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Introduction 

Hydrocolloids are a heterogeneous group of long chain polymers (polysaccharides and protein) which forms 

gels when disperse in water and characterized by their property of viscous dispersions. Plant gums are of 

various types such as seed gums, exudate gums, microbial gums, mucilage gums, seaweeds gums, etc. 

Moringa oleifera comes under exudate gum category. Exudate gums are plant gums which ooze out from 

bark as a result of a protection mechanism upon injury. Gums have been used by humans since ancient 

times for various applications due to their easy availability. The main characteristics which make them fit 

for use in various applications are viscosity, adhesive property, stabilization effect, emulsification action 

and surface-active property. Major applications of these hydrocolloids are in food product and 

pharmaceutical industries, etc. These hydrocolloids used as stabilizers, emulsifiers, gelling agent, 

thickeners and binding agents in margarine and reduced-fat spread, mayonnaise, chocolate, ice cream and 

other frozen dessert blends, bread, baked products, Creamy sauces, Processed meats, jams, desserts, 

yogurts and candies (Barak et. al., 2020). 

Moringa oleifera belongs to family Moringaceae. Exudate gum form Moringa oleifera can be advantageous 

due to its easy availability, cost efficiency and biodegradability. This hydrocolloid can add value in 

pharmaceutical industries, waste water management and food industries due to its good binding property, 

gelling property, thickening property, mucoadhesion property and water retention property. 

Polysaccharides are common active components present in Moringa oleifera gum. Natural polysaccharides 

are mostly useful in preparation novel value-added products in research-based sector. Moringa oleifera 

gum has caught interest as encapsulating agent in encapsulation of functional food and pharmaceutical 

material. 

Isolation and Purification of Moringa oleifera Gum 

The gum was collected from injured branches of Moringa tree (Fig 1). It was dried, crushed, cleaned, ground 

and passed through sieve. Dried gum was added with hot distilled water and stirred for several hours at 

room temperature. Then filtered through sintered glass filters and exudate precipitated by 90% ethanol. 

The supernatant was separated by centrifugation at 5000 rpm for 20 min at room temp. The precipitated 

material was washed with dried alcohol and dried at 50-60ºC under vacuum for further use (Fig 2). 

Chemistry of Moringa oleifera Gum 

The gum released from moringa tree stem is initially white in color which on long exposures turns to 

reddish brown color or brownish black in color. Purified moringa oleifera gum was found to contain 

monosaccharide composition of L-arabinose, D-galactose, D-glucouronic acid, L- rhamnose, D-mannose, 

and D-xylose in the molar ratios of 14.5:11.3:3:2:1:1. The structure of moringa gum made up of (1 → 5)- α -

Arabinofuranose, (1 → 3,5)- α -Arabinofuranose, (1 → 3)- β -Galactpyranose, (1 → 6)- β -Galactopyranose, 

(1 → 3,6)- β -Galactopyranose, (1 → 3,4,6)- β –Galactopyranos  (Sharma et. al., 2022). 

Advantages of Moringa oleifera Gum 

Biodegradable: The polysaccharides of Moringa oleifera gum are composed of biodegradable polymers 

which have no adverse toxic effect on the natural resources such as environmental and human health 

factor.  

Biocompatible and non-toxic: Moringa oleifera gum referred as biocompatible and non-toxic because 

this hydrocolloid is the naturally occurring plant material comprises of polysaccharides which are formed 
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with repeating monosaccharides such as arabinose, galactose, rhamnose, xylose and glucouronic acid 

(Abdull Razis et. al. 2014). 

Low cost: The natural resources get more preference over synthetic material. Easy accessibility, economic 

in nature and the cheaper production cost these aspects plays important role in acceptability of natural 

resources over synthetic material. 

  
Fig 1: Raw Moringa gum Fig 2: Purified Moringa gum 

Environmental-friendly processing: Gums from different sources are easily collected in different 

seasons in large quantities due to the simple production processes involved. 

Local availability: Natural resources are easy to accessible. The locally processed natural gums such as 

tragacanth gum, xanthan gum, cashew gum, moringa oleifera gum etc. have wide scope in pharmaceutical 

industries, food industries, manufacturing sector and R & D sector especially in developing countries 

(Sonika et al., 2020). 

Applications of Moringa oleifera Gum 

Binder: Moringa olifera gum is extracted from the bark exudate which is used for the evaluation and 

manufacturing of tablets and capsules for its binding properties mostly in pharmaceutical industries. 

Pharmaceutical uses: The gums are one of the most unexplored constituents of plants in aspect of 

pharmaceutical applications. There are desirable properties of this gum as the muco adhesion, permeation 

enhancer which will improve the oral bioavailability of a drug. Moringa oleifera gum is also used in various 

remedies to cure dental caries, and is astringent and rubefacient; Gum, mixed with sesame oil, is used to 

relieve headaches, fevers, intestinal complaints, dysentery, asthma and sometimes used as an abortifacient 

and to treat syphilis and rheumatism. Moringa oleifera gum possesses great potential to be applied as a 

pharmaceutical excipient in various formulations. Moringa gum possesses similar properties to gum 

tragacanth which is already a well-known pharmaceutical excipient. It was also used as a disintegrant 

gelling agent, binder, film-forming agent, emulsifying agent, and drug delivery carrier (Panda et. al, 2008). 

Therapeutic uses: Moringa oleifera gum comprises good fairly unique range of polysaccharides, 

monosaccharides and phytochemicals containing monosaccharide rhamnose which is rich in compounds 

called glucosinolates and isothiocyanates. These compounds reported to have hypoglycemic, antioxidant, 

anti-inflammatory, and anticancer activity. A variety antioxidant enzymes and biomarkers isolated from 

the Moringa gum have shown, antiulcer effect on immune response and antibacterial effect      (Lopez-

Rodriguez et. al., 2020). 

Food industry: Food processing industries have a vast application of gums for preparation of products, 

which includes the stabilizing agent such as (Carob gum and Guar gum), immediate Pudding 

(Carrageenan’s), Stabilizers for ice-cream, Food and Beverages, Baked products, Confectionaries, water 

retention, meat (agar) and dairy stuffs and sauces (Xanthan gum, Alginates, Pectin, Moi gum, Tragacanth, 

Gum Arabic) (Sonika et. al., 2020). 

Health benefits of moringa oleifera gum: Moringa oleifera gum is also used in various treatments like 

to cure dental problems.   Gum is used as pain reliever in many treatments. Moringa gum has a number of 

therapeutic properties, including antipyretic, antioxidant, anti- asthmatic astringent (Gupta et. al., 2020). 
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Conclusion 

Exudated Moringa oleifera gum was collected and purified with alcohol followed by centrifugation and 

vacuum drying. Moringa Oleifera gum designed with polysaccharides made up of useful monosaccharides 

such as arabinose, rhamnose etc. This hydrocolloid can be useful in pharmaceutical industries, food 

industries, manufacturing R & D sector because of its good binding properties, phytochemicals, stabilizing 

property, gelling property, emulsification property. 

References 
1. Barak Sheweta , Mudgil, Deepak , Taneja, Shelly (2020). Exudate gums: chemistry, properties and food applications – a 

review. Journal of the Science of Food and Agriculture. 100. https://doi.org/10.1002/jsfa.10302. 

2. Sharma, K., Kumar, M., Waghmare, R., Suhag, R., et. al. (2022). Moringa (Moringa oleifera Lam.) polysaccharides: Extraction, 

characterization, bioactivities, and industrial application. International Journal of Biological Macromolecules. 209: 763–778.  

3. Abdull Razis, A. F., Ibrahim, M. D., & Kntayya, S. B. (2014). Health Benefits of Moringa oleifera. Asian Pacific Journal of 

Cancer Prevention. Asian Pacific Organization for Cancer Prevention. https://doi.org/10.7314/apjcp.2014.15.20.8571  

4. Sonika, Sonia Dhiman, Thakur Gurjeet Singh, Govind Arora and Sandeep Arora (2020). Moringa Gum: A Comprehensive 

Review on Its Physicochemical and Functional Properties. Plant Archives. 20 (1): 3794-3805. 

5. Panda DS, Choudhury NS, Yedukondalu M, Si S, Gupta R. (2008). Evaluation of Gum of Moringa oleifera as a Binder and 

Release Retardant in Tablet Formulation. Indian J Pharm Sci. 70 (5):614-618. 

6. Lopez-Rodriguez, N.A., Gaytán-Martínez, M., de la Luz Reyes-Vega, M. et al. (2020).  Glucosinolates and Isothiocyanates 

from Moringa oleifera: Chemical and Biological Approaches. Plant Foods Hum Nutr 75:447–457.  

7. Gupta S., Kachhwaha S., Kothari S.L., Bohra M. K., and Jain R. (2020). Surface Morphology and Physicochemical 

Characterization of Thermostable Moringa Gum: A Potential Pharmaceutical Excipient. ACS Omega., 5, 45, 29189-29198. 

  

https://doi.org/10.1002/jsfa.10302


 

 
Volume 04 - Issue 09 - September 2022       4 | P a g e  
 

Importance of Inclusion of Legumes in Cereal Cropping 

Systems 
Article ID: 38001 

Dr. B. Ushasri1, T. Suresh2, T. Girdhara Krishna3 
1Dept. of Soil Science & Agril. Chemistry, S.V. Agricultural College, Tirupati, ANGRAU. 

2Anbildharmalingam Agricultural College and Research Institution, Trichy, TNAU. 
3OSD to the Vice Chancellor, ANGRAU, Guntur, Andhra Pradesh. 

 

 
 

Importance of Legumes 

Increased cultivation of legumes is essential for the regeneration of nutrient‐deficient soils and for 

providing needed protein, minerals, and vitamins to humans and livestock. Legumes can be a means of 

improving the livelihoods of smallholder farmers around the world. 

Legumes in Human Nutrition 

1. As a source of protein - Grain legumes (such as pigeon pea, chickpea, soybean or mungbean) are a 

good source of protein, with a protein content ranging from 17‐40%. By combining cereal and grain 

consumption, farmers and their families can achieve protein balance and nutritional improvement. 

2. As a source of important vitamins and minerals - Legume seeds contain significant amounts of 

minerals (calcium, zinc, iron) and vitamins (folic acid and vitamin B). 

3. As a way of reducing cholesterol and blood sugar. 

Legumes for Crop and Soil Improvement 

For optimum yield, crops require a supply of mineral nutrients, the most important of which is nitrogen. 

Exhausted soils are often low in nitrogen, meaning that farmers are normally applying inorganic fertilizers. 

However, as fertilizer costs increase, farmers struggle to obtain good yields. This problem can be addressed 

by incorporating legumes into the cropping system. 

Leguminous plants have a special relationship with nitrogen‐fixing bacteria called Rhizobium. By 

biologically fixing nitrogen levels in the soil, legumes provide a relatively low‐cost method of replacing 

nitrogen in the soil, enhancing soil fertility and boosting subsequent crop yields. 

Legumes can be Incorporated into Cereal Cropping Systems in a Variety of Ways 

1. Green manuring 

2. Intercropping 

3. Grain‐legume rotations 

4. Leguminous shrubs. 

Legumes can be used as a green manure, a general term used for plants that enrich soil fertility. Green 

manuring with legumes involves growing the plants, then slashing the crop and leaving it on the soil 

surface. Leaving the crop on the soil surface has additional benefits, as it also reduces soil erosion and 

conserves soil moisture. 

A drawback with green manuring is that it involves the loss of a growing season, especially in areas where 

there is only one short growing season, since the grain is not harvested from the legume and it displaces 

the cereal crop. Also, because the grain is not harvested, growing legumes as green manures does not 

provide the benefits to human diets. However, when soil quality is low and fertilizer prices are high, green 

manuring is an option for farmers to consider, especially in regions with longer growing seasons. 

To overcome the loss of a full growing season, intercropping or relay intercropping with legumes is a 

good alternative. With intercropping, alternating rows of the cereal crop and legumes are planted at the 

same time. However, in some cases the legume may compete with the cereal crop for water and nutrients, 

reducing the yield of both crops. With relay intercropping, this competition for resources is reduced: the 
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cereal crop is sown first, followed by the legume a few weeks later. In this scenario, both the grain yield 

and the nitrogen content have been found to improve. 

Legumes can also be grown in rotation with cereal crops. This system is intended to provide the farmer 

with a useful harvest while at the same time improving the fertility of the soil. However, since part of the 

legume crop is harvested (and thus removed from the field), the effect on soil fertility, equivalent to 5‐15 

kg/ha of nitrogen fertilizer, is not as high as when the entire legume crop is left on the soil surface, as with 

green manuring. In order to benefit fully from cereal‐legume rotations, farmers need to maximize the 

productivity of the legume crop in addition to the cereal crop. 

 
    Figure.1. (a) Maize + Soybean    (b) Maize + Urd bean 

Source: agrocrops.com 

Constraints to Legume Production 

1. Legume production presents new diseases, pests, and weeds, which farmers will need to learn how to 

control. 

2. Low soil pH, high salinity, flooding, and nutrient deficiencies can negatively impactthe nitrogen fixation 

process, preventing the legumes from improving soil fertility to their full potential. 

3. Legumes are often expected to grow in existing soil moisture conditions. Reduced or non‐ existent 

irrigation may lead to drought stress. 

Reference 
knowledgebank.cimmyt.org 
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Introduction 

The International Treaty on Plant Genetic Resources for Food and Agriculture (the Treaty) is the first 

legally binding international agreement that distinctly recognizes farmers’ rights. The normative content 

of the Treaty’s Article 9 on farmer’s rights is relatively opened. It sets the scene for proactive and 

imaginative national-level implementation and for continued normative evolution at the international level 

by the Treaty’s Governing Body. There are numerous potential complementary ways to promote farmers’ 

rights. Perhaps the most commonly cited substantive element of farmers’ rights is the right to save and 

exchange seed and the concomitant need to actively guard those rights through policy and legal means. 

Another commonly cited element is the right to earn benefits from the commercialization of farmer’s 

varieties; adjusting national seed laws to allow the registration and commercialization of farmer’s varieties 

would support farmers in this regard. These strategies are important and need to be supported. Brief seeks 

to raise the profile of participatory plant breeding (PPB) as an additional, complementary and powerful 

strategy for advancing the rights and interests of farmers. 

What is Participatory Plant Breeding? 

Participatory plant breeding is the process by which farmers are routinely involved in a plant breeding 

programme with opportunities to make decisions throughout.  Farmers involvement in PPB can take many 

forms: defining breeding goals and priorities; selecting or providing sources of germplasm; hosting trials on 

their land; selecting lines for further crossing; discussing results with the scientists; planning for the 

following year’s activities; suggesting methodological changes; and multiplying and commercializing the 

seed of the selected lines. 

Participatory variety selection (PVS) refers to processes whereby farmers are involved in selecting lines 

that they judge to be most appropriate for their own uses from among a range of fixed (stable) lines that 

are being field tested. PPB generally involves a higher and more complex degree of involvement of farmers, 

as they are engaged in decision-making in earlier and more fundamental stages of the variety development 

chain; PPB therefore has a higher empowerment effect than PVS (Witcombe 2005). Before proceeding, it is 

important to note that farmer’s interests in the outcomes of PPB or PVS rarely end with the evaluation of 

improved materials. Farmer’s ability to certify or multiply and distribute seed is directly affected in many 

countries by legal regulations and standard-setting bodies. PPB and PVS therefore can and should raise 

farmer’s awareness of those regulatory frameworks and, where possible, involve farmers in efforts to 

influence the modification of those frameworks if they limit farmers’ ability to maximize the benefits of 

exploiting the materials, they participated in improving. 

Term Participatory 

It is termed "participatory" because users can have a research role in all major stages of the breeding and 

selection process. Such 'users' become co-researchers as they can: help set overall goals, determine specific 

breeding priorities, make crosses, screen germplasm entries in the pre-adaptive phases of research, take 

charge of adaptive testing and lead the subsequent seed multiplication and diffusion process (Sperling et 

al., 2001). 

Who Participate in PPB? 

In PPB, professional plant breeders and researchers from various disciplines collaborate with farmers and 

other stakeholders in the food chain to produce locally-adapted varieties that meet farmers’ needs, 

priorities, and market opportunities (Johnson et al., 2004; Ceccarelli and Grando, 2007). 
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What are the Goals of PPB? 

1. Increase production and profitability of crop production through the development and enhanced adoption 

of suitable, usually improved, varieties.  

2. Provide benefits to a specific type of user, or to deliberately address the needs of a broader range of users. 

3. Build farmer skills to enhance farmer selection and seed production efforts. 

What Activities can PPB Include? 

Participatory plant breeding includes many activities like: 

1. Identifying breeding objectives. 

2. Generating genetic variability. 

3. Selecting within variable populations to develop experimental varieties. 

4. Evaluating experimental varieties. 

5. Variety release. 

6. Popularization of release varieties. 

7. Seed production. 

Does PPB Contribute to Farmers’ Rights? 

PPB contributes to farmers’ rights in several ways: 

1. PPB provides farmers with the opportunity to influence the development of technologies in ways that 

are informed by their specific needs, agro-ecological environments and cultural preferences. 

2. By this, PPB increases considerably the likelihood that the final products will be well suited to the 

conditions of the farmers concerned and therefore contribute better to their livelihoods. 

3. PPB provides farmers with the opportunity to influence decision-making about where financial resources 

for research, and agricultural extension services, should be dedicated. 

4. PPB makes use of the traditional knowledge of the farmers involved. It thereby elevates the profile of 

that knowledge and of the holders of it, creating incentives to continue using and developing it. 

5. Participatory processes bring farmers into contact with professional breeders, thereby raising the 

farmers’ awareness of what science can offer them. This has an empowerment effect which is evident in the 

enhanced quality of farmers’ participation over time; they become true research partners.  PPB involves 

mixing local as well as introduced improved materials. As such, PPB facilitates knowledge and technology 

transfer and capacity strengthening, both for the farmers and the formal-sector breeders with whom they 

come into contact. 

6. Farmers are not only involved in breeding activities, but also in the registration of the variety produced, 

its maintenance, seed multiplication and distribution and as appropriate, commercialization. 

7. PPB can strengthen farmer seed systems, defined as the ways in which farmers produce, select, save and 

acquire seeds (Weltzien and Vom Brocke 2001) A healthy seed system includes four important 

characteristics: 

a. It maintains a germplasm base that provides diversity, flexibility and a base for selection; 

b. It produces quality seed for production (free of seed-borne disease, with high germination rates 

and vigorous);  

c. It ensures seed availability and distribution (seed sources, social networks, markets); knowledge 

and information about the seed are available and shared (growing methods, utilization, knowledge 

of new materials) (Hodgkin and Jarvis 2004). 

Reference 
1. Hodgkin T and Jarvis D. 2004. Seed systems and the maintenance of diversity onfarm: Introductory remarks. In: Jarvis D, 

SevillaPanizo R, Chavez-Servia JS and Hodgkin T, editors. Seed systems and crop genetic diversity on-farm. Proceedings of a 

workshop, 16–20 Sept 2003, Pucallpa, Peru. IPGRI, Rome. 

2. Halewood M, Deupmann P, Sthapit B, Vernooy R and Ceccarelli S. 2007. Participatory plant breeding to promote Farmers' 

Rights. Bioversity International, Rome, Italy. 7 pp. 

3. Johnson N, Lilja N, Ashby JA and Garcia JA. 2004. The practice of participatory research and gender analysis in natural 

resource management. Natural Resources Forum, 28(3): 189–200. 



 

 
Volume 04 - Issue 09 - September 2022       8 | P a g e  
 

4. Weltzien E and Vom Brocke K. 2001. Seed systems and their potential for innovation: conceptual framework for analysis. In: 

Sperling L, editor. Targeting seed aid and seed systems interventions; strengthening small farmer seed systems in East and 

Central Africa. Proceedings of a workshop held in Kampala, Uganda, 21–24 June 2000. CIAT, Kampala, Uganda. 

5. Witcombe JR, Joshi KD, Gyawali S, Musa AM, Johansen C, Virkand DS and Sthapit BR. 2005. Participatory plant breeding 

is better described as highly clientoriented plant breeding. I. Four indicators of clientorientation in plant breeding. 

Experimental Agriculture 41:299–319. 

6. Sperling L, Ashby JA, Smith ME, Weltzien E and McGuire S. 2001. A framework for analyzing participatory plant breeding 

approaches and results. In: Elings A, Almekinders CJM and Stam P, editors. Breeding for lowinput conditions, and 

consequences for Participatory Plant Breeding. Euphytica 122 (3):439-450 (Special Issue). 

  



 

 
Volume 04 - Issue 09 - September 2022       9 | P a g e  
 

Application of Nanotechnology in Novel Dairy Foods 
Article ID: 38003 

Binod Kumar Bharti1 
1Assistant Professor cum Jr. Scientist, Sanjay Gandhi Institute of Dairy Technology (Bihar Animal 

Sciences University) Patna. 

 

 
 

Introduction 

Nanotechnology is defined as the design, production and application of structures, devices and systems 

through control of the shape and size of the material in the nanometer (109 meter) scale (Ravichandran, 

2006). It has developed in many aspects like health care, textile, energy sectors, information technology 

etc. Nanotechnology is also applied in many ways in food sector. The potential applications of 

nanotechnology in dairy and food sector includes in two ways: Nano inside and nano outside. Nano inside 

includes modifying fat, natural protein and carbohydrate molecules to achieve altered the functionality in 

dairy foods and it is preparation of nanosized functional ingredients like food additive. Nano outside 

includes use of the nanoparticulate materials in food packaging to improve the strength and barrier 

properties and nano sensors for ensuring the food safety. Nano technological research also initiatives in 

agri-food sector around the globe like sensory development of food products, texture modification, increased 

absorption and targeted delivery of nutrients, bioactive compounds, stabilisation of active ingredients like 

nutraceuticals in food matrices, packaging and product innovation to extend the shelf-life, use sensors to 

improve the food safety and antimicrobials to kill pathogenic bacteria in dairy and food. Recently, 

nanotechnology is used in current trends such as sustainability, environmental impact reduction, and 

extension of shelf-life have and gradually become the most important aspects in designing and packaging 

system (Licciardello et al., 2017). 

Application of Nanotechnology in Dairy and Food Sector 

Food industry occupied the largest manufacturing sector in the world. In recent time, there is a great scope 

for application of nanotechnology in the dairy and food sector. The application of nanotechnology in food 

and dairy industry has covered in two major groups like food additives (nano-inside) and packaging (nano-

outside). 

1. Food Additives (Nano-inside): There are many functional ingredients are use in food sector. The 

functional ingredients such as vitamins, antimicrobials, antioxidants, flavourings, colorants, preservatives, 

drugs etc. comes in different physical and molecular forms like polarities (polar, nonpolar, amphiphilic), 

molecular weights (low to high), and also for physical states (solid, liquid, gas). These food ingredients are 

directly utilized in their pure form. These ingredients are also incorporated into some form of delivery 

system, which are perform a number of different roles (Qureshi et al., 2012). Nan emulsions, nanofibers, 

nanoceuticals, nanoencapsulates, nanostrcutres and nanoparticles are the delivery systems and generally 

applied in nanotechnology to deliver dairy and food additives into food products. Emulsions with the size 

of the droplet diameter below 100 nm are considered as nanoemulsions. Due to the reduced particle size of 

droplets, nanoemulsions are less likely to destabilize. Nanoemulsions possesses characteristic rheological 

and textural properties and applied in food sector. Nanoemulsions has some advantages for targeted 

delivery of the bioactives and also help in their controlled release at specific site. There are various food 

grade ingredients are use in food industry. Some food-grade ingredients like proteins, polysaccharides, and 

phospholipids are also used for the formation of nanoemulsions using for suitable processing operations for 

involving the high energy inputs, membrane technology and interfacial engineering. Nanoemulsions are 

also used for low-fat products. Low-fat nano structured mayonnaise, spreads and ice creams are developed 

by using nanotechnology (Chaudhry et al. 2008). The encapsulation of biologically active substances into 

nanostructures to enhance the sensory characteristics of dairy and food. Nanoencapsulation of functional 

ingredients is used for protect them from environmental and processing factors. Nanoencapsulation also 

helps in targeted delivery of the bioactives, greater residence time and greater absorption at specific site 

(Chen et al., 2006). The protection of bioactive compounds like fat, carbohydrates, vitamins, antioxidants, 

proteins by using nano technique for the production of functional foods with enhanced the functionality 
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and stability of dairy and food items. Some of the protein, α-lactalbumin, a globular milk protein is 

beneficially used in the production of nanotubes. At specified conditions α-lactalbumin whey protein forms 

nano tubes with only 20 nm diameter by self-assembling of the partially hydrolysed molecule (Otte et al., 

2005). α-lactalbumin nanotubes also cover the undesirable flavour, aroma and colour imparted by 

nutraceutical compounds when added to food (Graveland Bikker and Kruif, 2006). 

Some of the food grade biopolymers like proteins and polysaccharides form nanoparticles through 

aggregation or by phase separation in mixed biopolymer systems. These biodegradable nanoparticles are 

used to encapsulate deliver drugs, micronutrients and also herbal bioactive etc. like vitamin, protein, iron 

etc. (Riley et al.,1999). Nanoceuticals is also gaining popularity. Bioactives at their nano-scale were perform 

better stability during processing operations aswell as storage. The commercial food and dairy supplements 

also containing nano particles like vitamins, omega-3 fatty acids, probiotics etc. (Neethirajan and Jayas, 

2011). Ivanov and Rashevskaya, (2011) observed that a functional butter was developed with 

supplementation of   nano sized herbal. 

2. Food Packaging (Nano-outside): Food packaging is a packaging system specifically the design for 

food and it represents most important aspects among the processes involved in the food sector. It also 

provides protection from physical, chemical and biological alterations (Marsh et al., 2007). The main 

objective of food packaging is to provide protecting and delivering food goods at a reasonable cost and also 

meeting the needs and expectations of both consumers and industries (Marsh et al., 2007).  Food packaging 

makes up the largest share of current markets of the use of nanotechnology in the food sector. Incorporation 

of nanoparticles into packaging materials of food improves their durability, flame resistance, temperature 

resistance, barrier properties, optical properties and recycling properties. Plastic materials have been 

dominating the food packaging industry due to their low-cost, low density, resistance to corrosion, desirable 

physical and mechanical properties and ease of processing. So, they are non-degradable. There are variety 

of renewable biopolymers like protein, polysaccharides, lipids and their composites, derived from plant and 

animal sources have been investigated for the development of biodegradable packaging materials to 

substitute for their non-biodegradable petro-chemical counter parts. The application of nanocomposites 

promises to expand the use of edible and biodegradable films produced from agro-processing products and 

by-products based on polysaccharides like starch, cellulose, and chitin and on proteins like milk proteins, 

whey proteins, soybean protein and gelatine. The use of these type of materials serves important functions 

for extending the food shelf-life, enhancing food quality because they can serve as barriers to moisture, 

water vapour, gases and solutes and also serve as carriers to some active substances like antioxidants and 

antimicrobials. Milk-protein based bio-nanocomposites in combination with other agro-processing products 

with or without antimicrobial effects has yet to be investigated in large-scale application (Sorrentino et al., 

2007). 

A nano-titanium dioxide plastic additive which can reduce UV damage to foods in transparent packages 

has been developed. Incorporation of nanoparticles in food packaging materials to create barrier properties 

against selective gases has been investigated at Norwegian Institute of Technology (SINTEF, 2004). 

Nanoscale edible coatings invisible to naked eye have been developed for use on food products (Rhim, 2004). 

Nanolaminates coated with functional agents like antioxidants, antimicrobials, enzymes etc. to extend the 

shelf-life of foods. Further, these nanolaminated coatings could be created entirely from food-grade 

ingredients (proteins, polysaccharides, lipids) by using simple processing (Ravichandran, 2009). Recently, 

nanotechnology have applied in many aspects. It is also used to design nano-sensors for tracking the 

internal as well as external environments of packaging to detect the condition of food products and package 

throughout the supply chain of food (Nachay, 2007). The application of nano-sensors to detect the gases 

released when the food spoils and the package itself or the nano-sensor changes their colour to alert the 

customer. 

Conclusion 

Potential applications of nanotechnology in dairy and food sector in various forms mainly nano inside and 

nano outside. Nano inside includes modifying fat, natural protein and carbohydrate molecules to achieve 

potential change the functionality in dairy and foods. Nano outside includes use of the nanoparticulate 

materials in food packaging to improve the strength and barrier properties for ensuring the food safety. 

Nano technological also initiatives in agri-food sector for flavour and colour enhancement, texture 
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modification, increased absorption and targeted delivery of nutrients, bioactive compounds etc. 

Nanotechnology has to face several critical challenges like to decide optimal intake levels, development of 

adequate food delivering matrix, detect the beneficial compounds, novel product formulation and safety of 

product as well as consumer satisfaction. 
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Introduction 

Researchers always trying to discover novel constituents which can competently expand the 

pharmacological properties. Future therapeutic advancements will heavily depend on nutritional 

supplements. The need to sustain or rebuild a healthy defense mechanism has led researchers in search of 

natural health supporting properties from fungi including mushrooms. Traditional people around the world 

still utilize wild mushrooms as food and medicines. They are regarded as a source of nutritious functional 

food that is good for the body and enhances health because of their delectability, scent and nutritional 

benefits. These mushrooms are high in dietary fibre and low in fat. The most sought-after and pricey 

member of the morchellaceae family of morel mushrooms is Morchella esculenta commonly known as 

Gucchi, which is renowned for its superior flavour and aroma as well as its many health benefits. It has 

been observed in temperate regions, Asia, Himalayan Mountains, Europe, Mediterranean countries and in 

America.  It is recurrently present as a mycorrhiza or saprobic connection with hardwood and coniferous 

trees at an altitude of 2500-3500m. Numerous bioactive substances, including polysaccharides, 

carbohydrates, dietary fibers, proteins, vitamins such as Vitamin A, Vitamin C and Vitamin D, minerals 

(calcium, magnesium, manganese, selenium, copper, zinc, iron, potassium and phosphorous) are found in 

Gucchi. It is utilized in several cuisines all around the world because of its distinctive flavour, taste and 

texture. It Contributes significantly to the nation’s economy in part because of its high price. Submerged 

fermentatation has been created since the traditional way of cultivation is impractical and because they 

are arare wild species of nutrient-rich source. The use of gucchi as a functional food and a medicinal agent 

still faces several difficulties. Since they are largely harvested from wild environments, more research is 

still needed to understand the life cycle, ecological relationships for large-scale artificial growth, and their 

basic biology for long-term preservation of these priceless mushrooms for humankind. Indigenous 

knowledge about wild medicinal mushrooms, which are used by tribal peoples from many Indian states as 

well as around the world, must thus be urgently documented. 

Keywords: Antioxidants – Anti-cancerous – Health effects – Medicinal mushrooms. 

Phytochemical of Morchella Esculenta and their Biological Activities 

Morchella esculenta fruiting bodies are tasty, healthful, and very nutrient-dense. In addition to being high 

in minerals and low in calories, it is also high in protein, carbohydrates, vitamins—particularly vitamin 

B—and traces of vitamins C, D, and A (Table1). Aldehydes, acids, ketones, esters, and terpene are only a 

few of the aromatic chemicals that have been documented in prior investigations. About 50.88 percent of 

the total amount of aromatic compounds are phenol, 15.55 percent are alcohol, and 11.37 percent are ester 

and carbamic acid. 

Table1: Nutritional profiling of Morchella esculenta: 

Protein  32.7% 

Carbohydrates 38% 

Fibre 17.6% 

ash 9.7% 

fat 2.0% 

magnesium 1.82 mg/g 
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calcium 0.85 mg/g 

potassium 23.5 mg/g 

sodium 0.18 mg/g 

phosphorus 3.49 mg/g 

iron 195 mg/g 

zinc 98.9 mg/g 

copper 62.6 mg/g 

manganese 54.7 mg/g 

These wild mushrooms contain a variety of beneficial chemicals, including carotenoids, organic acids, 

phenolic compounds, and tocopherol. Phenolic substances include protocatechuic acid, p-hydroxybenzoic 

acid, and p-coumaric acid. Oxalic acid, malic acid, citric acid, fumaric acid, and quinic acid are examples of 

organic acids. Locals prepare the gucchi with rice and vegetables and consider it to be as nutrient-dense as 

fish or meat because to its distinct flavour and taste. Gucchi is used primarily as a flavouring in soup, 

salad, and side dishes. Cooking the morchella in butter is the most typical technique. When prepared with 

desi ghee, morchella is consumed after meals. 

Due to the presence of numerous active ingredients, it has a wide range of pharmacological effects including 

antioxidant, anticancer, antibacterial, anti-tumour, anti-hyperensive, anticancer and anti-inflammatory 

activities (Table2). It is also acts as an immunostimulant. Gucchi contained a significant level of vitamin 

D; 100g of the sample has about 206IU. These mushrooms have little calories and little fat. The antioxidant 

effects are demonstrated by the presence of linoleic acids and carotene. It is used ethanobotanically as a 

laxative, purgative, emollient, body tonic, as well as for stomach issues, wound healing and overall 

weakness. 

