of insects 

and pests in stored food stuffs. RHA has been successfully used against Callosobruchus maculatus and 

Sitophilus zeamais (Adebayo and Ibikunle, 2014). 

13. In water purification: RHA is very effective adsorbent for the adsorption of various heavy metal such 

as lead, mercury from aqueous water. It has also been found effective in removing Methylene blue, humic 

acid from waste water (Sharma et al., 2010). 

14. Ceramic industries: RHA used in ceramic glazes (Bondioli et al.,2010). 

15. Synthesis of nano-particles: RHA has been found to be efficiently and effectively used in preparation 

of silica nano- particles through green and eco-friendly route. Silica nano- particles are usually utilized for 

different types of applications such as industrial manufacturing, packaging, composite of ceramic, drug 

delivery, biosensing, adsorption, and also as catalyst for various processes (Ghorbani et al., 2015). 

16. In renewable energy: It has been found that biodiesel physical and chemical properties are similar 

with diesel oil without any modification in engine. Biodiesel has many benefits such as cheapness, non-

toxic, biodegradability and eco-friendly. 

Conclusion 

Rice husk and rice husk ash is an agricultural waste which is freely available at a nominal price. With the 

development of new research methods, systematic and potential application of RH and RHA for 

manufacturing new materials could solve many issues related to its disposal and burning in field which is 

responsible for pollution. This process could bring economic feasibility in waste treatments. Rice husk 

mulch can effectively minimize water vapour loss, soil erosion, weed problems and nutrient loss. Organic 

mulches are efficient in reduction of nitrates leaching, improve soil physical properties, prevent erosion, 

supply organic matter, regulate temperature, water retention and improve nitrogen balance take part in 

nutrient cycle as well as increase the biological activity. Presence of more amount of silica content in RH 

as compared to other agricultural waste provide an opportunity to explore direct and indirect applications 

in different field, which makes it an important market value product and can give a good economic return 

to the producer. Synthesis of silica nano-particles and their application in various fields and industries 

makes it an important raw material for nanotechnology. The use of agriculture waste as a source of 

renewable and sustainable energy source has a great potential as low-cost raw material for production of 

various valuable material. Sustainable use of rice husk and its ash could help in increasing agricultural 

economy and can also contribute towards rural development of our country. 
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Introduction 

Costus igneus, (Fig. 1) generally identified as insulin plant in India, belongs to family Costaceae. It is 

believed that consumption of the leaves helps lower the blood glucose levels, and diabetics who consumed 

the leaves of this plant report a fall in their blood glucose levels. 

Costus igneus Nak (syn. Costus pictus D. Don, Costus mexicanus Liebm ex Petersen or Costus congenitus 

Rowle), commonly known as fiery costus, Step ladder or Spiral flag or Insulin plant, is native to South and 

Central America. This is a latest introduction to India from America as an herbal cure for diabetes and 

commonly called as “insulin plant”. It is widely grown in gardens as ornamental plant in South India and 

also run wild in many places. It is used in India to control diabetes, and it is known that diabetic people 

eat one leaf daily to keep their blood glucose low. Leaves of C. igneus (Fig.2) were one among the plants 

known to be effectively used for treating diabetes. 

  

Fig.1 Insulin plant Fig.2 Insulin leaf 

Table 1. Vernacular names: 

Languages Names 

English Spiral Ginger, Spotted Spiral Ginger, Painted 

Spiral Ginger 

Telugu Peddavesiga, Yeangesha 

Urdu Bijasar Dam al akhwain 

Bengali Piasals 

Hindi Banda, Bija-sal, Peisar, jarul, Keukand 

Kannada Kempu honne 

Malayalam Honne, Karintakara, Vengai, Venna-maram 

Marathi Honi, Pushkarmula 

Sanskrit Asana, Bandhukapushpa 

Tamil Neyccarikamaram, Venkai-c-ciray, Kostam 

Gujarati Pakarmula 

Table 2. Nutritional and phytochemical composition of insulin leaves: Costus igneus: 

Nutrient / phytochemical Quantity (per 100g) 

Protein 15.3g 
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Iron 120 mg 

Ascorbic acid 81mg 

ᵦ- carotene 667µg 

α-tocopherol 149 mg 

Glutathione 75 m mols 

Total phenols 4.5g 

Total flavonoids 0.848 mg/g extract 
(Devi and Urooj, 2010) 

Table 3. Insulin plant (Cissus sicyoides): 

Nutrient Qunatity (Per 100g) 

Protein 1.85 % 

Ash 1.35 % 

Lipid 0.83 % 

Fatty acid composition 

Linolenic 35.1 % 

Linoleic 16 % 

Oleic 5.2 % 

Palmitic 26.3 % 

Stearic acids 7.7 % 

Unidentified fatty acids 3.4 % 

Minerals 

Sodium 344 mg/kg 

Magnesium 4644 mg/kg 

Manganese 21.2 mg/kg 

(Sabaa-Srur et al. 2012) 

Effect of Value-Added Products Prepared with Insulin Leaves 

Cookies made with Costus igneus leaf powder etc. were analyzed for proximate analysis and phytochemical 

analysis with standard procedures. A total of 30 Type-II diabetic patients were selected for the study whose 

demographic variables and blood glucose levels were measured on the first day and after 15 days, 30 days 

of cookies consumption. The proximate and physic-chemical analysis showed cookies contain high number 

of secondary metabolites including antioxidant compounds. Among the 30 study subjects, the mean levels 

of FBS and PBS were decreased significantly in all the four groups from day 0 to day 30 which indicates 

that C.igneus cookies consumption had good effect in reducing the blood glucose levels. However, the 

HbA1C has been decreased by one unit in all the four study groups. The cookies made with Costus igneus 

plant material have good antimicrobial, antioxidant and antidiabetic activities and can be used as a 

therapeutic and functional food source for the treatment of overweight, obesity and diabetes (Rajani et al. 

2020). 

Conclusion 

Costus igneus is an important medicinal herb presented with various pharmacological actions. Various 

phytoconstituents in the insulin plant extract is responsible to make the treatment more assuring, reliable, 

with fewer side effects for the welfare of mankind in the future. It has indicated good results as an anti-

diabetic for diabetes mellitus treatment as well as anti-inflammatory, antioxidant, anti-proliferative, anti-

urolithiasis, hypolipidemic, neuroprotective. Future research is suggested for the advances in the novel 

formulation of insulin plants using each isolated compound and improving bioavailability, therapeutic 

effect, and delivery of the drug. 
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It was fundamentally described that statistics is the study of probability. The soil type, humidity, amount 

of water, and pH of the water all affect the variety in food agriculture and attempt to determine the yield. 

Focus on insects that harm the fruit or bloom while discussing horticulture (Rehman et al. 2022). There 

are many varieties, and this one-use science to gather information because agriculture is by its very nature 

probabilistic. Unequal or varying probability sampling which is nothing but unequal probabilities provide 

more effective estimators than equal probability sampling, and this type of sampling is known as Varying 

Probability Sampling. 

The analysis of biological data begins with choosing the best statistical approach. The validity of the data 

can be seriously hampered by improper statistical technique choice, which also has an impact on the study's 

conclusion. In statistics, statistical techniques interpretation and analysis are crucial for each unique case. 

In order to choose the best statistical approach for data analysis, one must be aware of the assumptions 

and circumstances governing each statistical approach. 

In addition to having a solid understanding of statistical techniques, it's crucial to understand the nature, 

type, and goal of the investigation because these factors influence the choice of the statistical techniques 

that will work best with the information at hand. 

Even though there are several statistical software programmes, such as Stata, SPSS, R, and SAS, broadly 

utilized, choosing the right statistical test remains challenging for researchers, especially those without a 

statistical background. Statistical techniques, which derives inferences from data using data sets, and 

standard deviations, which summaries data using indices like means, average, and sample variance, are 

the two primary statistical techniques used in research methodology (Mishra et al. 2019). 

A comprehensive use of quantitative methodology to enable learners to apply those certain methods in a 

range of crop science fields, such as the producing of field crops, vegetable crops, horticulture, fruit and 

grape production, crop protection, agricultural mechanization, livestock, veterinary medicine, water 

resources, agricultural entrepreneurship, and other fields. The expanding amount of data that is 

fundamental in agricultural sciences has given rise to the discipline of agricultural statistics, which has 

grown over the last few decades. 

The most popular mating technique for hybrid breeding is the line tester. An refinement of Fisher and 

Yates' examination of the two-factor factorial design is the line-tester analysis, which uses "l" lines and "t" 

testers. By connecting "l" lines to "t" testers, comprehensive progenies are developed in this design (Fasahat 

et al. 2016). The agricultural research is based on the use of statistical methods and processes which seem 

to be helpful in testing theories using observable data, in creating predictions of characteristics and in 

forecasts. For efficient application in dealing with the many issues in the different agricultural activities’ 

branches, statistic approaches must be applied. 

Conventional statistical approaches face a severe challenge from the quick rise of enormous datasets in a 

variety of sectors. It also gives academics the chance to create innovative algorithms. Several decentralized 

frameworks for statistical prediction and interpretation have been presented, each of which is inspired by 

the divide-and-conquer methodology. Algorithms were created to address complex statistical optimization 

issues (Gao et al. 2022). 
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Performing seeding, transplanting, weeding, fertilizing, and harvesting are some of the most labour-

intensive tasks in farming techniques. Automation has assisted us in improving our quality of life in a 

number of ways. The most recent computational structures that utilise drones and satellite imagery have 

significantly improved the Agro-based sector. 

Furthermore, by providing cyclic data on the state of the yield during examined periods at various degrees 

and for various factors, spatial data has the potential to promote the development of agricultural 

applications with the objective of overcoming this major challenge. To determine many essential factors, 

such as plant detection, output recognition, grain quality, various high-tech, computer-supported 

architectures are developed (Ennouri et al. 2021). 

There is a rising demand for food resources due to limited land that can be used for agriculture. Special 

programming abilities can be provided by artificial intelligence helps to raise the standard of agriculture 

by working with agricultural systems. Recently, several artificial intelligences (AI)-based scientific 

research have been conducted to address issues with animal welfare and human health. 

The potential of artificial intelligence (AI) in resolving many application issues in various animal species, 

including ruminants, pigs, and birds. It addresses the issues of animal welfare, behaviour, illness, and 

environmental management for sustainable production. Data scientists, veterinary researchers, 

agricultural engineers, environmentalists, and plant breeders have all collaborated to advance this field of 

study (Bao and Xie, 2022; Widianto et al. 2022). 

The use of smart technologies, such as machine learning, IoT, broadband online, and wireless framework, 

has been a key factor in the achievement of sustained farming technology. Some study results point to the 

importance of continuous precision irrigation scheduling in boosting the achievement of agricultural 

production and preventing water scarcity. 

As a result, this study has extended upon the evaluation of machine learning approaches, namely 

unsupervised, supervised and reinforcement learning, used for farming management (Abioye et al. 2022). 