 

Table 2 Biological activities of Morchella esculenta phytochemicals: 

 Phyto Constituents Biological activities 

1 Phenolics Antiinflammatory, antioxidant, antiallergenic, 

antitumor 

2 Galactomannan Immunostimulatory 

3 Polysacchrides Antioxidants 

4 Organic Acids Antioxidants, neuroprotective, anti-inflammatory 

and antimicrobial 

5 Tocopherol Antioxidant 

Picking and Assortment of Mushroom 

Morchella esculenta collection is challenging labour since it demands focus and commitment. Locals gather 

it in the spring and early summer and sell it in the neighbourhood market. When the ascocarp measures 

6.5-8 cm in height and 4.4–7.5 cm in diameter, it is gathered. The entire family becomes involved and 

spends roughly 12 hours per day collecting. It is also bought by numerous pharmaceutical companies for 

use in creating various medications. The biggest issue with Morchella esculenta's commercialization is the 

moisture content that shortens the plant's shelf life. The locals correctly dry and store it to prevent this 

issue. First, the mud is taken from the plant's body and hung for 10-15 days indoors or 2-3 days outside for 
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drying purposes. The ideal method for storing morels is to keep them dry with some airflow. They are kept 

in a room that is locked. The local grocers purchase the Morchella from collectors. They give the 

intermediary a sale of it. Morels are delivered by middlemen to major commerce hubs in large cities. Most 

plants exported from here go to worldwide. 

Conclusion 

The mushroom Morchella esculenta is well-known around the world. It includes a variety of active 

ingredients which have a various therapeutic and pharmacological activities. Asthma, excessive phlegm, 

and indigestion are other conditions it is used to treat. It is nutrient-dense since it is made up of carbs, 

proteins, fibre, all of the essential vitamins and minerals, as well as aromatic chemicals. The locals utilise 

this fungus in a variety of cuisines because of its delectable flavour. Because of its high price, this fungus 

is known as the "growing gold of mountains" and plays a significant part in the economy of the nation. To 

obtain health, therapeutic, and financial benefits, great efforts should be undertaken to produce this rare 

and valuable fungus on a wide scale. 
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Abstract 
These days, a lot of attention is being given on health and nutrition of individuals. Today, consumers 

demand food products, which are nutritious as well as convenient to use. Lot of focus has been given to the 

food products having some additional health benefits, rather than the conventional products. Food powders 

contain the natural flavor and health benefits, rather than artificial food flavoring substances and they can 

be used as natural food additives. The uses of food powders are unlimited, and they can be used to prepare 

processed products as well as for culinary purposes. The processing of the food in the forms which are 

preferred by the consumer, have long shelf life and involve low cost of production. Studies need to be carried 

out to optimize the processing and storage of the food products by preventing the heat and oxidative damage 

on the antioxidants. Hence, it is necessary both to minimize the safety and shelf life of the products and 

generate an easy technology, which can be used in our agro climatic and processing conditions. Thus, in 

the investigation, a systematic approach was followed to develop and standardize the process for the 

preparation of dehydrated carrot powder, tomato and ginger powder, fenugreek leaf powder, potato flour, 

potato grits, granules, sweet potato powder etc. 

Keywords: Carrot Powder, Tomato and Ginger Powder, Fenugreek Leaf Powder, Potato Flour, Potato 

Grits, Granules & Sweet Potato Powder etc. 

Introduction 
Nutritional wellbeing is a sustainable force for health and development of people and maximization of 

human genetic potential. From the beginning of human history, food has been considered as the major 

factor in maintaining wellbeing and health of individuals. Active ingredients in food, which are effective in 

promoting human health, include amino acids, fats dietary fiber, antioxidants, pigments, vitamins and 

minerals which are present in different food groups such as pulses, cereals, legumes, oilseeds, fruits and 

vegetables. Among all these food groups, fruits and vegetables play a significant role in human nutrition, 

especially as a source of vitamins, minerals and dietary fiber. The different fruits and vegetables like 

carrots, tomatoes potatoes, ginger, green leafy vegetables and the like are important protective foods, 

because of their nutritional value and antioxidant properties. Value addition of such fruits and vegetables 

by formulation of different value-added products are an important source of nutritional security. 

Importance of Fruits and Vegetables 

Fruits and vegetables, as well as roots and tuber crops are among the best sources of calories, natural 

vitamins and minerals essential for healthful living. Green leafy vegetables such as amaranth, spinach 

fenugreek leaves, chenopodium album (bathua), mint etc., and roots and tubers such as carrots are rich 

sources of beta carotene, the most important precursor of vitamin A in human nutrition. Beta carotene has 

an important antioxidant fraction, which deactivates oxygen and free radicals, and thereby, gives 

protection against cancer. Vitamin A is essential for normal growth and vision, reproduction, maintenance 

of epithelial cells, immune properties, and its deficient intake results in a decreased blood levels and low 

levels in serum, showing sign of vitamin A deficiency. 

It has been observed that the current availability of fruits and vegetables meet only about half of the 

requirement of different vitamins and minerals and hence, there is a need to boost the production and 

handling of vegetables and fruits, to enhance the nutrition of rural and urban poor. Therefore, it becomes 

necessary that the processing of vegetables must be augmented by developing such techniques, which 

would be not only feasible but also would suffice to produce economic quality products. This makes 
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availability of off-season vegetables round the year. In India, less than 2 percent of the vegetables of the 

total production are being processed as against 70 percent in Brazil and 83 percent in Malaysia. The most 

common method for preservation of fruits and vegetables is the dehydration method. The vegetables can 

be dried by hot air-drying method for small scale operation or by conventional tray drier or vacuum drier, 

and at home level can be processed by sun drying method. These dehydrated forms of vegetables may be 

eaten as such or may be consumed in several forms, without affecting its nutrition and palatability. 

Vegetable powders such as carrot, tomato and fenugreek leaves powder can be prepared with simple 

technologies can be incorporated in traditional food preparations, thereby adding value to the products and 

attaining food and nutrition security both. 

Food wastage results not only in an economic loss but also in a huge load on the environment because land, 

water, energy, and fertilizer resources are used to make foods that are not consumed (FAO 2011). For 

instance, food wastage is associated with around 7% of total global greenhouse gas emissions (FAO 2019). 

In addition, food wastage signifies a big challenge to improve global food security, especially considering 

the fact of requiring around 60% more food for the growing world population by 2050 (FAO 2013a). 

Therefore, we need to reduce food wastage during the food supply chain and to find solutions to promise 

food security for all populations in the world sustainably (Ayala-Zavala, González-Aguilar, and Siddiqui 

2018). 

Figure 1. Food loss percentages of different food commodity groups from post-harvest to distribution level 

(FAO 2019). 

Role of Processing 

Vegetables are classified as green leafy vegetables, roots and tubers and others. Carrots among roots and 

tubers and fenugreek leaves among green leafy vegetables grown in winter season occupy an important 

place. These vegetables are rich sources of beta carotene and are generally marketed fresh and consumed 

as raw or cooked vegetables. Due to the seasonal availability, efforts are made to process the vegetables in 

large quantity to extend the shelf life and to make them available during rest of the year and in the areas, 

where they are not available. Preservation of vegetables by processing not only involves the inhibition of 

microbial growth, but also preserves their color, texture, flavor and nutritive value. The vegetables can be 

processed into different forms to extend their shelf life such as powders, grits, flakes, pulp, puree, etc. 

Research Studies on Value Addition of Fruits and Vegetables 
In the department of Foods and Nutrition, College of Home Science, Pantnagar, various research studies 

have been conducted on value addition of different fruits and vegetables such as carrots, tomatoes, potatoes, 

sweet potatoes, ginger, green leafy vegetables and spices, wherein different value-added products have 

been developed from them, which are important sources of nutritional security. These are being described 

one by one as given below. 
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Tomatoes: Tomatoes are one of the most widely used and versatile vegetable crops, ranking second in 

importance to potatoes in many countries. Tomatoes are important both for its large consumption and 

richness in health-related food components. Tomato (Solanum lycopersicon) is an herbaceous plant of 

Solanaceae family, which is one of the most popular protective foods, because of its lycopene content, 

outstanding nutritive value, antioxidant properties and a powerhouse of medicinal properties. It is a rich 

source of minerals like calcium, magnesium, phosphorous, iron, sodium, potassium and vitamins especially 

A and C. Tomatoes are consumed mainly as a raw staple food, as an ingredient in different types of food 

products and in the form of processed products such as powder, tomato juice, paste, puree, sauce, etc. 

This horticultural crop is an excellent source of health promoting compounds, being a balanced mixture of 

minerals and antioxidant vitamins including vitamin C and E, as well as rich in lycopene, beta carotene, 

thiamine, riboflavin, niacin, lutein and flavonoids such as quercetin. The main antioxidants in the tomatoes 

are the carotenoids specially lycopene which have the highest lycopene levels among fruits and vegetables, 

ascorbic acid and phenolic compounds. In addition to lycopene, violaxanthin, neoxanthin, lutein, 

zeaxanthin a- cryptoxanthin, b- cryptoxanthin, carotene, neurosporene, phytoene and 5, 6- epoxides are 

other carotenoids commonly cited in tomatoes and tomato derived products. Among the different 

carotenoids, lycopene, is the most abundant in human serum, with important antioxidant activity involved 

in prevention of several types of cancer and degenerative diseases such as cardiovascular diseases. The 

production of tomato, an important horticultural crop of India has increased enormously during past few 

decades, which emphasize more on processing and preservation of tomatoes, thereby ensuring better 

availability and utilization during off season. India is the fourth largest producer of tomatoes, accounting 

for 6.6 percent of the world production and second largest in acreage. However, due to lack of proper 

processing, storage and transportation facilities, enormous quantities of tomatoes are lost during the peak 

harvesting season in India. Being a perishable crop, tomatoes cannot be stored for a longer time, hence 

proper processing and storage in some preserved form during seasons of glut will ensure its availability 

and utilization during deficiency period. Hence, processing of tomatoes in different forms as preferred by 

the consumers, with long shelf life involves low cost of production. Processing of fresh tomatoes can be done 

to prepare the following value-added products like. 

• Tomato pulp. 

• Tomato puree. 

• Tomato paste. 

• Tomato flakes. 

• Canned tomatoes. 

• Tomato ketchup. 

• Tomato soup and sauce. 

• Tomato powder. 

• Dehydrated tomato. 

Carrots: Carrot (Daucus Carota L.) is another popular root vegetable, which is cultivated and consumed 

throughout the world. It is well known for its nutrient contents viz., carotene and carotenoids, besides 

appreciable number of vitamins and minerals such as ascorbic acid, tocopherol etc. Among roots and other 

vegetables, carrot is the best source of carotene, which is a precursor of vitamin A, an essential nutrient for 

maintaining health. Carrot possess nutraceutical properties such as antimutagenic, chemo preventive, 

photo protective and immune enhancing aspects. The presence of high concentration of antioxidant 

carotenoids, especially beta- carotene, may account for the biological and medicinal properties of carrots. 

Carrot is also rich in fiber content and has been reported to be effective for its multifaceted applications, 

which have resulted in development of various processing operation for making different products. Carrots 

are widely used as an ingredient for making curry, sweet meats and soups. Carrots have been reported to 

be effective in the elimination of uric acid. Carrots not only prevent vitamin A deficiency, but also cancer 

and other diet related human diseases. It has greater cytotoxic effect against cancer cells and reduces the 

enzymes that promote conversion of precarcinogens to carcinogens. It may also enhance the immune system 

protect against stroke, high blood pressure, osteoporosis, cataract, arthritis, heart disease and urinary tract 

infections. Processing of carrots would ensure its availability round year and reduction in cost of 

transportation and storage. During winter season, when carrots are available in plenty, different processed 
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products may be prepared and stored in air tight containers, which may be incorporated in various recipes. 

Different processed products of carrots are: 

• Carrot juice. 

• Carrot powder. 

• Carrot flakes. 

• Canned carrot. 

• Carrot candy. 

• Carrot Halwa. 

• Carrot grits. 

• Carrot soup. 

• Carrot Dalia. 

• Fabricated baby foods. 

Spices (Ginger): Spices have a special significance in various ways in human life, because of their specific 

flavor, aroma, taste and Value Addition of Fruits and keeping quality. Spices are generally used in a 

pulverized form as condiments for seasoning or garnishing foods and beverages. These are considered to 

act as preservative, besides improving texture and flavor of foods. Ginger (Zingiber officinale) is one of the 

five most important spices of India, standing next to chilli, garlic and turmeric. Ginger is an underground 

stem of the zingiberous herbaceous plant. It is cultivated in several parts of the world, including India. 

Though ginger is grown throughout India, Kerala is the highest ginger producing state. In the year 2002, 

the total ginger production in India was 281.16 million tonnes, with Kerala and Meghalaya being the 

highest producing states. Among various spices grown in Uttarakhand, ginger occupies an important place 

with the production of 27,340 tonnes from an area of 2,250 hectare in year 2006-07. Ginger rhizomes are 

available for harvesting every 7-9 months after planting and stages of maturity of the rhizome have a 

significant influence in its quality and processing. Ginger is commonly used as a food additive, and as spice, 

it is used in food preparation to impart its characteristic flavor. It has been attributed with antioxidant 

properties, proteolytic activity and tenderizing effect. It has been attributed with antioxidant properties 

which widens its use in preservation of meat and meat products. Ginger has been used to treat numerous 

types of nausea and vomiting. Ginger’s therapeutic properties effectively stimulate circulation of the blood, 

remove toxins form the body, clean the bowels and kidneys and nourish skin. Other uses for ginger root 

include the treatment of asthma, bronchitis and other respiratory problems. Besides therapeutic 

properties, ginger has been attributed with antioxidant properties, proteolytic activity and tenderizing 

effect. Ginger widens its use in preservation of meat and meat products, besides being used in fresh form. 

Ginger is used in various food preparations to impart its characteristic flavor and is probably the only spice 

being used in production of beverages like ginger beer, ginger ale and ginger wine. Although ginger 

production is very high, but due to lack of proper storage and transportation facilities, about 20 percent of 

fresh ginger crop gets damaged due to respiration and microbial spoilage. Hence, it becomes necessary to 

process the surplus ginger in different preserved forms, which is available throughout the year. The 

different processed products from ginger include: 

• Paste. 

• Candy. 

• Preserve. 

• Pickle. 

• Chocolates. 

• Beverages. 

Powder. 

• Juice. 

• Ice cream Oleoresin. 

Fenugreek Leaves: Green leafy vegetables are gaining importance, because of being good sources of 

vitamins, minerals and dietary fiber. Fenugreek (Trigonella foenum graecum) is a popular green leafy 

vegetable available in plenty, at lower cost during winter season. Blanching treatment is used to preserve 

the color and nutritional value of GLVs. Fenugreek leaf powder obtained by dehydrating fenugreek leaves 

has been used to prepare paratha and saag in study conducted. 
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Potato: Potato (Solanum tuberosum) is an important and extensively grown horticultural crop in India. 

Potato is a versatile food, which can be eaten as a staple food, as a complementary vegetable, as a snack 

item or processed into several forms, and in any of these roles, it enhances the nutritional quality of the 

diets of people. Among the root crops, potatoes top the list and have the distraction of occupying largest 

area under any single vegetable in the world. Potatoes are versatile as they can be consumed in various 

forms as boiled, fried, baked, roasted, steamed and even in several pressed forms such as French fries, 

chips, papad, flakes, dice, cubes, granules, flour, canned potatoes etc. Potatoes contribute significantly to 

the nutritive value of a meal, as it is not only a rich source of energy, but contain good quality edible grade 

protein, dietary fiber, several minerals and trace elements, essential vitamins and little or negligible fat. 

However, besides this added advantage, the principal disadvantage associated with the crop is that, it is 

seasonal and the crop produced has a shorter storage life. Hence, under such circumstances, the post-

harvest processing of the bulky, perishable potatoes into dehydrated potato products helps to extend the 

storage life and a serve as a means to increase the supply in off-seasons in different forms, in a price 

effective manner. With this view in mind, the research work was carried out to produce different processed 

products of potatoes such as: 

• Potato flour. 

• Potato grits. 

• Potato flakes. 

• Potato granules. 

• Potato cubes. 

Conclusion 

These days, a lot of attention is being given on health and nutrition of individuals. Today, consumers 

demand food products, which are nutritious as well as convenient to use. Lot of focus has been given to the 

food products having some additional health benefits rather than the conventional products. Food powders 

contain the natural flavor and health benefits rather than artificial food flavoring substances, and they can 

be used as natural food additives. The uses of food powders are unlimited, and they can be used to prepare 

processed products as well as for culinary purposes. The processing of the food in the forms which are 

preferred by the consumer, have long shelf life and involve low cost of production. Studies need to be carried 

out to optimize the processing and storage of the food products, by preventing the heat and oxidative 

damage on the antioxidants. Thus, in the investigation, a systematic approach was followed to develop and 

standardize the process for the preparation of dehydrated carrot powder, tomato and ginger powder, 

fenugreek leaf powder, potato flour, potato grits, granules, sweet potato powder etc. Appropriate processing 

at the time of gluts, can be profitable to the farmers, besides making available the nutrients to the Indian 

dietaries, thus meeting nutritional security of the population. 
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Introduction 
Jivamrut is a medium green colour with a mild foul odour. As the storage period progresses, it becomes 

darker in colour with a strong foul odour. Jivamrut is a combination of two words: Jeeva and Amrutham. 

Both are based on Sanskrit. The term "Jeeva" refers to a living being, and "Amrutham" refers to an elixir 

(medicine) capable of extending life. Jivamrut, from an agricultural standpoint, is for crop life. It is the 

most effective culture for increasing the number of microorganisms. Jeeamrut is a microbial culture derived 

primarily from cow dung and urine that is commonly used in organic farming to supplement crop nutrition. 

It has been demonstrated that using jeevamrut in such rice varieties (Oryza sativa L.) improves yield and 

quality. Jeevamrut can be used in a variety of crops, including wheat (Triticum aestivum), maize (Zea mays 

L.), and the wheat cropping system. The freshly prepared Jivamrut had an acidic pH of 5.63. In fresh 

preparation, the EC (Electrical Conductivity) of Jivamrut was 0.23 dS m-, and the calcium content (66.4 

ppm) was measured. (Devakumar et al. 2014). 

Types of Jivamrut 
The liquid state of Jivamrut 

The semi-solid state of Jivamrut 

Dry Jivamrut (Ghana Jivamrut) 

Method and Application of Liquid Jivamrut 

Requirements for liquid Jivamrut- Water, cowdung, cow urine, jaggery, flour of any pulse and a 

handful of fertile from the same land. 

Preparation: The dung and urine of a cow, a hybrid cow, were made by mixing 1 kg of dung, 1 litre of 

urine, 200 g of jaggery, 200 g of flour, and 100 g of soil from the same field thoroughly in a large tank. The 

tank was then kept in shade, covered with a jute bag that needed to be permeable, and left. The mixes were 

vigorously agitated three times a day for 10-15 minutes while they were incubated for five days under cover 

of shade. During the study period, the average lowest and maximum temperatures were 13.4 and 31.1 ℃, 

respectively. The final mixture quantities were created in plastic containers with water in amounts totaling 

20 litres. 

Application: If Jivamrut is administered through irrigation, such as a drip, canal water, or sprinkler, use 

all 200 litres. You can dilute the mixture when thinking about the spray. One month after planting seeds 

or transplanting seedlings, apply the first spray. Add 5 litres of filtered Jeevamurtham to one hundred 

litres of water. 

Second spray - 21 days after the first spray. Here 150 liters of water plus 10 liters of filtered Jivamrut. 

Third spray – 21 days after the second spray, take the third spray. 200 liters of water plus 20 liters of 

filtered Jivamrut. 

Fourth spray – When fruits are beginning to show up. 200 liters of water plus 6 liters sour buttermilk can 

be sprayed for one acre. 

In the summer, spray in the early morning or late in evening. In the winter, spraying can be done at any 

time of day. When there is a lack of water or there is no sprayer available, we can still use Jivamrut. In the 

first month after seeding or transplanting seedlings, sprinkle one cup (50ml) Jivamrut on the soil's surface 

between two main vegetable plants. Repeat this once, twice, or even three times per month. Repeat this 

process every month for four months until the harvest is complete. (Pillai 2012). 
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Method and Preparation of Semi-Solid State Jivamrut 

Requirements for semi solid Jivamrut- 100 kg desi cow dung, 5 litre urine, 1kg jaggery, 1kg pulse, one 

handful of soil from the same land.  

Preparation - Combine them all with a small amount of water. Form the mixture into small balls. Keep 

these balls in direct sunlight to dry. These dried balls can now be stored near the mouth of a dripper or 

near a sprinkler. The microbes are activated again when the waterfalls fall on the semi-solid Jivamrut. 

Method and application of Dry jevamrut (Ghan-jeevamrt): Spread 200kg of cow dung evenly in a 

layer on the ground and mix in 20 litres of liquid Jivamrut. Make a heap of treated cow dung and cover it 

with a jute bag for 48 hours to allow it to ferment before spreading it on the floor to dry in the sunlight. 

After it has dried, store it in jute bags in the room. The air should be moving. Ghana Jivamrut can be stored 

for 6 months. (Kanwar et al. 2006). 

Application- Use 200kg Ghana Jivamrut per acre during the sowing period. For example, two Ghana 

Jivamrut hands with each seed. During the crop's flowering period, add 50kg of Ghana Jivamrut per acre 

in between two crop lines on the soil. There will be an incredible yield. 

Advantages: It assists the soil in activating available nutrients and microorganisms to make them 

available for the crop sown in that specific area. It increases the number of earthworms in the soil, which 

is good for soil fertility. Jivamrut is an organic fertiliser that contains a variety of nutrients such as 

nitrogen, phosphorus, calcium, and other micronutrients. This will increase yield by increasing nutrient 

availability through faster decomposition of bulky organic manures and increasing microbial activity in the 

soil. Many of these formulations are high in beneficial microflora and can effectively promote plant growth. 

(Yadav et al. 2010). 

Conclusion 

Jivamrut contributes to the health and fertility of the soil. It offers numerous advantages to users, including 

lower costs, ease of adoption by poor farmers, increased crop productivity, environmental safety, and 

successful crop production. Farmers generally use only fresh preparations of liquid organic formulations 

because they do not know the shelf life of liquid organic formulations. We can keep Jivamrut for several 

days or even weeks. Stored material also has advantages such as increased nitrogen, micronutrients, EC, 

and so on. We must use organic fertiliser to get a good crop yield and a healthy crop quality. 
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Introduction 
A heritable change in the sensitivity of a pest population that is evident in the recurring failure of a 

pesticide to achieve the expected degree of control when used according to the label guideline for that pest 

species. When an insect becomes resistant to one pesticide and also to others in its group, this is known as 

cross-resistance. Multiple resistance occurs when an insect strain exhibits resistance to a variety of toxins 

through multiple synchronised defensive mechanisms, each of which is reportedly encoded by an unique 

gene. 

Reasons for Resistance Development 
The causes and rate at which insecticide resistance develops depend on various factors, The persistence 

and specificity of the insecticide, its rate, timing, and number of applications, as well as the interim 

frequency of resistance alleles present in the population, the rate at which insects reproduce, their level of 

resistance, their migration patterns, and the range of hosts to which they are attracted. For example, 

developing pesticides are more advantageous to insect pests that thrive in massive populations and 

reproduce fast, particularly when insecticides are abused or overused. 

There are a number of ways insects can become resistant to insecticidal crop protection and public health 

products: 

Metabolic resistance: The most frequent mechanism and most difficult obstacle is metabolic resistance. 

Insects that are resistant to toxins may detoxify or eliminate them more quickly than insects that are 

sensitive to them, or they may swiftly get rid of the poisonous compounds from their bodies. Insects break 

down pesticides using their own internal enzyme systems. These enzymes may be present in greater 

quantities or in more effective forms in resistant strains. These enzyme systems may not only be more 

effective but also exhibit a wide range of activity (i.e., they can degrade many different insecticides). 

Target-site resistance: To prevent the pesticide from binding to or interacting with the insect at its site 

of action, hence lowering or eliminating the pesticidal activity of the insecticide, the target site where the 

insecticide acts in the insect may be genetically changed. 

Penetration resistance: The poison may be absorbed by resistant insects more slowly than by normal 

insects. When an insect's exterior cuticle forms barriers that might delay the absorption of the chemicals 

into their bodies, this is known as penetration resistance. Various pesticides can be avoided by insects 

because to this. Along with other types of resistance, penetration resistance is commonly present, and 

decreased penetration amplifies the impact of those other processes. 

Behavioural resistance: Insects with resistance may be able to spot or perceive a threat and avoid the 

poison. For various types of insecticides, including organochlorines, organophosphates, carbamates, and 

pyrethroids, this route of resistance has been shown. If some pesticides are present, insects may simply 

cease eating or flee the area where the spraying took place (for instance, they may move to the underside 

of a sprayed leaf, move deeper in the crop canopy or fly away from the target area). 

An Integrated Approach to Insecticide Resistant Management 

The most effective strategy to combat insecticide resistance is to do everything possible to prevent it 

occurring in the first place. Making every effort to stop pesticide resistance from developing in the first 

place is the best way to tackle it. Crop specialists advise IRM programmes as one component of a wider 

IPM approach that consists of three fundamental elements: concentrating on levels of economic harm, 

monitoring pest complexes in the field for changes in population density, and combining various 

management tactics. 
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Economic Thresholds 

Use of insecticides should only be made when there is a hazard to the public's health or when the number 

of insects is great enough to result in financial losses that exceed the cost of the pesticide plus application. 

The only exceptions are in-furrow, at-planting, or seed treatments for early season pests that, according to 

past experience, often reach destructive levels every year. It is usually recommended for farmers to speak 

with their local experts about the economic thresholds for the target pests in their regions. 

Integrated Control Strategies 

Incorporate as many different control strategies as possible including the use of synthetic insecticides, 

biological insecticides, beneficial insects (predators/parasites), cultural practices, transgenic plants (where 

allowed), crop rotation, pest-resistant crop varieties and chemical attractants or deterrents. 

Applications of pesticide must be timed properly to address the insect pest's most susceptible life stage. It 

is crucial to employ the spray rates and application intervals advised by the manufacturer while also 

adhering to regional agricultural extension rules. 

It is important to mix and apply insecticides carefully. As resistance increases, the margin for error in 

terms of insecticide dose, timing, coverage, etc., assumes even greater importance. Recommendations from 

manufacturers and local advisors should be followed. 

 

The use of alternations, rotations, or sequences of several insecticide MoA classes is a crucial component of 

efficient resistance management. The recurrent use of the same insecticide or similar chemicals in the same 

MoA class throughout the crop cycle or from year to year should be avoided by users in order to prevent 

selection for resistance or cross-resistance. 

It is important to consider the impact of pesticides on beneficial insects, and use products at labeled rates 

and spray intervals to minimize undesired effects on parasitoids and predators. 

Preserve Susceptible Genes 

Some programmes work to protect vulnerable individuals within the target population by offering a refuge 

or sanctuary for vulnerable insects, such as untreated sections inside of treated fields, nearby refuge fields, 

or alluring environments within of treated fields that encourage immigration. The effect of any resistance 

that could have evolved in the population may be diminished as a result of these vulnerable individuals 

out-competing and breeding with resistant ones. 

Consider Various Possibilities for Agricultural Residues 

Crop residue destruction can deprive insects of food and overwintering habitats. This cultural approach 

will eliminate pests that are resistant to pesticides as well as those that are susceptible, and it will stop 

them from breeding resistant offspring for the next season. Before removing residues, farmers should 

analyze their needs for soil conservation. 

Use of Synergists 

Synergists increase the potential toxicity of insecticide by inhibiting the detoxification mechanism of 

insects. Piperonyl butoxide, methylene dioxyphenyl compounds serve to synergize many insecticides. 
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Conclusion 

As long as the injudicious use of insecticides results in developing resistance in the insect. To overcome 

this, following various insecticide resistant strategies like following the labels which are given on the 

containers, conducting trainings for pesticide spray preparations, in accordance with above mentioned IRM 

strategies helps in prevailing the problem of resistance. 
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Introduction 
Rice – wheat cropping system (RWCS) occupies 10 m ha area and contributes ~80% to the total cereal 

production in India in the Indo-Gangetic plain region (IGPR). RWCS plays a pivotal role in food security; 

but it suffers from multiple sustainability issues as depicted in Fig. 1 (Bhattacharyya et al., 2015; Bhatt et 

al., 2016; ICAR, 2010; Wani et al., 2011). Above all these issues, climate change endangers the food security 

as well as soil productivity. Following agronomic interventions might be helpful in sustaining rice-wheat 

cropping system. 

 
Fig. 1 Constraints in rice – wheat cropping system (RWCS) 

Agronomic Interventions 
Direct seeded rice: Drilling/broadcasting of pre-germinated or dry paddy seeds in fine seed bed at 2 to 3 

cm depth is known as direct seeded rice (DSR).  

Benefits of DSR: 

a. Low seed rate - 20 to 25 kg/ha 

b. Cost, labour and energy savings due to direct seeding, whereas conventional transplanted rice 

(TPR) requires puddling. 

c. Early crop maturity (10–15 days earlier) than TPR 

d. DSR helps in water saving; no nursery, puddling related operations were followed. 

Major deterrent in adoption of DSR is weed management, as it requires timely application of herbicides 

and/or hand weeding which is highly critical in preventing yield loss. 

Conservation Agriculture 

Conservation agriculture (CA) is a resource saving as well as climate-resilient crop production system based 

on three main principles (1) Minimum soil disturbance, (2) permanent residue retention and (3) crop 

diversification with legume inclusion. Adoption of DSR followed by zero-till wheat ensures timely sowing 

of wheat crop and prevents yield penalty arising from late sowing. In addition to this, adoption of CA 
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improves system productivity, resource-use efficiency, soil fertility and minimizes soil degradation 

(Bhattacharyya et al., 2006; Choudhary et al., 2018; Das et al., 2018). 

Integrated Nutrient Management 

Integrated nutrient management (INM) involves nutrient supply to cropping system in a combined manner 

from several sources i.e., fertilizer, FYM, vermicompost, green manure, and several other locally available 

organic sources for ensuring sustainable crop production. Prime objective of INM is improving soil 

productivity and resource-use efficiency (Bhatt et al., 2021). Thus, adoption of INM helps in maintaining 

soil health as well as nutrient balances under RWCS. 

Water Saving Technologies 

Adoption of water saving technologies like alternate wetting and drying (AWD), DSR, System of Rice 

Intensification (SRI) in rice and Furrow irrigated raised bed system (FIRB), System of Wheat 

Intensification (SWI) in wheat enhances water-use efficiency. Other water saving techniques like 

tensiometer-based irrigation scheduling, irrigation on hairline cracking, laser land levelling, mulching, bed 

planting, short duration cultivars, micro-irrigation, water harvesting and supplemental irrigation during 

dry spell ensures better water-use efficiency. Automation of irrigation methods increases the water 

productivity. In general water saving technologies have additional benefits like reduction in cost of 

cultivation (water pumping cost) as well as energy and labour saving. 

Precision Farming Technologies 

Site specific nutrient management (SSNM) using Nutrient Expert help in improving system productivity 

and resource-use efficiency. As well as adoption of no tillage system in combination with SSNM improves 

overall system input-use efficiency (Sapkota et al., 2014). Other precision farming tools like Soil Plant 

Analysis Department (SPAD), Normalized Difference Vegetation Index (NDVI), Global Positioning System 

(GPS), Geographic Information System (GIS), remote sensing, Internet of Things (IoT), drones, unmanned 

aerial vehicles, unmanned ground vehicles, satellite imagery and their integrated approaches highly 

helpful in successful implementation of variable rate application technology (VRT) of crop production 

inputs (nutrients, water, crop protection chemicals, etc.) based on in field variability, which eventually 

results in higher resource-use efficiency. 

Legume Inclusion in Cropping System 

Inclusion of short duration legumes like mung, urd either as intercrop or as sole crop during fallow season 

increases system productivity in terms of rice equivalent yield. Prime benefits of legume inclusion in 

production system includes improvement in soil fertility, resource-use efficiency, soil carbon sequestration 

as well as reduction in carbon footprint of the cropping system (Borase et al., 2020; Ghosh et al., 2014; 

Hazra et al., 2020). 

Crop Diversification 

Cultivation of more productive/profitable cropping system instead of normally cultivated less 

productive/profitable cropping system is known as crop diversification. Continuous monocropping leads to 

various biotic and abiotic stresses. Thus, crop diversification ensures sustainable crop production as well 

as crop intensification. In addition to improved profitability crop diversification also enhances employment 

generation through additional man days as a result of increase in cropping intensity. E.g., Adoption of baby 

corn-bottle gourd-onion-marigold cropping system over rice-wheat cropping system improves profitability. 