Aquaculture has benefited greatly from the use of modern intelligent technology in several areas, including 

labour reduction, increased productivity, and environmental friendliness. Artificial intelligence (AI) is 

subdivided into machine learning, which uses trained algorithm models to identify and learn qualities from 

the data it observes. Several researches have been done on the use of machine learning in intelligent 

aquaculture, including grading, early diagnosis, and species categorization (Vo et al. 2021). 

A novel agricultural method for the modern era is vertical farming (VF). In the future, it could be able to 

provide all of the food needs. Looking at the present agricultural trend, it would appear that VF could 

support all of the vertex of farming in different dimensions. Given the shrinking agricultural lands, it is an 

innovative method of agriculture to accommodate the need for food. 

The productivity and quality parameters will improve VF by implementing cutting-edge technology like 

IoT (Internet of Things), AI, and machine learning. Modern technology is incorporated into farming for the 

general development of the farmer and the nation's economy. Managing farming operations is a dependable 

and efficient technique to manage daily operations on agricultural land (Swain, 2022). Both farmers and 

users would gain a lot from the use of machine learning techniques and the incorporation of digital and 

IoT solutions. 
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Introduction 

Brinjal (Solanum melongena L.) belongs to the family Solanaceae. It is described as the “king of vegetables” 

due to its wide usage throughout the world. Area and production of brinjal have increased over the years, 

although increment in productivity remained relatively less over the years. Globally, India stands second 

in brinjal production and constitutes 8.1 percent of vegetable production. The eggplant crop is affected by 

several plant pathogens at different growth stages. Important diseases are damping off (Pythium spp), 

Phomopsis blight (Phomopsis vexans), Cercospora leaf spot (Cercospora melongenae), Alternaria leaf spot 

(Alternaria melongenae), little leaf (Phytoplasma) and collar rot (Sclerotium rolfsii) (Bhupendra et al., 

2014). Amongst all the diseases mentioned above Phomopsis blight is one of the most devastating diseases 

of brinjal. 

Symptoms of Phomosis vexans leaf blight are rotting of fruits, canker on the stem, and damping off. Its 

perfect stage of Phomosis is Diporthe vexans (Vishunavat, 1992). Martin (1930) reported the seed-borne 

nature of Phomopsis vexans that occurred under the seed coat. 

Etiology 

Diaporthe vexans (Sacc. & P. Syd.) produces sub-epidermal, erumpent, dark, thick-walled, flattened to 

globose pycnidia varying in size often 100-300 µm diameter, with or without a beak; beak to 76 µm. 

Phialides are hyaline, simple or branched, sometimes septate, 10-16 µm long, arising from the innermost 

layer of cells lining the cavity of pycnidia. The conidia produced are α and β. The α- conidia are hyaline, 

aseptate, sub-cylindrical, 5-8 x 2-3 µm whereas β- conidia are filiform, curved, hyaline, septate, 18-32 x 0.5-

2.0 µm, non- germinating. Hyphae are hyaline, and septate, 2.5-4 µm in diameter (Singh, 1987).  

Perithecia in culture usually appear as a cluster, 130-350 µm in diameter, beaked; beaks are sinuous, 

carbonaceous, irregular, and 80-500 µm long. Asci produced are clavate, sessile, 24-44 x 5-12 µm, and eight-

spored. Ascospores biseriate, hyaline, narrowly ellipsoid to bluntly fusoid, one-septate, constricted at the 

septum, 9-12 x 3-4.5 µm (Gratz, 1942). Several researchers have studied the factors affecting the growth 

and sporulation of the fungus in culture (Islam and Pan, 1990). 

Host Range 

Phomopsis vexans is a serious pathogen on Solanum melongena. However, it has been reported on multiple 

genera of Solanaceae as well as reports on Acacia spp. (Fabaceae), Prunus spp. (Rosaceae) and Sorghum 

bicolor (Poaceae). 

Symptoms 

The symptoms range from poor germination and seedling blight to fruit rot. Post-emergence damping-off 

of seedlings results from infection of the stem just above the soil surface. The symptoms on leaves are more 

prominent during the early stages of plant growth. The lesions first are small, more or less circular, and 

buff to olive, later becoming cinnamon buff, with an irregular blackish margin (Pawar and Patel, 1957). 

Irregular spots result from coalescence. After transplanting, leaves in contact with the soil may become 

infected directly or develop leaf spots due to infection by conidia. Lesions on the petiole or the lower part of 

the midrib can result in the death of the entire leaf. Affected leaves may drop prematurely, and the blighted 

areas become covered with numerous black pycnidia. On stems and branches elongated, blackish-brown 

lesions are formed, eventually containing pycnidia.  
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The diseased plant bears smaller leaves and the axillary buds are often killed. When stem girdling occurs, 

the shoot above the infected area wilts and dries up and the plant may be toppled by the wind (Sherf and 

MacNab, 1986) Pycnidia develop readily in lesions on young stems, but rarely on older ones. On the fruits 

the symptoms appear first as minute sunken greyish spots with a brownish halo, which later enlarge and 

coalesce, producing concentric rings of yellow and brown zones. These spots increase in size and form large 

rotten areas on which conidiomata often develop concentrically, covering most of the rotten fruit surface. 

Pycnidia on fruit are larger than those on stems and leaves. If the infection enters the fruits through the 

calyx, the whole fruit may become mummified due to dry rot. Rot may appear in fruit in transit after 

harvest (Sherf and MacNab, 1986). 

 
FIG: 1. Disease symptoms caused by Phomopsis vexans. (a, b) fruit rot of brinjal, (c) 

mummified fruit, (d, e) blight on calyx, (f, g) stem blight on severely infected plants, (h−j) leaf 

blight, (k) cirri of P. vexans, pycnidia on affected leaf and fruit, (n) pycnidia (100 µm), (o, p) 

alpha conidia. 

Life Cycle 

Conidia germinate after 6 hours and penetration occurs after 12 hours. In tissue, the spread of the fungus 

is both intercellular and intracellular. Seedlings and young stems are highly susceptible. Mature tissue 

exhibits hypertrophy and hyperplasia below the infected region, preventing the further spread of the 

fungus (Divinagracia, 1968). Conidia are disseminated locally by wind and rain and the fungus also 

survives in crop debris. 

Epidemiology 

Phomopsis vexans require hot and humid conditions for infection and disease development. Spore 

germination is optimal at 27°C, and pycnidial formation is greatest between 30° and 35°C. The optimum 

relative humidity and temperature for disease development are 55% and 28°C respectively. 
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Effects On Seed Quality 

Infection in seed adversely affects the seed quality, causing seed discoloration, reduced seed weight and 

density, poor germinability, and reduced viability (Vishunavat and Kumar, 1993). 

Management 

Hot water treatment of seeds at 50°C for 30 minutes. Seed treatment and spraying biological control with 

Trichoderma harzianum and Pseudomonas fluorescens are effective against Phomopsis vexans. Fungicides 

that are most commonly used in controlling this disease are Bordeaux mixture, carbendazim, carboxin, 

copper oxychloride, chlorothalonil, mancozeb, and zineb. Bavistin, Vitavax, Blitox-50, and Ridomil were 

the most effective fungicides and they completely inhibited the growth of pathogen invitro. Seed treatment 

with carbendazim and mancozeb reduces the incidence of disease. Nimbidine and Indofil M45 were found 

to be the next best in inhibiting the growth of pathogens. 
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Through the intensification of agriculture, soils have deteriorated globally. Adverse land-management 

practices (e.g., intensive soil tilling) and use of chemical fertilizers and pesticides has reduced both the 

number and diversity of microbials in the environment. In a regenerative agricultural system, agricultural 

practices on and around the farm are conducted so as to increase the quantity and importance of beneficials 

(e.g., arthropods and the microbiome).  

One of the fastest-growing segments in agricultural inputs is biological products. Agricultural biologicals 

are a diverse group of products derived from naturally occurring microorganisms, plant extracts, beneficial 

insects or other organic matter. They are typically broken down into two or three major categories according 

to their use in agriculture: 

a. Biostimulants (plant growth/productivity enhancement products) 

b. Biopesticides (plant protection or biocontrol products) 

c. Biofertility (plant nutrition products) 

The industry has a significant opportunity to develop biologicals that will revolutionize agriculture by 

creating a resurgence of residential beneficials and triggering the beneficials themselves to control pests, 

diseases, and weeds, while also making crops more resistant to abiotic crop stresses (e.g., heat, drought, 

and climate change effects) while increasing crop health and yields.  

Agriculture companies have shown an increased interest in these products in the past decade. In that time 

frame investments in this sector have stimulated a surge in the development of various types of new 

biological products. Hundreds of start-up companies selling biological products have also popped up. 

a. Biological agricultural products (“biologicals”) will eventually replace chemical pesticides and 

fertilizers in the $240 billion crop protection and fertilizer market. 

b. All stakeholders will benefit from the widespread adoption of biologicals: consumers will enjoy 

increased access to sustainably grown food, farmers will have access to better tools and new income 

streams, and the industry will gain a sustainable pipeline of new biologicals.  

Unfortunately, the biological market is very confusing because of the various jargon utilized, starting with 

the term biological. Again, the definition of a biological is a product that contains beneficial, naturally 

occurring microorganisms or microbial derivatives as active ingredients. Biologicals are also referred to as 

probiotics, biofertilizers, biofungicides, biocontrols, and biostimulants. Sometimes these terms are used 

interchangeably, which adds to the confusion. 

There are many questions that have been raised in these days. Biologicals, such as inoculums for legumes, 

are not new to the agriculture industry, so why all the hype right now? If biologicals are so great, why are 

they not utilized more? There are a few reasons why producers are not jumping on the biological bandwagon 

yet. The first hurdle is lack of understanding and confusion about biologicals in general. The second hurdle 

is that there is little to no information on the effectiveness of these products. The last obstacle is the 

inconsistency of product performance in different environments and soil conditions. The microorganisms 

need to attain large populations in the environment to show observable effects on crop productivity. Many 

factors, such as temperature, pH, organic matter, salt concentration, and moisture, affect the survival of 

different microorganisms. Biologicals are recommended as a supplement to conventional chemicals, not as 

a replacement. These factors are why biologicals may have inconsistent results and comprise an active area 

of research. 

  

https://info.agricen.com/agricultural-biostimulants
https://www.epa.gov/ingredients-used-pesticide-products/what-are-biopesticides
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Malnutrition exists in most countries and across all socioeconomic classes. Under nutrition, micronutrient 

deficiency, and obesity are the implications of a nutritiously imbalanced diet (Food and Agriculture 

Organization [FAO], 2014). A healthy diet should meet the recommended dietary allowance of 54 g (men) 

and 46 g (women) protein, 1,000-mg phosphorus, 2,000-mg potassium, 1,000-mg calcium, 2-mg copper, 440 

mg (men), and 370-mg (women) magnesium, 4-mg manganese, 19-mg (men) and 29-mg (women) iron, and 

17-mg (men) and 13-mg (women) zinc per day (ICMR-NIN, 2020). Severe protein deficiency characterized 

by Kwashiorkor is widespread in developing countries. Similarly, micronutrient deficiencies of common 

occurrence are iron, vitamin A, and iodine (World Health Organization [WHO], 2021). The dietary protein 

intake can be of plant or animal origin. Animal protein production disturbs environmental sustainability, 

comparatively plant protein exerts less pressure on the environment. The only limitation associated with 

plant protein is the poor protein quality that is affected by the anti-nutritional factors contained in it, which 

in turn reduces the bio-availability of minerals. Grain legumes are identified as the cheapest source of good 

quality protein. The nutritional profile states that legumes have two times the quantity of cereal protein, 

with no cholesterol and less fat (other than soybean and groundnut), and serves as a rich source of essential 

minerals, namely, Zn, Fe, Ca, Se, P, Cu, K, Mg, and Cr. Other than serving as high-quality food and feed, 

grain legumes defend the globe with reduced emission of greenhouse gases (5–7 times lesser than other 

crops). Carbon sequestration and atmospheric nitrogen fixation by grain legumes help to diversify crop 

cultivation, and reduced external inputs usage finds itself as a potential crop for sustainable agriculture.  

Pigeonpea, also called as red gram, is a climate-resilient dryland legume and is widely cultivated in 

semiarid regions. Pigeonpea serves as variety of purposes, such as food, forage, feed, and meal for animals, 

piggery and fishery, fuel wood, green manure, barrier crop, rearing of lac insects, and roof thatches. 

Nutritionally, pigeonpea grain is rich in protein, Ca, Mn, and crude fiber. The variability for protein 

content, varied from 16.7 to 26.8%, whereas, in wild species, the range is from 16.3 to 33.8%. The quality 

of protein is determined by its quantity and digestibility, and amino acid contents. In pigeonpea the amino 

acid such as lysine and threonines are in good proportions, while methionine and cystine are deficient. 

Pigeonpea cotyledons are also rich in calcium and iron. Wild relatives of pigeonpea as high protein donor 

parents and demonstrated that seed protein content in cultivated types can be enhanced through 

conventional breeding. 

Nutrient improvement in pigeonpea was done utilizing few wild species.  Wild species Atylosia from the 

tertiary gene pool to develop high protein lines and the wild species Cajanus platycarpus to broaden the 

variability available for agronomic and grain nutritional traits. And also   identified high protein lines HPL 

2, HPL 7, HPL 40, and HPL 51 with 27–29% protein, the starch component in high-protein lines was 

relatively less (54.3 to 55.6 %) and marginally lowers (2.5 to 2.6%) in fat content and globulin fraction was 

higher (63.5 to 66.2%) 

To start a high protein breeding program, information on the genetic control of protein content is essential. 

The role of both additive and non-additive gene actions in determining protein content and it was found to 

be controlled by 3-4 genes, that were recessive in nature. Since the genetic variation for protein in primary 

(cultivated) gene pool was limited, the high-protein sources available in the secondary (wild) gene pool such 

as Cajanus sericeus, C. lineatus, and C. scarabaeoides were used in breeding. The evaluation of these high-

protein lines revealed that from one hectare of field 350-450 kg crude protein can be harvested, reflecting 

an additional harvest of 80-100 kg protein per ha. Cultivation of such lines will markedly improve protein 

availability to farmers without sacrificing the seed yield. Further concluded that, the high-protein lines 

https://www.frontiersin.org/articles/10.3389/fpls.2022.934296/full#B15
https://www.frontiersin.org/articles/10.3389/fpls.2022.934296/full#B15
https://www.frontiersin.org/articles/10.3389/fpls.2022.934296/full#B24
https://www.frontiersin.org/articles/10.3389/fpls.2022.934296/full#B84
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were nutritionally superior to normal protein cultivars and quantitatively more utilizable protein and 

sulfur containing amino acids. True protein digestibility is rich duirng cooking for both whole-seed- and 

dhal samples. The values for utilizable protein were considerably higher in high protein genotypes, 

suggesting their superiority from the nutritional point of view. 
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Introduction 

Large cardamom (Amomum subulatum Roxburg) is a perennial cash crop belongs to the Zingiberaceae 

family (Gudade et al. 2013). It is commonly known as Alaichi in Nepali and Badi Alaichi in Hindi and 

popular as black cardamom, black gold and “Queen” of spices. It is a shade loving and evergreen crop 

(Shreshtha et al. 2018). It is one of the high values and a perennial cash crop are being produced annually. 

Some popular cultivars include Ramsey, Sawney, Golsey and Varlangey. The other cultivars which are 

grown in hilly areas like Seremna. Bebo, Boklok Tali, Jaker, Belak etc. Main cash crop cultivated in Sikkim 

and the Darjeeling district of West Bengal and is also cultivated in some Eastern Himalayan regions of 

India Viz. Uttrakhand, Arunachal, Nagaland, Assam. Mountainous Local people indulged in cultivation of 

large cardamom find it as one of the important livelihood sources because of high income including other 

ecological benefits. Large cardamom is a crop of commercial importance and grows in mid-hill areas with 

high rainfall sandy-loam soil rich in organic matter having acidic pH and humid climate. The plant grows 

in a thick clump of upto 20 leafy shoots. It reaches a height of 2-6 m. The leaves are dark green, long and 

sword shaped. Sikkim was the leading producer globally but currently is second largest after Nepal. Total 

Indian production during 2018 was about 16,860.20 metric tons. Nepal leads with 52 % of the total global 

production followed by India with 37 % and least by Bhutan with 11 % (Metha et al. 2015; Bhutia et al. 

2018). 

Uses 

Large cardamom is used in a variety of traditional sweet preparations and in some vegetable curries. Some 

of the candies in which it is used are now made into processed items. It is mostly used in India in Northern 

and Eastern Indian cookery. Sometimes, the whole large cardamom is also used in the preparation of 

condiment powders. 

Table1. Crop cycle calendar for cultivation of large cardamom: 

Sl/No. Operations Jan Feb Mar Apl May Jun Jul Aug Sept Oct Nov Dec 

1 Land preparation             

2 Planting samplings             

3 Manuring or nutrient 

management 

            

4 Shade management             

5 Irrigation management             

6 Weed management             

7 Mulching             

8 New spike germination             

9 Flowering             

10 Fruiting             

11 Maturation of capsules             

12 Harvesting             

                                                                                                                                  SOURCE: Jena and Kri, 2019 
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Various Operations in Cultivation of Large Cardamom 

1. Land preparation: Mostly farmers follow traditional methods for land preparation. Pits are left open 

for weathering for a fortnight and then filled with topsoil mixed with cow dung compost/FYM@1-3 KG per 

pit. This is done before the onset of pre-monsoon showers. 

2. Propagation:  Propagation: Propagation of large cardamom is done through seeds and suckers. The 

propagation through seeds enables production of large number of seedlings. On the other hand, planting 

through suckers ensures true to the type/parents with high productivity if they are collected from high 

yielding, disease-free plants. 

a. Propagation through seeds: Seeds are collected from high yielding and well-maintained 

plantations free from diseases. Well matured capsules from the bottom and middle position of the 

spikes are selected for extraction of seeds. After de-husking seeds are mixed and rubbed with sand 

and then washed with water to remove the mucilage completely. Once the water is completely 

drained, the seeds are mixed with wood ash, dried in shade and sown in the primary nursery. 

b. Propagation through suckers: The suckers collected from high yielding (i.e., more than 800 

kg/ha for at least three consecutive years) disease-free, elite plantations having minimum of one 

mature tiller with two immature tillers or vegetative buds is used as planting units. 

i. Selection of planting material: 

• High yielding disease-free plantations to be selected. 

• The plantation should be had high yield record i.e., more than 800 kg/ha for at 

least three consecutive years. 

• One mature tiller with two immature tiller or vegetative buds is used as planting 

units. 

ii. Site of nursery: 

• The nursery should be about 500 m away from the main plantation to avoid 

occurrence of pests and diseases. 

• The irrigation facility should be available. 

• It should be easily accessible by road. 

3. Planting samplings: Planting is done in June-July when there is enough moisture in the soil. A mature 

tiller with 2-3 immature tillers / vegetative buds is used as planting unit. Quality planting material is to 

be raised in the nurseries or collected from certified nurseries for better production. Suckers / seedlings are 

planted by scooping a little soil from the centre of the pits and planted up to collar zone. Deep planting 

should be avoided. Staking is needed to avoid lodging from heavy rain and wind and mulching is done at 

the plant base. 

4. Manuring or nutrient management: Replenishment of nutrients is very essential for sustained good 

yield and to compensate the nutrient loss from the soil. Application of well-decomposed cattle 

manure/compost or organic products @ 5 kg/plant at least twice a year in April-May and August-September 

is beneficial. Vermicompost having favourable impact on soil physical properties and good source of 

nutrients, particularly in the beds is gradually becoming popular organic manure. 

5. Shade management: Large cardamom is sciophyte in nature, hence proper shade management should 

be followed. It is noticed that dense shade or less shade hinders optimum crop growth and production. 

About 50 per cent shade is found ideal. The lopping of branches of the shade trees is very important and 

should be done before the onset of the monsoon during June-July. But simultaneously over-exposure to 

direct sunlight causes yellowing of leaves. Therefore, judicious shade management is very important for 

good growth, timely flowering and for better yield.  

6. Irrigation management: Large cardamom plants cannot thrive well under water stress. In the first 

year of planting irrigation is required at least once in 10 days during the dry months of September to March 

for better growth thereafter. It is observed that plant growth and productivity is higher in plantations 

where irrigation is provided.  

7. Weed management: Weeding is the important operation for maximum utilization of available soil 

moisture and nutrients by the plants. Usually in new plantation, three rounds of weeding are required for 

effective control of weed growth. Weeding is generally done by using a sickle or by hand. The dried shoots 
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and other thrashed materials can also be used as mulch around the plant base which will help to conserve 

moisture in the ensuing dry months. 

8. Mulching: Mulching at the plant base with easily degradable organic materials is good for conserving 

both moisture and soil. Mulch is well-known to improve the soil physical condition and fertility. Dried 

organic matter, leaves, weeds etc. can be used as mulch. 

9. Disease and Pests: Major threat to large cardamom is the widespread occurrence of fungal and viral 

diseases causing considerable damage and consequent crop loss in devastating proportions. Some common 

viral diseases are (a) Blight (Colletotrichum gloeosporioides), (b) Phoma leaf spot disease, (c) Leaf streak 

disease (Pestalotiopsis royenae), (d) Chirke disease (Large Cardamom Chirke Virus). Among the insect 

pests that attack large cardamom, leaf caterpillar (Artona chorista Jordon), tea mosquito bug, shoot fly and 

stem borer (Glyphipterix spp.) are considered as important pests.  