Apart from this adoption of integrated crop management (ICM) technologies ensures improvement in 

system productivity and profitability as well as improved water productivity and soil fertility under RWCS 

(Biswakarma et al., 2021). Further adoption of climate smart agricultural practices improves resilience in 

cropping system from climatic aberrations. 

Conclusion 

RWCS is predominant in ensuring food security. In nutshell, the above discussed agronomic interventions 

are highly helpful in ensuring sustainability of rice-wheat cropping system. And the adoption of resource 
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conserving technologies instead of conventional crop production practices further improves resource-use 

efficiency, productivity and profitability of the cropping system. 
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Abstract 
Aeroponic is the technique of growing plants with their roots feed by an air/ water nutrient mist. Aeroponic 

is a method of growing plants where they are anchored in holes in styrofoam panels and their roots are 

suspended in the air beneath the panel. The panels compose a sealed box to prevent light penetration to 

encourage root growth and prevent algae growth. The nutrient solution is sprayed in fine mist form to the 

roots. Misting is done for a few seconds every 2 — 3 minutes. This is sufficient to keep roots moist and 

nutrient solution aerated. The plants obtain nutrients and water from the solution film that adheres to the 

roots. 

Introduction 
Aeroponics is a farming technique involving plant cultivation in an enclosed chamber by aeration of roots 

through micro-spray of aqueous nutrient mist. The word aeroponic is derived from aer (air) and ponos 

(Labour) of the Greek. The term aeroponics was coined by F.W. Went in 1957 for the air-growing process 

while growing the coffee and tomato crops through the same technique. Aeroponics is more advantageous 

than the conventional techniques of propagation i.e. lesser time and space requirement, year round crop 

production in controlled environment (irrespective of season), limited water consumption due to recycling 

process, completely organic farming as no need of fertilizers and pesticides, healthy (more nutrient 

availability) and disease free plants products, large scale clonal production for commercial and conservation 

purposes, easy access to root system reducing labor cost in case of root crops. 

Technical Setup of Aeroponics 

A typical aeroponics unit consists of a closed styrofoam chamber in which plant shoots are inoculated in 

holes made on styrofoam sheet, and emerging roots remain dangled in the air. The chamber might be lined 

with a black sheet in order to assist in the maintenance of optimum humidity and darkness in the chamber. 

Plants cuttings in aeroponics are misted through the nozzles, which are evenly spaced and fixed into PVC 

pipes for the supply of nutrient solution. The pipeline is connected to the motor which pumps the nutrient 

solution at high pressure. To regulate the nutrient spraying for a set time interval, a digital timer is 

connected to the pump. Space between nozzles and their pressure, the spacing of styrofoam holes, pumping 

capacity of the motor, duration of nutrient spraying, and the time gap between two subsequent sprays may 

vary according to the scale of aeroponics unit setup and cultivated plants. Nutrient solution dribbling from 

the suspended roots in the tank is pumped back to the water tank and recycled (Udit Sharma et al., 2018) 

Crops in an aeroponic platform are subjected to multiple climates that influenced stress situations. In 

traditional agriculture, these stress situations are considered uncontrollable, and crop productivity 

achieved only to such extends, the climate permits it. That is why crop production is correlated to seasonal 

dynamics. Each and every such stress point consumes energy, which otherwise would have been diverted 

to metabolism. For example, the above optimum temperature would induce more transpiration of water 

resulting in reduced mineral absorption into plant tissues and thus reducing multiple enzymatic activities. 

So, for an aeroponic system to support crop growth to the maximum genetic potential, it has to function 

under a climate-controlled environment. 

Aeroponics in Horticultural Crops 

Aeroponics has been utilized for the production of various vegetable crops, i.e., Cucumis sativus, Lactuca 

sativa, Solanum lycopersicum, and leafy vegetables. Large scale production of potato seed tubers and yam 

tuber production was also successfully achieved using this technique. An aeroponic system for seed potato 
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production was also successfully established in Korea under tropical and subtropical conditions. Although 

results reported the inhibition of tuberization in immersed organs or subjected to continuous mist culture, 

tuberization under three procedures could be promoted under certain stress conditions such as N deficiency 

and short-term reductions in solution pH. Recently, Ritter et al. (2001) showed that aeroponics for 

producing potato minitubers under temperate weather conditions substantially improved minituber 

production. Yield and nutrient status were found to be maximum in tomato (Lycopersicon esculentum Mill.) 

grown in aeroponic culture by the application of different nutrient solutions with Rockwool. The 

multiplication rate of potato micro tubers of national cultivars in aeroponics while maintaining weekly 

intervals between harvests. The number of mini tubers were two to three times greater in the case of 

aeroponic production than by the traditional method. A full economic analysis is necessary to prove that 

this production technique can be put into practice. Plants of ornamental value such as croton, geranium, 

philodendron, dracaena, carnation etc. chrysanthemum and poinsettia have also studied using this 

technique. 

Advantages in Aeroponics 

1. Very low water consumption. 

2. Very low mineral consumption. 

3. It increases production and return per unit area. 

4. Multi cropping combination & throughout the year production. 

5. Improved quality of fruits. 

Disadvantages in Aeroponics 

1. It is an expensive growing method to set up initially  

2. You must have a certain level of technical knowledge 

3. Aeroponics require regular disinfection of the root chamber  

4. Only high-pressure systems are suitable for long-term growth projects  

5. Aeroponics required constant monitoring. 

Conclusion 

The aeroponics system appears to be the best system for horticultural production, an emerging food growing 

system in sustainable agriculture for food security, especially in areas where soil and water are in critical 

condition. The system significantly increases potato production compared with the other systems currently 

in use and also provides protection from pests and soil-borne diseases. Given benefits of the aeroponics 

system, such as its good nutrition monitoring and fast seed production, capacity to improve seedling 

survival rates and growth, spacious area, constant air circulation and eco-friendly nature. 
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Air Layering 
Air layering is a propagation technique in which a plant stem is wounded and wrapped in medium to allow 

for the growth of adventitious roots. Roots that form around the cut area are allowed to grow until they are 

well developed and the new plant is severed from the parent plant by cutting it off just below the roots and 

potting it up separately. air layering plants is a simple, easy method. Air layering propagation is a process 

that often occurs naturally. In the wild, it happens when a low branch or stem touches the ground and 

takes root. Because it is an asexual process, the genetic material is directly transferred to the newly rooted 

stem, which may be cut away from the parent to start a new plant. To learn how to air layer, you need to 

consider how to get the plant material to root. 

Air Layering Work 
There are two main systems of vascular pipes within plants. First, there is the phloem tissue which is 

located just under the bark. This acts as a conduit for the sugars and other products created during 

photosynthesis to travel down from the leaves to the lower parts of the plant. The roots are nourished from 

this source. Second, the xylem tissue is much thicker and is separated from the phloem tissue by the 

cambium layer. The xylem transports water, nitrogen, phosphorus, potassium, and other nutrient plant. 

The technique of air layering removes/injures the phloem layer and interrupts the flow of sugars and photo 

syntheses to the roots. They are stopped at the wound in the phloem layer and accumulate there. This pile-

up stimulates adventitious buds in the area of the wound to start growing and the presence of rooting 

hormone and a moist medium encourage the buds to develop roots instead of leaves. 

Advantages of Air Layering 

1. This technique results in a good-sized plant in a matter of weeks instead of month. 

2. There is a minimum of disturbance and no adverse effect to the mother plant. 

3. During propagation, both the mother plant and the new plant continue to develop. 

4. The new plant will have characteristics identical to the mother plant. 
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5. The success rate is high when using good-sized plants. 

6. You can shorten the juvenile period of a plant (i.e., the time required for the plant .to attain its fruit 

bearing stage). Additionally, the new plant tends to be stronger and more mature than those propagated 

by any other technique. 

7. More rapid and stronger root growth reducing the period of propagation. 

8. Valuable space and time in attending to rooting trays, etc. is saved 

9. The target region of the stem is wounded or a strip of bark is removed and then encased in a moisture 

retaining medium, such as a moss or cloth. 

Air Layering 

1. It is further surrounded in a moisture barrier such as a plastic film. 

2. Rooting hormone i.e. 

3. IBA (Indole -3- butyric acid) is often applied to encourage the growth of roots. 

4. The wounded portion develops roots within 4-8 weeks. 

5. Then, the portion is separated from the parent plant and planted. 

6. Air layering is the most popular method of artificial vegetative propagation. 

 

Tools & Supplies 

1. Hand pruners 

2. Girdling scissors (optional) 

3. A knife (linoleum “hook” knife is preferred, but any knife will work.) 
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4. Pliers, Channel locks, or Vise grips 

5. Rooting hormone 

6. An applicator for the rooting hormone. 

7. Prepared air-layering bags. 

8. Heavy duty aluminum foil. 

9. Permanent marking pen. 

Preparation of the Air Layering Bags 

The following outline will contain details for the application of 6" by 10" air-layering bags. This bag size 

has been useful in developing air-layers 3 to 6 feet tall with a branch caliper of 3/4" up to 2" in girth. 

1. Since a shoot-to-root ratio must be maintained, larger or smaller bags may be used when air-layering 

larger or smaller branches.  

2. Plastic bags, 4-6 mil. thick, 6 inches wide by 10 inches long. 

3. Rooting medium. We used 100% remoistened peat moss or a mixture of 80% peat moss and 20% polite. 

4. Twine, 6' to 8' in length the air-layering bags are now ready for application and may be stored for several 

weeks or months. It is best to store these bags in a cool, dark location to prevent the growth of algae or 

mold and the deterioration of the plastic by sunlight. 

Preparation of the Air Layering Bags 

1. Add water to the rooting medium so that it is moist but not soggy. 

2. Fill the bags 3/4 full. Place the medium into the bag so that it is firm but not overly packed. 

3. Tie the bags closed using the twine. Leave a 6" “tail” at the short end of the twine. Coil the twine around 

each bag.  The air-layering bags are now ready for application and may be stored for several weeks or 

months. It is best to store these bags in a cool, dark location to prevent the growth of algae or mold and the 

deterioration of the plastic by sunlight. 

Rooting Hormone 

A liquid solution is preferred to dry powders. I found that an 8,000 p.p.m. I.B.A. solution achieved excellent 

root formation when rooting hard-wood branches.) An alternate rooting hormone that I have had good 

results with is liquid Dip N Grow. 

Applying the Air-Layers 

Select the branch to be air-layered. An upward growing branch in good sunlight will have the best chance 

of developing good root formation. For the application of a 6" by 10" airlayering bag, select a branch which 

is 3' to 6' in length and is 3/4" to 2" in caliper. Remove the bark from the branch in the area between the 

two girdling cuts by using the pliers and stripping away the bark with a twisting motion. 
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Phloem and Xylem 

Phloem is found in the innermost layer of bark. Phloem is the living tissue that transports sugars and other 

photosynthetic (products from photosynthesis) from the leaves to all parts of the plant. 

The outermost parts of the trunk and older branches contain primary xylem that transport water and 

dissolved minerals throughout the plant from the roots. 

When the phloem is removed by removing the bark, the branch will still receive water and nutrients 

through the xylem. Photosynthesis accumulates above the girdled area and this stimulates the 

development of callus tissue from which roots develop. 

Applying the Air-Layers 

 

Air-Layer Removal and Potting Materials 

1. Gallon nursery containers  

2. Potting soil 

3. A bulb planter or hand trowel  

4. Plant stakes  

5. Hand pruners 

6. A knife 

7. A water filled container-5 gallons or larger  

8. Labels  

9. Anti-transparent (such as Wilt-Proof or Cloud Cover) and a sprayer 

10. A mist or shade house • Additional options: A root stimulating hormone (such as Super thrive) and a 

starter fertilizer which includes mycorrhizae.). 

Using the knife, scrape the branch lightly in the area where the bark has been removed. Take time to be 

through and completely remove all cambium tissue in order to prevent bridging of the girdled area. 

 

Water and 

nutrients 

UP 

 

 

Photo- 

synthates 
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Summer Management 
1. Keep the colonies in thick shade. 

2. Regulate the microclimate of the apiary by using wet gunny bags over top cover and sprinkling water 

around the colonies in the apiary during noon hours. 

3. Provide proper ventilation in the colony by widening the entrance gate of the colony, providing additional 

gates to multi chambered colonies, placing thin small stick pieces between two adjacent chambers for the 

passage of fresh air, reducing the number of frames by 1 and allow 9 in the chamber. 

4. Provide fresh water in/near the apiary. 

Monsoon Management 
1. Avoid dampness in apiary site and provide proper drainage 

2. Clean and bury deep the debris lying on the bottom board 

3. Keep the surroundings of the colony clean by cutting the unwanted vegetation which may hamper free 

circulation of the air 

4. Provide artificial feeding (sugar syrup and/or pollen substitute) as per requirement of the colony 

5. Check the robbing within the apiary 

6. Unite weak/laying worker colonies 

7. Control predatory wasps, ants, frogs, lizards in the apiary 

Post Monsoon Season Management 

1. Provide sufficient space in the colony 

2. Strengthen the colonies to stimulate drone brood rearing 

3. Control ectoparasitic mites, wax moth and predatory wasps 

4. Extract autumn honey before the winter sets in. 

Winter Management 

1. Examine the colonies and provide winter packings in weak colonies specially in hilly areas. 

2. Feed sugar/pollen substitute to weak colonies as stimulative feeding to provide energy and initiate brood 

rearing. 

3. Shift the colonies to sunny places. 

4. Protect the colonies from chilly winds by using wind breaks. 

5. Unite the weak colonies with stronger ones. 

Spring Management 

1. Unpack the colonies, clean the bottom board, replace the worn-out hive parts and provide sufficient space 

2. Provide stimulative sugar/pollen substitute to increase brood rearing  

3. Equalise the colonies by transferring of Brood to weak Colonies 

4. Extra frames should be raised by providing comb foundation sheets 

5. Replace the old queens with new ones through mass queen rearing or divide the colonies 

6. Manage the colonies in such a way to prevent swarming 

7. Monitor regularly for ectoparasitic mites and adopt control measures 

8. Extract sealed honey from super chamber during this season. 

Protecting Colonies from Pesticides 

1. Persuade the farmers not to use pesticides or use selective pesticides that are less harmful to bees at 

recommended concentrations 

2. Avoid the use of dust formulations as they are more harmful to bees than spray formulations 
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3. Prior information about spraying would help in reducing poisoning of bees 

4. Avoiding spraying of pesticides during flowering of the crop and peak foraging time of the bees would 

help in reduction in the mortality of foraging bees 

5. Spraying may be done in the evening after sun set when bees do not forage 

6. Colonies may be temporarily shifted if heavy spraying schedule is fixed 

7. If shifting of the colonies is not possible, feed with 200 ml sugar syrup and close the gate by using wire 

screen for the day of spraying. 

Management of Honey Bee Diseases 

Honey bees could be affected by diseases and the real cause of abnormality or any disease present in the 

honey bee broods need to be ascertained before taking up any control measures. It is best to contact the 

researchers/scientists/beekeeping experts at the nearest centre or university or Government department 

working on honey bees. After the exact diagnosis of the causal agent of the particular disease, the 

guidelines/ recommendations given by the expert should be followed. However, general advisory for the 

management of common diseases of honey bees is given below: 

1. Select good site to locate the apiary preferably in an open, dry place with shade. 

2. Adopt general colony hygiene in the apiary like cleanliness in the beehives including cleaning the bottom 

board frequently. 

3. Select and multiply honey bee colonies only from disease resistant stocks. 

4. Keep colonies with good prolific queens. 

5. Create bloodlessness in colony for at least 15 days by enclosing the queen in a queen cage. 

6. Check the colonies periodically for any abnormalities or changes in behaviour of bees. 

7. If you observe any colonies with disease, isolate them from healthy ones. Handle diseased and healthy 

colonies separately. 

8. Keep the colonies strong by adding sealed brood comb or worker population only from healthy colonies 

and also by providing adequate food during dearth periods. 

9. Prevent robbing, drifting, absconding and avoid migration of bee colonies when you notice disease 

symptoms. 

10. Follow ‘Shook Swarm’ or shaking method to remove contaminated combs completely by transferring 

entirely new combs in one operation to the colonies with disease symptoms. Destroy the removed combs by 

burning. 

11. Sterilise the combs and equipments by any one of the following methods: 

a. Disinfect the empty combs and equipments with 80 per cent acetic acid @ 150 ml per hive body in 

piles for few days at a protected place. Air the treated materials before use. 

b. Dip the contaminated equipments and combs in soap solution containing 7 per cent formalin for 

24 hours. Then wash the treated material with water, dry and use. 

12. Use of antibiotics to control honey bee diseases is likely to result in contamination of honey causing 

problems in export of honey. 
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Introduction 
Traditional grains known as millets have been farmed and eaten in the Indian subcontinent for more than 

5000 years. Millets are warm-weather cereals with tiny grains that are annual and in the grass family. 

Compared to other common cereals, they are resilient, rain-fed grains with minimal water and fertility 

needs (Mall and Tripathi, 2016). 

They can withstand drought and other adverse weather conditions quite well. Sorgum, pearl millet, finger 

millet (major millets), foxtail, little, kodo, proso, and barnyard millet are among the millets (minor millets).  

These are among the first foods that humans have ever consumed. One of the several varieties of coarse 

cereal grasses in the poaceae family, they are grown for their tiny edible seeds. Although pseudo millets do 

not belong to the Poaceae botanical family, which is the family to which "real" grains do, they are 

nutritionally comparable to "genuine" grains and may be utilised in similar ways. 

Millets are incredibly nutrient-dense, non-glutinous, and acid-free meals. Millets provide a variety of 

health-enhancing and nutraceutical benefits, particularly due to their high fibre content. Millets serve as 

a probiotic source of nutrition for the microflora in our internal ecology (Mir et al. 2019). Millets help us 

stay hydrated in the colon, which prevents constipation. Millet's niacin can aid in lowering cholesterol. 

Millets are a good source of dietary fibre and major and minor nutrients. Millets are gluten free and can be 

a substitute for wheat or gluten containing grains for celiac patients. 

Sorghum 
Prolamin which makes up the majority of sorghum protein, has the unusual property of being less digestible 

when cooked, which may be advantageous for some dietary groups. Protein, fibre, thiamine, riboflavin, folic 

acid, and carotene are all abundant in it. With adequate levels of iron, zinc, and sodium, it is rich in 

potassium, phosphorus, and calcium. Cooking reduces the digestibility of sorghum proteins greatly 

compared to other cereal proteins, which may be advantageous for some dietary groups (Taylor and Taylor, 

2018). 

Pearl Millet 

Compared to other grains, pearl millet has a high concentration of lipids and proteins (12–16%). (4-6 

percent).  Pearl millet has the highest niacin level of any cereal. Folate, magnesium, iron, copper, zinc, 

folate, and vitamins E and B-complex are also present. Compared to other millets, it has a lot of energy. 

Additionally, it contains a lot of healthy unsaturated fats and calcium. Dietary fibre makes about 11.5 

percent of it (Saini et al. 2021). Food travels through the intestines more slowly as a result. lessen the risk 

of inflammatory bowel illness as a result. 

Finger Millet 

Finger millet is the richest source of calcium (300-350 mg/100g). Ragi has the highest mineral content. It 

has high antioxidant activity. It contains lower levels of protein (6-8%) and fat (1.5-2%). The grains have 

excellent malting properties and are widely known for its use as weaning foods (Ambre et al. 2020). Finger 

millet proteins are unique because of the sulphur rich amino acid contents. 

Foxtail Millet 

It contains lots of carbs. It is one of the most digestible and allergy-free grains, offers a wealth of nutrients, 

and tastes sweet and nutty. When compared to rice, its protein level is twice as high. It contains minerals 

like iron and copper (LaLonde and Jadeja, 2018). 
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Kodo and Proso Millets 

It has 11% more protein than the average food, 4.2% less fat, and a staggering amount of fibre (14.3 

percent).  It has a high lecithin content and works wonders to fortify the nerve system. Niacin, pyridoxine, 

and folic acid, as well as minerals including calcium, iron, potassium, magnesium, and zinc, are abundant 

in kodo millet (Rizvi et al. 2018). It contains the highest number of proteins (12.5%). It contains high 

amounts of calcium which is essential for bone growth and maintenance. It is cheaper source of manganese 

as compared to other conventional sources like spices and nuts. It reduces cholesterol levels and also reduce 

the risk of heart diseases. Health benefits of proso millet come from its unique properties. It has significant 

amounts of carbohydrate and fatty acids (Čukelj Mustač et al. 2019). 

Health Benefits of Millets 

Millets are gluten-free, highly nutritious and rich in dietary fibre. They are rich in micronutrients, 

including calcium, iron, phosphorus, etc. They are low in Glycemic Index (GI) as such don't cause huge 

spike in blood sugar. Millets should ideally be an integral part of our daily diet. Dietary fibre in millets has 

water absorbing and bulking property (Chaturvedi et al. 2022). It increases transit time of food in the gut 

which helps in reducing risk of inflammatory bowel disease and acts as detoxifying agent in the body. 
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There is a pressing need to increase food security because of the rising global population and the significant 

yield losses in primary crops brought on by global warming. As a result, the plant science community has 

given a lot of attention to understanding how plants react to heat stress and its effects, such as drought 

and increased soil salinity (Ullah et al. 2018). Several crops need the genetic modification known as "STAY-

GREEN," which enables plants to maintain active photosynthetic levels in their leaves even in the face of 

stress. In model and agricultural plant species, it is a heritable delayed foliar senescence characteristic. In 

a cosmetic stay-green, a lesion obstructs the breakdown of chlorophyll at an early stage. In cosmetic stay-

greens, the potential role of synthesis in chlorophyll turnover is considered (Zhu et al. 2021). Functional 

stay-greens have a delayed or sluggish transition from the carbon capture stage to the nitrogen mobilisation 

(senescence) phase of canopy growth. In high-nitrogen species like legumes and high-carbon crops like 

cereals, yield and composition both reflect the source-sink connection with canopy carbon uptake and 

nitrogen remobilization. Functional stay-green is a beneficial characteristic for enhancing crop stress 

tolerance and is linked to the domestication syndrome in cereals, according to quantitative trait loci 

research (Kamal et al. 2019). The coordination of autumnal senescence and dormancy in trees is revealed 

by stay-green variations. Changes in hormone metabolism and signalling, particularly those impacting 

networks including cytokinins and ethylene, may be the cause of the stay-green phenotype. Mutations that 

cause stay-green are used to identify members of the WRKY and NAC families as well as an ever-growing 

ensemble of other senescence-associated transcription factors. Particularly when it is a component of a 

strategy that also targets other traits like sink capacity and environmental sensitivity and is linked to the 

proper crop management methods, empirical selection for functional stay-green has helped increase crop 

yields (Xu et al. 2021). Understanding stay-green can help to develop suitable crop varieties for future 

settings since the start and progression of senescence are phenological measures that demonstrate climate 

change sensitivity. 

QTLs for Stay Green Trait in Different Cereals 
Using a number of bi-parental populations, the three source lines' SG QTLs have been found. Following 

investigation on a recombinant inbred line (RIL) population derived from the cross between "B35" (SG line) 

and "Tx7000" (senescent, post-flowering drought-sensitive), four QTLs for the SG trait have been 

discovered. Stg1 and Stg2 QTLs have been mapped to chromosome 3, whereas the Stg3 and Stg4 QTLs 

have been found on chromosomes 2 and 5, respectively (Mwamahonje et al. 2021). Sorghum has been shown 

to have several genotype sources for the SG trait, with the "B35," "SC56," and "E36-1" genotypes being the 

most common. 

Using a population of recombinant inbred lines (RILs) between the SG "Chirya 3" and non-SG "Sonalika" 

in real field circumstances, three QTLs on chromosomes 7DS, 3BS, and 1AS. He argued that cultivars with 

SG traits are a better choice in high-temperature and dry settings, and the discovered QTLs give 

preliminary data for creating a more precise map and enlisting a marker-assisted selection (MAS) 

technique. The QTLs of SG and other agronomic characteristics were mapped using a high-density genetic 

map made up of 2575 markers and created under four distinct water regimes. There were found to be 108 

additive QTLs in all. On 11 chromosomes, 28 QTLs for chlorophyll content were found, and 43 QTLs for 

normalised difference vegetation index (NDVI) were found on all chromosomes except 5B, 5D, and 7D 

(Kamal et al. 2019). Intriguingly, the SG QTLs in wheat were frequently discovered to be co-located with 

QTLs for other critical characteristics, allowing for simultaneous selection and improvement. SG QTL on 

chromosome 3B in a related linkage group to the location of a QTL for plant height. Additionally, a QTL 

for kernel quantity per spike and the SG QTL were discovered in the same area of chromosome 3BS (Sgarbi 

et al. 2021). Researcher discovered a total of 44 loci scattered throughout the genome that were connected 

to SG and associated features. The greatest and most replicable impacts were seen at the 44 loci on 
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chromosomes 1B, 2A, 2B, 4A, and 7D and also demonstrated that findings indicating that the same genomic 

regions have an impact on kernel number, yield, grain weight, NDVI, canopy temperature, as well as the 

rate and length of grain-filling, support the association between the SG trait and all SG-related traits with 

stress tolerance.  Another researcher, identified SG QTLs associated with QTLs for seedling root number 

and Rht-height genes. These findings of the co-location of QTL for SG and performance traits confirms the 

usefulness of SG for productivity enhancement under heat and drought stresses, and suggest avenues for 

further research to clarify the physiological and genetic mechanisms of SG for better understanding and 

exploiting SG in wheat (Christopher et al. 2018). 

There is extremely little SG research on barley compared to other cereal crops. Nine QTLs associated with 

SG in several populations of barley. Only one of these nine QTLs—on the short arm of barley chromosome 

5H—showed consistency across all populations and environmental conditions, although its expression had 

a significant GxE interaction. On the other hand, the existence of a single constant QTL shows that simple 

genetic variables are what regulate leaf senescence/Chl loss throughout the maturity stage (Kamal et al. 

2019). Barley and wheat have syntenic QTLs for leaf rolling and leaf chlorophyll concentration on 

chromosomes 2, 4, and 5. 18 QTLs for drought adaptation were found after evaluating three linked doubled 

haploid populations in drought-prone areas. Four and two QTLs, respectively, were found for the SG-

related characteristics NDVI and SPAD among these 18 QTLs. The SG expression was assessed in 100 

barley lines from an ND24260 Flagship doubled haploid population under terminal heat and drought 

conditions. Ten SG QTLs were found on the chromosomes 3H, 4H, 5H, 6H, and 7H. Of these ten QTLs, four 

were linked to terminal drought stress and six to terminal heat stress. These QTLs are regarded as new 

QTLs since they did not co-localize with previously identified barley stress-response QTL. The two heat-

stress QTLs on chromosome 5H, however, are close to QTLs described for root/shoot (Sayed et al. 2021). 

Plants use adaptation and acclimatization mechanisms to tolerate, escape from, or avoid stress. These 

systems rely on cellular metabolism that is very flexible and in which phytohormones play a significant 

role. 
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Introduction 
Cytoplasmic male sterility is the limited ability of plants to produce viable pollen despite being female 

fertile & unaltered by vegetative development. Considering that it is inherited from the mother, it is 

probable that the causal compounds are present in the organellar genome. Infertility in men is associated 

with alterations in the mitochondrial DNA, according to a growing body of studies (Hanson and Conde 

1985). A genetic technique was used to produce an F1 hybrid seed employing cytoplasmic male sterility. 

The extensive use of the CMS system into plant breeding initiatives has drawbacks despite being 

economically advantageous. It is essential to broaden the cytoplasmic bases of hybrids in order to reduce 

potential hazards of susceptibility and provide opportunities for better genetic diversity of both the male-

sterile lines as well as their hybrids. 

Causes of Male Sterility 
Male sterility can occur spontaneously, although it's more often caused by intra- or interspecific crosses 

that situate a nucleus in an undesired cytoplasm. Considering that male sterility appeared to be generated 

by an incompatibility among a certain cytoplasm and the nucleus, it's been claimed that it is essential to 

assess cytoplasm-specific variation irrespective of the nuclear background. The symptoms of CMS have 

been linked to a mutation in the mitochondrial genome, and altered mitochondrial genes often co-transcribe 

with outdated mitochondrial genes. (Hanson 1991; Dewey et al.,1986; Laver et al.,1991; Pruit and Hanson 

1991; Bonhomme et al.,1992; Chase 1994). 

Several mutations in mitochondrial genes, specifically ones impacting the genes encoding the enzymatic 

reactions combinations of the electron transport chain as well as ATPase, cause energy stress in cells and 

are responsible for the CMS characteristic. Through analyzing the mitochondrial respiratory chain 

complexes generated by both mitochondrial, nuclear genes (cytochrome c oxidase) as well as purely nuclear 

genes, it could be feasible to identify the mitochondrial genes/proteins associated in CMS (succinate 

dehydrogenase). The possible role of nuclear genes in regulating mitochondrial respiratory function is 

uncertain. The testing of succinate dehydrogenase, alternative oxidase, and nuclear-encoded enzymes, may 

thus indicate some differences between the A and R lines. These observations also provided insight on 

mitochondrial gene reorganization, which could be related to the inherited genetic origins of CMS (Delorme 

et al., 1997). The gene translocations that caused the S-A1 type of sterility have been probably generated 

by the COX I and/or rrn18-rrn5 genes (identified within the pearl millet clones). Additional cms lines of 

pearl millet might well have atp6 gene translocations that cause male sterility, that would most certainly 

emerge in chimeric forms (Rajeshwari et al., 1994). 

Detection of Male Sterility Using Different Methods 
In order to identify the origin of cytoplasmic nuclear male sterility (CMS), which may be used as an 

alternative to the only source presently used in hybrid seed preparation, pearl millet breeders were seeking 

for cytoplasmic molecular markers. Some few researchers have incorporated restricted fragment length 

polymorphisms (RFLPs) as well as randomized amplification polymorphic DNA to assess the genetic 

variation in pearl millet cultivars & landraces, correspondingly, using different DNA markers (Liu et al., 

1994; Delorme et al., 1997; Bhattacharjee et al., 2002). Simple sequence replicates are far more accurate 

DNA markers with this investigation because of their multiallelic nature, even distribution, genome 

specificity, high polymorphism, and ease of detection. Micro-satellites have been used to identify and 

propagate stress tolerance quantifiable trait loci in pearl millet employing marker-assisted backcross 

selections (Yadav et al., 2002 a, b). Latest study in Niger discovered variation in both wild as well as 

cultivated pearl millet procurements using micro-satellite markers (Mariac et al., 2006). 
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CGMS System-Based Hybrids 
Its cytoplasmic genetic male sterility mechanism from which hybrids are produced using the three-line 

system, which consists of the A line (male sterile), B line (maintainer), and R line (restorer). The A-line was 

crossed with the restorer line to produce the hybrid seed, while the B line is the sole one used to preserve 

the male-sterile line. The procedure is given below in Figure 1. 

Need for Different CMS System 
Many commercialized hybrids of pearl millet (Pennisetum glaucum (L.) R. Br.) primarily established on 

the A system of cytoplasmic nuclear male sterility (CMS). According to their homogeneous cytoplasm, such 

hybrids are more vulnerable to disease as well as insect pest epidemics. In tobacco & maize, cytoplasmic 

genome changes are associated with disease vulnerability. In order to diversify the cytoplasmic basis in 

pearl millet hybrids, it is therefore required to discover new, economically feasible CMS techniques. The 

previous investigation revealed that pearl millet has a variety of CMS systems. 

 
Figure 1: Procedure for developing hybrid using the three-line system 

CMS sources have indeed been introduced to breeding population & gene pools there at ICRISAT Asia 

Center. The linkages between the new CMS sources and the old CMS sources, and between them, are 

currently being developed. A reliable method for CMS classification in pearl millet has now been developed 

based upon that hybrids' fertility recovery patterns. Nevertheless, it was shown that the nuclear genetic 

history of the CMS lines affects the hybrids' characteristics of fertility preservation. Thus, it requires the 

use of isonuclear A-lines to analyse fertility restoration, which ultimately results in the classification of 

CMS sources. Isonuclear A-lines need to have a lot of work and resources to generate. RFLP analysis of mt 

DNA became necessary to define specifically those CMS sources enabling Isonuclear A-lines development 

and fertility restoration studies that are unique from each other the preceding CMS sources. Researchers 

used mt DNA RFLP sequences to examine the several potential CMS sources in pearl millet & compare 

them to the previously known CMS systems. In order to distinguish between various CMS systems, 

researchers have also tested the effectiveness of many homologous as well as heterologous probes. 
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Abstract 
Carrot is one of the economically significant vegetable crops among vegetables. There are many biotic and 

abiotic factors which are responsible for yield losses in carrot. In biotic factors fungi, bacteria, viruses and 

Phytoplasma which cause significant losses in carrot production in different parts of the world. It is 

essential to know about different biotic agents which are causing enormous loss in production of this 

vegetable. 