10. Harvesting: The indication of time of harvest is when the seeds of top most capsules turn brown. As 

soon as the said colour appears and to enhance maturity bearing tillers are cut at a height of 30-40 cm from 

ground and left for another 10- 15 days for full maturity. The spikes are harvested by using knives. The 

harvested spikes are heaped and capsules separated and dried.  

11. Curing: The quality of large cardamom is governed by its external appearance, which is influenced by 

colour, uniformity of size, shape, consistency and texture, and flavour, which ascertains taste and odour, 

and is affected by composition of aromatic compounds. Appearance provides a visual perception of co-

uniformity in size, shape, consistency. The flavour of large cardamom very much resembles that of Elettaria 

cardamom. The harvested spikes are heaped and capsules separated and dried. The cured capsules are 

rubbed on wire mesh for cleaning and removal of calyx (tail). The fresh capsules are fleshy with almost 85 

per cent moisture. Their keeping quality is poor and is highly perishable. They are cured or dried to about 

10-13 per cent moisture on dry weight basis to prolong its shelf life. 

12. Packaging and Storage: The properly dried capsules should be allowed to cool and then packed in 

polythene lined jute bags. The bags may be stored on wooden platform away from the sidewall to avoid 

absorption of moisture and thereby, avoid fungal growth on the stored produce. 

Conclusions 

The cardamom has worldwide demand and is increasing day by day. With increasing demand of cardamom 

spice in the world, there is enormous scope to the growers of the state and would be an emerging sector 

enabling us for building up capabilities to utilize these resources for upliftment of rural economy. There is 

a great advantage of converting the unused/abandoned land under cultivation providing maximum 

employment to the local people of the states. Thus, proper management and practices of Large cardamom 

farming could be a boom to the country economy. 
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Organic farming is not a new concept and was in practice since ancient times and now gained attraction 

because of rising climate change and food demand. Organic farming is the use of organic wastes like 

aquatic, crop, and farm wastes along with beneficial microbes for raising crops in a sustainable manner. 

As per the United States Department of Agriculture (USDA) avoiding the use of chemical pesticides, 

fertilizers, feed additives, and hormones for higher crop production and using crop rotation, animal manure, 

mineral grade rock additive, agriculture residue, waste and biological system for crop nutrition constitutes 

organic farming. The organic farming movement started in the late 1920s against industrialized farming. 

Organic farming is based on four principles viz principle of health, fairness, care, and ecological balance. 

The principle of health ensures the health and well-being of plants, animals, humans, soil, and earth and 

the principle of fairness ensures equal and fair distribution among all organisms. It ensures good health 

which promotes reduced poverty. The principle of ecological balance promotes ecological stability and the 

natural nutrient cycling of nature. The principle of care demands agriculture of such type so that soil could 

be conserved for future generations. Organic farming comprises the use of green leaf manure, 

vermicomposting, crop rotation, manures, animal husbandry, and biofertilizers. 

Higher use of chemical fertilizers and pesticides polluted the soil and water and reduced soil fertility to a 

large extent. In addition to that these synthetic products also caused air pollution as their production 

demands the use of fossil fuels which is the prime factor for air pollution. During the green revolution, 

higher use of synthetic chemicals caused improved crop production and provided food security but caused 

a heavy toll on human health. The import of chemical fertilizers and pesticides impacts foreign exchange 

heavily. For sustainable production, farmers need to move away from these chemical additives and should 

adopt organic farming.  

Organic farming sustains the organic matter of soil which increases the water holding capacity which in 

turn demands less water requirement.  The use of plant growth promoting regulators causes a slow release 

of nutrients from partially insoluble nutrients which results in good plant growth and higher crop 

productivity. Nitrogen demand is met through threw use of legumes which provide nitrogen to crops by 

using biological nitrogen fixation methods. Crop rotation in organic farming maintains nutrients level 

instead of exhausting the soil by growing a single crop. Crop rotation also reduces pest infestation and pest 

resistance development. It also keeps consumers away from genetically modified crops which are not 

properly labeled and cause biosafety issues in the ecosystem. 

Organic crops receive higher market acceptance in developed countries. Organic farming also improves the 

condition of degraded land and helps in soil restoration. It gives higher production compared to 

conventional crop production methods. Organic farming tackles pests and weeds in a non-toxic way, incurs 

a lesser cost, and maintains ecological sustainability and biodiversity. Additionally, the cost of organic 

produce is also less as it does not involve purchasing costly fertilizers, insecticides, and pesticides. Organic 

farming repairs, improve, and maintains the ecological balance. 
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After seven decades of independence, we are still fighting malnutrition, stunting and wasting problems. 

India’s ranking is very dismal in Global Hunger Index (100/119) released by the Washington-based 

International Food Policy Research Institute (IFPRI). The government is taking many steps like the 

launching of the National Nutrition Mission, and National Nutrition Strategy (NITI Aayog) where the 100 

most backward districts are selected and will prioritize for intervention. One of the reasons behind this 

situation is an undiversified diet where we focus only on wheat and rice which are not adequate for proper 

development. Food grains like millet should be part of our diet because of their nutritional value. 

Millets are a group of small seed grasses grown in semi-dry areas of Asia and Africa. Millets have been 

widely cultivated as cereal crops or as fodder for animals. Because millets have a short growing season and 

can withstand dry and high-temperature conditions yet yield well, they are popularly grown in developing 

nations. The millets commonly grown in India include bajra (pearl millet, jowar (sorghum), ragi (finger 

millet), barri (proso/commonmillet), jhangora (barnyard millet), kngni (foxtail/ Italian millet), kodra (kodo 

millet) etc. In developed nations, millets have been relegated to being used as bird feed. However, millets 

in India are enjoying rising popularity due to a variety of health benefits.  

Ragi (Finger millet) is very rich in calcium and bajra in iron. They also contain appreciable amounts of 

dietary fibre and vitamins (β- Carotene, niacin, vitamin B6 and folic acid), and high amounts of lecithin- 

which are useful for strengthening the nervous system. Therefore, regular consumption can help to 

overcome malnutrition among the majority of the Indian population. These are often called coarse grains; 

however, due to their nutritional contributions, these are now being referred to as ‘nutria-millets/nutria-

cereals’. They are gluten-free grains and hence can be consumed by everyone. The high levels of 

tryptophan in millet produce serotonin, which is calming to our moods. Magnesium in millet can help 

reduce the effects of migraines and heart attacks. Niacin (vitamin B3) in millet can help lower cholesterol. 

Millet consumption decreases triglycerides and C-reactive protein, thereby preventing cardiovascular 

disease. Millets are also rich in phytochemicals (polyphenols, tannins, and phytosterols) and antioxidants; 

however, they do contain some anti-nutritional factors that can be reduced by certain processing 

treatments. As urban consumers cope with a range of lifestyle-related disorders, these grains are gradually 

gaining in popularity.  

They could be potential new tools for the government to fight socio-economic issues such as malnutrition 

and rural poverty while addressing sustainability concerns. They can also withstand higher temperatures, 

making them the perfect choice for ‘climate-smart’ cereals. Their prolonged and easy storability under 

ordinary conditions has accorded them the status of “famine reserves”; and this feature is of great 

relevance for India, as our agriculture suffers from the vagaries of monsoon.  Besides, millets help in 

reducing atmospheric CO2 and thus contribute to mitigating climate change. On the contrary, paddy is a 

major contributor to climate change through methane emissions (the greenhouse gas emanating from 

water-drenched rice fields). Wheat is a thermally sensitive crop, and with increasing temperatures, its 

production is liable to be adversely affected. So, there is a need to promote farmers to grow more millet. 

In 2016-17, the area under millets stood at 14.72 million hectares, down from 37 million ha in 1965-66, 

prior to the pre-Green Revolution era. This decline was largely due to changes in dietary habits (induced 

by a cultural bias against millets post-Green Revolution), low yield of millets, and conversion of the 

irrigated area towards rice and wheat. Efforts are now being done to include the nutrient-rich smaller 

millets in the mid-day meal schemes in government and government-aided schools in Karnataka and 

Telangana. The Centre has also included millets in Public Distribution System for their nutritious 

properties.   Despite numerous qualities, the utilization of millets as food is confined to traditional 

consumers, particularly the tribal populations. This is mainly due to the non-availability of consumer-

friendly, ready-to-use/ready-to-eat millet-based products. Recently, millets have gained attention and 
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efforts are underway to obtain their convenient and value-added processed products. Various value-added 

products like bread, cake biscuit nankhatai, namkeen save, ladoo mix and popped pearl millet ladoo from 

blanched as well as malted pearl millet have been prepared in CCS Haryana Agricultural University, 

Hisar, Haryana. The renewed focus on millets is seen fuelling a start-up revolution and creating new jobs. 

Large players of packaged staples and processed food manufacturers, such as ITC and Britannia, among 

others, and a host of start-ups, have already introduced millets in their product mix. 

The government is also supporting millets production through various schemes such as the Initiative for 

Nutritional Security through Intensive Millets Promotion (INSIMP), Rainfed Area 

Development Programme (RADP) – a component of the Rashtriya Krishi Vikas Yojana” (RKVY), 

and Integrated Cereals Development Programmes in Coarse Cereals based Cropping Systems Areas 

(ICDP-CC) under Macro Management of Agriculture (MMA). The government has announced 2018 as The 

National Year of Millets and the agriculture ministry has also proposed to FAO to declare 2019 as the 

International Year of Millets. 

Considering numerous benefits conferred by the millets, our farmers should aim at growing more and more 

of the millets; and we as consumers should include millets in our daily food basket. Apart from increasing 

production and consumption, in today’s era of modernization, industrialization and urbanization, we need 

to adequately process the millets to create a variety of value-added nutritious products as per the taste, 

texture, and flavour of the consumers. 
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Introduction 

The word locust comes from the latin genus locusta, which means grasshopper Oldest and most dangerous 

migratory pest in the world. A typical swarm can be made up of 150 million locusts/Km2 and is carried on 

the wind, up to 150 km in one day. locusts’ area unit a group of bound species of short-horned grasshoppers 

with the family acrididae cosmopolitan in nature that have a swarming section. Grasshopper 7000 known 

species, only 20 species become gregarious and form swarm. Locust is generally differentiated from 

grasshopper with their swarm ability, body shape, size and colour changing morphological characters. 

When adult large in number, they show gregarious behaviour called swarm. Similarly, gregarious 

behaviour shown by the larval stage (hopper) is called as bands. These insects are usually solitary, but 

under certain circumstances they become gregarious. Desert locust considered to be the most serious pests 

that cause a devastated damage to the crops and the other agricultural products during invasions. The 

recent outbreak caused (2019-2020) major damage to standing crops and vegetables in the central and 

western states of India, including Rajasthan, Punjab, Haryana, and Madhya Pradesh, with Rajasthan 

being a most affected. 

Biology or Life Cycle 

The life cycle of the desert locust consists of three stages, the egg, the nymph known as a hopper, and the 

winged adult. 