Introduction 
Carrot is an important vegetable crop and cultivated worldwide. This crop has been adapted from Arctic 

Circle to tropical islands. Cultivation, storage and shipping of carrot are not complicated. It is native to 

western parts of Asia, probably Afghanistan. There are some evidences which have been documented that 

purple-coloured carrots along with yellow-coloured carrots have been introduced into Mediterranean region 

from Afghanistan. People used to cultivate carrot in Europe prior to 900AD. Cultivation was furthermore 

initiated in China and Japan in 1200 and 1600 AD respectively. Later this crop has been introduced in US 

by first settlers from India and became staple food for American Indians. Carrot is an andromonoecious 

crop. Type of inflorescence in this crop is umbel having bisexual flowers in both peripheral and central 

zones. Carrot crop is protandrous and approximately 95% of cross pollination has been noticed in Daucus 

carota.  

The scientific name of carrot is Daucus carota L., a biennial herbaceous species and it belongs to the 

Apiaceae family (Rubatzky et al., 1999). The carrot is mainly classified in to eastern carrots and western 

carrots based on the pigmentation of carrot roots. The roots of eastern carrot are purple or yellow while 

roots of western carrots are orange, red or white. At present orange carrots are more popular and widely 

cultivated throughout the world. Tap root is the main edible part in carrot. It is available in many colours 

like orange, red, purple, and black. In India, carrot crop occupies an area of 1.08 lakh hectare with its 

annual production of 18.65 lakh tonnes. China is the major producer of carrot. Other major carrot producing 

countries are Russia, USA, Uzbekistan and Poland. Major carrot producing states in India are Haryana 

and Punjab followed by Uttar Pradesh, Bihar, T.N., Karnataka, and Assam. D. carota is being consumed 

as salad, curry, sweet and juice. Most of North Indians consume carrot during rituals and functions in the 

form sweet i.e., Gajar ka halwa. Along with celery and onion, carrot crop is one of the main vegetables used 

in a mirepoix to make different kind of broths. 

Carrot is a palatable, tasty, appetising and nutritious vegetable crop. Loss of weight, reduction in 

cholesterol and improvement in eye sight are vital health benefits that humans can obtain from this crop. 

Carrot tap roots are a major source of retinol 2 (Vitamin A). In addition to Vitamin A, carrot is a good source 

of Vitamin K, fibre, potassium and Vitamin B6 (Strube and Lars, 1999: Novotny et al., 1995). 

Isocoumarin is a factor that is responsible for bitter flavour in carrot. It is a Rabi crop and mostly grown 

during the months of October - March. This crop is mainly being grown in North Indian states due to low 

temperatures in winter. The optimum pH (6.0 to 6.8) has to be maintained in carrot fields. Cultivation of 

carrot crop in saline soils leads to many complications. Carrots may be temperate types and sub-tropical 

types. High temperatures in temperate types leads to stunted growth in carrot roots whereas sub-tropical 

types can be grown easily in hot climates without any loss in quality. Duration of carrot crop is 90 to 100 

days and it varies from variety to variety. 
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Biotic Agents 
Carrot is being affected by both biotic and abiotic stresses. White mould, black root rot, scab and rubbery 

brown rot are major fungal agents that are affecting carrot crop (Nunez and Davis, 2016). The most 

important fungal disease of carrot is fungal leaf blight which is caused by Alternaria dauci and Cercospora 

carotae worldwide (Gugino et al., 2007). Fungal blights are responsible for yield loss by reducing 

photosynthetic area and breaking carrot petioles. Soft rot is a major bacterial disease caused by Erwinia 

carotovora sub sp. Carotovora (Nunez and Davis, 2016). Carrot is also affected by root knot nematode that 

limits the carrot production (Robert, 1987). Melodogyne hapla is the most prevalent nematode in cooler 

region where as M. javanica and M. incognita are the predominant species in warmer region (Parsons et 

al., 2015).  

Carrot acts as a natural host for many viruses and phytoplasmas globally. Approximately 30 viruses have 

been reported in this crop (Adam et al., 2014; Kumar et al., 2013). The important viruses known to affect 

commercial carrot crops are Parsnip yellow fleck virus (PYFV) and the CMD Complex consisting of carrot 

red leaf virus (CtRLV), carrot mottle virus (CMoV) and carrot red leaf associated RNA (CtRLVaRNA) (Adam 

et al., 2014). Carrot virus Y (CarVY) is a potyvirus reported from Australia (Jones et al., 2004).  

In India, Tomato Leaf Curl New Delhi virus - Potato-Hapur (ToLCNDV- Potato Hapur) has been reported 

as a causative agent of yellowing disease in carrot (Sivalingum et al., 2011). However, the disease was later 

identified as Ageratum enation virus-carrot (AEV-Car.) (Kumar et al., 2013). Later on, another 

begomovirus, Pedilanthus leaf curl virus has been reported as a causative agent of leaf curl disease in carrot 

in India (Saritha et al., 2017).  

Other than viruses, Candidatus Phytoplasma and Candidatus Lactibacter species like aster yellows, ash 

witches’ broom, stolbur and yellows has also been reported on carrot (McCoy, 1989). Aster yellow is an 

important phytoplasma disease of carrot which is transmitted by leaf hoppers. It inhibits the growth and 

yield of carrot. Aster yellow produces typical symptoms like stunting, yellowing, leaf bronzing, sterility and 

leaf like petals.  

Carrot crops is reportedly infected by major sub groups 16SrV-C and 16SrV-B (Duduk et al., 2008). Other 

phytoplasma groups like 16SrII subgroup C (Nisbet et al., 2014, Salehi et al., 2016), 16Sr III, 16SrV 

(Orenstein et al., 1999), and 16SrXII subgroup A (Duduk et al., 2008) has been reported from different 

carrot growing countries.  

Candidatus Liberibacter solanacearum is another emerging pathogen that causes serious losses to carrot 

crops all over the world and mixed infection with phytoplasma has also been reported (Satta et al., 2016). 

In India, a new subgroup under Ca. P. australasiae 16SrII associated with witches’ broom of Daucus carota 

which belongs to CarWB phytoplasmas. has been reported from Karnataka (Swarnalatha et al., 2019). 

Conclusions 
Studies on the biotic agents is useful to carry out different management practices. Epidemiological and 

detection studies help us to know about the possibilities of emergence of different diseases in that particular 

crop. These studies help us to understand the diversity of pathogens. 
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Introduction 
Organic farming is a farming method that avoids or limits the use of synthetically compounded fertilisers, 

growth regulators, and livestock feed additives. Crop rotations, green manures, legumes, crop residues, 

animal manures, off farm organic wastes, and biological pest control methods are used to maintain soil 

productivity and tilth, supply plant nutrients, and control insects, pests, disease, and weeds. Organic 

farming includes green manuring. Green manuring is the practise of enriching the soil by ploughing under 

or incorporating green manure crops into the soil while they are green or shortly after they begin flowering. 

"The value of Green Manuring lies in the incorporation of organic matter into the soil." 

Organic matter in the soil is acknowledged as one of its most valuable constituents for true soil fertility. 

The decay of this organic matter has an effect on the availability of soil nutrients. Green manure crops are 

crops that are grown for green manure. For decades, our farmers have been practising green manuring. 

According to estimates, a 40–50-day old green manure crop can supply up to 80-100 kg N/ha. Even if only 

half of this N is crop utilisable, a green manure crop can replace 50-60 kg. fertilizer N/ha. (Sharma et al., 

2013). Some of the potential green manuring legumes are dhanicha, sunhemp, cowpea, mung, bean, guar 

and berseem etc. Dhanicha, sunhemp, mung bean and guar grown during kharif season as green manure 

crops have been reported to contribute 8-21 tons of green matter and 42-95 kg of N/ha. Similarly, Khesari, 

cowpea and berseem grown during rabi season can contribute 12-29 tons of green matter and 67-68 kg of 

N/ ha (Mishra et al. 1998). 

Classification of Green Manuring 
1. Green leaf manuring: Green leaves and twigs of trees, shrubs, and herbs collected from plants grown 

in wastelands, field bunds, degraded lands, and nearby forest are used. Green leaf manuring is when they 

are turned down or mixed into the soil 15-30 days before sowing crops, depending on the tenderness of the 

foliage or plant parts. 

2. In situ green manuring: Green manuring in situ is also known as on-farm green manuring or legume 

green manuring. In this system, short-duration legume crops are grown and buried in the same location 

when they reach 60-80 days after sowing. This on-site nutrient resource generation system is most common 

in northern and southern India, where rice is the main crop in existing cropping systems. Green manuring 

can be done with almost any crop, but legumes are preferred because of their ability to fix nitrogen from 

the air. Green manuring with legumes (peas, clovers, lentils, and so on) is referred to as legume green 

manuring. Legume green manuring could be profitably used on lands where, it was not possible to add 

animal manures. (Maiksteniene et al. 2004).  

Typically, all GM crops used for in-situ or ex-situ green manuring contain all of the plant nutrients required 

to complete the life cycle of any plant. Among the various GM crops, dhaincha and Sunhemp have higher 

accumulation of major and micro nutrients due to higher biomass production and better nutrient 

composition than food legumes, which are inferior due to low nutrient content combined with lower dry 

matter production. Water hyacinth has high biomass production and nutrient accumulation, and when 70 

q/ha dry matter is added to the soil, it can contribute 198 kg N, 63.0 kg P2O5, and 125.3 kg K2O. Ex situ 

green manuring could provide a good source of plant nutrients. 

Techniques of Green Manuring in the Field 
The maximum benefit from the green manure crop cannot be obtained without knowing the: 

1. Right time of growing. 
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2. Right time of incorporating in the soil. 

3. Time required for decomposition 

Time of sowing of the green manure crop: The timing of sowing the green manure crop varies 

depending on local conditions and available resources. Green manure crops are typically planted 

immediately following monsoon rains. However, if irrigation is available, a green manure crop can be grown 

as a catch crop after the rabi crop is harvested in April and May. Sunnhemp and dhaincha can be planted 

in April-May and buried in June-July before the main kharif crop is planted. Intercropping dhaincha with 

paddy in a row ratio of 4:1 is possible in rainfed areas. Sunnhemp and cowpea can also be intercropped 

with widely spaced crops like cotton, maize, and sugarcane. 

Green manures and undersowing: Undersowing entails growing a green manure alongside the 

main crop. They are sometimes sown alongside the crop or slightly later, when the crop is already 

growing. This reduces competition between the crop and the green manure. There is no extra time 

spent preparing the land or planting the green manure. 

Stage of burying of green manure crop: Green manure crop burial at a specific time provides the most 

nitrogen and organic matter. This stage occurs when the plant is immature and has begun flowering, as 

the primary goal of green manuring is to provide the most succulent green matter when burying. During 

the early stages of crop growth, N content, protein, and water-soluble constituents are at their highest, 

while fibre, hemicelluloses, cellulose, lignin, and C:N ratio are at their lowest. As a result, tissues of 

immature plants decompose faster than those of mature plants. Even a delay of 15–20 days reduces 

nitrogen content and increases the C:N ratio, fibre, hemicelluloses, cellulose, and lignin, making it difficult 

for soil microorganisms to act and decompose (Yadav et al., 2013). 

Time interval between burial of green manure crop and the sowing of the next crop: The time 

interval should be long enough to allow for complete decomposition of the turned-in green manure crop 

before planting the following crop. The time interval is determined by the following factors: 1) The weather, 

and 2) the nature of the buried green material. Crop should be sown 35-45 days after burial of green manure 

crop, as green manure crop takes 4-6 weeks to decompose completely. If the green manure crop is succulent, 

there is no harm in immediately transplanting the paddy after turning in the green manure crop. However, 

in the case of woody materials, adequate time should be allowed for decomposition. Green manure crops 

were intercropped between rows of main crops such as paddy, cotton, sugarcane, and soon. 

Conclusion 
As a result, green manures improve soil structure by allowing more air into the soil and improving 

drainage. Because of increased aggregate stability and porosity, organic matter helps sandy soil hold more 

water and not drain as quickly. Organic matter also slows runoff and soil erosion. Changes in soil chemical 

properties were clearly visible. Soil nitrogen levels are increased by legume green manure crop fixation. 

Under submerged conditions, Fe and Mn concentrations increase. To increase the nitrogen content and 

texture of the soil, various green manures and grain-legumes are used. Among the green manures Sesbania 

aculata accumulated the largest amount of biomass and nitrogen contribution and among the grain 

legumes, cowpea ranks first both in terms of grain yield and biomass addition. 
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Abstract 
Growing of vegetable crops, primarily for use as human food. Vegetable farming operations range from 

small patches of crops, producing a few vegetables for family use or marketing, to the great highly 

organized and mechanized farms common in industrialized countries. The three main types of large-scale 

vegetable farming are based on production of vegetables for the fresh market; for canning, freezing, 

dehydration, and pickling; and to obtain seeds for planting. Fresh market vegetables can be produced out 

of their normal season of outdoor production under forcing structures such as greenhouses, cold frames, 

and hotbeds. Specifications for vegetables for canning and freezing usually include small size, high quality, 

and uniformity. For seed production, the crop is ready for harvest not when the edible portion of the plant 

reaches the stage of maturity, but instead it must be carried through further stages of growth, and 

production is often carried out under isolated conditions to ensure the purity of seed yield. 

Keywords: Vegetable, Farming Garden, Truck. 

Introduction 
Vegetable farming is an important source of income. Cultivation of vegetables occupies an important place 

in agricultural development and economy of the country. It is important in balanced diet. It is the cheapest 

source of natural protective food. Vegetable farming gives higher yield per unit area within the shortest 

possible time which ultimately increases the income. Several vegetables are exported to foreign countries 

which provide an opportunity for earning exchange.  

Kitchen Gardening / Home Garden 

It is the growing of vegetable crops in residential houses to meet the requirements of the family all the year 

around. Every individual is concerned with home or kitchen garden. Irrespective of the fact that the 

individual is a villager, a city dweller, live in town. Kitchen garden should be a future of his home.  

Importance:  

a. Efficient and effective use of land for growing essential vegetables for use of family.  

b. Saves some money as vegetables are quite costly in the market (fresh vegetables).  

c. Play important part in vegetable production.  

d. Constitute a very healthy hobby and the spare time of the family is well utilized.  

e. Kitchen gardening should be aimed at giving a continuous supply of vegetables to a family 

throughout the year.  

f. Pesticide residue free vegetables (health point of view). 

Design of Kitchen Garden 
Design of kitchen garden depends upon the character of the particular piece of land, its extent, situation 

etc.  

The following principles should be followed in designing the layout of kitchen garden: 

a. Location and site  

b. Proper layout  

c. Cropping pattern  

d. Size 25 x 10 m for family of 5 persons.  

e. Shape should be rectangular and South east aspect is the most preferred for having more sun 

light.  

https://www.britannica.com/summary/canning-food-processing
https://www.britannica.com/summary/seed-plant-reproductive-part
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1. For kitchen garden land should be selected in the backyard of the house (easier to work & make use of 

kitchen waste water.   

2. Layout of the garden should be such that it looks attractive and allow access to all the parts.  

3. The land should be laid out in small plots with narrow and path borders.  

4. In homes where no space is available one can grow vegetables in pots or boxes. Preference should be 

given to such vegetables which produce a greater number of fruits from an individual plant e.g., cucurbits, 

tomato, brinjal, chilli etc.  

5. Climbing type vegetables like cucurbits, pea beans etc. can be trained on the fences.  

6. Several sowings of one particular crop at short intervals should be done to ensure a steady supply of 

vegetables.  

7. Quick growing fruits trees like papaya, banana, lime etc. should be located on one side of the garden, 

preferably on Northern side so that there shading effect on the vegetables is on minimum side.  

8. Ridges which separate the beds should be utilized for growing root crops like radish, turnip, beet, carrot.  

9. Early maturing crops should be planted together in continuous row so that the areas may be available 

for putting next crop.  

10. The inter-space of some crops which are slow growing and take long duration to mature like cabbage, 

cauliflower, brinjal should be used for growing some quick growing crops like radish, turnip, palak, lettuce. 

Market Gardening / Peri-Urban Vegetable Farming 
Peri-urban farming is known for its important role in providing self-employment besides enhancing the 

food security, helpful in poverty alleviation, waste management, community resource development and 

environmental sustainability.   

1. This is a type of garden which produces vegetables for local market.   

2. This type of garden was confined to the near vicinity of the cities when a quick transport was not 

developed.  

3. Most of the market gardens even today are located within 15-20 km of a city.  

4. The cropping pattern of these gardens will depend on the demand of the local market.  

5. The most important consideration is to develop a clearly focused marketing plan before any vegetable 

crops are planted.   

6. The land being costly, intensive methods of cultivation are followed.  

7. A market gardener will like to grow early varieties to catch the market early.  

8. He should be good salesman as he may have to sell his own produce.  

9. He must be a versatile person as he will have to grow a number of vegetables throughout the year. 

Truck Gardening 
1. This is a type of garden which produces special crops in relatively large quantities for distance markets.   

2. Truck gardens, in general, follow a more extensive and less intensive method of cultivation than market 

garden.  

3. The word truck has no relationship with a motor truck but it is derived from French word „troquer‟ 

means “to barter”.   

4. The location of this type of garden is determined by the soil and climatic factors suitable for raising a 

particular crop.   

5. The commodities raised are usually sold through middle man.   

6. The truck gardener should be a specialized person.   

7. He should be proficient in large scale cultivation and production and handling of some special crops.   

8. He follows the mechanical method of cultivation hence cost of cultivation is less.   

9. The net income is also less as this includes the cost of transport and the charges of middle men. 

Conclusion 
The preference of Indian consumers is mainly to have fresh and lush green vegetables and least for 

processed products. This provides a business opportunity to the growers living nearby the big cities or 

towns, generally referred as peri-urban areas to meet the requirement of consumers and earn higher profit. 

This production system focussing nearby big cities is also called as market gardening. Thus, peri-urban 

vegetable cultivation provides the possibility to cultivate a small piece of land on commercial line to 
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generate income to meet the basic needs of a family.  Large quantity of solid waste is generated in cities 

during handling and marketing of fresh vegetable produce and otherwise also which in general creates 

health and environmental hazards. This can be recycled to produce manure for use in organic vegetable 

production. 

References 
1. Salunkhe DK and Kadam SS. Hand Book of Vegetable Science and Technology: Production, Composition, Storage and 

Processing.Marcel Dekker. 

2. Rai N and Yadav D S. 2005. Vegetable Science and Technology in India. IBH Publication, New Delhi. 567p 

3. Shrestha, Gyan Kumar, 2068: Technology for Vegetable Production, Heritage Publishers and Distributors (P) Ltd. 

Kathmandu. 

4. Poudyal, Bharat Kumar, 2068: Commercial Vegetable Farming, Amarawati Horticulture Nursery, Commercial Vegetable 

Farming Project, Lalitpur. 
  



 

 
Volume 04 - Issue 09 - September 2022       52 | P a g e  
 

Bio-Fertilizer Practices in Organic Farming 
Article ID: 38018 

Anil Swami1, Janak Raj2, Rajesh Kumar3 
1PG Research Scholar, Dept of Agronomy, AU, Jodhpur. 

2PG Research Scholar, Dept of Agronomy, NAU, Navsari. 
3B.Sc. (Hons.) Agriculture, AU, Jodhpur. 

 

 
 

Introduction 
Organic farming has emerged as a global priority due to rising demand for safe and healthy food, long-term 

sustainability, and concerns about environmental pollution caused by indiscriminate use of agrochemicals. 

Though the use of chemical inputs in agriculture is unavoidable in order to meet the world's growing 

demand for food, there are opportunities in certain crops and niche areas where organic production can be 

encouraged to tap the domestic export market. Bio-fertilizers are preparations containing live or latent 

cells of efficient strains of nitrogen fixing, phosphate solubilizing, or cellulolytic microorganisms that are 

used for application to seed, soil, or composting areas with the goal of increasing the number of such 

microorganisms and accelerating those microbial processes that augment the availability of nutrients that 

are easily assimilated by plants. Biofertilizers play an important role in improving soil fertility by fixing 

atmospheric nitrogen, both with and without plant roots, solubilizing insoluble soil phosphates, and 

producing plant growth substances in the soil. They are being encouraged to harvest the naturally 

occurring, biological system of nutrient mobilisation (Venkatashwarlu, 2008). 

Need of Bio-Fertilizers 
The indiscriminate use of synthetic fertilisers has polluted and contaminated the soil, polluted water 

basins, destroyed microorganisms and beneficial insects, making crops more susceptible to disease, and 

reduced soil fertility. 

Demand exceeds supply by a wide margin. It is estimated that by 2020, to achieve the targeted production 

of 321 million tonnes of food grain, the nutrient requirement will be 28.8 million tonnes, while the available 

supply will be only 21.6 million tonnes, resulting in a 7.2 million tonne deficit. 

Depletion of feedstock/fossil fuels (energy crisis) and rising fertiliser costs This is becoming unaffordable 

for small and marginal farmers, depleting soil fertility as the gap between nutrient removal and supplies 

widens, increasing concern about environmental hazards, and posing a threat to sustainable agriculture. 

Aside from the facts stated above, the long-term use of biofertilizers is more economical, eco-friendly, 

efficient, productive, and accessible to marginal and small farmers than chemical fertilizers. (Arun, 2007).  

Potential Characteristic Features of Some Bio-Fertilizers 
Nitrogen fixers Rhizobium: Rhizobiaceae family, symbiotic in nature, fixes nitrogen 50-100 kg/ha in 

association with legumes only. It is beneficial to pulse legumes such as chickpea, red-gram, pea, lentil, 

black gramme, and others, oil-seed legumes such as soybean and groundnut, and forage legumes such as 

berseem and lucerne. Rhizobium nodulation of leguminous crops is largely dependent on the availability of 

a compatible strain for a specific legume. It colonises the roots of specific legumes to form tumor-like 

growths known as root nodules, which act as ammonia factories. Rhizobium can fix atmospheric nitrogen 

in symbiotic relationships with legumes and certain non-legumes such as Parasponia. The presence of 

legume crops in the field influences Rhizobium population in the soil. The population declines in the 

absence of legumes. Artificial seed inoculation is frequently required to restore the population of effective 

Rhizobium strains near the rhizosphere in order to accelerate N-fixation. To form effective nodules, each 

legume requires a specific species of Rhozobium. (Wani and Lee 2002). 

Azospirillum: belongs to the Spirilaceae family, which is heterotrophic and associative in nature. They 

produce growth regulating substances in addition to their nitrogen fixing ability of about 20-40 kg/ha. 

Although this genus contains many species such as A.amazonense, A.halopraeferens, and A.brasilense, the 

worldwide distribution and benefits of inoculation have been demonstrated primarily with A.lipoferum and 
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A.brasilense. Azospirillum forms associative symbioses with many plants, particularly those with the C4-

dicarboxylic photosynthesis pathway (Hatch and Slack pathway), because they grow and fix nitrogen on 

organic acid salts such as malic and aspartic acid. As a result, it is primarily recommended for maize, 

sugarcane, sorghum, pearl millet, and other crops. 

Azotobacter: belongs to the Azotobacteriaceae family and is aerobic, free-living, and heterotrophic in 

nature. Azotobacters are found in neutral or alkaline soils, with A. chroococcum being the most common 

species in arable soils. Other species include A. vinelandii, A. beijerinckii, A. insignis, and A. 

macrocytogenes. Because of the lack of organic matter and the presence of antagonistic microorganisms in 

soil, the number of Azotobacter rarely exceeds 104 to 105 g-1. The bacterium produces anti-fungal 

antibiotics, which inhibit the growth of several pathogenic fungi in the root region and, to some extent, 

prevent seedling mortality. Azotobacter populations are generally low in crop plant rhizospheres and 

uncultivated soils. The occurrence of this organism has been reported from the rhizosphere of a number of 

crop plants such as rice, maize, sugarcane, bajra, vegetables and plantation crops. 

Blue Green Algae (Cyanobacteria) and Azolla: These belong to eight different families, are 

phototrophic in nature, produce Auxin, Indole Acetic Acid, and Gibberlic Acid, fix 20-30 kg N/ha in 

submerged rice fields, and are also known as "paddy organisms." N is a critical input that must be present 

in large quantities for low land rice production. Soil N and BNF produced by associated organisms are 

important sources of N for low land rice4. The 50-60% N requirement is met by a combination of free living 

and rice plant associated bacteria mineralizing soil organic N and BNF. To achieve food security through 

sustainable agriculture, the need for fixed nitrogen must be met more and more by BNF rather than 

industrial nitrogen fixation. BGA forms symbiotic associations capable of nitrogen fixation with fungi, 

liverworts, ferns, and flowering plants, but the most common symbiotic association has been found between 

the Azolla and Anabaena azollae, a free-floating aquatic fern (BGA). Azolla has a dry nitrogen content of 

4-5 percent and a wet nitrogen content of 0.2-0.4 percent, making it a potential source of organic manure 

and nitrogen in rice production. The importance of using Azolla as a biofertilizer for rice crops stems from 

its quick decomposition in the soil and efficient nitrogen availability to rice plants. These biofertilizers or 

biomanures contribute significant amounts of P, K, S, Zn, Fe, Mb, and other micronutrients in addition to 

N-fixation. With a branched stem and deeply bilobed leaves, roots the fern forms a green mat over water. 

(Wani and Lee 1995). 

Phosphate solubilizers: Several studies have been conducted to investigate the ability of various 

bacterial species to dissolve insoluble inorganic phosphate compounds such as tricalcium phosphate, 

dicalcium phosphate, hydroxyapatite, and rock phosphate. Pseudomonas, Bacillus, Rhizobium, 

Burkholderia, Achromobacter, Agrobacterium, Micrococcus, Aereobacter, Flavobacterium, and Erwinia are 

among the bacterial genera that have this ability. In soil and plant rhizospheres, there are large 

populations of phosphatesolubilizing bacteria. These include both aerobic and anaerobic strains, with 

aerobic strains predominating in submerged soils. In comparison to non-rhizosphere soil, the rhizosphere 

has a significantly higher concentration of phosphate solubilizing bacteria. Soil bacteria from the genera 

Pseudomonas, Bacillus, and Fungi are more common.  

Phosphate absorbers (Mycorrhiza): Mycorrhiza refers to "fungus roots." It is a symbiotic relationship 

between host plants and a specific group of fungi at the root system in which the fungal partner benefits 

by obtaining its carbon requirements from the host's photosynthates and the host benefits by obtaining 

much needed nutrients, particularly phosphorus, calcium, copper, zinc, and so on, which are otherwise 

inaccessible to it, with the help of the fungus' fine absorbing hyphae. Except for crops/plants in the family’s 

Chenopodiaceae, Amaranthaceae, Caryophyllaceae, Polygonaceae, Brassicaceae, Commelinaceae, 

Juncaceae, and Cyperaceae, these fungi are associated with the majority of agricultural crops. 

Zinc solubilizers: Nitrogen fixers such as Rhizobium, Azospirillum, Azotobacter, BGA, and phosphate 

solubilizing bacteria such as B. magaterium, Pseudomonas striata, and phosphate mobilising Mycorrhiza 

have long been recognised as bio-fertilizers. However, these only supply major nutrients; soil contains a 

plethora of microorganisms that can transform micronutrients and can be used as bio-fertilizers to supply 

micronutrients such as zinc, iron, copper, and so on. Microorganisms such as B. subtilis, Thiobacillus 

thioxidans, and Saccharomyces sp. can solubilize zinc. These microorganisms have the potential to be used 

as bio-fertilizers for the solubilization of fixed micronutrients such as zinc. The results have shown that a 



 

 
Volume 04 - Issue 09 - September 2022       54 | P a g e  
 

Bacillus sp. (Zn solubilizing bacteria) can be used as bio-fertilizer for zinc or in soils where native zinc is 

higher or in conjunction with insoluble cheaper zinc compounds like zinc oxide (ZnO), zinc carbonate 

(ZnCO3) and zinc sulphide (ZnS) instead of costly zinc sulphate.  

Potential Role of Bio-Fertilizers in Agriculture 
Many researchers have reported that the incorporation of bio-fertilizers (N-fixers) plays a significant role 

in improving soil fertility, yield attributing characteristics, and thus final yield. Furthermore, their use in 

soil improves soil biota while reducing the need for chemical fertilisers.Under temperate conditions, 

Rhizobium inoculation increased the number of pods/plant, seed/pod, and 1000-seed weight (g) and thus 

yield over the control. The number of pods/plants, the number of seeds/pod and the weight of 1000 seeds. 

The application of BGA+ Azospirillum to rice under low land conditions proved significantly beneficial in 

improving LAI and all yield attributing aspects. (Subba Roa, 2001). 

It is a well-known fact that phosphate efficiency fertilisers are very low (15-20%) due to its fixation in acidic 

and alkaline environments. alkaline soils, and sadly, both soil types are predominating in India, accounting 

for more than 34% acidity affected, with over seven million hectares of productive land affected by 

salinity/alkalinity. 

Conclusion 
Bio-fertilizers, which are essential components of organic farming, play an important role in long-term soil 

fertility and sustainability by fixing atmospheric di-nitrogen (N=N), mobilising fixed macro and micro 

nutrients, or converting insoluble P in the soil into forms available to plants, increasing their efficiency and 

availability. There is currently a ten million tonne gap in plant nutrient supply between crop removal and 

supply via chemical fertilisers. 
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Introduction 
“Let food be the medicine and medicine be thy food”, the age-old quote by Hippocrates is the ideology of 

today’s health-conscious population. Eli Metchnikoff, the Russian Nobel prize winner was the first one to 

recognize the beneficial role of select bacteria on gastrointestinal tract of humans. Subsequently the 

“Theory of Longevity” by Metchnikoff was correlated with prolonged youth and a healthy old age. Humans 

are a unique reservoir of heterogeneous and vivacious group of microbes, which together forms the human-

microbiome superorganism. 

Human gut serves as a home to over 100-1000 microbial species, which primarily modulate the host 

internal environment and thereby, play a major role in host health. This spectacular symbiotic relationship 

has attracted extensive research in this field. In early nineties, Metchnikoff expressed probiotics in a 

scientific context as modification of floral/microbial diversity in human bodies and replaces the harmful 

microbes with useful ones. 

However, the breakthrough was achieved through the works of Henry Tissier, who observed that the 

microbial concentration of a particular type of bacteria in stool samples of infected diarrhea children were 

significantly lower in comparison to healthy children. 

His suggestions for oral administration of live organisms (Bifidobacteria) to patients with diarrhea 

(infantile diarrhea) and help restore a healthy gut flora was a first of its kind. Probiotic is a phrase of the 

modern era, denotation “for life” and is in use to name ba cterial association with beneficial effects on 

human and animal health. 

Probiotics 
The term Probiotics is derived from a Greek word meaning “for life” and used to define living non-

pathogenic organisms and their derived beneficial effects on hosts. The term “Probiotics” was first 

introduced by Vergin, when he was studying the detrimental effects of antibiotics and other microbial 

substances, on the gut microbial population. 

He observed that “probiotika” was favourable to the gut microflora. Probiotic were then redefined by Lilly 

and Stillwell as “A product produced by one microorganism stimulating the growth of another 

microorganism”. 

Subsequently the term was further defined as “Non-pathogenic microorganisms which when ingested, exert 

a positive influence on host’s health or physiology” by Fuller. The modern definition of probiotic was put 

forward by Havenaar and Huisint Veld as a viable mono or mixed culture of bacteria which, when applied 

to animal or man, affects the host beneficially by improving the properties of the indigenous flora. The 

latest definition put forward by FDA and WHO jointly is “Live microorganisms which when administered 

in adequate amounts confer a health benefit to the host”.  

Micoorganisms Used as Probiotics 
Some of the popularly used probiotic microorganisms are Lactobacillus rhamnosus, Lactobacillus reuteri, 

Bifidobacteria and certain strains of Lactobacillus casei, Lactobacillus acidophilus-group, Bacillus 

coagulans, Escherichia coli strain Nissle 1917, certain enterococci, especially Enterococcus faeciumSF68, 

and the yeast Saccharomyces boulardii. 
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Table: Microorganisms used as Probiotic: 

 

Desirable Properties of Probiotic 
As known, that, the diverse characteristics of probiotics have been recognized as key health promoters. In 

order for a potential probiotic strain to be able to exert its beneficial effects, it is expected to exhibit certain 

desirable properties- 

1. Probiotics for human should have ‘generally regarded as safe’ status, with a proven low risk of inducing 

or being associated with the etiology of disease.  

2. Acid and bile tolerance which seems to be crucial for oral administration. 

3. Adhesion to mucosal and epithelial surfaces, an important property for successful immune modulation, 

competitive exclusion of pathogens, as well as prevention of pathogen adhesion and colonization. 

4. Antimicrobial activity against pathogenic bacteria. 

5. Bile salt hydrolase activity it should also be tolerated by the immune system. It should not be pathogenic, 

allergic, or mutagenic/carcinogenic.  

6. The probiotic used should also be technologically compatible with the food manufacturing process.  

the foods containing the probiotic bacteria must maintain the characteristic sensory attributes of the 

traditional food. 

 
Fig. 1 Characteristics of an ideal probiotic strain 
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Sources of Probiotics 

 
Fig: Different sources of probiotics 
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Mode of Action and Benefits of Probiotics 

 
Fig: Applications of probiotics and their mode of action. 

Conclusion 
Probiotics possess important functional attributes that could fulfill most of our basic nutritional and clinical 

supplementation requirements. These microbes have shown positive responses to clinical treatment 

against several diseases and disorders. Moreover, the contribution of probiotics in preventing and 

treatment of diabetes, obesity, cancer and diseases related to pathogenic microbes is an exciting and rapidly 

advancing research arena. Dietary probiotic supplementation generally involves dairy products but 

probiotics can also be incorporated into non-dairy fermented food products, presenting an alternative and 

more advantageous source in the process of evaluating new probiotic strains. Moreover, present clinical 

and nutritional evaluations have been successful in exposing some remarkable functions of particular 

probiotic strains. 
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Introduction 
Sunflower is a member of Compositae family is one of the most significant edible oilseed crops in India. It 

was first subjected to domestication in central province of the United States of America. Oil extracted from 

Helianthus annus is healthy and nutritious that is easy to digest. Sunflower oil is rich in many natural 

vitamins, it consists mainly of (PUFA) and is low in SFA. In 2020, world production of sunflower seeds was 

50 million tonnes, led by Russia and Ukraine with 53% combined of the total (FAOSTAT of the United 

Nations). In India, Sunflower crop is cultivated in an area of 1.48 million hectares with production of 0.6 

MT/acre and Karnataka with a production of 3.04 lakh tonnes from an area of 7.94 lakh hectares followed 

by Andhra Pradesh, Maharashtra, Bihar, Orissa and Tamil Nadu are the major sunflower growing states. 

The crop is highly vulnerable to stress factors such as various diseases incited by viruses, bacteria, 

phytoplasma and fungi resulting in severe economic losses (Kolte SJ 1985). Several viruses from the 

Cucumo, Ilar, Poty, Tospo, and Umbra virus families have been shown to severely affect sunflower. This 

crop has been observed to contain sunflower mosaic, chlorotic mosaic, yellow ring mosaic, yellow mosaic, 

yellow spot, chlorotic leaf/mosaic, greening, cucumber mosaic, and mycoplasma-like organisms (strain of 

tomato big bud, aster yellows, and phyllody). All these diseases continue to be the main factor for low 

productivity. Among these diseases, major factors in this reduction are attributed to the occurrence of 

sunflower necrosis disease. The disease has already expanded to sunflower growing areas, with up to an 

80% incidence documented. Following is the brief account of SND in India. 

Sunflower Necrosis Disease (SND) 
Sunflower necrosis disease (SND) poses a risk to all traditional sunflower farming locations in India. SND 

was described as an epidemic for three years (1997-99), with prevalence ranging from 10 to 80 percent and 

yield losses of up to 90 percent in most of Southern India's sunflower farming districts. The causal agent of 

SND was identified as Tobacco streak virus (TSV), belonging to the genus Ilarvirus and Family 

Bromoviridae (Ravi et al.,2001). 

SND was reported from Netherlands, Australia (Sharman et al.,2008) and India. It was reported for the 

first time in India at Bagepalli village of Kolar district, Karnataka (Singh et al.,1997) in 1997 which later 

spread to AP, TN and Maharashtra states. The disease is observed at all growth stages starting from 

seedlings to mature plant. The disease's prominent field symptoms include mosaic on leaves, which finally 

leads to severe necrosis of the leaf lamina, petiole, stem, floral calyx, and seedling mortality. Early infection 

kills the plant or produces severe stunting with a deformed head full of chaffy seeds. Necrosis at the bud 

development stage causes the capitulum to flex and twist, culminating in total seed setting and maturation 

failure. (Ravi et al.,2001; Ramiah et al.,2001; Chander Rao et al., 2002). 

Host Range and Transmission 
Host range studies clearly indicated that several workers revealed that the virus causing SND could also 

infect members belonging to families. Amaranthaceae, Chenopodiaceae and Fabaceae Asteraceae, 

Leguminosae and Cucurbitaceae and Fabaceae, Malvaceae, Cucurbitaceae and Solanaceae. Thirty-three 

plant species from six families Asteraceae, Chenopodiaceae, Cucurbitaceae, Leguminoseae, Malvaceae and 

Solanaceae expressed visible symptoms (Ramiah et al., 2001; Anjula et al., 2002; Lavanya et al., 2005; 

Bharati Bhat et al., 2013). It can be transmitted through sap, seed, pollen and thrips. 
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Studies on SND revealed the survival of virus throughout the year on several weeds viz., Parthenium 

hysterophorus, Tridax procumbens, Phyllanthus sp., Euphorbia geniculata and Digeria arvensis (DOR 

Annual Report, 2002).  TSV also infects weeds such as, A. aspera, Lagasca mollis, A. hispidum, A. 

conyzoides, C. bengalensis, Abutilon indicum and Physalis minima. Of these, Parthenium is the most 

widely distributed and is a symptomless carrier of TSV and produces several flushes of flowers during its 

life cycle ensuring continuous supply of TSV infected pollen. It hosts the virus as well as thrips and 

produces copious pollen throughout season and acts as a primary source of inoculum initiating and 

sustaining the TSV infection during a crop season. Besides, Thrips colonizing flowers of these plants can 

become externally contaminated with pollen and movement of these thrips to new hosts results in 

introduction of the virus into fields. Windblown pollen of Parthenium contaminates the leaves and thrips 

arriving independently may well contribute to infection. Epidemiological studies on SND indicated the 

positive correlation between thrips population and the weather parameters viz., maximum and minimum 

temperature, sunshine and dry spells whereas, negative correlation was observed with rainfall and relative 

humidity. 

Management 
Growing resistant cultivars is the most cost-effective and convenient strategy to handle TSV. Cultural 

practices such as dates of sowing, border cropping, intercropping, rouging, optimum plant population and 

removal of weed hosts etc., have been advocated by several workers to reduce disease incidence and 

intensity (Basappa et al.,2005; Chander Rao et al., 2002; Prasada Rao et al., 2003; Almeida et al., 

1991,1994; Lava Kumar et al., 2008). Furthermore, sunflower and groundnut crops should not be planted 

together, or at least avoid synchronising the flowering periods of sunflower and groundnut crops, since 

sunflower crops offer infective pollen inoculum containing TSV. Similarly, removal of early infected 

sunflower will not reduce disease incidence as early infected sunflower does not produce flowers. TSV 

susceptible crops like marigold and chrysanthemum should not be grown adjacent to sunflower fields. 

Natural barriers such as tall grasses in the field protected the adjacent crops from the disease. The tall 

grasses might obstruct not only wind born infected pollen from outside weeds but also wind-born thrips. 

Sowing 7-11 rows of fast-growing cereals (pearl millet, sorghum or maize) as border crop around fields 

which obstruct the movement of thrips from landing on crop plants were found to reduce disease incidence 

in sunflower (Basappa et al.,2005; Chander Rao et al., 2002) and groundnut (Prasada Rao et al., 2003). 

(Mesta et al., 2004) reported that use of border crop like sorghum reduced incidence of SND from 18 to 37 

per cent. Bare patches in the field attract thrips landing. Optimum plant population prevents thrips from 

landing on the sunflower crop, showing that maintaining optimum plant population is one of the 

alternatives for TSV infection management. 

Conclusion 
India is the largest importer of edible oil. It is highly necessary that India has to be self-sufficient in 

production of oilseeds. Among oil seed crops sunflower is one of the significant one for the production of oil. 

So, it is highly essential that the crop should be free from diseases. As sunflower necrosis is major disease 

in sunflower, having knowledge on the disease is extremely helpful in managing disease. 
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Introduction 
Ketogenic diet is a high-fat, adequate-protein, low-carbohydrate mainstream dietary therapy that in 

medicine is used mainly to treat hard-to-control (refractory) epilepsy in children. The diet forces the body 

to burn fats rather than carbohydrates. Van Berkel A et al., (2018) 

Normally carbohydrates in food are converted into glucose, which is then transported around the body and 

is important in fueling brain function. However, if only a little carbohydrate remains in the diet, 

the liver converts fat into fatty acids and ketone bodies, the latter passing into the brain and replacing 

glucose as an energy source. An elevated level of ketone bodies in the blood (a state called ketosis) 

eventually lowers the frequency of epileptic seizures. Barzegar, M et al., (2021) 

The original therapeutic diet for paediatric epilepsy provides just enough protein for body growth and 

repair, and sufficient calories to maintain the correct weight for age and height. The classic therapeutic 

ketogenic diet was developed for treatment of paediatric epilepsy in the 1920s and was widely used into 

the next decade, but its popularity waned with the introduction of effective anticonvulsant medications. 

Zupec‐Kania, B. A., & Spellman, E. (2008). 

This classic ketogenic diet contains a 4:1 ketogenic ratio or ratio by weight of fat to combined protein and 

carbohydrate. This is achieved by excluding high-carbohydrate foods such as starchy fruits and vegetables, 

bread, pasta, grains, and sugar, while increasing the consumption of foods high in fat such as nuts, cream, 

and butter.  

Most dietary fat is made of molecules called long-chain triglycerides (LCTs). However, medium-chain 

triglycerides (MCTs)—made from fatty acids with shorter carbon chains than LCTs—are more ketogenic. 

A variant of the classic diet known as the MCT ketogenic diet uses a form of coconut oil, which is rich in 

MCTs, to provide around half the calories. As less overall fat is needed in this variant of the diet, a greater 

proportion of carbohydrate and protein can be consumed, allowing a greater variety of food choices. Van 

Berkel A et al., (2018) 

Possible therapeutic uses for the ketogenic diet have been studied for many additional neurological 

disorders, some of which include: Alzheimer's disease, amyotrophic lateral sclerosis, 

headache, neurotrauma, pain, Parkinson's disease, and sleep disorders. Barzegar, M.,et al., (2021). 

Epilepsy 
Epilepsy is a central nervous system (neurological) disorder in which brain activity becomes abnormal, 

causing seizures or periods of unusual behavior, sensations and sometimes loss of awareness. Anyone can 

develop epilepsy. Epilepsy affects both males and females of all races, ethnic backgrounds and ages. Zupec‐

Kania, B. A., & Spellman, E. (2008). 

Symptoms: 

a. Epilepsy is caused by abnormal activity in the brain, seizures can affect any process your brain 

coordinates  

b. Temporary confusion 

c. A staring spell 

d. Stiff muscles 

e. Uncontrollable jerking movements of the arms and legs 

f. Loss of consciousness or awareness 
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g. Psychological symptoms such as fear, anxiety or déjà vu. 

 
Causes of epilepsy: 

a. Stroke. 

b. Brain tumour. 

c. Severe head injury. 

d. Drug abuse or alcohol misuse. 

e. Brain infection. 

f. Lack of oxygen during birth. 

Focal Seizures 
When seizures appear to result from abnormal activity in just one area of your brain, they're called focal 

seizures. These seizures fall into two categories: 

Focal seizures without loss of consciousness: Simple partial seizures, these seizures don't cause a loss 

of consciousness. They may alter emotions or change the way things look, smell, feel, taste or sound. Some 

people experience deja vu. This type of seizure may also result in involuntary jerking of one body part, such 

as an arm or leg, and spontaneous sensory symptoms such as tingling, dizziness and flashing lights. 

Barzegar, M.,et al., (2021). 

Focal seizures with impaired awareness: Complex partial seizures, these seizures involve a change or 

loss of consciousness or awareness. This type of seizure may seem like being in a dream. During a focal 

seizure with impaired awareness, stare into space and not respond normally to your environment or 

perform repetitive movements, such as hand rubbing, chewing, swallowing or walking in circles. When 

seizures appear to result from abnormal activity in just one area of your brain, they're called focal seizures. 

Barzegar, M.,et al., (2021). 

Generalized seizures: Seizures that appear to involve all areas of the brain are called generalized 

seizures. Six types of generalized seizures exist. Barzegar, M.,et al., (2021) 

Absence seizures: Absence seizures, previously known as petit mal seizures, typically occur in children. 

They're characterized by staring into space with or without subtle body movements such as eye blinking or 

lip smacking and only last between 5-10 seconds. These seizures may occur in clusters, happening as often 

as 100 times per day, and cause a brief loss of awareness. 

Tonic seizures: Tonic seizures cause stiff muscles and may affect consciousness. These seizures usually 

affect muscles in your back, arms and legs and may cause you to fall to the ground. 

Atonic seizures: Atonic seizures, also known as drop seizures, cause a loss of muscle control. Since this 

most often affects the legs, it often causes you to suddenly collapse or fall down. 

Clonic seizures: Clonic seizures are associated with repeated or rhythmic, jerking muscle movements. 

These seizures usually affect the neck, face and arms. 

Myoclonic seizures: Myoclonic seizures usually appear as sudden brief jerks or twitches and usually 

affect the upper body, arms and legs. 
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Tonic-clonic seizures: Tonic-clonic seizures, previously known as grand mal seizures, are the most 

dramatic type of epileptic seizure. They can cause an abrupt loss of consciousness and body stiffening, 

twitching and shaking. They sometimes cause loss of bladder control or biting your tongue. 

Ketogenic Diet 
1. The ketogenic diet is a fluid restriction, high fat and low carbohydrate and protein intake that shares 

many similarities with the Atkins and low carb diets. 

2. It involves drastically reducing carbohydrate intake and replacing it with fat. This reduction in carbs 

puts your body into a metabolic state called ketosis.  

3. Body becomes incredibly efficient at burning fat for energy. It also turns fat into ketones in the liver, 

which can supply energy for the brain.  

4. Ketogenic diets can cause significant reductions in blood sugar and insulin levels. This, along with the 

increased ketones, has some health benefits.  

Normally carbohydrates in food are converted into glucose, which is then transported around the body and 

is important in fueling brain function. However, if only a little carbohydrate remains in the diet, 

the liver converts fat into fatty acids and ketone bodies, the latter passing into the brain and replacing 

glucose as an energy source. An elevated level of ketone bodies in the blood (a state called ketosis) 

eventually lowers the frequency of epileptic seizures. Ruan Y., et al., (2022) 

Around half of children and young people with epilepsy who have tried some form of this diet saw the 

number of seizures drop by at least half, and the effect persists after discontinuing the diet. Some evidence 

shows that adults with epilepsy may benefit from the diet and that a less strict regimen, such as a 

modified Atkins diet, is similarly effective. Side effects may include constipation, high cholesterol, growth 

slowing, acidosis, and kidney stones.  

Different types of ketogenic diets: 

a. Standard ketogenic diet (SKD): This is a very low carb, moderate protein and high fat diet. It 

typically contains 70% fat, 20% protein, and only 10% carbs.  

b. Cyclical ketogenic diet (CKD): This diet involves periods of higher carb refeeds, such as 5 

ketogenic days followed by 2 high carb days. 

c. Targeted ketogenic diet (TKD): This diet allows you to add carbs around workouts. 

High protein ketogenic diet: This is similar to a standard ketogenic diet, but includes more protein. The 

ratio is often 60% fat, 35% protein, and 5% carbs. Ruan Y et al., (2022) 

Ketosis: Ketosis is a metabolic state in which your body uses fat for fuel instead of carbs. It occurs when 

you significantly reduce your consumption of carbohydrates, limiting your body’s supply of glucose (sugar), 

which is the main source of energy for the cells. 

Following a ketogenic diet is the most effective way to enter ketosis. Generally, this involves limiting carb 

consumption to around 20 to 50 grams per day and filling up on fats, such as meat, fish, eggs, nuts, and 

healthy oils. 
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Ketogenic diets can reduce weight: A ketogenic diet is an effective way to lose weight and lower risk 

factors for disease. Diet is so filling that you can lose weight without counting calories or tracking your food 

intake Studies reported that a very low carb, ketogenic diet was slightly more effective for long-term weight 

loss than a low-fat diet. People who followed the keto diet lost an average of 2 pounds (0.9 kg) more than 

the group that followed a low-fat diet. Reductions in diastolic blood pressure and triglyceride levels. 

Another study in 34 older adults found that those who followed a ketogenic diet for 8 weeks lost nearly five 

times as much total body fat as those who followed a low-fat diet. The increased ketones, lower blood sugar 

levels, and improved insulin sensitivity.  

Ketogenic diets for diabetes and prediabetes: 

a. Diabetes is characterized by changes in metabolism, high blood sugar, and impaired insulin 

function.  

b. The ketogenic diet can help you lose excess fat, which is closely linked to type 2 

diabetes, prediabetes and metabolic syndrome. 

c. The ketogenic diet can boost insulin sensitivity and cause fat loss, leading to significant health 

benefits for people with type 2 diabetes or prediabetes. 

Health benefits of ketogenic diet: The ketogenic diet actually originated as a tool for treating 

neurological diseases such as epilepsy. 

 

Avoided foods: 

a. Any food that’s high in carbs should be limited. 



 

 
Volume 04 - Issue 09 - September 2022       66 | P a g e  
 

b. Sugary foods: soda, fruit juice, smoothies, cake, ice cream, candy, etc. 

c. Grains or starches: wheat-based products, rice, pasta, cereal, etc. 

d. Fruit: all fruit, except small portions of berries like strawberries 

e. Beans or legumes: peas, kidney beans, lentils, chickpeas, etc. 

f. Root vegetables and tubers: potatoes, sweet potatoes, carrots, parsnips, etc. 

g. Low fat or diet products: low fat mayonnaise, salad dressings, and condiments 

h. Some condiments or sauces: barbecue sauce, honey mustard, teriyaki sauce, ketchup, etc. 

i. Unhealthy fats: processed vegetable oils, mayonnaise, etc. 

j. Alcohol: beer, wine, liquor, mixed drinks 

k. Sugar-free diet foods: sugar-free candies, syrups, puddings, sweeteners, desserts, etc. 

Foods to eat: 

a. Meat: red meat, steak, ham, sausage, bacon, chicken, and turkey 

b. Fatty fish: salmon, trout, tuna, and mackerel 

c. Eggs: pastured or omega-3 whole eggs 

d. Butter and cream: grass-fed butter and heavy cream 

e. Cheese: unprocessed cheeses like cheddar, goat, cream, blue, or mozzarella 

f. Nuts and seeds: almonds, walnuts, flaxseeds, pumpkin seeds, chia seeds, etc. 

g. Healthy oils: extra virgin olive oil, and avocado oil 

h. Avocados: whole avocados or freshly made guacamole 

i. Low carb veggies: green veggies, tomatoes, onions, peppers, etc. 

j. Condiments: salt, pepper, herbs, and spices. 

Side effects of ketogeneic diet: 

a. Regular low carb diet for the first few weeks.  

b. A ketogenic diet can also change the water and mineral balance of your body, so adding extra salt 

to your meals or taking mineral supplements may help.  

c. At least in the beginning, it’s important to eat until you’re full and avoid restricting calories too 

much. Usually, a ketogenic diet causes weight loss without intentional calorie restriction. Masino, 

S. A(2022). 

Risks of the keto diet: 

a. Low protein in the blood 

b. Extra fat in the liver 

c. Kidney stones 

d. Micronutrient deficiencies 

e. A type of medication called sodium-glucose cotransporter 2 (SGLT2) inhibitors for type 2 diabetes 

can increase the risk for diabetic ketoacidosis, a dangerous condition that increases blood acidity.  

Supplements for a ketogenic diet: 

a. MCT oil. Added to drinks or yogurt, MCT oil provides energy and helps increase ketone levels.  

b. Minerals. Added salt and other minerals can be important when starting out due to shifts in 

water and mineral balance.  

c. Caffeine. Caffeine can have benefits for energy, fat loss, and performance.  

d. Exogenous ketones. This supplement may help raise the body’s ketone levels.  

e. Creatine. Creatine provides numerous benefits for health and performance. 

f. Whey. Use half a scoop of whey protein in shakes or yogurt to increase your daily protein. 

Conclusion 
Ketogeneic diet is an efficient and relatively safe treatment of intractable seizures. ketogeneic diet it 

transiently reduces the blood pressure, triglycerides, glycosylated hemoglobin cardio vascular diseases, 

overweight, obesity as well as increases in HDL and weight loss, improve the metabolic health of the 

individual. 
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Abstract 
Any kind of material that may be eaten along with food with or without additional removal is referred to 

as an edible coating or edible packaging. It is used to enrobe different food products to increase their shelf 

life. Whey protein is one of the most exciting edible biopolymers in the food packaging sector. It has recently 

attracted attention for its abundance, safety, and biodegradability as well as for serving as an 

environmentally benign substitute for synthetic polymers. Comparing whey protein films and coatings to 

other protein polymers, whey protein films and coatings have superior mechanical and barrier qualities. It 

has been successfully established that certain foods can contain films or coatings made of whey protein as 

carriers of active substances without modifying the desired characteristics of packaging films to provide 

value for future industrial applications. Whey protein-based edible films/coatings and their uses in food 

packaging are described in general terms in this review. 

Introduction 
Whey is the by-product obtained during the manufacture of paneer, chhana, casein and cheese. Since whey 

imposes a very high BOD of 60–80 kg/m3 and a chemical oxygen demand of 30–50 kg/m3, it is regarded as 

a significant pollutant (Pais Chanfrau et.al., 2017). Hence, whey needs proper treatment before being 

released into the environment which causes the dairy industry to incur much economic losses. Also, its 

disposal results in a large waste of potential energy and nutrients. Therefore, utilisation of whey has drawn 

much attention of technologists and environmentalists (Macwan et.al., 2016). Several approaches towards 

the efficient utilisation of whey have been made in the recent years. Use of membrane technology, 

fermentation technologies, packaging technologies etc has emerged as a potential pathway for the value 

addition thus reducing the impact of whey on the environment (Zandona et.al., 2021). 

Edible Packaging 
Packaging is done to protect and preserve a food product against contamination. Plastic packaging 

materials are widely preferred for the packaging purposes because of its superior barrier properties, 

strength and tensile strength. But these plastic packaging materials pose a serious threat to the 

environment as they are non-biodegradable (Ncube et.al., 2020). Hence alternative systems have been 

developed, studied and implemented to tackle this problem. One such method is edible packaging, in which 

the packaging material can be consumed along with the food product and therefore a zero-waste system 

can be encouraged. (Wagh et.al., 2014). Krochta and Mulder-Johnston, (1997) defines edible films as “An 

edible film or coating is simply defined as a thin continuous layer of edible material formed and/or placed 

on or between foods or food components”. Different types of edible packaging materials can be obtained 

from polysaccharides, proteins and lipids. The homogenous solutions of these biopolymers are used as such 

or heterogenous mixtures are used in the form of composite packages with different layers (Debeaufort 

et.al., 1998). Furthermore, edible film can serve as a carrier for additives including minerals, antioxidants, 

vitamins, preservatives, antimicrobials, and other substances meant to enhance the qualities of the food 

(Pérez et.al., 2016). 

Whey Based Edible Packaging Materials and its Application in Foods 
Casein and whey proteins are the principal proteins present in milk. Milk proteins exhibit many functional 

properties which are ideal for a packaging material (Khwaldia et.al., 2004). Whey protein-based packaging 

materials gained much attention for its safety, biodegradability, bioactive embodiment and eco-friendly 
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nature when compared with synthetic polymers. Whey proteins possess high nutritive value as they are of 

high biological value, net protein utilisation and protein efficiency ratio (Jain et.al., 2013). 

However, the moisture barrier properties and mechanical properties of whey protein-based films are to be 

improved (Di Pierro et.al., 2018). In order to improve the functionality of whey protein-based packaging 

materials, different technologies like crosslinking, blending with plasticizers etc. is done (Ramos et.al., 

2012). Mono or oligosaccharides are the most commonly used plasticizers which directly enhance the 

functional properties of the film network. Whey based packaging including coating has been applied in food 

products like fish, fruits, cereals, nuts etc. (Henriques et.al., 2016). Also, incorporation of bio active 

ingredients like essential oils, antimicrobials, flavor etc is also widely studied aiming the health benefits it 

provides to the consumer (Domínguez et.al., 2018, Fernandes et.al., 2020) 

Milk protein-based films and coatings is a matter of interest to many researchers all over the world. In a 

study conducted by Khwaldia et.al., (2004), whey-based coatings helped to increase the shelf life of peanuts 

by controlling the rancidity in peanuts by delaying lipid oxidation. Di Pierro et.al., (2011) evaluated the 

effect of application of Whey protein/ Chitosan film on Ricotta cheese and observed that it helped to extend 

the shelf life by reducing microbial growth and delaying acid development in the cheese. Whey based edible 

films are also proved to be good antimicrobial carriers. Cagri et.al., (2004) developed whey-based films 

containing p-aminobenzoic acid and found that both films inhibited most of the spoilage causing micro-

organisms even after 21 days of refrigerated storage. Whey protein isolate films were found to reduce the 

ripening rate of fruits like Banana and apples (Cisneros-Zevallos et.al., 1998, Cisneros-Zevallos et.al., 

2003). According to Le Tien et.al., (2001), whey-based coatings were proved to delay browning of potatoes 

and fresh-cut apples. Ribeiro-Santos et.al., (2018) applied a film made from whey protein concentrate, 

cinnamon and rosemary essential oil mixture on the meat product salami, and found that it was effective 

in reducing the spoilage rate of meat by inhibiting the lipid oxidation of the product. 

Nowadays people are more aware about the health benefits of the functional foods and therefore their 

demand is also higher. Apart from providing functional benefits to the product, edible films and coatings 

are one of the best ways to substitute the existing packaging materials (Kandasamy et.al., 2021). However, 

new advances are required for whey processing technologies. Further scientific investigation to determine 

the mechanism of film formation is necessary for this technology's industrial use in order to enhance the 

functionality of both the process and the result. 
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Introduction 
The primary determinant of crop growth and yield is the weather. All other physical parameters, inputs, 

and agronomic techniques can be controlled, but the whims of the weather cannot. However, harmful 

impacts on crops are frequently manageable. By providing weather information that is appropriately 

interpreted for its agricultural significance, containing advisories for farm operation, and disseminated 

well in advance of the impending weather, risk in agricultural operations can thus be minimised. AAS offer 

a highly unique type of input to the farmer in the form of warnings that can significantly improve 

agriculture production by maximising the positive effects of favourable weather and minimising the 

negative effects of unfavourable weather. AAS defines the demands of the farming community by 

determining the information needs of various end-user groups. It has become clear that a location-specific, 

quantitative weather forecast is the farmer's top priority. In light of the aforementioned, the India 

Meteorological Department (IMD), Ministry of Earth Sciences (MoES), is providing agrometeorological 

advisory services (AAS) through the Gramin Krishi Mausam Sewa (GKMS) programme as a step towards 

contributing to weather information-based crop/livestock management strategies and operations aimed at 

increasing crop production and food security. 

Agromet Advisory Services (AAS) in India 
One of the biggest agrometeorological information initiatives in the world is India's Integrated Agromet 

Advisory Service (AAS) programme. The NCMRWF started testing 5-day forecast-based agro-

meteorological advisories in 1988. In order to deliver pertinent meteorological data and management 

advisories at a district scale across the nation, IMD assumed control of the AAS in 2007 and introduced the 

District-level Agromet Advisory Service (DAAS) in 2008. 

1. There are currently 130 AMFUs in the GKMS initiative in India. 

2. The establishment of 200 District Agromet Units (DAMUs) in 2019–20 to launch advisories at the block 

level. 

The National Centre for Medium Range Weather Forecasting (NCMRWF) has launched the agromet advice 

service based on medium range weather forecasting (3 to 10 days). 

Agromet's Advisory Bulletin and SMS Format 
Agromet Advisory Bulletin: The following information will be included in every Tuesday and Friday 

district/block level bulletin produced by AMFU/DAMU. 

1. Weather data from the previous five days is presented in a table. 

2. Five-day quantitative medium-range weather forecast. Based on forecast values, a 5-day weather 

forecast will also be included in the bulletin. 

3. Based on the weather forecast, abiotic weather-related stress for the district's/livestock, block's poultry, 

and crops needs to be developed. The phenological phases of the crop and their relationship with the 

meteorological factors on which weather forecast-based agromet advisories are based should be addressed 

in a crop-specific advisory. 

4. The report will provide a category rainfall forecast for the upcoming week's outlook (i.e., the sixth through 

the twelfth days). Under normal (-20%), Normal (-19% to +19%), and above normal (>20%) are the 

categories that apply at the Met Sub-division scale. 

SMS Advisory 
The highlights of the Agromet Bulletin published by AMFU/DAMU should be included in the SMS Bulletin 

to help farmers make decisions about taking agronomic action in the field. There should be a limit of 262 

characters for messages. The following are the primary details needed to prepare an Agromet bulletin: 
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Agronomic Data, Weather data, Methodology, Timeline for agromet bulletin preparation, Forecast 

verification, Agroemt advisory bulletin & SMS advisory outreach, dissemination, and feedback. 

Benefits of AAS 
1. It contributes more and more to:  

a. Increasing agricultural produce yields per unit 

b. Decreased production expenses 

c. Improve the calibre of agriculture products 

2. Water management that is effective 

3. Building climate change resilience protection of the environment 

4. Soil management, crop management, and microclimate alteration 

5. Integrated Pest Management 

6. Integration of nutrient management. 

Broad Spectrum of Agroadvisory 
1. Contributes to increased readiness, which leads to increased adaptability 

2. Cultivar choice 

3. Planting or transplanting kharif crops depends on the arrival of the monsoon. 

4. Applying fertiliser depends on the direction of the wind. 

5. Delaying the application of fertiliser depends on the amount of rain Irrigation during a crucial stage of 

the crop. 

6. Irrigation schedule and quantity based on meteorological threshold. 

7. Crop harvesting guidance and location-specific block-level weather guidance. 

8. Protective measures against bad weather. 

AAS's Limitations 
1. Weather observations. 

2. Subdistrict/Block level forecasts. 

3. Limited involvement of the State Agriculture Department and other expertise partners. 

4. Limited field information with AMFUS for the territory under its control: status/progress of sowing, 

stage & state of crops, insect / disease infestation, updates about input availability. 

5. Limited reach through SMS and other channels. 

Future Challenges 
1. Enhancing Models and Data Assimilation. 

2. Improving Observations: Satellite, Radars, AWS/ARG, SG, LDR, GPS-Sonde, MRR, MR, WP, Aircraft, 

Drop-sonde, UAV etc. 

3. Integrated R&D: Monsoon Mission, Mountain Met, Severe Weather. 

4. Improving Forecast: Block level Forecast System, Extended Range Forecast, Seasonal Forecast. 

5. Better Service Delivery & information dissemination: Aviation Services, Agro-Meteorological Services, 

Hydrometeorology etc. 

Future Strategy 
1. Strengthening weather observation. One rain gauge in each block and at least one full weather station 

in each district. 

2. Agromet advisories and weather forecasts up to the block level. 

3. Each KVK will complement block level advisory by expanding the AAS network to the District level. 

4. Separate advisories for agriculture that is rainfed and irrigated, utilisation of ICAR/SAU expertise, 

dynamic crop calendar, and automation of Agromet Advisory. 

5. Direct communication through many channels to at least one person in each agricultural household. 

Conclusion 
The only way to attain the long-term goal of sustainable development is through a certain set of 

management techniques. The creation of sustainable food production methods necessitates a deeper 
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comprehension of the ecosystem's constraints as well as the interactions between weather and climate, 

crops, trees, and livestock. Although meteorological services for farmers have significantly improved, a 

large body of research also demonstrates that the amount of information available is insufficient for 

unreachable and underprivileged farmers in the villages to benefit. A key component in boosting a 

community's resilience to climate change, illnesses, and disasters is the provision of reliable and locally 

relevant climate and weather information, or "agromet advisory services for agriculture." Farmers all 

throughout the nation have been getting weather-based, crop-focused agro-meteorological advisories at the 

district level for several years through India Meteorology Department's (IMD) national Agro-meteorological 

Advisory Service (AAS) programme, Gramin Krishi Mausam Seva (GKMS). IMD is now working to improve 

the service in terms of observation, accurate weather forecasts, manpower, real-time information flow, 

research and development (R&D), dissemination, and other areas. To prepare customised advisories at the 

sub district/block level with medium range block level weather forecasts, Krishi Vigyan Kendra (KVK) is 

planning to establish 660 District Agrometeorological Units (DAMUs) in each district of India. These 

services will benefit small and marginal farmers. 
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Abstract 
Degradation of soils can considerably decrease the soil’s productivity. To feed the ever increase population 

of world, food production needs to be enhanced. It is important to reverse the land degradation to achieve 

this modest goal as 99.7 % of our human diet calories are fulfilled by our land resources and only 0.3 % is 

being contributed by aquatic ecosystems. To overcome our basic food demands it is most important to 

maintain productivity and quality of our land. 