Egg- The female locust laying egg in moist sandy soil at the depth of 10-15 cm. Egg are yellow and oval 

shaped. Gregarious female usually lay 2-3 egg pods having average 60-80 eggs. Solitarious female lay 3-4 

times having average 150-200 eggs. She probes the soil with her abdomen and digs a hole into which the 

egg pod containing up to 100 eggs is deposited. They lay egg generally at night after 1.5 to 6 hours of sunset 

at a depth of 10 cm when upper soil is moist. Egg needs the moisture and warmth to incubate in the soil. 

Hatching period of the egg is generally two weeks but it varies according to temperature. Summer high 

temperature hatch in 24 to 30 days but in winter it increases to 45-55 days. Egg development does not 

below the 15ᵒC. 

Hopper – This stage hatching of egg into a nymph is called as hopper. Hopper develops in about 30 to 40 

days. There are 5 instars in gregarious and 5-6 in stars in solitarious population. Hopper is 4 mm long 

white in colour when they first hatch, then changed into pale brown to dark brown and black within 1 to 2 

hours. As hopper develop, they can form into aggregation called ‘bands’. After the completion of fifth (or 

sixth) moulting wingless hopper gets develop into winged adult and this new winged adult this change is 

called as ‘fledging’ and the young adult is called ‘fledgling’ or ‘immature adult’ means they are sexually 

immature. In suitable condition the adult may mature in 3 weeks and under cool or dry condition it may 

take 8 months. 

Adult – Fledgling develops into an immature adult which later change in mature adult. The colour of the 

immature adult is light pink to dark pink but on maturation the adult become bright yellow. Males mature 

before females. Males are 25 to 30 mm long while female are 30 to 45 mm long. Oviposition commences 

within two days of copulation. 
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Two Main Phases of Desert Locust Exists 

1. Gregarious phase-As locust numbers increase, they cluster into dense groups, attracted from the other 

locust, active mostly at night and they become gregarious. Nymph are black, yellow and orange. 

 

2. Solitarious phase-when locust present at low densities, repelled from the other locusts, active mostly 

at day the individuals are solitorious. Nymph are green, brown or may be brown and live alone. 

 

Total Life Cycle is Completed in the 2-6 Months 

Breeding of desert locust:  They breed in desert area and outbreak areas during recession period.maily 

the three bredding season of the desert locust summer (july to oct), winter (oct to jan/feb), spring (feb to 

june), but in india  only summer bredding season is present. 
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Locust attacking states in India: The locusts coming to India (Rajasthan and Gujarat) originate from 

Horn of Africa and traverse Middle Eastern countries before coming via Pakistan after monsoon in the 

2019-20 the mainly locust attacking states is Rajasthan and Gujrat. Rajasthan government reported that 

a total area of 1,79,584 hec. Of 8 districts of the state was affected by locust during 2019-20. Rajasthan and 

Gujarat started to witness the attacks in May (2019), and a significant amount of Kharif crop (July-Sep) 

was damaged during the summers due to locust attack. They entered from Pakistan through Jalore and 

Jaisalmer in Rajasthan, and then spread across Banaskantha, Patan and Mehsana districts of Gujarat. In 

Gujarat, locust attack damaged crops mainly rapeseed and cumin (17,000 ha). In Rajasthan about 360,000 

ha came under the locust attack.33% crop loss in Rajasthan and Gujarat and parts of Punjab. Started 

arriving in Rajasthan during the first fortnight of April, 2020. 

During 2020-21, the locust was reported in 10 states of Rajasthan, Madhya Pradesh, Punjab, Gujarat, 

Uttar Pradesh, Maharashtra, Chhattisgarh, Bihar, Haryana and Uttarakhand. 

Govt of Gujarat, Chattisgarh, Punjab and Bihar have reported no crop losses: 
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Control of the Desert Locust 

Traditional methods: 

a. These methods are praticed especially when the infestation or hopper bands are small,killing and 

trampling the bands, plouging or burning the egg infestated field & trappingthe hopper in pits or 

trenches and killing them. 

b. When thw hugw swarm of about land in cultivated areas,the best way is chase them away, use 

fire, clouds of smoke and loud sounds to repel them. 

c. Try to scare locust swarms away from their fields by making noise, burning tires or other methods. 

d. Farmer used to mechanical means to killing locust such as digging treches and burying hopper 

bunds. 

e. Use net to protect small nurseries and kitchen garden. 

Botanical methods: 

a. Use of NSKE (neem seed kernel extract) antifeedent against desert locust. 

b. Use of linseed oil help in disrupting the swarm formation of locusts. 

c. Metarhizium anisopliae var. acridium  and Paranosema locustae entomopathogen used against 

desert locust. 

d. Utra low volume spray with oil-based formulations of the conidia. 

Chemical control: 

a. Phenylacetonitrile (PAN) reduce feeding and increses morality rate of the insect. 

b. At present, the primary method of controlling desert locust infestations is with insecticides 

applied in small concentrated doses by vehicle-mounted and aerial sprayers at ultra-low volume 

(ULV) rates of application. 

Use of Drone in Control of Locust 

India become first country to control locust through drone. Jaipur: In a first, the state agriculture 

department is using drone to clear locusts in the state in 2020.The first batch of tailor-made drones given 

by the Union ministry of agriculture. These are designed to spray 10-litre of chemicals, along with creating 

a sound that would disperse the locusts into different areas. 

Use of drone is useful for spot application of pesticides such as long trees and in the area where vehicle 

entry is inaccessible such as acacia plantation, sand dune etc. 
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Micronutrient malnutrition is known to affect more than half of the world’s population and considered to 

be among the most serious global challenges to humankind. Micronutrient malnutrition or the hidden 

hunger is very common among women and preschool children caused mainly by low dietary intake of 

micronutrients, especially Zn and Fe. Biofortification, the process of increasing the bioavailable 

concentrations of essential elements in edible portions of crop plants through agronomic intervention or 

genetic selection, may be the solution to malnutrition or hidden hunger mitigation. The Consultative Group 

on International Agricultural Research has been investigating the genetic potential to increase bioavailable 

Fe and Zn in staple food crops such as rice, wheat, maize, common beans, and cassava. 

Introduction 

Biofortification, A process for improving the nutritional value of the edible parts of the plants, through 

mineral fertilization, conventional breeding, or transgenic approaches. The process of breeding nutrients 

into food crops, provides a comparatively cost effective, sustainable, and long-term means of delivering 

more micronutrients. Biofortification provides a feasible means of reaching malnourished rural populations 

who may have limited access to commercially marketed fortified foods and supplements. The bio-

fortification strategy seeks to put the micronutrient-dense trait in those varieties that already have 

preferred agronomic and consumption traits, such as high yield.  

The United Nations Food and Agriculture Organization has estimated that around 792.5 million people 

across the world are malnourished, out of which 780 million people live in developing countries (McGuire 

S. 2015). Apart from this, around two billion people across the world suffer from another type of hunger 

known as “hidden hunger,” which is caused by an inadequate intake of essential micronutrients in the daily 

diet (Hodge J, 2016) despite increased food crop production (Gould J. 2017). Besides this over nutrition is 

growing matter of concern. 

Why we Need Bio Fortification? 

1. The world population is continuously increasing, so for fulfil the demand of quality nutritive food to 

people biofortification is necessary process. 

2. Worldwide 1.5 billion people are overweight.  

3. Increasingly malnutrition, underweight and overweight. 

Biofortification Pathway Includes Several Approaches 

Producing nutritious and safe foods, sufficiently and sustainably, is the ultimate goal of bio-fortification.  

Biofortification of essential micronutrients into crop plants can be achieved through three main 

approaches, namely transgenic, conventional, and agronomic, involving the use of biotechnology, crop 

breeding, and fertilization strategies, respectively. Most of the crops targeted by transgenic, conventional 

breeding, and agronomical approaches include staple crops like rice, wheat, maize, sorghum, lupine, 

common bean, potato, sweet potato, and tomato. Cassava, cauliflower, and banana have been biofortified 

by both transgenic and breeding approaches while barley, soybean, lettuce, carrot, canola, and mustard 

have been biofortified with transgene and agronomic approaches. Higher numbers of crops have been 

targeted by transgenic means, while the practical utilization of bio-fortification is higher by breeding 

methods. Cereals being staple crop have been targeted by all three approaches. 
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Fig.1 Biofortified crops by different approaches 

Transgenic Rice (Oryza sativa) 
Rice has been targeted to address the global challenge of under nutrition. Vitamin deficiency is one of the 

major challenges that affect underprivileged population due to poor affordability. Golden Rice was an 

important breakthrough in this direction as an effective source of provitamin A (beta-carotene) with a 

significant potential to reduce disease burden by expressing genes encoding PSY and carotene desaturase 

(Burkhardt et al., 1997). The level of beta-carotene precursor, i.e., phytoene, has been enhanced up to 23-

fold by targeting gene encoding carotene desaturase. Folic acid (vitamin B9) is important for normal 

pregnancy and anemia. Rice has been genetically modified to increase folate content (up to 150-fold) by 

overexpressing genes encoding Arabidopsis GTP-cyclohydrolase I (GTPCHI) and aminodeoxychorismate 

synthase. 

Biofortified Wheat 

Wheat as a staple crop is the first and foremost target for bio-fortification. Wide variation in grain iron and 

zinc concentrations in wheat and its closely related wild species has been observed that it can be exploited 

for improvement of modern elite cultivars (Monasterio and Graham, 2000). Utilizing this variation 

Harvest-Plus has released several varieties of wheat with 4–10 ppm higher zinc content. Six varieties of 

high zinc wheat (BHU 1, BHU 3, BHU 5, BHU 6, BHU 7, and BHU 18) were released in India in 2014 

followed by the release of four varieties in Pakistan in 2015 (NR 419, 42, 421, and Zincol). 

Maize 

Maize is a cash crop grown for animal feed, industrial purposes (source of sugar, oil, starch, and ethanol) 

and for use for human consumption. Scientists have discovered varieties that have naturally high levels of 

provitamin A. Harvest Plus is using these lines to breed high-yielding varieties of biofortified maize with 

higher levels of provitamin A to combat vitamin A deficiency. The provitamin A maize is one of the 

significant achievements in the field of bio-fortification. Biofortified orange maize varieties have been 

grown commercially in Zambia (GV662A, GV664A, and GV665A), Nigeria {Ife maizehyb-3, Ife maizehyb-4, 

Sammaz 38 (OPV), Sammaz 39 (OPV)} and Ghana {CSIR-CRI Honampa (OPV)} since 2013 (Pixley et al., 

2013). 

Biofortified Pearl Millet 

The aim of this review is to provide the current bio fortification breeding status and future directions of the 

pearl millet for growing nutrition markets. Research on the pearl millet has shown that a large genetic 

variability (30–140 mg /kg Fe and 20–90 mg/ kg Zn) available in this crop can be effectively utilized to 

develop high-yielding cultivars with high iron and zinc densities. Open-pollinated varieties (Dhanashakti) 

and hybrids (ICMH 1202, ICMH 1203 and ICMH 1301) of pearl millet with a high grain yield and high 

levels of iron (70–75 mg/ kg) and zinc (35–40 mg/ kg) densities have been developed and released first in 

India. 



 

 
Volume 04 - Issue 08 - August 2022       513 | P a g e  
 

Advantages of Bio Fortification 

1. Reaching rural communities without access to pharmaceutical supplements or fortified food and 

improving life- time nutritional status. 

2. Less susceptible to social and economic changes than short term interventions. 

3. The potential to impact a large number of people at low cost per person. 

4. After the one-time investment is made to develop seeds that fortify themselves, recurrent costs are low 

and germplasm may be shared internationally. 
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Introduction 

An important part of the supply chain for protecting and extending the shelf life of food products is 

packaging. Since many years ago, packaging made of plastic is utilized extensively. These materials, which 

are pricey and require a long time to decompose before harming the environment, are manufactured from 

derivatives of petroleum. Less than 5% of plastics are recyclable, while the remainder pollutes land and 

water, harming the flora and fauna. When plastic garbage is dumped, hazardous chemicals cause the soil 

to lose fertility and when it is burned, toxic gases are released into the atmosphere that are bad for the 

ecosystem. Due to the chemicals and color present, recycling plastic waste is a temporary fix. Therefore, 

alternative packaging that is eco-friendly with a focus on protecting the environment is required to tackle 

this problem. Such packaging needs to be simple to break down. The term "biodegradable" describes 

substances that could quickly and easily degrade due to the enzymatic activity of bacteria. The lengthy 

chain molecules in the polymers used in typical packaging materials make it difficult for microorganisms 

to break them down, making them non-biodegradable1. They are hence regarded as environmental 

garbage. Natural polymers, on the other hand, have molecules that are easily broken down by bacteria. 

The need for biodegradable packaging in the food industry has increased due to the negative impact that 

petroleum-based plastics have on the environment. Biopolymers are molecules found in proteins and 

cellulose. They are made from renewable resources like reed, sugar, plant oil, starch, cellulose, and other 

plant-based elements. Bio-polymers are categorized as follows according to their place of origin and mode 

of production. 

Polymers Produced from Biomass 

This family of polymers is derived from plant, marine, and animal sources. Regarding cost, availability, 

and other factors, polymers derived from potato and corn starch are widely accepted among plants. The 

starch molecules are extracted by heating fresh foods like potatoes, corn, and rice. To create the final 

package shape, further processing is applied to the extracted starch polymers. These starch-based 

polymers, which can be used to make sacks, bags, and other packaging, are entirely biodegradable. The 

production of starch-based biopolymers is widespread due to their low cost and eases of accessibility. 

Vegetable proteins like chickpea and soy bean proteins can also be used to make polymers.  Bamboo is one 

of the plants that grow the fastest on the planet, making it a great substitute for plastic and paper. 

Biodegradable packaging is frequently made using cellulose derived from plant matter. Paper is made from 

wood pulp, which may also be recycled into various paper goods. Wood pulp can be used to create plastic-

like cellulose-based film. Mushroom mycelium and seed husks can be combined for use as a substitute for 

polystyrene/Styrofoam packaging. Another polymer derived from prawn shells is chitin. It possesses 

effective antibacterial qualities. 

Polymers Produced by Chemical Synthesis 

The fermentation of corn, whey, or molasses yields poly lactic acid (PLA), a biodegradable polymer or resin. 

It is used to make thermoformed pads, containers, clear bottles, and other food packaging because of its 

great water vapor permeability. PLA containers have a big demand in the entire market. 

Polymers from Natural Organism 

Polyhydroxy alkanoates and bacterial cellulose belong to this group. 
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Forms of Biodegradable Packaging 

Biodegradable packaging is manufactured in a variety of formats, including gels, film, bags, and boxes, 

depending on the need to package diverse products. Fruits and vegetables can benefit from a covering of 

hydrogel-based gel to help prevent microbial infection. Renewable biomaterials like maize dextrose are 

used to make biodegradable films. Films made of biodegradable materials are moisture-resistant and 

simple to compost. They serve as oxygen barriers for food packing and are applied to seal containers and 

wrap perishables. Additionally manufactured from biomaterials are biodegradable bags. They are regarded 

as safe for packing food ingredients since they are robust, break-resistant, and durable. Biodegradable 

boxes with lids are created using corn-based bio-oriented polystyrene. 

Merits and De-Merits of Biodegradable Packaging 

Environment-friendly materials are used to create biodegradable packaging. Consequently, recycling is 

simpler. To make them, less energy is needed. They contribute to reducing climate change and are non-

toxic, emitting less carbon. Biodegradable packaging has numerous benefits over plastic, but it also has its 

drawbacks. Long-term use of plant-based packaging may increase the need for plant material used in their 

production. They might also need a specific composting facility 3 since some single-use plastics made from 

thermoplastic starch are difficult for some microorganisms to degrade because they are combined with 

small amounts of petroleum-based polyester. Another concern brought on by biodegradation is landfilling. 

When combined with metal containers, biodegradable packaging can be a superior substitute for plastics. 

They provide the greatest packaging for protecting perishables from microorganisms. The potential 

transition away from plastics reduces the need on fossil fuels. Even while biodegradable packaging has not 

yet reached its full potential to protect our eco system, it is nevertheless suggested to use it sparingly. 
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Introduction 

Integrated Crop Management (ICM) is a pragmatic approach, it includes IDM, INM, IPM, soil, social and 

environmental management (Kogan, 1998). Over recent decades the focus on crop production has moved 

from yields to quality and safety, then more recently sustainability. Insect pests are well recognized as one 

of the major limiting factors in enhancing and sustaining agricultural production in India. India losses 

about 30% of its crops every year due to pests and diseases (Sharma and Rao, 2012). 

Table 1 ICM technology in Chilli: 

Particulars Technology details 

Nursery raising I. Seed treatment: For management of sucking pests 8 g Imidacloprid kg   
seed-1, followed by fungicide treatment (3 g Mancozeb kg seed-1 ) for 
management of diseases and at the end treatment with Bio fungicide 
Trichoderma viride 5 g  kg seed-1 for management of soil borne diseases. 

II. Raise the seedings using portrays under nylon net/Poly house. 
III. Drench the seedlings with Copper Oxy chloride 3 g per liter of water. 

Main field 
preparation 

Fortified Trichoderma viride mixture: Mix 1 kg of Trichoderma talc   
formulation in 90 kg of farmyard manure and 10 kg of Neem cake cover it for 7 
days with gunny bags. Sprinkle the heap with water intermittently. Turn the 
mixture in every 3-4 days interval.  After observing the white mycelium growth 
on the heap and then broadcast in the field. Apply prior to transplanting to the 
main field against soil borne diseases and maintain health. 

INM package I. Apply neem cake 100 kg + RDF (NPK): 240-48-96 per acre 
II. Micro nutrient Management Micro nutrient Formulation (Arka 

Vegetable special - 75 g 15 liter-1 + 1 shampoo sachet + 2 medium sized 
lemons).  Foliar spray- 4 times. 

IPDM Package I. Installation of Yellow and   Blue sticky traps: 12 Nos each 4000 sq. 
mtr-1 

II. Pheromone traps: 8 Nos 4000 sq. mtr-1 (Heli lures and Spodo lures)  
III. Border crops- Sowed the Maize around the plot in Two rows.  
IV. Trap crops (Marigold 1 row per 14 rows of main crop), Neem Oil spraying 

(300 ppm)- 5 ml liter-1 
V. Chemical management: Fipronil 2 ml liter-1 of water for thrips 

management. Spraying of Copper oxy chloride 30 g + Streptocycline 2 g 10 
liter-1 of water for management of Conophora stem rot disease. 

VI. Poison baiting: Mix 10 kg rice bran and 1 kg of jaggery in the morning. 
In the evening add 250 g of Methomyl 40 SP carefully and sprinkle over 
ridges. Caterpillars get attracted to the fermenting jaggery, eat the 
mixture and get killed repeat the baiting 2-3 times, if necessary. 

Weed 
management  

I. Pre-emergence herbicide - butachlor @1.5 L/ha. 
II. Hand weeding. Hand weeding 3 to 4 times 
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Introduction 

Variability- It is the property of an organism to change its characters from one generation to the another. 

Variation- When progeny of an individual show variation in characters from parents such a progeny is 

called a variant. 

Mechanism of Variability in the Pathogen 

Sexual reproduction is not known in bacteria and viruses, but present in fungi and nematodes. 

Parasexuality and heterokaryosis are the other methods of gene recombination. 

Varieties may develop from through mutation and cytoplasmic adaptability and those fungi where sexual 

reproduction has not been seen heterokaryosis, mutation, and probably cytoplasmic combinations are the 

common mechanism of the variations. 

Variability in Fungi 
1. Mutation 

2. Recombination 

3. Heterokaryosis 

4. Parasexualism 

5. Heteroploidy 

6. Hybridization 

Mutation 

It is more or less abrupt change in the genetic material of an organism i.e., DNA, either substitution or by 

deletion and are spontaneous or induced. 

Recombination 

It is the process by which pieces of DNA are broken and recombined to produce new combinations of alleles. 

When two haploid nuclei (1N) containing different genetic material unite to form a diploid (2N) nucleus 

called a Zygote, when undergo meiotic division produce new haploid. 

 
Types of Recombination 
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Heterokaryosis 

It is the phenomenon of co-existance of genetically different nuclei in the cells of fungal hyphae or parts of 

hyphae. Such fungal hyphae or parts of hyphae are called heterokaryotic. The term ‘Heterokaryosis was 

used by Nelson et al. (1955). It may originate in the following ways. 

a. By anastomosis i.e plasmogamy between two genetically differing hyphae resulting in the entry 

of nuclei of different strains from hypha into the cytoplasm of the other. 

b. By mutation in homokaryotic multinucleate cells of a hypha followed by multiplication and 

spreading of the mutant nuclei from cell to cell in the hypha. 

c. By diploidization i.e, fusion between the two genetically similar nuclei of a homokaryon, the 

multiplication and spreading of the diploid nuclei among the haploid nuclei of the homokaryotic 

cells of the hypha. 

d. By the germination of a heterokaryotic spore giving rise to a heterokaryotic hypha. 

Parasexualism 

A Process in which plasmogamy, karyogamy and haploidization takes place in sequence but not at specified 

points in the lifecycle of an individual. First discovered in 1952 by Pontercorvo and Roper in the university 

of Glasgow in Aspergillus nidulans, the imperfect stage of Emericella nidulans. 

Genetic recombination without sexual cycle in which there is no fine coordination between recombination, 

segregation, meiosis, and reduction has been termed as Parasexual reproduction. 

The parasexual cycle (genetic recombination without meiosis). Stages of the parasexual cycle are numbered 

as follows.1) Hyphal conjugation (plasmogamy) 2) Nuclear fusion (karyogamy) 4) Mitotic recombination. 5) 

Haploidization and nuclear segregation leading to homokaryosis. 