Introduction 
Soil is a vital resource for the future of humanity. It needs to be protected and enhanced. However, more 

than half (52%) of all fertile, food-producing soils globally are now classified as degraded land, many of 

them severely degraded, (UNCCD, 2015). Soil degradation refers to a loss of or reduction in the productivity 

of the land, which arises as a result of various natural processes, often accelerated by an anthropogenic 

perturbation (Lal, 1993). The most significant causes of land degradation are excessive use of land in 

improper way, climate change, overpopulation, and urbanization. Degradation is a point of evolution which 

leads to a reduction of resource potential. About 7.40 m ha arable lands globally turn to degraded lands 

yearly as result of climate change and deforestation. The problem of soil degradation has been ever since 

cultivation of soils started. 

Causes of Soil Degradation 
The land degradation is caused by excessive pressure on land to meet the competing demands of the 

growing population for food and shelter. Various human activities, such as the introduction of irrigation 

canals, deforestation and faulty land use lead to accelerated soil degradation through salinization, flooding, 

drought, erosion and waterlogging. These processes, in turn, reduce agricultural productivity leading to 

social insecurity. The causes of degradation due to direct/indirect human interventions are deforestation 

and removal of natural vegetation, overgrazing, agriculture-related activities, and over exploitation of the 

vegetation for domestic purpose. 

Deforestation 
The main natural causes are fires and floods and among human activities the causes are logging, timber 

production and urbanization. The effects of deforestation are numerous: a loss of species, increased carbon 

emission or increases in the greenhouse effect, flooding, and soil erosion. 

Overgrazing 
It is intensive grazing that leads to a significant disturbance of the growth, quality, and composition of 

vegetation. Grasslands with the high pressure of livestock lose vegetation cover and, therefore, fertility of 

the soil, which becomes susceptible to erosion. Numerous studies have shown that during overgrazing, 

there is a change in soil moisture, organic matter, nitrogen content, and microbial activity. The total carbon 

in the soil is permanently reduced by 12% due to overgrazing over a period of 40 years (Li et al., 1997). This 

is also the cause of soil erosion and desertification. 

Agriculture Related Activities 
Shifting cultivation is an old farming practice, where the “slash-and-burn” technique is applied to clear 

land, followed by a long fallow period important for the restoration of soil fertility. Many studies indicate 
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that crop burning has harmful effects on soil, such as an increased susceptibility to soil erosion and a 

reduction in nutrients. A better alternative is “chop-and-mulch,” i.e., the cutting of the plants (crops) that 

are then used as mulch. This significantly increases the concentration of nutrients and the content of 

organic matter (FAO and UN, 2015). 

Many crops have been cultivated as a monoculture for many years on the same soil, in the absence of crop 

rotation. Over a long period of time under the same culture, a soil loses nutrients and its resistance to 

insects and pests is reduced, so farmers are forced to use pesticides in order to provide the required yield. 

The use of artificial fertilizers, pesticides, and other chemicals introduces heavy metals and often very toxic 

chemicals into the land. Their nonselective and excessive use has a permanent negative effect on the quality 

of soil and represents one of the most significant forms of degradation (Osman, 2014). 

Fallowing 
Soil which is uncultivated for longer period of time prone to salinity because it alters the net water 

movement in upwards direction which results in accumulation of salts. On the other side a soil with green 

top cover is useful in diverting the hydrological cycle and movements of salts downwards (Hassan et al. 

2011). Salts in the soil are electrically charged occur as ions. The main releasing sources of the ions are 

primary or natural sources and secondary or salinity caused by human influences (Pace and Johnson 2002). 

In addition, other causes of soil degradation include the mismanagement of irrigation, the use of heavy 

agricultural machinery, mining, war, or indiscriminate waste disposal. 

Types of Soil Degradation and Management Strategy 
1. Soil Erosion: A major factor responsible for the degradation of the natural resources is soil erosion. In 

general, soil erosion is more severe in mountainous than in undulating and plain areas. Inappropriate soil 

management, unsuited to the location like tilling along the slope, lack of crop cover during heavy rainfall, 

etc. is responsible for accelerated soil erosion with consequent loss of land productivity. The land 

degradation due to wind erosion is limited to arid and semiarid regions of India, including the states of 

Rajasthan, Haryana, Gujarat and Punjab. Removal of natural vegetative cover resulting from excessive 

grazing and the extension of agriculture to the marginal areas is the major human-induced factors leading 

to accelerated wind erosion.  

Management: Physical as well as cultural practices are followed to prevent the wind as well as 

water erosion. Among these practices contour tillage, contour bunding, construction of check dams, 

terrace farming,  

2. Acidity: The largest areas covered by acid soils in India belong to laterite soils. Acid soils develop in 

humid and per-humid areas pertaining to states of Assam, other North east area, West Bengal, Bihar, 

Odisha, Andhra Pradesh, Kerala, Madhya Pradesh, Karnataka, Maharashtra and Tamil Nadu. In Kerala, 

amongst acid soils, the acid sulphate soils are peculiar in characteristics and attendant problems. These 

soils formed due to excessive leaching of cations with high rainfall, resulting in lowering of pH and loss of 

soil fertility.  

Management: Acid soil management involves monitoring the soil pH, understanding the tolerance 

of crops and pastures to acidity and treating surfaces with neutralizers in order to prevent acidity. 

Liming material such as oxide, hydroxide, carbonates of Ca, Mg and use of rock phosphate and press 

mud can be used for reclamation of acid soil. 

3. Salinization and Alkalization: Salinization is one of the most widespread forms of soil degradation 

and occurs in arid and semiarid areas, where the amount of precipitation is small and irrigation is applied 

without a proper drainage system. However, salinization can occur in all climatic areas if irrigation is 

irregularly applied and is a result of natural (primary) and human-induced (secondary) processes (FAO 

and UN, 2015). The degradation caused by salinization is believed to have affected a total area of about 62 

million hectares, with estimated global losses of around 27.3 billion USD per year, over the last two decades 

(Qadir et al., 2014). Alkalization occurs due to presence of natural mineral Sodium carbonate and bi-

carbonate, use of sodium salts in industry and another source is application of sodium in agricultural land. 

As a result of alkalization B, Mo and Sodium toxicity occurs. 

Management for Salinization and Alkalization: Saline soil can be managed by flooding and 

leaching of soluble salt by good irrigation water and keep the soil always moist. FYM can be used 
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for reclaiming of saline soil. Alkaline soil can be managed by applying gypsum, iron pyrite. Green 

manuring should be adopted to reclaim the alkaline soil.  

4. Soil Compaction: Soil compaction is caused by long-term pressure on the surface, brought about by the 

activity of heavy mechanization in processing agricultural land (Kertész, 2009), or due to a high grazing 

intensity and the resulting grazing pressure of livestock. The effects of soil compaction are a loss of soil 

fertility due to structural change, a reduction in the infiltration capacity of the land, an increased 

sensitivity to erosion, and a loss of the biodiversity of the land.  

Management: Some measures that may prevent or reduce soil compaction are the application of a 

conservation tillage system, the control of and a reduction in vehicle traffic, and the avoidance of 

using oversized equipment (Raper and Kirby, 2006). 

5. Soil Sealing and Capping: Continuous expansions of cities, industries, cantonments and other 

infrastructures have been usurping fertile and productive soils. This has urbanized not only the substantial 

proportion of the productive soils, but also areas well beyond the traditional city cores and suburban 

peripheries are becoming part of the urban fabric. Although exact data of annual soil sealing in India are 

not available, drastic and often irreversible land use changes such as the conversion of forest to agro-

industrial land, extractive mining activities, as well as extensive horizontal expansion of cities have been 

resulting in the soil sealing and capping.  

Management: Better management of expanding cities, such as vertical expansion instead of 

horizontal expansion, adoption of apartment concept instead of individual bungalows, etc, 

establishment of new cities and industries on waste and unproductive soils would be desirable to 

protect productive agricultural soils. 

6. Water Logging: Water-logging is the rise of ground water in root zone, thus having adverse effects on 

plant growth. Availability of nutrient will be reduced and due to water stagnation oxygen availability also 

reduced so it creates difficult condition for survival of plant and deteriorate the soil health also. Due to 

water logging salt also rises in surface layer.  

Management: Proper drainage facility is the only solution for this problem. 

7. Pollution by Toxic Substances: Both geogenic and anthropogenic factors cause pollution of soil and 

water resources. However, their impact varies with rainfall pattern, and depth and geology of aquifer. 

There are naturally occurring minerals in aquitards in different regions, which control the concentration 

of geogenic pollutants, such as arsenic (As), uranium (Ur), fluoride (F), boron (B) and selenium (Se) in 

alluvial aquifers. Applications of sewage sludge to agricultural soils, and irrigation of field crops with 

sewage water and untreated industrial effluents alone or in combination with tube well/canal water are 

common practices, especially in the vicinity of large cities, as these are considered reusable sources of 

essential plant nutrients and organic C. However, some of the elements present in sewage water and 

untreated industrial effluents, could be toxic.  

Management: Considering both useful effects (nutritive and irrigation potential) and harmful 

effects, sewage sludge and water, industrial wastes and effluents should be treated to meet the 

desired quality parameters before they are discharged to drains or used for irrigation of the 

agricultural soils. 

Socio-Economic Impacts and Future Challenges 
The socio-economic and ecological consequences of soil degradation are far-reaching. It is now well 

recognized that in South Asia, poverty has been mainly a rural phenomenon, where nearly three-fourth of 

the poor food-insecure live and are dependent on the natural resources for employment and income. South 

Asia has a poverty incidence of 43% and about 520 million people (40% of the world’s poor) reside here. 

Also, severely degraded lands are mostly inhabited by marginal farmers and tribal populations, who are 

poor and less literate. These people are devoid of land-based amenities and infrastructure in comparison 

with the farmers who cultivate better lands. The soil erosion and other soil degradation processes have led 

to nutrient depletion thus reducing soil quality. Poverty and natural resources degradation coerces 

individuals to search for more land for food. People are thus driven to convert forests to farms, cultivate 

steep slopes and degrade further marginal lands. Conservation of natural resources and rejuvenation of 

the degraded and wastelands, therefore, offer potentially enormous means of poverty alleviation and 

sustainable livelihood. 
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Conclusions 
Land degradation is a natural or human-induced process affecting more than half of the world’s land. It 

refers to the decline of the entire ecosystem’s ability to provide goods and services and has three categories: 

natural degradation, human induced degradation, and desertification. Soil degradation is a form of land 

degradation that refers to loss of soil quality and productivity. It can occur as a natural process caused by 

the inherent characteristics of the soil, climate, and topography. Human-induced degradation develops 

more rapidly than natural degradation and can be reduced or avoided by regulating human interventions 

such as deforestations, overgrazing, and mismanagement of agricultural land. The causes of soil 

degradation that are human driven include overgrazing, shifting cultivation and monocropping, and the 

use of agrochemicals, while deforestation can present either as a natural or human-driven loss of trees. 

Important strategies for soil quality restoration and reducing environmental degradation risks are 

reducing soil erosion, creating a positive soil, improving availability of macro and micro-nutrients, 

increasing soil biodiversity especially the microbial process. The ultimate goal should be to adopt a holistic 

and integrated approach to soil resource management. 
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Introduction 
Global food security is under serious threat across the world because of the limited availability of natural 

resources such as fertile land, quality seeds and water. It has been estimated that the world population 

(currently 7.8 billion people) will increase to approximately nine billion by 2050. Global agricultural 

systems are facing numerous unprecedented challenges including rapid climate changes. Fertilizers play a 

vital role in increasing agricultural production but excessive use of chemical fertilizers irreversibly 

damages the chemical ecology of soil and reduces the available area for crop production. Sustainable 

agriculture demands minimal use of agrochemicals. Advanced nanoengineering techniques are being used 

to overcome an agricultural crisis by developing an improved crop production system that assures 

sustainability. 

Nanotechnology in the Production of Fertilizers 
Nanomaterials improve the productivity of crops and efficiently regulate the delivery of nutrients to plants 

and targeted sites, guaranteeing the minimal usage of agrochemicals. In conventional agriculture, an 

excess of fertilizer is applied directly into the soil or sprayed on the leaves, which surpass the nutritional 

need of the plant. This is because a very low percentage of fertilizer reaches its target site, due to leaching 

of chemicals, evaporation, drift, hydrolysis, run-off and photolytic or microbial degradation. This excess of 

chemical fertilizer negatively affects the nutrient equiibrium of the soil and causes contamination of local 

water supplies due to the leaching of toxic materials into water bodies. 

 

 

Role of Nanofertilizers in Smart Agriculture 
1. Nanomaterials can increase crop yield by increasing fertilizer nutrient availability in soil and nutrient 

uptake by plants. 

2. Nanomaterials can suppress crop diseases by acting directly on phytopathogens through a variety of 

mechanisms including the production of reactive oxygen species. Thses materials also enhance crop 

production and boosting plant defense pathways. 
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3. The efficient use of nanomaterials may reduce the negative environmental impact of conventional 

agricultural practices. In recent laboratory analyses, it has been reported that nano fertilizers can improve 

crop productivity by enhancing the rate of seed germination, seedling growth and photosynthetic activity. 

 

4. Nanomaterials incite the plant root and leaf surface which are the main nutrient gateway of plant 

systems and highly porous at the nanoscale. The application of nano fertilizers can enhance the nutrient 

uptake of the plant through these pores or the process can facilitate complexation with molecular 

transporters or root exudates through the creation of new pores or by the exploitation of endocytosis or ion 

channels. 

 

5. Additionally, several researchers have reported that a decrease in the size of nanomaterials facilitates 

an incerase in the surface mass ratio of particles. This enables the absorption of abundant nutrient ions 

that is later desorbed slowly and steadily for an extended period. Therefore, formulations of nano fertilizers 

can provide balanced nutrition for crops throughout the growth cycle which in turn improves agricultural 

production. 

6. The global agricultural landscape has radically changed since the revolution of green nanotechnology. 

Nano fertilizers are now being used in specific concentrations, in accordance with the nutritional 

requirements of the crops ensuring minimal differential losses. 

Conclusions 
The emerging new science and enabling technology working with the smallest particle the nanotechnology 

raises hope for new innovations in the field biology especially in agriculture. Many unsolved and bottle 

necks in the field of life sciences and agriculture could be addressed through this technology. 
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Tuber crops are the third most important food crop following cereals and grain legumes. It is a common 

food for approximately 20 percent of total world’s population. Among tuber crops, Sweet potato (Ipomoea 

batatas L.) is an important tuber crop of the tropical and sub-tropical countries and in warmer regions of 

temperate countries. It is mainly grown in tropic countries because they are known for its drought 

resistance, vigorous growth and productivity with minimum inputs. 

Sweet potato is an herbaceous, dicotyledonous, perennial vine which bears alternate palmately lobed leaves 

and it is belonging to the convolvulaceae family and it is auto-hexaploid in nature. The origin of sweet 

potato is tropical regions of America. This crop is highly cross pollinated and heterozygous cultivars with 

continuous variation for various traits. Because of its extreme heterozygous nature, there is an extensive 

variability in this species. The edible tuber of sweet potato is generally cylindrical to round in shape which 

tapered toward the ends with smooth skin and its colour ranges from red, brown, orange, purple and 

yellowish and its flesh colour also contain variability as white, cream, purple, orange and yellow. It can 

grow extensively under wide range of agro-climatic conditions. It is grown in environment ranging from 

400N to 330S and approximately 2000 meters above the mean sea level. and it generally grows best at 

temperature of about 240C. The average rainfall required is about 800-1000 mm. Sweet potato used to grow 

in drained sandy loam soils on nearly neutral pH. It can be stored for six months at a relative humidity of 

85-90 percent at 13-16C (55-61°F).  

Sweet potatoes are an exceptional source of fiber, vitamins, and minerals. Additionally, the orange and 

purple varieties are rich in antioxidants that protect our bodies from free radical damage. Free radicals are 

generally unstable molecules that can cause mutation, trigger inflammation, and chronic illnesses like 

cancer and aging. Therefore, eating antioxidant-rich foods is beneficial for our health. There are two kinds 

of fiber present in the sweet potato which are indigestible in our body but prove to be beneficial for 

gastrointestinal problems. These fibers sometimes get digested with the help of internal bacteria in the 

colon such as Bifidobacterium and Lactobacillus species which results in the release of some useful fatty 

acids in the alimentary canal. It indirectly regulates bowel movements and reduces the possibilities of 

irritable bowel syndrome (IBS), diarrhea, and colon cancer. Sweet potatoes contain an abundant amount 

of beta-carotene which gives bright-orange pigmentation to the skin of the vegetable. Beta-carotene is a 

precursor of vitamin-A, a deficiency that causes night-blindness and Xerophthalmia. It's a major issue in 

developing countries and we could overcome this situation by consuming sweet potatoes containing 

anthocyanin, and antioxidants. They not only improve eye-sight but also prevent vision loss. It also contains 

other vitamins and minerals such as vitamin C, vitamin B1, B2, and B6 along with manganese, potassium, 

pantothenic acid, copper, and niacin as additional micronutrients. Like different whole plant foods, sweet 

potatoes contain kind of plant compounds such as chlorogenic acid which are rich in polyphenolic 

compounds. 'Weikang' a product from leaves is effective in raising our immune system and suppressing 

hypercholesterolemic symptoms. Various studies have shown that sweet potato leaves contain several 

vitamins, minerals, and similar nutrients as spinach. The content of those nutrients differs according to 

the harvesting period and variety. oxalic acid poses a problem when using sweet potato leaves as food, 

however its content doesn't change greatly according to the harvesting time and is less than one-fifth that 

of spinach. For these reasons, the utilization of sweet potato leaves as a vegetable and for food processing 

should be inspired. As a crop, sweet potato is more tolerant of diseases, pests, and high moisture than many 

other leafy vegetables are grown within the tropics. Sweet potato leaves are a superb source of antioxidative 

polyphenolics, among them, anthocyanins and phenolic acids like caffeic, mono-caffeoylquinic (chlorogenic), 

di-caffeoylquinic and tricaffeoylquinic acids as well as antimutagenicity, antiinflammation, 

anticarcinogenesis and are superior to any other commercial vegetables and potato tubers. The latter stage 
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of noninsulin-dependent DM (NIDDM), one of the major diseases of adults, is caused by the decrease in the 

secretion of insulin by the pancreatic Langerhans cells. Prevention of NIDDM and inhibition of its serious 

side effects like retinopathy, neuropathy, and cataracts are important subjects for researchers. Diabetes 

contributes to the death of many people every year and is also a leading cause of heart disease, blindness, 

and renal failure. Foods with antidiabetic effects are desired for diet therapy. Several researchers report 

that sweet potato leaves have antidiabetic compounds that reduce blood sugar content significantly and 

keep it under check. As roots contain starch and sugar, it is economical to the production of commercial 

starch, syrup, and alcohol. Furthermore, oxidative damage to cells is usually associated with an increased 

risk of cancer, which occurs when cells divide uncontrollably. Diets rich in antioxidants, like carotenoids, 

are related to a lower risk of stomach, kidney, and breast cancers. Studies indicate that sweet potatoes' 

potent antioxidants may reduce our risk of cancer. Purple potatoes have the very best antioxidant activity. 

Notably, the antioxidant activity of sweet potatoes will increase with the color intensity of their flesh. Deep-

hued varieties, like purple, deep orange, and red sweet potatoes, score the highest. The absorption of 

vitamin C and a few other antioxidants will increase in sweet potatoes after cooking, while levels of other 

plant compounds might reduce a little. 

Sweet potatoes are nutrient-dense root crops that are available in a wide range of colors depending on the 

variety. Sweet potatoes are underground tubers that are wonderful sources of beta carotene, in addition to 

several different vitamins, minerals, and plant compounds. They're high in fiber and antioxidants that 

defend our body from radical damage and promote a healthy alimentary canal and brain, improving our 

immunoglobulin system to fight against several diseases. This crop also has many health advantages like 

improved blood sugar regulation and vitamin A levels. Overall, sweet potatoes are nutritive, economical, 

and simple to include in our diet. Researchers and extension workers could help make this crop more 

demanding, appealing, and acceptable among the farmers and consumers. Therefore, with its tuberous 

roots, stems, and leaves that can be consumed totally, sweet potato is a crop that might resolve food, energy, 

resource, and environmental problems in the 21st century. 

Table 1: Average Composition of Sweet Potato Tuber: 

Proximate principle of sweet potato, fresh per 100 g  

Sl. No  Proximate principle  Amount (g)  

1  Moisture  69.25  

2  Fibre  0.83  

3  Fat  0.29  

4  Protein  1.5  

5  Sugar  8.25  

6  carbohydrate  31.03  
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Yam bean (Pachyrhizus erosus (L.) of the family Leguminoceae, is under the sub family Fabaceae 

(Papilionaceae). It is also called ‘Potato bean’ in English and ‘Mishrikand’ in Hindi. In Bihar, it is called 

‘Kesaru’. It is called ‘Sankalu’ or ‘Sankesh alu’ in West Bengal, Assam and Odisha. The yam bean appears 

to have originated in Mexico and northern South America, in the head-water region of the river Amazon, 

and was cultivated there in pre-Columbian days. Its cultivation spread to Indonesia and further 

introduction took place from the Philippines and Indonesia via Ceylon and India along the west coast of 

the African continent. In India, yam bean is cultivated in Bihar, Jharkhand, Chhattisgarh, Uttar Pradesh 

and West Bengal. Cultivation of yam bean is expected to lead to sustainable agriculture because its tuber 

is nutritious and highly productive. 

Nutritional Aspects of Yam Bean 

Amount Per 100gram 

Vitamin C 33% Calcium 1% 

Iron 3% Vitamin D 0% 

Vitamin B6 0% Cobalamin 0% 

Magnesium 3% 
  

The yam bean is grown principally from seed. It can be also grown from sprouted roots saved from the 

previous crop. Traditionally yam bean is sown June-July with the onset of rain in North-Eastern India and 

is usually harvested in December-January. The time of sowing of seed varies from June to September 

accordingly to the purpose of the crop. If it is for seed purpose, sowing of seeds can be done in June-July. 

Late sowing discouraged the vegetative growth of the crop with less branching and flowering. Yam bean 

normally, flowers at 75 days after sowing. Removal of flowers results in better tuber yield and better 

quality. In case there is scarcity of rains, irrigation is required. For September sown crop, it is advisable to 

give supplementary irrigation so that the crop will not face moisture stress during tuberization.  

Yam bean tubers are harvested after 120-130 days of sowing. The tubers are usually dug manually. If 

harvesting is delayed, chances of cracking of tubers are more. Harvested tubers can be stored for 6-7 days 

without any deterioration. They can be stored successfully for at least 2 months at appropriate 

temperatures and can also be ‘field stored’, i.e. having the crop in the soil without removing top portion. 

The genus Pachyrhizus encompasses two wild (P. ferrugineus, P. panamensis) and three cultivated species: 

Amazonian yam bean (P. tuberosus), Mexican yam bean (P. erosus), and Andean yam bean (P. ahipa).  

Total Fat 0.1 g 0% 

Saturated fat 0 g 0% 

Cholesterol 0 mg 0% 

Sodium 4 mg 0% 

Potassium 150 mg 4% 

Total Carbohydrate 9 g 3% 

Dietary fiber 4.9 g 19% 

Sugar 1.8 g 
 

Protein 0.7 g 1% 
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1. P. ahipa—in contrast to P. tuberosus and P. erosus, it is bushy or semi-erect with generally entire leaflets 

and with short racemes, which are only basally dibotryoid; it is day length insensitive and only found 

cultivated in cool tropical and subtropical Andean valleys. 

2. P. tuberosus—in contrast to P. erosus, has wing and keel petals that are ciliolate and rarely glabrous; 

the legume at maturity is 13-14 cm long and the seeds are plump and reniform with the exception of the 

square seeds of the ‘Chuin’ cultivar group. 

3. P. erosus has wing and keel petals that are glabrous; the pod is glabrous to strigose at maturity and 6-

13 cm long; the seeds are flat and square to round; it is widely distributed throughout many tropical and 

subtropical regions in South and Central America, South and East Asia. 

Yam bean (P. erosus) tubers are used in the production of high-grade flour in India. The reported figures 

for the total amount of extractable rotenone contained in the mature seeds vary considerably. The 

possibilities of utilizing the rotenone content of the seeds as a pesticide and the tubers as a source of starch 

or alternatively as a fodder appear attractive. However, at present the world market for rotenone as an 

insecticide is limited: it is mainly used in flea powders, and further studies are needed to identify new 

applications of this chemical, e.g., as a plant protective agent and in the cleaning of eutrophied lakes. As a 

cheap crop protective agent, it would clearly be an attractive option for producers in the developing world. 

Yam bean is currently constrained as an attractive alternative to traditional root/tuber crops by a number 

of factors. A worldwide breakthrough for the genus could be achieved either by using inter-specific 

hybridization combined with intensive breeding methods, or by comprehensive screening and selection 

within existing landraces. The possibilities of utilizing the unique starch quality of the high dry matter 

genotypes for industrial purposes should be examined. 

  



 

 
Volume 04 - Issue 09 - September 2022       84 | P a g e  
 

Bamboo Fibre to Fabrics: An Overview 

Article ID: 38028 
Dr. Vishal Kumar1, Dr Gitanjali Chaudhary2, Er. Anupam Amitabh3, Er Ankit Kumar4 

1,4PFE, CAET, RPCAU, 
2FN, CCS, RPCAU, 

3SRI, RPCAU, 

Dr Rajendra Prasad Central Agricultural University, Pusa, Samastipur, Bihar. Pin 848125. 

 

 
 

Bamboo fabric is a general name for a variety of textiles we acquire from bamboo. These mainly differ based 

on how producers acquire them. The three main types are bamboo viscose, lyocell-type bamboo fabric, and 

natural bamboo (also called bamboo linen). The sustainability of bamboo fabric can seem a little 

complicated at first glance. 

Although this plant has its many advantages as a raw material for fabric and bamboo clothing, the type of 

fabric manufacturers extract from it makes all the difference to the planet. Due to its durable and soft 

nature, we find bamboo fabrics used to make products such as towels, underwear, shirts, bed sheets, and 

even mattresses. This breathable, soft, and smooth fabric sometimes serves as an alternative to cotton 

fabrics. While bamboo is natural, the fabrics we get from it are semi-synthetic due to the processing 

methods. This is especially true for viscose rayon and lyocell-type fabric.  

Bamboo fabric is one type of material that people often praise for being sustainable. As a raw material, 

bamboo is a natural and highly sustainable plant. It has a minimal environmental impact compared with 

many crops. The crop has many sustainable benefits. These include: 

a. Growing quickly with an easy-to-grow nature 

b. Maturing quickly 

c. Being able to grow on land that may not be suitable for other crops 

d. Requiring minimal pesticides 

e. Absorbing a large amount of carbon dioxide. 

Different types of bamboo fabric go through various processes before becoming a textile for clothing. It is 

important to note that the most common bamboo fabric is bamboo viscose. This textile is significantly 

cheaper to manufacture and uses the rayon production method. This viscose rayon fiber requires a 

significant amount of chemicals in its manufacturing process. The lyocell fabric, on the other hand, uses 

fewer toxic chemicals. The best and most sustainable materials are the natural type, which requires 

mechanical processing. 

Types of Bamboo Fabric and their Processing 
Viscose Rayon Production: Even though bamboo plants are used to make this fabric, the process can be 

toxic to the planet. Some of these chemicals are also harmful to workers. To acquire this fabric, 

manufacturers apply the conventional viscose rayon production process. As a result, bamboo viscose 

requires a lengthy process. After planting and harvesting the bamboo plant, the workers extract bamboo 

cellulose from the bamboo pulp. This involves breaking down wood into small chunks and exposing it to a 

chemical solvent. Through this, the bamboo cellulose is acquired. The process then goes as follows: 

1. Compress the cellulose from bamboo fibers into sheets, process it using carbon disulfide, and filter it.  

2. Push the cellulose through a spinneret. This process transforms the cellulose into strands.  

3. To soften the strands, you immerse them in another chemical called sulfuric acid. This produces 

filaments then spun into yarn. Finally, machines can weave this into the useful fabric for clothes. 

This process involves the heavy usage of harmful chemicals such as carbon disulfide and sulfuric acid.  

Lyocell or Closed-Loop Production: Another manufacturing process to acquire bamboo fabric and 

fibers is using a closed-loop method. Instead of using harmful chemicals like carbon disulfide, this process 

doesn’t chemically change the cellulose structure. The closed-loop process, therefore, creates a fabric that 

is natural and organic. Also, factories dispose of the solvents used to make bamboo rayon in the viscose 
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rayon process. It is classified as waste. On the other hand, they can use solvents in this closed-loop process 

over again. This leads to a better environmentally-friendly impact.  

Mechanically-Produced: This method is the friendliest to the environment. The processing doesn’t 

involve chemicals, rather, it requires mechanical processing. To acquire these bamboo fibers, you 

mechanically crush the plants. 

Afterward, you add natural enzymes to the crushed wood fibers. You then wash these fibers and spin them 

into bamboo yarn. The resulting bamboo fabrics are quite costly, and the process is labor-intensive. As a 

result, it is limited in the market. 

When choosing bamboo fabric, it is best to look out for the natural one or lyocell-like fabric. However, these 

fabrics can be harder to find compared with bamboo rayon. The fabrics that go through the intensive 

chemical process often lose the benefits originally provided by the plant. The chemical processes 

manufacturers employ to produce the material greatly affect the beneficial natural qualities of bamboo. 

The best and most sustainable type of bamboo is natural bamboo, sometimes called bamboo linen. This one 

is processed mechanically, thereby avoiding the release of toxic chemicals. Sustainable fashion brands 

recognize the usefulness of bamboo, leading to wider usage of the fabric. Apparels made from this include 

socks, underwear, and t-shirts. Brands also use bamboo fabrics to make household products like bedding, 

blankets, and towels. In this section, we’ll examine the benefits as well as the cons of this fabric. 

Advantages of Bamboo Fabric 
1. Does not Require Pesticides: One of the significant benefits of using bamboo for fabrics is that growing 

it doesn’t require pesticides. The plant contains a natural antimicrobial bio-agent called bamboo-kun2. The 

presence of this substance means there is no need for pesticides when growing the crop. 

2. Easily Organically Grown: Bamboo is the quickest growing woody plant in the world4. It is easy to 

grow and this makes it a go-to crop for making bamboo fabric. 

3. Soft with Moisture-Wicking Properties: Bamboo fabric is soft and friendly to the skin. The fabric 

also keeps you dry by drawing moisture or sweat from your skin while possessing natural antibacterial 

properties. 

Disadvantages of Bamboo Fabric 
1. Any bamboo fabric that undergoes chemical processing, involving carbon disulfide, poses a danger to the 

environment. The chemicals used to process the fabric are harmful to human health and the environment.  

2. Hazardous Emissions: Any bamboo fabric that undergoes chemical processing, involving carbon 

disulfide, creating potential water pollution and posing a danger to the environment. The chemicals used 

to process the fabric are harmful to human health and the environment. 

3. Shrinkage of the Fabric: Bamboo fabric tends to shrink at a faster rate compared to cotton. 

4. Expensive: Natural bamboo fabric tends to be more expensive than the rayon type or even cotton. It is 

not as common as the bamboo rayon fabric and would therefore cost more. 

5. Prone to Wrinkles and Pilling: The bamboo fabric easily wrinkles compared to other materials. It is also 

prone to pilling. Pilling refers to those small fiber balls that form on clothes. 

Conclusion 
Bamboo is a highly sustainable crop. However, it is important to pay attention to the type of bamboo fabric 

used in the clothes you purchase. The most sustainable type is bamboo linen. To avoid falling victim to 

green washing, always confirm a company’s transparency concerning the type of fabric used. This also 

includes processing techniques. Generally, the industry has come a long way in identifying innovative 

techniques to uphold sustainability. 
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Abstract 
Mycobacteria are the cause of variety of disease in various animals however, bovine tuberculosis and 

paratuberculosis are most common disease caused by mycobacteria. The main route of entry of an organism 

is either by inhalation or ingestion. Both the diseases are chronic and takes months to developed a clinical 

sign. The common clinical signs in both the diseases are weakness, emaciation, loss of appetite and fever. 

However, bronchopneumonia occurs in bovine tuberculosis and pronounced diarrhea occurs in 

paratuberculosis. Diagnosis is based on clinical signs and isolation of bacteria. Tuberculin test and Johnin 

test are Type 4 hypersensitivity-based test that are used in the diagnosis of bovine tuberculosis and 

paratuberculosis repectively. Control is based on eradication of infected animals. 