Parasexuality has also been reported in many rusts, including Puccinia graminis tritici, Puccinia coronata, 

and in some smuts Ustilago hordei and Ustilago maydis. In rust fungi as Puccinia graminis tritici, mitotic 

recombination may represent a most important method of generating new races especially in countries 

such as india where sexual stage of the fungus is rare due to scarcity of the alternate host, the barbery. 

 
Parasexual Cycle 

Importance of Parasexuality in Antibiotic Industry 

Fungi Antibiotic 

Aspergillus nidulans Pencillin G 

Acremonium chrysogenum Cephalosporin 

Emericella salmosynnemata Pencillin N 

Pencillium chrysogenum Pencillin G, O, V 

Pencillium patulum Griseofulvin patulin 

Heteroploidy 

It is the occurrence of numbers of chromosomes per nucleus that are different from the normal 1N or 2N 

complement for the particular organism. Individuals possessing- heteroploids. Two types 1) Aneuploidy 2) 

euploidy Aneuploidy- ch.no different than a multiple of basic ch.no. Ex- 2n is 18, may be 2n=17 or 19. 

Euploidy- possess one or more full sets of chromosomes. Ex-May be 2n= 9,27,36,45 or 54. 
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Hybridization 

The fungi in hybrization two haploid nuclei with some differences in their genetic material combined and 

form diploid nuclei (zygote 2n). 

Introgressive hybridization-It plays an important role in the transfer of genetic material between 

species. Ex- Ophiostoma ulmi, the causal agent of dutch elm disease. 

In fungi, hybrids can be generated both by sexual mating and asexual fusion of cells or hyphae. 

Variability in Bacteria 

1. Conjugation 

2. Transformation 

3. Transduction 

Conjugation: It is also called sexual reproduction, is the transfer of genetic material from one bacterium 

to another bacterium by direct cell to cell contact. The transfer of genetic material is unidirectional, i.e, 

only from donor to recipient cell. The donor cells possess F factor, also called fertility or sex factor and are 

designated as F+. The recombinant cells do not contain F factor and are designated as F-. 

 

Transformation: It can be defined as an uptake of a naked DNA molecule or fragment from the 

environment by a cell and the incorporation of this molecule into the chromosome in heritable form. This 

phenomenon was first discovered by Frederick Griffith in 1928 while working with Streptococcus 

pneumonia. Gene transfer is an important way of genetic exchange in nature. Natural transformation 

occurs in a few genera namely Bacillus, Pseudomonas. 

 

Transduction: It is a process of gene transfer from donor cells to recipient cell with the help of virus 

(bacteriophages). Discovered by Zinder and Lederberg in Salmonella typhimurium in 1952.It is of two 

types 1) Generalized transduction 2) specialized transduction. The recombinant cells formed through either 

of these pathways are called transductants. 

Generalized transduction Specialized transduction 

In which potentially any bacterial gene from the 

donor can be transferred to the recipient. 

In which only certain donor genes can be 

transferred to the recipient 

Mediated by Lytic or Virulent phage. Mediated by Temperate phage. 

Ex-Phage P 22 of Salmonella typhimurium. Phage 

P 1 of Es.coli 

Ex- Phage lambda in Escherchia coli 
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Variability in Viruses 

Recombination: First described by Hershey and Rotman in 1945.1) May results from mixed infection of 

two strains of the virus. 2) Occurs mostly during replication. 

Mutation: 1) Results from nucleotide changes in the coding regions due to addition or deletion or 

replacement. 2) Ultimately leads to functional changes in the genes. 

Conclusion 

1. For breeding of resistant varieties, knowledge about the pathogen races in that particular crop area is 

very important. 

2. So, the information on the prevalent pathotypes in a farmer’s field can be made use of in selecting 

breeding lines with specific resistance to a particular pathotype. 

3. This resistance can be used in developing varieties and hybrid cultivars with higher levels of disease 

resistance. 
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There are many challenges in the agriculture industry worldwide, and an intelligence-based agriculture 

system aims to get maximum output from the agricultural land by allowing sustainable resource use. The 

benefits of machine learning or artificial intelligence in agriculture are undeniable. However, it is 

important to realize that unlike a tractor or other machinery, one cannot just buy machine learning and 

start it. It is not something that can be touched, but it is a set of technologies that are automated by 

programming. Machine learning is a field of science that uses computational algorithms to convert 

empirical data into usable models and this field grew out of artificial intelligences communities and 

traditional statistics. Machine learning has drawn a lot of attention in the last few years because of the 

recent developments in the field of deep learning and also it provides a unified framework for introducing 

intelligent decision making into many fields. The figure 1 shows a typical machine learning approach. 

 
Figure 1: General structure of a machine learning approach 

The training data is provided to the machine learning algorithm and based on this data the model/rule is 

build. The test data or new examples are then provided to this model and output is obtained. 

Machine Learning Models and their Application in Agriculture 

Machine learning models can be classified into three broad categories namely, supervised learning, 

unsupervised learning and reinforcement learning. The supervised machine learning algorithm takes a 

known set of input data and its known responses to learn the classification model, this model generates an 

appropriate classification when a new unlabelled dataset is given. 

Thus, supervised machine learning aims to infer a function from labelled training data, which can be used 

for mapping new unknown observations. While in case of unsupervised learning the data is not labelled, 

and the algorithms groups the unsorted information by finding pattern and similarities in the data. 

Reinforcement learning is a feedback-based machine learning algorithm in which a model learns to behave 

in an environment by performing the actions and seeing the results of actions. In this type of learning, the 

model learns automatically using feedbacks without any labelled data, unlike supervised learning. Since 

there is no labelled data, so the model is bound to learn by experience only. 

These three types of machine learning models can be classified further into different types of algorithms. 

The supervised learning includes the regression and classification models, while the clustering methods 

comes under unsupervised learning. The figure below shows the types and sub-types of machine learning 

algorithms. 



 

 
Volume 04 - Issue 08 - August 2022       522 | P a g e  
 

 
Figure 2: Machine learning algorithms 

Conclusion 

A large number of machine learning research papers have been published by various authors with 

application in agriculture field. Machine learning models can be applicable at various stages of agriculture 

chain supply. For example, machine learning models can make decisions in yield prediction, disease 

detection, weed detection, crop quality, water management, soil management, etc.  

The figure 3 shows the different phases of agriculture supply chain and the sector in which machine 

learning models can be applied. In the pre-production phase, the machine learning models can be applied 

for crop yield prediction, irrigation requirements and soil properties. In the production phase the machine 

learning models can be used for disease detection, weather prediction, livestock management, weed 

detection and soil nutrient management. Demand estimation and production planning are the application 

areas of machine learning in the processing phase, while consumer analysis and inventory management in 

the distribution phase. 

 
Figure 3: Application of machine learning in agriculture 
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The machine learning approach can be considered as a new revolution in agriculture where traditional 

farming methods and technology are merged to produce informed and improved agricultural processes. 

Though the machine learning offers vast opportunities for application in the field of agriculture, but there 

exists a lack of familiarity with high tech machine learning solutions in farms across most parts of the 

world. Farmers thinks machine learning as something that can be applied only to the digital world and 

might not see how it can help them work in the physical field. This is caused by a lack of understanding of 

the practical applicability of these intelligent tools and not because they are conservative. So, the 

technology providers need to think that how to improve the intelligent tools to help the farmers address 

their challenges, and how to easily convey that machine learning approaches can help in solving real 

struggles. The future of machine learning in agriculture is bound to be fruitful. 
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Mixed farming is a type of farming which involves both the growing of crops and the raising of livestock. 

The cultivation of crops alongside the rearing of animals for meat or eggs or milk defines mixed farming. 

For example, a mixed farm may grow cereal crops such as wheat or rye and also keep cattle, sheep, pig or 

poultry. 

Characteristics of Mixed Farming 

1. The mixed farming is finished for Sustenance of the animals, own utilization, and commercial sale in the 

market.  

2. For own utilization, followed by hay, alfalfa, clover, etc, for livestock consumption, and finally, some 

amount of cereal production (wheat, maize, rice etc), for commercial sale.   

3. Generally, the mixed farming is more mechanized. The use of heavy equipment like tractors, Harrowers, 

thrashers, etc., is familiar. 

4. There is a large-scale use of organic fertilizers in mixed farming.   

5. The degree of commercialization varies considerably. In the westcentral Europe, the Northern America 

and Argentina, mixed farming is highly commercialized, while in other areas, it is limited.   

6. In the mixed farming, a crop rotation is followed in order to maintain soil fertility of land.  The sequence 

cultivation of the mixed farming is cereal vegetable and fruit production. 

Types of Mixed Farming 

1. Beekeeping with agricultural crops: In this system farmers can cultivate agricultural crops along 

with bee keeping, so that there is no shortage of flowers for bees. Bee keeping with agriculture crops gives 

to the farmer additional income per box with compare to the single crop system. Sun flower, mustard and 

some other crops suitable for bee keeping. Mustard cropped production increase 15-30 and one honey box 

50-60L honey 2 month (Apis mellifera). 

2. Fish with duck farming: In this, 250-300 hundred of ducks are enough to manure a 1 ha of water 

spread area. The fish with duck farming system provides meat, eggs in addition to fish. It generates 

production of extra food and benefits to the farmer compare to single system. Approximately 40-50kg of 

organic wastes is converted into one kg of fish. Production per hectare per year 2500-3000 kg fish ,14000-

15000 eggs and 500-600 kg duck meat. The cost of fish farming is reduced by 40 to 60 percent. 

3. Fish with paddy farming: In this system, farmers can cultivate paddy as well as fish farming. By this 

method the yield of paddy is more than 50% income to the farmers in addition to their normal paddy crops. 

The system of farming is most prevalent in Japan, China, Indonesia, India, Thailand and the Philippines. 

Along with this, in the paddy field, where the fish get fodder, the same waste material released by the fish, 

paddy, is found in the form of organic manure, due to which the crop is also good and fish farming is also 

done. Production fish yield about 300-500kg/ha. Fish increases rice yield by 5 to 15 percent. 

4. Agro-forestry: Agriculture and forest are always vulnerable to unfavorable climatic condition. Natural 

calamities, such as floods, drought, water logging etc. occur almost every year, combined with the effects of 

deforestation, forest degradation and erosion in Bihar. Agro forestry is an integrated self-sustained land 

management system, which involves deliberate introduction of materials like timber, pulp, pole, fuel wood, 

food and medicine with agricultural crops on the same for this, the availability of mushroom seeds and 

quality compost is important. 
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Advantage of Mixed Farming 

1. In this type of farming, the fields are never left uncultivated. They would be producing one or other crops 

continuously.   

2. Continuous production of crops /livestock will improve the productivity of the land.  

3. The profit of farmers will be improved as the land will be under production throughout the year.   

4. One type of farming can support the other one in the mixed farming which reduces the cost cultivation.   

5. When animal husbandry and crop farming is induced together the crop will help animal for fodder and 

in return, the waste generated by the animal can be used as a manure for crops.  