Bovine Tuberculosis 
Mycobacterium bovis is infective agent that causes a chronic disease in bovines known as Bovine 

Tuberculosis. It is closely related with human and avian tuberculosis. Tubercles are formed in lymph node 

of animals thus named tuberculosis. Humans can also get infected with disease from ingestion of infected 

milk.  

It is transmitted to healthy cattle from infected cattle through inhalation or ingestion. Inhalation is the 

most common source of infection. Organisms are excreted in sputum, expired air, faeces, milk and urine, 

vaginal and uterine discharge. 

Pathogenesis 
Organism can enter either by inhalation or ingestion. If it enters through inhalation then it goes to lungs 

and localized lymph nodes whereas if it enters through ingestion then it goes to mediastinum lymph nodes. 

It multiplies in macrophages by involvement of T-lymphocytes which causes cytokine production which 

further attracts mononuclear cells. Due to production of lytic enzymes by macrophages there is localized 

tissue damage leading to caseous necrosis. It leads to cavity formation and if this cavity opens in bronchiole 

it results in release of organism by aerosols. Migration of infected macrophages spread the disease in body 

as the result lymph nodes are involved. As the lesion progress there is infiltration of mononuclear cells, 

lymphocytes, neutrophils and thus giant cell formation. 

Pathogenesis: Organism can enter either by inhalation or ingestion. If it enters through inhalation then 

it goes to lungs and localized lymph nodes whereas if it enters through ingestion then it goes to 

mediastinum lymph nodes. It multiplies in macrophages by involvement of T-lymphocytes which causes 

cytokine production which further attracts mononuclear cells. Due to production of lytic enzymes by 

macrophages there is localized tissue damage leading to caseous necrosis. It leads to cavity formation and 

if this cavity opens in bronchiole it results in release of organism by aerosols. Migration of infected 

macrophages spread the disease in body as the result lymph nodes are involved. As the lesion progress 

there is infiltration of mononuclear cells, lymphocytes, neutrophils and thus giant cell formation.  

Clinical Signs: It is chronic disease and signs take months to develop. The common signs include are 

weakness, progressive emaciation, loss of appetite, fluctuating fever, bronchopneumonia leading to dry 

cough and if mammary gland is involved then there is fibrous tissue development and enlargement of supra 

mammary lymph nodes (Tuberculous mastitis). 
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Diagnosis: Sample taken from live animal includes tracheobronchial lavage, aspiration from cavities, 

tissue lesions and milk.  

Direct microscopy is done i.e., Z-N staining/ acid fast staining. Organisms are stained red and are thin and 

fairly rod shaped.  

Isolation of organism on egg-based media (Fig 1) i.e., LJ media shows Dysgonic, small moist sheen type 

colonies which break very easily. Pyruvate should be added to media to enhance the growth. 

  
Fig 1 Fig 2 

Typical Tubercular Granulomas are seen grossly in liver, spleen, intestines and bone marrow. They are 

grey-white nodules varying from pin point to large masses and are firm and caseous when cut. 

 
Lung of a tuberculous cow showing calcified granuloma 

Microscopically there is formation of Granuloma. It consists of lymphocytes, macrophages, fibroblasts, 

giant cells, epithelioid cellsand center of caseous necrosis. 

 

Most common test used for diagnosis of Bovine tuberculosis is Tuberculin test. It is based on Type4 

hypersensitivity reaction. Mainly two methods are used for carrying out this test. These are Single 

intradermal test (caudal test) and Comparative intradermal test.  

In Single intradermal test (Fig 2) 0.1ml of bovine PPD (2000 units) is injected on side of neck or in skin of 

caudal fold.The thickness of skin is compared before and after 72 hours. If thickness is more than 4 mm 

then it is positive, if thickness is 2-3.9mm then test is doubtful and in that case, animal is retested after 2 

months, and if thickness is less than 1.9mm then animal is negative. 

In Comparative intradermal test we use two PPDs i.e. One Bovine PPD and one Avian PPD. Both are 

injected 0.1ml intradermally into side of the neck 12cms apart from each other. Skin thickness is measured 

before injecting and after 72 hours. If there is increase in thickness at the site of bovine PPD which exceeds 

the thickness at the site of avian PPD by 4cm or more then animal is positive. 
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There is no increase in thickness at Avian PPD site (upper site) but there is marked thickness 

in Bovine PPD site (lower site) 

Drawback of tuberculin test is that animals that are vaccinated with BCG vaccine also produce positive 

test which makes it difficult to distinguish between vaccinated and affected animal. Other tests have also 

been used for diagnosis of bovine tuberculosis that includes Gamma interferon assay, ELISA, Lymphocyte 

transformation and related assays. Nowadays Gamma interferon assay is used as a parallel test with 

tuberculin test. Elisa mainly used for detecting circulating antibodies. 

Treatment and Control: In humans it takes 8-9 months with combination of 4 different antibiotics at 

once for treatment of disease. In animals’ treatment is not economically available moreover there is high 

antibiotic resistance. Test and slaughter are the only method to control the disease. 

Paratuberculosis (Johne’s Disease) 
It is chronic, fatal disease affecting ruminants worldwide caused by Mycobacterium avium subsp. 

paratuberculosis which was formerly known as Mycobacterium johnei. It is wasting disease with prolonged 

course. There are three strains that are capable of causing disease in cattle. They are one bovine strain and 

two sheep strain. 

Culture Characteristics: They are slow growers and take up to 16 weeks to grow on artificial media. The 

media used for their isolation are Herrold’s egg yolk agar and Middlebrooke 7H10 agar. Moreover organism 

fails to grow, unless we add mycobactin extract from dead mycobacteria (Common source: M. phlei). 

 
Culture of MAP on Herrold’s egg yolk media. C, D, E showing typical crumbly colonies 

Transmission and Pathogenesis: Infected animals are the main source of infection. If most of the herds 

many animals act as subclinical carries even after testing. Organisms are shed in faeces and transmitted 

by faeco-oral route. It has long incubation period (2 years) and even if calves get infected at very young age 

disease appear only after 2 years of age. Apart from faeco-oral route, it can also be transmitted through 

milk, organism is shed in semen, Venereal transmission is unimportant. Organism from intestine is 

engulfed by macrophages and then taken up by M cells over peyer’s patches. In sub mucosa there is increase 

in infiltration of mononuclear cells which causes loss of absorption surface and that leads to malnutrition, 

protein loss, emaciation and ultimately death. 
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Clinical Signs: It takes several months to show clinical signs. Most common is emaciation with 

submandibular edema; fall in milk yield, continuous or intermitted diarrhea, severe dehydration and 

weakness. In sheep and goat fewer diarrheas are there whereas in deer less emaciation is there.    

Diagnosis: Sample includes fecal culture or scrapings and rectal pinch biopsies. They are acid fast bacteria 

and appear red, short rods when seen under microscope. 

 
Animal showing pronounced diarrhea, emaciation and muscle atrophy 

 
Fig 3 

 
MAP in ZN-Stained smear of mucosal scrapings from bovine ileocaecal valve. Short acid-fast 

rods in clumps can be seen. 

Isolation on Herrold’s media show small colonies less than 1mm, colorless and hemispherical and take up 

to 16 weeks to grow. In postmortem examination it grossly shows corrugation on the terminal part of ileum 

(Fig 3) (Corrugated intestine). Other tests are also available for diagnosis of MAP which includes various 

serological tests and intradermal Johnin test. The serological test includes Complement fixation test, agar 

gel immunodiffusion test and ELISA. For early detection Gamma interferon assay can be used. 

Johnin test: Johnin is PPD of MAP prepared in the same way as tuberculin. It is single intradermal test 

and increase in skin thickness more than 4mm is taken as positive.  

Control: Animal showing signs should be isolated and slaughtered. If mother is suspected then calf should 

be separated and isolated for 2 years and should fed pasteurized milk. 

Conclusion 
Bovine Tuberculosis and Paratuberculosis are bacterial diseases that may not be as fatal as some other 

infectious diseases of livestock but they have a huge impact on economics. Moreover, bovine tuberculosis 

being a zoonotic disease raises the risk of human infection and putting a life of workers and veterinarians 

at risk. On the other hand, bovine paratuberculosis have a long incubation period, thus making its early 
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diagnosis very difficult. The more focus should be made on early diagnosis and detection so that we can 

avoid the huge economic loss face by farmers. 
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Ajwain (Trachyspermum ammi L.) is a herbaceous plant of the family Apiaceae. It is mostly cultivated in 

arid and semi-arid soils having high salt concentrations. It is known by different names in different 

languages: Bishop's weed in English, Ajma in Gujrati, Omam in Tamil, Kath in Kashmiri, and Yamini in 

Sanskrit. Ajwain (Fig 1) is used as a spice in the kitchen and is known for its medicinal benefits. New items 

like ajwain drinks are also being prepared now to improve their application. Ajwain is a rich source of 

nutrients and has protein, carbohydrate, fiber, flavonoids, saponins, riboflavin, thiamine, nicotinic acid, 

moisture, and minerals such as phosphorus, calcium, iodine, iron, copper, and manganese (Fig 3). 

 
Fig 1: Ajwain seeds 

The phytochemical studies show that ajwain is rich in phenolics, glycosides, alkaloids, flavonoids, tannins 

and steroids and has different biological activities like antifungal, antioxidative, antibacterial, germicidal 

and antispasmodic. It has great therapeutic uses like antimicrobial, anti-asthma, anti-inflammatory 

compounds, stimulant, diuretic, anti-dyspnea, anti-dyspnea, carminative, analgesic, carminative, anti-

spasmodic, anti-aflatoxigenic and antioxidant activity (Fig 2) (Goudarzi et al., 2011). It cures diseases like 

diarrhea, cold, arthritis, colic, flu and many other ailments (Bairwa et al., 2011). It also enhances appetite 

and treats stomach discomforts like, kidney and respiratory malfunctioning. Due to change of diet from 

fiber rich to fast food having high sugar and fat content heat problems are increasing day by day. Thus, 

ajwain could be a solution for that. 

  
 

Fig 2: Different properties of ajwain 

extract 

Fig 3: Chemical constituents of ajwain seeds 

extract 
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Ajwain an annual essential oil-bearing herbaceous grassy plant, belongs to the Apiaceae family. Ajwain 

has found its wide applications not only in cookery but also in the medicine, cosmetic, food, and flavor 

industry. The ajwain seeds are also famous for their essential oil. The seeds comprise 2.5- 5% essential oil. 

The essential oil obtained by hydrodistillation of ajwain contains gamma-terpinene, thymol, and p-cymene 

and more than 20 trace compounds. Ajwain is a powerful cleanser with a pungent taste due to the presence 

of a phytochemical, thymol, which is a strong germicide, fungicide, anti-spasmodic, and is used for throat 

irritation and mouthwash. Besides this, ajwain has many other therapeutic characteristics, such as, anti-

bacterial, antimicrobial, antifungal, anthelmintic, antiviral, anti-platelet, antilithiatic, diuretic, 

gastroprotective, antihypertensive, anti-filarial and anti-inflammatory (Bairwa et al., 2011). Thus, ajwain 

spice is rich in phytonutrients and is a miraculous remedy for most diseases. Its use should be encouraged 

by preparing different food items so that its potential in the health sector could be tapped. 
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Degraded and fragile land is a big issue for farmers globally and most of the farming is carried out on this 

land. The farming activity is impacted by many biotic and abiotic activities. Nowadays focus on small 

techniques having the potential to cope with the changing climate is paid so that agriculture productivity 

could be sustained. One such activity is seed priming or treatment. 

Seed priming is the technique of treating seeds before germination in which a specific stimulus is provided 

to the plant and it responds to the stimulus by generating interlinked biochemical responses such as 

synthesis of growth-promoting substances, activation of enzymes, repair of cell damage, and metabolism of 

germination inhibitors. Seed priming increases the seed’s germination rate even under extreme 

environmental conditions. Seed priming is classified into different types viz biopriming, hydropriming, 

hormonal priming, halopriming, and osmo-priming. This technique can reduce the effects of drought, 

salinity, heat, nutrient stress, and numerous environmental stresses. Metabolism of seeds is modulated 

using seed priming which results in seed germination. Hydropriming and osmo-priming are the soakings 

of seeds in distilled water and the osmotic solution respectively. Seed imbibition using phytohormones to 

stimulate seed metabolism is known as hormonal priming. The use of plant growth-promoting 

microorganisms to stimulate seed priming is known as biopriming. Treatment of seeds with chemicals is 

known as chemical priming which could be performed using natural chemicals such as trehalose, 

polyamines, chitosan, organic acids, mannose, and plant extracts or synthetic chemicals like sodium 

hypochlorite and sodium nitroprusside, etc. 

 
Fig 1: Biochemical and molecular changes taking place at stage II of seed priming (Devika et 

al., 2021) 

The mechanism of seed priming is a three-stage process: Stage I is the seed imbibition where seeds uptake 

the water because of the low water potential of the seed. Stage II is the activation of the seed which is 

characterized by repairing and metabolic changes at the cellular level as shown in Fig 1. At this stage 
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moisture content reduces and the formation of new mitochondria, synthesis of proteins, DNA repair, and 

activation of the defense system take place. After this stage seed imbibition stops. Enzymes related to 

carbohydrate and lipid mobilization got activated during seed priming. Protein synthesis increases during 

priming accompanied by the increase of rRNA and ribosomal integrity. An increase of antioxidant enzymes 

to clean the reactive oxygen species like superoxide, hydrogen peroxide, and hydroxyl radical takes place 

during seed priming. 

In stage III, water intake becomes rapid and radical protrusion shows that the germination process has 

reached to growth and cell elongation stage. 

Thus, this low-cost technique could be used to enhance agriculture sustainability in developing countries 

by providing suitable policy formulation and implementation. Primed seeds have a higher germination 

frequency under stressed environmental conditions. 
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Introduction 

Microgreens have become increasingly popular in the past handful of years. Microgreens are edible, tender, 

young, or juvenile vegetable greens that are harvested after the cotyledonary leaves develop and the first 

true leaves pop up. They are considered potential functional foods due to their rich nutritional background 

and are also substituted for sprouts for their flavour, texture and taste. Microgreens can be considered as 

functional superfoods owing to their health benefits. Though these little greens are small in stature but 

they contain extremely high levels of vitamins, minerals and phytochemicals. Many researchers have 

indicated that microgreens contain up to 40% more phytochemicals than their full-grown counterpart 

leaves. 

Each microgreens had its own ensemble of health benefits, but generally they are healthy because they are 

concentrated sources of vitamins (C, E and beta carotene), minerals (potassium, iron, zinc & copper), and 

antioxidants. They are suitable to eat raw which helps them retain their nutrients, as the high heat in 

cooking can destroy enzymes, vitamins, minerals and other phytonutrients. In addition to their nutritional 

value, they can add flavor, texture, and color to salads, soups, sandwiches etc. Microgreens are a great 

source of nutrients and come in an array of colours and give asthetic appeal to Indian cusine. The flavour 

of microgreens is the same as that of any green leafy vegetables. Fortunately, microgreens are easy to grow 

and suitable for people of all age groups. They possess anti-inflammatory, antioxidant, antimicrobial, anti-

cancer, anti-diabetic properties etc. 

Microgreens can be grown indoors and outdoors, as they are space-friendly and easy to grow. The only 

obstacle with microgreens is that they are tender, delicate and have a short shelf life. Growing of 

microgreens at home are becoming popular in urban homes It can be grown in kitchen gardens, 

workstations, window panes, balcony and even in back yards. The popularly grown microgreens are 

cabbage, broccoli, mustard, radish, kale, buckwheat, cucumber, mint, chia, basil, fenugreek, sweet pea, 

lettuce, spinach, onions, garlic, fennel, wheatgrass etc. 

Kinds of Microgreens 

Some of the most popular kinds of microgreens includes: 

1. Sunflower microgreens:  They are known for their nutty flavour but can be digested easily. They are 

easy to grow and harvested within two weeks. It can be grown in a small container like a used milk carton, 

salad boxes etc. Sunflower microgreens require proper light and air for their growth. Sunflower 

microgreens are good source of calcium, iron, vitamin B and C and carotenoids etc. and can be used in 

salads, soups, sandwiches etc. 

2. Radish microgreens: They are very easy to grow and can be harvested in ten days after sowing. It 

provides flavour, crunchy texture and a touch of spiciness to food. These microgreens are rich in the 

manganese and Niacin, Vitamin B6, Vitamin C, and folate. 

3. Cabbage microgreens: It is another microgreen variety that is popular amongst people. It has a mild 

flavour that can be used with soups, sandwiches, salads etc. Cabbage microgreens are   rich source of 

Vitamins C and E, beta-carotene and iron.  It also contains glucosinolate which prevent from cancer.  

4. Broccoli microgreens: Broccoli microgreens are another popular and easy to grow microgreens. They 

can be harvested in 6 to 10 days of planting and can be grown in shallow containers. They require light and 

moist soil to grow. They are one of the healthiest microgreens. They have an earthy flavour and can be 
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added in soups, sandwiches for extra crunch.  They are rich in protein, vitamins A and C, iron, calcium and 

fibre.  

5. Spinach microgreens: Spinach microgreens can be easily grown in shallow container with 2-3 inches 

depth. It can be best used in salads, soups and sandwiches to add an extra flavour, colour and crunch.  

Spinach microgreens are filled with nutrients like Vitamin A, C and K, folic acid, iron and calcium. These 

microgreens are higher in nutrients than the mature spinach leaves. 

6. Beetroot microgreens: The beautiful pink, green and red colour of beetroot microgreens is quite 

popular among other microgreens. It provides a sweet and earthy flavour to soups, sandwiches, pasta, 

salads etc.  Beetroot microgreens have an abundance of Vitamins A, B, C, E, and K, iron, calcium, and 

protein. They also have a good source of magnesium, potassium, and copper. 

7. Corn microgreens: These microgreens have a distinctly sweet taste just like sweet corn. The corn 

microgreen boosts the immune system, improves bone health, prevents anaemia and helps in reducing the 

hypertension. They contain Vitamins A, B, C and E, calcium, magnesium and are a rich source of 

antioxidants. 

Health Benefits of Microgreens 

1. Control Blood Glucose Levels: Several studies have indicated that microgreens have beneficial in 

controlling the blood sugar and in weight management. Fenugreek microgreens might have compressed 

the activity of the enzyme that is responsible for glucose production and maintaining the blood glucose 

levels. 

2. Antioxidant properties: The mustard microgreens are rich in vitamin C, carotenoids, and 

isothiocyanates content which have antiproliferative and antioxidants properties. The bioaccessibility of 

polyphenols and glucosinolates in microgreens enables them to exert anti-inflammatory, antimicrobial, 

anti-diabetic, and anti-carcinogenic properties. Radish microgreens are good sources of vitamin 

C, antioxidants that help to cleanse the digestive system, treat sore throat and cold. 

3. Anti-cancer properties: Microgreens that display anti-cancer properties are broccoli, chickpeas, 

buckwheat, flax, mustard microgreens etc. 

4. Heart health: Fenugreek microgreens are sources of fiber and complex carbohydrates, which can 

prevent digestive disorder, menstrual problems, and regulate blood cholesterol levels. Animal studies have 

reported that red cabbage microgreens powder supplementation regulates cholesterol levels by reducing 

LDL (low–density lipoprotein) cholesterol levels and hepatic triglyceride levels.  

5. Lowers blood pressure: Moringa and beet microgreens can help to control blood pressure. These 

microgreens are high in fiber and vitamin K that can be helpful in maintaining healthy blood pressure. 

Moringa microgreens also aid in weight management and lowering cholesterol levels. 

Storage and Transport 

Microgreens have a long shelf life if stored and packaged properly. Commercial microgreens are most often 

stored in plastic clamshell containers, which do not provide the right balance of oxygen and carbon dioxide 

for live greens to breathe. Moisture and temperature are the two most important factors have to be 

considered for longevity and transport of microgreens. It should be stored in a clean, refrigerated area at 

4°C or less to minimize microbial growth after the harvesting. Microgreens should also be stored in such a 

manner that prevents its damage. Stacking of too many clamshell packages or bags can cause damage to 

the microgreen, which raises the risk of faster deterioration of the final product. The shelf life of microgreen 

may vary from species to species or variety to variety, most microgreens will have a shelf life of 

approximately 5 to 10 days. Microgreens need to be transported in refrigerated spaces to reduce risk of 

contamination and microbial growth. 
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Vegetables are an essential source of nutritious diet in the dining of an entire world. Brinjal (Solanum 

melongena L.) belonging to Solanaceae is one among the top ten vegetables marketed globally. Brinjal is a 

highly consumable and cultivable crop since it has wider climatic adaptation. In India 0.74 mha area is 

under the brinjal production. Brinjal is enriched with carbohydrates (4%), proteins (2%), dietary fibre (9%), 

fat (0.18-0.20g/100g). Brinjal is denoted in various names viz., eggplant, aubergine (French), begun 

(Bengali), badana (Kannada), vange (Marathi), kathiri (Tamil), baingan (Hindi) etc. Many numbers of 

heirloom brinjal varieties are known and it is cultivated in various geographical area. Brinjal is infested 

by many numbers of insect pests right from nursery to harvest stage.  More than 16 pest species belong to 

different order which includes leaf hopper Amrasca biguttula biguttula, Ishida), whitefly (Bemisia tabaci, 

Gennadius), shoot and fruit borer (Leucinodes orbonalis, Guenee), Epilachna beetle (Epilachna 

vigintioctopunctata, Fabricius), ash weevils (Myllocerus subfasciatus, M. discolor, M. viridanus) stem borer 

(Euzophera perticella), red spider mite (Tetranychus urticae, Koch) interfering different growth stages and 

squanders the crop from attaining its optimum yield.  

Besides pests, a greater number of predators and parasitoids wandering in brinjal ecosystem that preys 

the risk causing pest species. Enormous species of beneficial insects can be quite seen in an undisturbed 

ecosystem. In brinjal cropping system, many number of predatory insects belonging different orders viz., 

Coleoptera, Neuroptera, Hemiptera, Diptera, Hymenoptera, Acarina and Araneae are found to occur. The 

predators consume the different life stages of insect pests such as egg, nymph, larva, pupa and adult as its 

prey and limits the uptick of prey from causing greater economic damage. Coccinellids, hover fly predates 

aphids, mealy bugs whereas chrysophids feeds on aphids, whiteflies and jassids. Hemipteran bugs consume 

nymphs and adults of thrips, aphids as well as lepidopteran larvae. Similarly, spiders predate on 

lepidopteran larvae and sucking pests. Abundance of predatory spiders and coccinelids maintains healthy 

crop ecosystem. The diverse cropping pattern might harbor natural enemies by serving pollens, nectars, 

prey insects and also acts as a suitable breeding site. Similarly, the availability of food resources for 

herbivores in intercropped plots are generally scarce and enormous number of natural enemies are present.  

Planting of marigold, sunflower, buckwheat, frenchbean, carrot, mustard, chrysanthemum, coriander, 

cowpea, alfalfa as intercrops and raising of castor, maize, ryegrass, sorghum, pearl millet as border crops 

attracts plethora of natural enemies which primarily fed on soft bodied insects and thus the plant volatiles 

invite the beneficial insects and suppress the population of harmful insects. 

Table.1 List of some predators existing in brinjal ecosystem: 

Common name Scientific name Family 

Green lynx spider Peucetia viridana Oxyopidae 

Lynx spider Oxyopes birmanicus, Oxyopes assamensis, 

Oxyopes javanus, Oxyopes lineatipes, 

Oxyopes assamensis 

Oxyopidae 

 

Orb weaver spider Araneus mitificus, Argiope anasuja, 

Argiope pulchella 

Araneidae 

 

Jumping spider Carrhotus viduus, Chalcotropis pennata Salticidae 

Crab spider Thomisus projectus Thomisidae 

Yellow sac spider Cheiracanthium melanostomum Eutichuridae 

Long jawed orb weavers Tetragnatha sp Tetragnathidae 
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Wolf spider Pardosa pseudoannulata Lycosidae 

Giant crab spider Olios sp. Sparassidae 

Lady bird beetle Coccinella septempunctata,  

Coccinella transversalis,  

Cheilomenes sexmaculata, 

Illeis cincta, Brumoides suturalis, 

Pseudaspidimerus trinotatus, Scymnus castaneus, 

Scymnus latemaculatus 

Coccinellidae 

Mirid bug Campyloneura sp Miridae 

Big eyed bug Geocoris superbugs Geocoridae 

Green lacewing Chrysoperla zastrowii sillemi Chrysopidae 

Syrphid fly Episyrphus balteatus Syrphidae 

Plate.1 Predators found in intercrops and border crops planted alongwith brinjal: 

   
Coccinellid grub Predatory Spider 

   

Thomisus sp. Cheilomenes sexmaculatus Big - eyed bug 

 
  

Peucetia viridana Oxyopes javanus Thyene sp. 

   
Grub and adults of Coccinellids 
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Background 

Artificial hybridization is one of the major approaches of crop improvement programmes. In such crossing 

experiments it is important to make sure that only the desired pollen grains are used for pollination and 

stigma is protected from contamination. This is achieved by emasculation and bagging. If the female parent 

bears bisexual flowers, the emasculation of anther is done before the anther dehisces. 

Emasculation 

It is referred to removal of stamens or anthers or killing the pollen of a flower without the damaging female 

reproductive organ is known as emasculation. In bisexual flowers, emasculation is essential to prevent of 

self-pollination. In monoecious plants, male flowers are removed. (Castor, Coconut) or male inflorescence 

is removed (Maize). In species with large flowers e.g. (Cotton, Pulses) hand emasculation is accurate and it 

is adequate. 

 

Methods of Emasculation 

1. Hand Emasculation: In species with large flowers, removal of anthers is possible with the help of 

forceps. It is done before anther dehiscence. It is generally done between 4 and 6 PM one day before anthers 

dehisce. It is always desirable to remove other young flowers located close to the emasculated flower to 

avoid confusion. The corolla of the selected flower is opened with the help of forceps and the anthers are 

carefully removed with the help of forceps. Sometimes corolla may be totally removed along with 

epipetalous stamens e.g., gingelly. In cereals, one third of the empty glumes will be clipped off with scissors 

to expose anthers. In wheat and oats, the florets are retained after removing the anthers without damaging 

the spikelets. In all cases, gynoecium should not be injured. An efficient emasculation technique should 

prevent self-pollination and produce high percentage of seed set on cross pollination. 

2. Suction Method: It is useful in species with small flowers. Emasculation is done in the morning 

immediately after the flowers open. A thin rubber or a glass tube attached to a suction hose is used to suck 
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the anthers from the flowers. The amount of suction used is very important which should be sufficient to 

suck the pollen and anthers but not gynoecium. In this method considerable self-pollination, up to 10% is 

like to occur. Washing the stigma with a jet of water may help in reducing self-pollination; however, self-

pollination cannot be eliminated in this method.  

3. Hot Water Treatment: Pollen grains are more sensitive than female reproductive organs to both 

genetic and environmental factors. In case of hot water emasculation, the temperature of water and 

duration of treatment vary from crop to crop. It is determined for every species. For sorghum 42-48OC for 

10 minutes is found to be suitable. In the case of rice, 10 minutes treatments with 40-44OC are adequate. 

Treatment is given before the anther’s dehiscence and prior to the opening of the flower. Hot water is 

generally carried in thermos flask and whole inflorescence is immersed in hot water. 

4. Alcohol Treatment: It is not commonly used. The method consists of immersing the inflorescence in 

alcohol of suitable concentration for a brief period followed by rinsing with water. In Lucerne the 

inflorescence immersed in 57% alcohol for10 second was highly effective. It is better method of emasculation 

than suction method.  

5. Cold Treatment: Cold treatment like hot water treatment kills the pollen grains without damaging 

gynoecium. In the case of rice, treatment with cold water 0.6OC kills the pollen grains without affecting the 

gynoecium. This is less effective than hot water treatment. 

6. Genetic Emasculation: Genetic/ cytoplasmic male sterility may be used to eliminate the process of 

emasculation. This is useful in the commercial production of hybrids in maize, sorghum pearl millet, onion, 

cotton, and rice, etc., In many species of self-incompatible cases, also emasculation is not necessary, because 

self-fertilization will not take place. Protogyny will also facilitate crossing without emasculation. 

7. Use of Gametocide: Also known as chemical hybridizing agents (CHA) chemicals which selectively kills 

the male gamete without affecting the female gamete. eg. Ethrel, Sodium methyl arsenate, Zinc methyl 

arsenate in rice, Maleic hydrazide for cotton and wheat. Bagging Immediately after emasculation the flower 

or inflorescence enclosed with suitable bags of appropriate size to prevent random cross-pollination. 
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Introduction 

A farm record is a document (in most cases a book) that is used to maintain accountability of different 

activities, events, materials etc. regarding the farm operations. Keeping farm records is a very important 

part of farming. The records have to be accurate and up to date, reflecting all activities that happen on the 

farm.  

Farm records and accounts play an important role in farming. Agriculture is modernizing; modern 

agriculture must be carried out like a business. If we observe, even a small shop keeper, he keeps accounts 

properly and almost all the business houses maintain scientific records and accounts. Up till, now in India 

this fact was not clearly recognized by our cultivators because mainly due lack of education. However, 

recently this fact has been recognized by some of our cultivators and they are inclined towards maintaining 

proper records and accounts. Several cultivators make note of a transaction in their diaries. Some 

cultivators keep the sale receipts with them but these efforts are inadequate. This will be useful only as a 

memory aid but scientific records and accounts will provide more than this 

Objectives of Farm Records 

1. To provide a written record of farm operation for future guidance. 

2. To furnish specific information about the amount of feed needed for cattle and to evaluate the efficiency 

of different feeds. 

3. To furnish a reminder of bills of own farm. 

4. To record the yield of different crops. 

5. To know the number of labourers employed and its distribution over different sectors of the farm. 

6. To provide the required information for good farm planning. 

Advantages of Farm Records 

1. Farm records and accounts help in increasing income. This can be achieved by taking better decisions. 

Farm records and accounts help to understand following: 

a. Farmer can know what the gains are and what the losses are. 

b. Farmer can understand which the unproductive expenditure is. 

2. Farmer can develop short-term and long-term plans for the farm. 

3. Farm records and accounts will help to obtain credit; cultivators can repay in time and can increase his 

credit worthiness. 

4. Farm records and accounts will be very useful in conducting research in agricultural economics. 

5. Government can make useful policies using farm records and accounts. 

Reasons / Purposes of Farm Record Maintenance 

A farmer cannot estimate and plan for crop production without accurate farm records. The purposes/ 

reasons of maintaining farm records are as follows: 

1. To manage the farm with profit. 

2. To record the yield of crops. 

3. To record the cost of various operations. 

4. To record all data of operations. 

5. To record the information on how much labour is employed and how they are distributed during the 

seasons. 

6. To help the farmer know the strengths and weaknesses of the farm business from which they can take 

steps in the future to improve the management. 

https://agriculturistmusa.com/what-is-farm-planning-in-agriculture/
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7. Farm records help to check the unproductive expenditure and identify profitable enterprises. Besides, 

the gap between the current income and potential income can be examined, as records are the sources to 

know the current income of the farm. 

8. It provides required precise data on costs and returns for the researcher and the government. 

9. To provide information on the income-generating capacity of the farm and thereby indicates the farmers’ 

credit worthiness; this enables the farmers to get the required credit from the financial institutions. 

10. Farm records help to get the payment information of labour wages. 

11. It provides information regarding transactions of not only money but also of materials with other farms 

and organizations. 

12. It helps to get information to find out ways and means for increasing profit. 

13. To get information basis of the farm plan. 

14. Farm records indicate the requirement of various inputs and input services in advance to organize the 

farm business smoothly. 

Types of Records on An Average Farm 

1. Land use records 

2. Permanent deadstock register 

3. Farm livestock records 

4. Farm labour records 

5. Input records 

6. Feed records 

7. Crop production and disposal records 

8. Livestock production and disposal records 

9. Input and feed stock register 

10. Log book. 

Limitations in Maintaining Farm Records 

1. Illiteracy 

2. Small size holdings 

3. Fear of taxation 

4. Complicated nature 

5. Nature of farming. 

Conclusions 

A record keeping provides valuable information on the expenditure and income pattern of the farmer. 

Maintaining farm records helps the farmer to track the changes in input prices which in turn helps in 

planning long term and short-term plans for reducing unproductive expenditure in the farm. It ultimately 

leads to better income of the farmers. 
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Abstract 

The cultural relationship between people and plant coexists from ancient time. People are dependent on 

plants for food, medicine, shelter and for fulfilment of various other needs and it will continue as long as 

humankind exists on earth. Various needs of human are fulfilled by readily and abundantly available plant, 

many such plants are now best known as weeds. Majority of today’s weeds have played a major role in 

survival of our species. These weeds in certain times were valued and respected for their good deeds. 