6. Since, recycling of waste generated from plants and animals is used internally; there would be less 

requirement of input. 

Disadvantages of Mixed Farming 

1. This type of farming is difficult to maintain than the monoculture type. This is because of more number 

of activities involved in mixed farming.  

2. Monitoring and maintenance of farming is difficult.  There is also a chance that a mistake in one crop 

will affect the other one.   

3. The farmer must have complete knowledge of all the enterprises involved in mixed farming as there are 

many activities involved in it.  

The main drawback of mixed farming is its limited capacity to grow a crop. If multiple crops are grown 

then commercial cultivation of one will be difficult due to the limitation of space. 
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These days, people are more conscious about their health and are aware of the importance of including 

fruits in their diet. Fruits are an important part of a healthy diet. Fresh fruit help to cleanse the body and 

is easy to digest. Fresh fruits are healthier than processed any kind of juice. Because processed juice is just 

as unhealthy as a sugary drink. But fruits are damaged highly by microbial attack, poor packaging, and 

storage conditions. The microbial attack is one of the major reasons for fruit damage. Microbes also deter 

human health as these causes a number of diseases. Among the various methods used to prevent the post-

harvest loss, edible coatings synthesized using inorganic or organic nano-particles are highly successful in 

preventing microbial expansion.   

Edible coatings are the matrix of polymers applied to fruits and vegetables which aid in maintaining fruit 

quality and can also be consumed as part of the fruit. Edible coatings prolong the shelf life of fruits, regulate 

oxidation-reduction reactions, and gaseous exchanges, and protect from microbial attack. Furthermore, the 

rapidly growing interest in the use of edible packaging can also be associated with a growing interest from 

consumers for minimally processed fresh-like foods with an extended shelf life and a trend in improving 

the quality of food with edible barriers. All these processes are regulated by edible coatings that help in 

maintaining fruit quality and keep the fruits fresh and consumable. Edible coating or edible films provide 

a shiny appearance to fruits and vegetables. 

Non-edible coatings on the other hand are non-renewable, non-biodegradable packaging materials that 

have serious environmental drawbacks. They have been considered a major source of solid waste and 

environmental pollution by consumers and environmental activists. For instance, hot-melt paraffin waxes 

have been used to coat citrus fruits to retard moisture, edible collagen casings have been used for sausages 

to provide structural integrity and apples have been coated with wax to improve surface shine and prevent 

physical damage. Edible coatings control moisture transfer, gas exchange, or oxidation process to overcome 

negative effects on product quality such as browning, off-flavor development, texture breakdown, and 

microorganism attacks. The edible coatings are served as a carrier of texture enhancer and antioxidants 

and it is used as a nutraceutical. Additionally, the coatings and films do not affect the organoleptic 

properties of the food product negatively. In addition, they improve the aesthetic appearance by minimizing 

the development of physical damage, hiding scars, and improving surface shine. Thus, edible coatings 

provide so many benefits and can be consumed along with fruit thus being environment friendly. It is an 

effective method for post-harvest management of fruits. 
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Introduction 

In present scenario, the demand for requirement of high-quality food product is increasing day by day. 

Thermal treatment has been one of the major processing steps in dairy industry for manufacturing of milk 

and milk products and also to increase the shelf life of product. Various thermal treatments such as 

thermization, pasteurization and sterilization etc. are used in dairy processing sector for preparation of 

milk products. These thermal treatments results in some undesirable changes like protein coagulation, 

formation of aromatic compounds (maillard reaction) etc. It destroys heat labile compounds especially those 

which are volatile in nature and reduce the nutritional value and sensory attributes of products. Today’s 

various processing technologies like pulse-electric field (PEF), microwave heat-treatment and radio 

frequency heating, high pressure processing (HPP) and ultrasonic heating etc. are being investigated to 

overcome the demerits of conventional methods for product processing and shelf-life enhancement. Major 

portion of India’s economy is based on agriculture and animal husbandry wherein milk production play’s 

vital role. India is ranked first in production of milk in the world followed by United States, China, and 

Germany. Production of milk of India was around 21 crore metric tonnes in 2020-21 according to NDDB. 

The top trends that will likely impact the dairy industry are discussed hereunder.  

The trends are classified as: 

1. Fluid Milk Processing. 

2. Dairy Product Formulation. 

3. Packaging. 

Fluid Milk Processing 

Fluid milk processing is energy intensive, with high financial and energy costs found all along the 

production line and supply chain. Worldwide, the dairy industry has set a goal of reducing greenhouse gas 

(GHG) emissions and other environmental impacts associated with milk processing. Although the major 

GHG emissions associated with milk production occur on the farm, most energy usage associated with milk 

processing occurs at the milk processing plant and afterwards, during refrigerated storage (a key 

requirement for the transportation, retail and consumption of most milk products).  

Sustainable alternatives and designs for the dairy processing plants of the future are now being actively 

sought by the global dairy industry, as it seeks to improve efficiency, reduce costs, and comply with its 

corporate social responsibilities. Emerging Dairy Processing Technologies: Opportunities for the Dairy 

Industry presents the state-of-the-art research and technologies that have been proposed as sustainable 

replacements for high temperature-short time (HTST) and ultra-high temperature (UHT) pasteurization, 

with potentially lower energy usage and greenhouse gas emissions. These technologies include: 

1. Pulsed electric fields 

2. High pressure processing   

3. Ultrasonic processing  

4. Irradiation 

5. Pulsed light 

6. UV light processing. 

Today consumer demands foods that are not only safe and nutritious, but also natural, economic, 

convenient, delicious, appetizing and much more. The need to meet these objectives necessitates the 

processors to look beyond the conventional thermal food processing technologies. As a result, numerous 

non-thermal processing technologies have evolved. Non-thermal processing is a value-added technique with 
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diverse benefits, including increased shelf life and improved taste through the preservation of amino acids. 

One major use for non-thermal processing is as an alternative sterilization method for processors that want 

to maintain a product’s taste and appearance without sacrificing food safety.  

1. High pressure processing (HPP): High Pressure Processing (HPP) is a cold pasteurization technique 

by which products, already sealed in its final package, are introduced into a vessel and subjected to a high 

level of isostatic pressure (300–600MPa/43,500-87,000psi) transmitted by water to deactivate harmful 

microbes. High Pressure Processing respects the sensorial and nutritional properties of food, because of the 

absence of heat treatment, and maintains its original freshness throughout the shelf-life. To meet the 

demands of the 21st century consumer (convenience foods, higher sensorial and nutritional quality, 

additive free/natural, functional products, etc.), food companies need to innovate by using the latest non-

thermal technologies, and High-Pressure Processing is the most relevant one. Thermal methods, 

traditionally used in the food industry for food preservation, carry disadvantages like vitamin destruction 

or flavour changes that can be avoided with HPP. An incidental benefit with seafood is the separation of 

muscle from the shell in shellfish, oysters, crab, lobster, etc.  This can dramatically improve yield and 

reduce labor in seafood processing. HPP can be applied to solids, liquids, and purees. Many ready to eat 

lunch meats in the refrigerated section of the grocery stores have been processed using this technique. 

2. Pulsed electric field processing (PEF): Pulsed electric fields PEF is a non-thermal method of food 

preservation that uses short pulses of electricity for microbial inactivation and causes minimal detrimental 

effect on food quality attributes. PEF technology aims to offer consumers high-quality foods. The basic 

principle of the PEF technology is the application of short pulses of high electric fields with duration of 

microseconds micro- to milliseconds and intensity in the order of 10-80 kV/cm. Pulsed electric field 

processing (PEF) uses short bursts of high voltage electricity in a closed chamber to deactivate microbes 

while preserving the freshness and flavor of fresh foods. Application of pulsed electric fields technology has 

been successfully demonstrated for the pasteurization of foods such as juices, milk, yogurt, soups, and liquid 

eggs. Application of PEF processing is restricted to food products with no air bubbles and with low electrical 

conductivity. 

3. Ultrasound processing: Ultrasound is well known to have a significant effect on the rate of various 

processes in the food industry. Using ultrasound, full reproducible food processes can now be completed in 

seconds or minutes with high reproducibility, reducing the processing cost, simplifying manipulation and 

work-up, giving higher purity of the final product, eliminating post-treatment of waste water and 

consuming only a fraction of the time and energy normally needed for conventional processes. Ultrasound 

processing utilizes a sonic transducer in a closed vessel or product stream to create and small (nano sized) 

bubbles to form and collapse thousands of times per second. The collapsing creates extremely high-pressure 

waves that rupture the cell walls of microbes. Ultrasound processing can also be used for degassing of liquid 

foods, to enhance the extraction of enzymes/proteins, herbal compounds, and sugars. Ultrasound has also 

been used in milk pasteurization, with important results; milk shows a higher degree of homogenization, 

whiter color, and better stability after processing. In this method, pasteurization and homogenization are 

completed in a one-step process.  This technique is used mostly on liquid and semi-liquid foods. 

4. Irradiation: Food irradiation is the process of exposing food and food packaging to ionizing radiation. 

Ionizing radiation, such as from gamma rays, x-rays, or electron beams, is energy that can be transmitted 

without direct contact to the source of the energy (radiation) capable of freeing electrons from their atomic 

bonds (ionization) in the targeted food. This treatment is used to improve food safety by extending product 

shelf-life (preservation), reducing the risk of foodborne illness, delaying or eliminating sprouting or 

ripening, by sterilization of foods, and as a means of controlling insects and invasive pests. Food irradiation 

primarily extends the shelf-life of irradiated foods by effectively destroying organisms responsible for 

spoilage and foodborne illness and inhibiting sprouting. Food applications are mostly limited to spices, 

ingredients, and meats. 

5. Pulsed light treatment: PL technology is a non-thermal technology, where decontamination of foods 

such as fruit juices, meat products, vegetables, and fruits is achieved by using high-intensity light pulses 

for a short duration of time. The PL includes a wide wavelength range of 200–1100 nm, which includes 

ultraviolet (UV): 200–400 nm, visible (VIS): 400–700 nm, and near-infrared region (IR): 700–1100 nm. 

Significant microbial reduction in very short treatment time, low environmental impact, and its high 
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flexibility are some of the major benefits of PL. Xenon flash lamps are more environment-friendly than 

continuous-wave UV lamps. The novel emerging PL technology is finding application in the food industry 

with a broad scope in improving nutritional and organoleptic properties and also extending shelf life of 

food.  

6. Ultraviolet light: Ultraviolet light (UV) light holds considerable promise in food processing as an 

alternative to traditional thermal processing. Its applications include pasteurization of juices, post lethality 

treatment for meats, treatment of food contact surfaces and to extend the shelf-life of fresh produce. 

Ultraviolet light processing technically falls under irradiation. It utilizes wavelengths on the electro-

magnetic spectrum in the range of 254 nanometers, between visible light and x-rays. Thin films of liquid 

are passed over a high output UV light source. UV light processing can improve safety of selected solid and 

liquid foods without appreciable loss in quality or nutrient content. 
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