However due to increasing pressure form modern agriculture and unruly science has made these plants to 

be seen as competing against the very gifts they provide. The wild plants so called weeds need to be 

recognized and bring awareness among farmers and local people about their nutritional importance and 

health benefits they can provide to mankind. Hence a review has been made to identify some of the weeds 

grown in Karnataka and list their importance. 

Introduction 

In common terms weed is a plant which is out of place and not intentionally sown in a farm. Weed is always 

considered to be an undesirable plant which grows on its own, these pants are competitive or reproduce 

aggressively, persistent and sometimes interfere negatively with human activity. Weed is defined as a 

“plant which grows on its own without human efforts in a place where it is not wanted and interfering with 

the human objectives” (FAO, 1986). Generally speaking, no plant is a weed in nature however some plants 

outgrow the crops in the farm land and are considered to be undesirable and termed as weeds (Heywood & 

Watson, 1995). Though we try to manipulate the nature for our own good by weed control programmes but 

some weed thrives rapidly and always tend to dominate in nature. The main difference between the two 

programs is that man breeds plants for yield, while nature breeds plants for survival. All plants are not 

unwanted weeds however due to human intervention the good qualities of them are outweighed by their 

undesirable characteristics (Ghimire, et al., 2007). Despite their negative impacts lot of them provide some 

benefits such as soil stabilization, habitat and feed for wildlife, nectar for bees, medicinal and aesthetic 

qualities, add organic matter, provide genetic reservoir, human consumption, and provide employment 

opportunities. (Jordan & Vatovec, 2004; Qasem, & Foy, 2001). 

According to global compendium of weed groups species, weeds can be categorised as agricultural weeds- it 

includes plants present in farming areas, environmental weeds – it includes pants that invade native 

ecosystem, cultivation escape – incudes the plants that escaped from farming areas or gardens, casual 

aliens – plants that appear eventually and apparently without direct human intervention, garden thugs – 

invasive plants that can quickly get out of control in garden and noxious weeds – species with legal 

restrictions in some countries. There are around 3000 species of weeds which are the most widespread 

species globally. The culture of consumption of weeds is worldwide which is characterized by its high 

nutritional and medicinal value (Rapoport et al., 1995). The weed adds as source of income to rural and 

tribal people, as people in urban are becoming more health conscious and choosy eaters for whom edible 

weeds can be a feast. During rainy and summer season rural people collect the weeds from their farm and 

eat along their staple food thus maintaining a healthy diet. The use of edible weeds as food by ancient and 

rural people through traditional customs and habits has a long history and dates back to Iron Age. The 

stomach contents of the Tollund Man and of the Grauballe Man in Denmark gave interesting information 

about the gastronomic habits of people during the Iron Age. Their last meals contained 66 different plant 

taxa. Among them, seeds of Polygonum lapathifolium, P. convolvulus, Holcus lanatus, Bromus mollis, 

Rumex acetosella, Stellaria media, Spergula arvensis, Chenopodium album, Viola arvensis, Plantago 

major, and P. /anceolata (Godwin 1960, King 1966). All of these are cosmopolitan weeds today, and are 

present in northern Patagonia where nobody, to our knowledge, uses seeds as a food source. 
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The lacks of information about the use of different weeds as vegetables, has reduced their importance and 

are not recognized as a source of livelihood to rural population. Despite diversified weeds being consumed 

in rural parts through the world, they have not entered the urban market. In this context efforts have been 

made in this paper to document different weeds grown in Karnataka and their impact on livelihood of 

farmers. 

Different Weeds of Karnataka with their Edible Parts 

The major edible parts of weeds can be written in descending order as leaves tender steam or branches and 

sprouts (53%); seeds (17%); roots, tubers, or rhizomes (12%); fruits (6%); herbals (tea-coffee) (5%); 

condiments (4%) and flowers (3%). 

Basella alba: It is an edible perennial vine in the family Basellaceae. It is found in tropical Asia and Africa 

where it is widely used as a leaf vegetable. It is native to the Indian subcontinent. Basella alba which grows 

throughout the year is used as substitute to spinach which does not grow well in hot weather. Hence it is 

also called as Malabar spinach which is a popular green leafy vegetable sometimes it goes by other common 

names including Indian spinach, Ceylon spinach, vine spinach, and climbing spinach. In kannada it is 

called as basale or potaki. In addition to being edible it can also be grown as an ornamental foliage vine. It 

is good source of vitamin A, B & C, calcium, Zinc, magnesium, phosphorous, copper and iron. It has various 

health benefits like it helps to regulate bold pressure, slows down the ageing process, reduces bad 

cholesterol, and helps in lowering blood sugar level, it is good during pregnancy and acts as a booster for 

lungs. 

 
Fig 1. Basella alba plant 

Momordica cymbalaria: momordica cymbalaria is a vine of Momordica genus found in the Indian states 

of Karnataka, Madhya Pradesh, Maharashtra, Andhra Pradesh and Tamil Nadu. It is a medicinal herb 

and is used in traditional medicines. It is commonly known as Karchikai (Kannada) or Athalakkai (Tamil) 

or Kasarakayee (Andhra Pradesh) and Kakrol (India). Momordica plant parts contain various bioactive 

compounds such as phenolic acids, flavonoids, carotenoids, cucurbitane triterpenoid, and phytosterol. The 

potential health benefits of phytochemical found in Momordica species can reduce high diabetes mellitus, 

cardio protective, ulcer, cancer, and diabetic neuropathy. The herb also has been reported to possess 

hypoglycaemic, wound healing, infertility, hypolipidemic, hepato-protective, nephro-protective and 

antioxidant properties. Momordica cymbalaria is under threat of extinction. 

 
Fig 2. Momordica cymbalaria fruit 
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Amaranthus spinosus: Amaranthus spinosus originated in Central America at present, it is wide spread 

throughout the world. Leaves and succulent stems of this plant are excellent sources of protein with 

essential amino acids lysine and methionine, carotenoids, ascorbic acid, dietary fiber, and essential 

minerals. The leaves are cooked, steamed or fried as vegetable for consumption.  It tolerates drought and 

adapts harsh environment. In karnataka it is called as Mullu haruve. It is used for the treatment of pain 

and fever as traditional medicine. 

 
Fig 3. Amaranthus spinosus plant 

Celosia argentea: Celosia argentea is a plant of tropical origin which is commonly known as the plumed 

cockscomb or silver cock'scomb. In India and China, it is known as a troublesome weed. However, in African 

countries it is grown as a traditional vegetable. It is most promising leaf crops for cultivation in poor or 

variable growing conditions. The leaves and tender stems are cooked into soups, sauces or stews with 

various ingredients including other vegetables such as onions, hot pepper and tomato. The plant has 

medicinal values where the liquid extract from the leaves and flowers is used as a bodywash for 

convalescents. The whole plant is used as an antidote for snakebites and the roots to treat colic, gonorrhoea 

and eczema. 

 
Fig 4. Celosia argentea plant 

Portulaca oleracea: Portulaca oleracea commonly known as purslane, is a weedy plant native to North 

Africa, the Middle East, and the Indian subcontinent. It has been grown for more than 4,000 years as a 

food and medicinal plant and is still cultivated in many places today. It is nutritious because it is unusually 

high in omega-3 fatty acids and contains significant amounts of vitamins A and C, as well as calcium, iron, 

magnesium and potassium and antioxidants. It also contains high amounts of oxalates so should not be 

consumed excessively by those susceptible to forming kidney stones. It is also used traditionally as an 

ointment for burns. In many parts of country, it is eaten as a fresh or cooked vegetable. itis used in many 

cuisines, especially in salads, soups, stews, and tomato sauces. The seeds are also edible. 
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Fig 5. Portulaca oleracea plant 

Cocculus hirsutus: It is a perennial climber distributed mostly in tropical and subtropical areas. In Asia, 

it is reported from India, Myanmar, Nepal and Pakistan and southern China. It is known by various names 

in local languages such as: Broom creeper (English); Huyer (Bengali); Farid buti, Jamti ki bel (Hindi); 

Kaage Mari (Kannada); Farid buti (Urdu); Garudi, Patalagarudi (Sanskrit). Various plant parts of C. 

hirsutus are widely used in South Asia for the treatment of fever, rheumatism, skin disorders and visceral 

diseases and also as a detoxifier. The stems are used to make baskets and the purple berries are eaten or 

used to dye basket materials. The pharmacological activity evaluations, extracts obtained from the plant 

parts of C. hirsutus have shown potent diuretic, laxative, analgesic and anti-inflammatory activities. 

Traditionally the leaf paste, which is applied on head for its cooling effect or the juice of the plant mixed 

with sesame oil is applied on the head and body to reduce heat. To allay the stomach heat and for the 

treatment of blood dysentery, the plant-paste is applied over the navel region. The bitter roots are used in 

the treatment of fever, skin irritation, rheumatism, gout and also in children for the treatment of stomach-

ache (Logesh et al., 2020). 

 
Fig 6. Cocculus hirsutus plant 

Solanum nigrum: Solanum nigrum is an annual herb native to India is a one of important medicinal crop 

belongs to the family Solanaceae. It is also referred as black night shade in English, makoi in hindi, kaki 

hanu in kannada etc. It is commonly seen growing as a weed along edges of cultivated areas, roadside, 

garden and in waste lands.  It has been widely used as a food since early times. Despite toxicity issues with 

some forms, the ripe berries and boiled leaves of edible strains are eaten. The berry is mostly small and 

dull black or purple-black. In India, another strain is found with berries that turn red when ripe. The leaves 

and berries are routinely consumed as food after cooking with tamarind, onion, and cumin seeds. The 

berries are referred to as "fragrant tomato", the fruit was recorded as a famine food in 15th-century in 

China. The berries are used for appetite, in pains, dysentery, asthama, vomiting, leucoderma, and 

bronchitis. They also have diaphoretic properties and help in reduction of blood pressure and as to cure 

ulcers, epilepsy and eye troubles (Kulkarni, 2019). The Juice of leaves is taken orally for seven days for 

asthama by paliyar tribals in tamilnadu (Ignacimuthu et al., 2006). 



 

 
Volume 04 - Issue 09 - September 2022       108 | P a g e  
 

 
Fig 7. solanum nigrum plant with berries 

Commercialization of edible weeds: The commercialization of the edible weeds and wild species fruits 

can generate monthly financial income to rural masses. The small processing equipment’s can help in 

manufacturing of processed edible weed products. Most of the weeds have medicinal value; hence by value 

addition and trading of these weeds can enhance the livelihood and reduce poverty of small farmers. The 

commercialization also helps in protection of important weeds from extinction. However lot of people are 

not aware about these cheaper and nutritionally available weeds, the research stations have to work 

towards introduction of these weeds into the diet of people and work towards the development of pilot scale 

equipment’s for processing of edible weeds. They should also provide an opportunity or platform for 

marketing and commercialization of these products. There are varieties of processed edible weed products 

available in market in powder or liquid forms sold by various companies. 

Conclusion 

There is an ample scope for edible weeds which are inexpensively and readily available in nature. These 

edible weeds are highly nutrient and have medicinal value. They are required to be identified for 

commercial utilization and popularization so that they can be used in food shortage countries and as a boon 

for increasing population. It also makes us to think, that when we have so many edibles weed plants with 

high nutritional and medicinal value which can grow rapidly and don’t require more water and fertilizer 

then weather there is need for growing crops with wasting so much of resources and harming Mother 

Nature. 
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Introduction 

The ber (Ziziphus mauritiana L.) belongs to the family of Rhamnaceae, is an important fruit plant of arid 

region of India. According to De Candole (1886) the centre of the origin of ber is Central Asia. Ber is an 

ancient and indigenous fruit of India, China and Malaysia region. It is found widely as well as cultivated 

in the states of Rajasthan, Madhya Pradesh, Haryana, Maharashtra, Gujarat, Punjab, Bihar, Andhra 

Pradesh, Telangana and Tamil Nadu. It is quite common fruit in India being also known as poor man’s 

fruit. It is hardy fruit tree and performs well under adverse climate and poor soil conditions. Apart from it 

can be successfully be grown in tropical and sub-tropical climate, being cultivated for its fruit, it serves as 

a major good host for rearing of lac insect, the leaves along with tender shoots are used as fodder, wood is 

used as fuel and for medicinal purposes. The fruits are eaten as fresh and as well as dried and processed 

into the products like Candy, Jelly, Jam, morabba and squash. The major insect pests recorded in ber 

plantation are, leaf-eating caterpillars, fruit fly, fruit borer, mealy bug, scale insect and thrips. Till now the 

infestation of the mealybugs have been recorded on different orchard fruits viz., mango, papaya, grapes, 

pineapple, cassava, mulberry etc. The introduction of new susceptible varieties of ber in the region have 

favoured the incidence of mealy bugs causing heavy quantity and quality economic loss to the ber growers 

of the region. Therefore, it is necessary to understand and create awareness about the identification, bio-

ecology and formerly management of the noxious pest, as its management is very tedious after the wide 

distribution and infestation in the orchards. 

 
Ber orchard- Overview 

What is Mealybug? 

Mealy bugs are insects of the order Hemiptera belonging to family Pseudococcidae. They are tiny white 

bugs that look like fuzzy white stuff in colonies on plant stems and leaves. They look similar to other scale 

insects but do not have a hard shell to cover their soft bodies. They are also flat and waxy, with segmented 

bodies and an oval shape. Mealybugs are white to pink in colour and measure about 2.00-4.00 mm long. 

Mealy bugs are a type of unarmoured scale insect found in warm, moist habitats all around the world on a 

variety of host plants dwelling indoors, outdoors, and in greenhouses. They also transmit plant diseases; 

inject plant toxins, cause deformity, leaf drop, and sooty mould as they feed off plant sap. The most 

commonly known fruit hosts are mango, papaya, grapes, ber, pineapple, cassava, mulberry etc. Mealy bugs 

create colonies in somewhat sheltered areas such as the base of stems, between the stem and touching 
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leaves, branch crotches, plant crowns, or between two touching fruits. Their eggs remain attached to twigs, 

leaves, or bark. 

Nature of Damage 

Mealy bugs are important pest feeding on wide range of cultivated and ornamental crops of agriculture and 

horticulture ecosystem. Their incidence in ber orchards can be recorded throughout the year. They over-

winter in the soil, on roots or on the plant and the hide in crevices in the bark, under loose bark and other 

protected areas such as curled leaves. Populations begin to increase from September with the peak in late 

December or early January and begin to decline towards the end of February to March, depending on 

temperature and level of parasitism. 

1. Both nymphs and adults of mealy bug suck the cell sap from flowering panicle, fruit pedicel and leave, 

causing withering, yellowing and dropping of flowers and fruits. Plants become stunted and swollen when 

infested on the growing tip of young plants.  

2. Heavy clustering of mealy bugs can be seen on fruit panicle and under leaf surface giving the appearance 

of a thick mat with a waxy secretion.  

3. They also excrete a large amount of honeydew that attract ants and on which development of black sooty 

mould can be seen.  

4. A high incidence of sooty mould growth on leaves will negatively affect photosynthesis, by reducing the 

amount of light entering the leaf cells.  

5. Severe infestation can cause defoliation and even death of the plant. 

6. Infested fruits can be entirely covered with the white, waxy coating of the mealy bugs and they do not 

fetch a good market price. 

7. The prominent method of mealy bug identification is the presence cottony, wax-like residue on the leaves 

of the plants or on the soil or presence of a sooty black mould developed in the honeydew secreted by mealy 

bugs. The clumps of waxy-covered eggs, group of ants crawling up the plants, along with stunted growth, 

wilting, colour loss by plant, leaf drop or yellowing of the plant and bluish tint of soil are also the important 

marks of infestation by the pest. 

  
Infestation of mealy bug on ber plant Collection of Mealy bug from ber plant 

Management of Mealy Bugs 

Mealy Bugs and other types of soft scales are difficult to control once populations have ballooned to large 

numbers. Small populations and immature stages of Mealy Bugs are usually easy to control with regular 

monitoring and treatment. The management often involves the control of care taking ants that are 

important for the transmission of mealy bugs. Without the ants, mealy bugs populations are not able or 

slow to invade new areas and the field would be free of a serious mealy bug’s infestation. Therefore, 

management of mealy bugs often includes the control of ant species. For management of mealy bugs, it is 

important to know the species present as management programs for the various mealy bugs differ. 

1. Cultural management:  

a. The field should be free from weeds and ber plant residues as they serve as an alternative host 

for ant populations during the periods where mealy bug infestations are less.  

b. All ber plant residues of previously infested fields should be removed and burnt as if left in the 

field may harbour mealy bug populations to invade the new plants. 

c. Field borders should be free from weeds and debris supporting mealy bug population.  Remove 

alternate host plants in and nearby orchards.  
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d. Do not transfer any plant material with suspected mealy bugs infestation.  

e. All the equipment should be thoroughly washed before using and moving to a new plant or new 

field.  

f. Destroy the ant colonies during land preparation.  

g. Ploughing the orchards in summer to exposes the eggs to sun’s heat.  

h. Collection and proper destruction of the pruned material from mealy bug infested plants.  

i. After pruning, the cuttings of infested shrubs, plants or trees lying around must be immediately 

burnt to control further dissemination of mealy bugs.  

j. Growing of cover crop plants between and under rows of fruit crops will provide alternative 

habitats and hosts, and pollen and nectar as alternative food sources for parasites and predators 

and help in maintaining the beneficial populations when mealy bug numbers are low. 

2. Mechanical and Physical management:  

a. Manual picking of bugs can be done from the plants which are not severely infested in small 

conservatory or ber nurseries or apply strong jet of water to remove bugs (avoid the damage to 

plants).  

b. Flooding of orchards with water kills the eggs.  

c. Physical barriers such as ant fences parallel to the field periphery keeps ants away from field, 

and subsequently help in controlling mealy bug populations.  

d. Fasten 400 gauge alkathene sheets of 25 cm width to the tree trunk besides raking the soil around 

the tree trunk induces the infestation. 

3. Biological management:  

a. Release of lady bird beetle adult/grub Cryptolaemus montrouzieri @ 5,000 beetles/ha, twice in a 

season especially during August–September and December–January. 

b. Foliar spray of Verticillium lecanii / Beauveria bassiana (2×108 cfu/ml) @ 5 g/ml/l of water after 

90–105 days of pruning during high humid months to reduce the population of mealy bugs. 

4. Chemical management: Chemicals are not very effective against mealy bug because of its habit of 

hiding in crevices and the waxy covering of its body which protect mealy bug as the pesticides cannot 

penetrate the heavy waxy layer of waxes that shield the body. Systemic insecticides are used to control 

heavy infestations, whereas most of the granular pesticides are not effective. Any insecticides used against 

mealy bugs should be carefully selected to avoid injury to natural enemies. Crawler (mealy bug) is the most 

susceptible stage to identify the crawlers in earlier stage easily to manage the insecticides under field 

conditions. 

a. Removal and destruction of loose bark after pruning and swabbing of stem and arms with 2 ml of 

dichlorvos 76 EC + 2 g of fish oil resin soap in a litre of water to expose hiding population of 

mealybugs and destroy them.  

b. Locating ant colonies and destroy them with drenching of chlorpyriphos 20 EC @ 2.5 ml/l of water, 

should be done round the year.  

c. Foliar spray of azadirachtin 1% @ 2 ml/l of water of 120–135 days after pruning.  

d. Soil drenching with imidacloprid 200 SL @1.5 ml/l of water/plant in the base of the plant around 

the trunk.  

e. Spraying of buprofezin 25 SC @ 1.0-1.25 ml/ha 45–60 days after pruning.  

f. Spray of Profenophos 50 EC @ 2 ml/l or Chlorpyriphos 20 EC @ 2ml/l or Imidacloprid 17.8 SL @ 

0.5 ml/l or Thiamethoxam 25 WDG @ 0.5 ml/l of water at 15 days interval. 
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Kitchen garden is also known as home garden or Nutritional Garden. It is one of the most ancient types of 

gardens. Kitchen garden basically deals with the growing of vegetables and herbs in the backyards of home 

or in the available space like on the roof for the fulfillment of daily required fresh vegetables.  As we know 

that the vegetable is considered Protective food because it is rich source of minerals, vitamins and proteins 

which is required for various vital processes of life and for protection of body from different diseases. 

Vegetables are generally taken in the kitchen garden, as most of the vegetables are short duration crops 

through this anyone can take the vegetables from the garden throughout the year for consumption. 

Why there is Need of Kitchen Garden? 

1.Through this we can access a healthy diet by consuming fresh vegetables from the kitchen garden that 

contains all the essential nutrients.  

2. According to ICMR requirements of vegetable is 300g per day but due to high population and less 

production of the vegetables there is less availability of the vegetables per day that’s why there is need to 

grow vegetables in the kitchen garden to fulfill the daily requirements. 

3. It saves our money and time and also provide a healthy and environment friendly hobby for the family.  

4. Kitchen Garden is especially important in the rural area where people have low purchase power of the 

different vegetables and also problem of distant market. 

5. Kitchen Garden are also an important source of food and income for poor households in peri-urban and 

urban areas. 

Size and Site Selection for the Kitchen Garden 

We have to select the place that is near to the water source and protected from the animals and pest and 

with abundance availability of sunlight for atleast 6-7 hrs. size of kitchen garden are generally according 

to the availability of the land and space, here we are taking size of kitchen garden on the basis of number 

of members in the family which is usually 4-5. As there are requirements of 300g of vegetables for one 

person per day. we are generally followed that 200m2 area is sufficient for the family of 5-6 members. 

Layout 

1. Fences: Fencing should be done on all the sides for protection of the plants, it may be live fencing or 

with barbed wire. We can grow the creepers or viny vegetables on the fencing that surrounds the plot like 

cucumber, bitter gourds, bottle gourd etc. 

2. Perennial Plot: For growing of the perennial vegetables like drumstick, curry leaf it should be at one 

corner so that their shade not affects the other plant. 

3. Compost Pit: There should be a compost pit in one corner where we can dump the kitchen waste and 

also the crop residue which can be further used as the organic manure after fermentation. Generally, we 

avoid use of insecticides and pesticides in kitchen garden to control the insect and pest. Different organic, 

biological and cultural methods are used like mixed cropping, crop rotations, biological pesticides, liquid 

manure, etc. to manage the insects and disease use of Neem leaves, neem kernel extract, neem oil, tobacco 

leaves extract, chrysanthemum leaves extract, chilli-garlic- ginger mix are sprayed to protect the crop from 

various sucking and caterpillar insects. 
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4. Pathway: There should be walking path at centre as well as along the four sides of plot for proper 

cultural practices and there should be water channel in the kitchen garden. 

5. Seasonal Plot: after the above all process the remaining area should be divided into the small plot for 

cultivation of the vegetables Selection of plants is key factor for kitchen gardening and crop rotation should 

be followed for availability of vegetables round the year. In the spring and summer season we can grow the 

vegetables like tomato, brinjal, chilli, cucumber, bittergourd, potato, gourds and it is followed by the rainy 

season vegetables beans, okra, gourds, brinjal and winter season vegetable includes cauliflower, cabbage, 

carrot, coriander, spinach, onion, radish, fenugreek and peas, through this we can grow the vegetables 

round the year. Along with this creepers and climber vegetables can also be grown along the fences that 

includes cucumber, bitter gourds, bottle gourd etc. we can use the ridges for growing of root and tuber 

vegetables  

6. After the plantation of the crops  there are several practices that are mandatory to be followed further 

that includes .Irrigation (watering of the plants),Weeding (removal of unwanted plants) , Fertilizer 

application (fulfill the requirement of  nutrients needed by  plant like N,P,K and different nutrients 

complex fertilizers @ 5 gram/plant at 30, 60 and 90 day of planting) but it should be used in the very critical 

condition when use of organic manures not able to correct it othrtwise we have to avoid the use of chemicals 

in kitchen garden, use of organic manure should be included ( for environment friendly farming and for 

protection of the farm from the diseases and pests that encompasses FYM, compost, vermicompost, Neem 

oil ,Neem seed kernel extract, Panchagavya). A step towards zero waste application of   decomposed kitchen 

waste to all the crops can be done. For better growth and development Pruning (removal of diseased plant 

parts and dried plant parts), Plant protection (pick and destroy the larvae found on fruits and vegetables 

and caution to be taken while spraying of chemicals which shouldn’t be toxic), and Harvesting (picking of 

the vegetables when it attains edible maturity). 

We can follow this crop rotation in the different plot for all year-round availability of the vegetables. Area 

should be 200m2 for 5-6 members. 

Plot No. Name of the vegetables Months 

1. Tomato and onion June-September 

Radish Oct-Nov 

French beans Dec-Feb 

Okra Mar-Ma 

2. Brinjal June-September 

French beans Oct-Dec 

Tomato June-Sept 

Amaranthus May 

3. Chilli and radish June-Sept 

Cow pea Dec-Feb 

Onion Mar-May 

4. Okra and radish June-Aug 

Cabbage Sept-Dec 

Cluster bean Jan-Mar 

5. Kharif onion June-Aug 

Beet Sept-Nov 

Tomato Dec-Mar 

Onion Apr-May 

6. Kharif onion Jul-Sept 

Carrot Sept-Dec 

Pumpkin Jan-May 

7. Country bean June-Aug 

Cauliflower and onion 

Okra 

Coriander  

Sept-Dec 

Jan-Mar 

April-May 

(Pramanik and Mohapatra, 2020) 
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Conclusion 

Due to food limitations growing one’s own would be a wiser decision than relying on larger agricultural 

systems existing. The availability of quality products obtained from kitchen gardening with the least use 

of chemicals will enhance the quality of life of people along with increasing aesthetic value. 

References 
Pramanik K., Mohapatra P.P., (2020). Construction of Kitchen Garden.Book chapter of research trends in horticulture sciences. 

15:57-71. 

  



 

 
Volume 04 - Issue 09 - September 2022       115 | P a g e  
 

Robotics in Agriculture 

Article ID: 38039 
Vaishali H. Surve1, P. M. Sankhla1, A. D. Raj2 

1Assistant Professor, 
2Associate Professor, 

College of Agriculture, NAU, Bharuch. 

 

 
 

Robotic Technologies in Agriculture 

Agricultural robots are specialized articles of technology that are capable of assisting farmers with a wide 

range of operations. Robotics is the branch of technology that deals with the design, construction, operation, 

structural depositions, manufacture and application of robots. Agriculture is humankind’s oldest and still 

its most important economic activity, providing the food, feed, fibre, and fuel necessary for our survival. 

With the global population expected to reach 9 billion by 2050, agricultural production must double if it is 

to meet the increasing demands for food and bioenergy. Given limited land, water and labour resources, 

within the next 10 years, the current way of farming will be completely revolutionized using autonomous 

tractors and agricultural robots, which will perform much more efficiently and effectively than humans. it 

is estimated that the efficiency of agricultural productivity must increase by 25% to meet that goal, while 

limiting the growing pressure that agriculture puts on the environment. Robotics brings together several 

very different engineering areas and skills. Robotics is related to the science of electronics, Engineering, 

mechanics, mechatronics, and software. There is metalworking for the body and we have mechanics for 

mounting the wheels on the axles, connecting them to the motors and keeping the body in balance. 

An agricultural robot is a robot deployed for agricultural purposes. The main area of application of robots 

in agriculture today is at the harvesting stage. Emerging applications of robots or drones in agriculture 

include weed control, cloud seeding, planting seeds, harvesting, environmental monitoring and soil 

analysis. 

Different Types of Robots 

• Autonomous Robots: These robots work entirely and automatically under the guidance of computer 

program. Various sensors are used to collect the data about their surroundings.  

• Tele-controlled Robots: These robots work under the guidance of either computer programs or humans.  

• Remote-controlled Robots: These can be controlled by users with a controller such as joystick, TV 

remote or other hand-held device. 

 

Robotics Applications in Agriculture 

Sowing the seeds, plantation, watering the plants, cutting the weeds spraying fertilizers and chemicals, 

examining the soil and harvesting the yield, cutting the weeds, killing the pest and insects that harm the 

crops. 

The incorporation of robotics in agriculture improves both productivity and working conditions for farmers 

and workers. Intelligent systems are becoming the ideal solution to drive precision agriculture. Today, a 

large number of agricultural operations are already being done autonomously. 

https://en.wikipedia.org/wiki/Robot
https://en.wikipedia.org/wiki/Agriculture
https://en.wikipedia.org/wiki/Harvesting_(agriculture)
https://en.wikipedia.org/wiki/Drone_(robotics)
https://en.wikipedia.org/wiki/Weed_control
https://en.wikipedia.org/wiki/Cloud_seeding
https://en.wikipedia.org/wiki/Environmental_monitoring
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Robot Drone: Autonomous Tractors 

Driverless tractors aim to release the farmers from 8-12-hour days of just driving. They allow farmers to 

take control via an app on their phone or computer. 

 

Robot will decide where to plant, when to harvest and how to choose the best route for crisscrossing the 

farmland. The farmer can use the app to position a tractor, drive the length of a field, turn around, come 

back and manoeuvre around obstacles. 

Seeding: An autonomous robot is developed to perform the complex farming task of seeding. Automated 

drone seeders are mostly used in forestry industries right now, but the potential for more widespread use 

is on the horizon. Planting with drones means very hard to reach areas can be replanted without 

endangering workers. They are also able to plant much more efficiently with a team of two operators and 

ten drones capable of planting large number of trees a day. 

Weeding: For agricultural robots to successfully control weeds, several primary challenges must be 

overcome. First, both crop and weed plants must be accurately perceived in the crop field. The perception 

system must include plant detection, weed and crop plant classification and plant localization. Secondly, 

the mechanisms for controlling the weeds must be developed in the context of the weed control strategy 

that best fits the cultural practices of the production system. 

Third, based on the information from the perception system, the mechanism must be directed to act at the 

weed plant locations and away from the crop plants. 

 

Fourth, all of these technologies must be integrated together into a weeding system. 

Flying Robots to Spread Fertilizer 

One of the most critical uses of drones in agriculture is its flexibility to move around in swift motions and 

manoeuvre to the destined locations. This ability of drones helps spray fertilizers and insecticides to 

nurture crops and provide them with the needed nutrients. Such reinforcements allow crops to be healthy 

and flourishing. The drone operators are free to monitor the drone spraying fertilizers that keep insects, 

pests, and worms away and increase crop life longevity. With camera equipment and an automatic 

fertilizing system in the front, the robot can fly autonomously and apply fertilizer independently. It is made 

by the national key laboratory of robotics of Shenyang Institute of Automation of Chinese Academy of 

Sciences. 

https://www.standard.co.uk/news/world/treeplanting-drones-could-help-restore-world-s-forests-a4116376.html
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Analyzing Deficiencies 

Another incredible merit of adopting drones for crop fertilization comes with their feature to analyze, 

identify, and survey the crops for any deficiencies. Their high-resolution cameras and sensors, additionally 

instilled with lasers, help to perform these operations quickly. Unmanned Aerial Vehicles can also map 

these deficiencies in real-time, and the data collected and processed can be used to make further 

determinations regarding the crops. 

Robotic Harvesting 

 
A harvesting robot is designed to pick fruits automatically under certain environmental conditions. 

Research on harvesting-robot-based machine vision is still in its infancy. With the development of artificial 

intelligence technology, 3D spatial information about the target can be obtained and processed. 

Agricultural Drones 

 
An agricultural drone is an unmanned aerial vehicle used in agriculture operations, mostly in yield 

optimization and in monitoring crop growth and crop production. Agricultural drones provide information 

on crop growth stages, crop health, and soil variations. 

Advantages 

Robots are being utilized to help farmers and free them from physically demanding and time-intensive 

chores, thereby allowing them to take on other important roles with their spare time. It brings revolution 

in the farming, agriculture and cattle grazing.               
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1. Robots gantry can function as both fertilizer or liquid sprays and, most importantly, as an automatic 

self-control system that meets weather conditions. 

2. Productivity will be increased to a lot extent. 

3. For technicians, the robots can create jobs that can fix the robots. 

4. It is one-time investment then the expenditure of the farming will drastically. 

5. They can be small in size, allowing to accumulate near-crop data and perform mechanical weeding, 

mowing, spraying, and fertilizing. 

6. Robotic cameras and sensors are capable of detecting weeds, identifying pests, parasites or diseases, and 

other stress. Usually, the sensors are selective and are only used to spray on the affected area. 

7. Robots provide an opportunity to replace human operators with a good return on investment by providing 

effective solutions. 

8. They make fewer errors and operate at higher velocities and higher quality. 

9. The robots can reduce the use of pesticides by up to 80% of the farm. 

10. In different fields, robots are more efficient and can work around trees, rocks, ponds, and other obstacles 

easily. 

Disadvantages 

1. Complexity is increased.  

2. The robots can change the culture / the emotional appeal of agriculture. 

3. Energy cost and maintenance. 

4. The robots can change the culture / the emotional appeal of agriculture. 

5. Energy cost and maintenance. 

6. Time management and skill full labor is required 

7. It costs a lot of money to make or buy robots. 

8. They need maintenance to keep them running. 

9. The farmers can lose their jobs. 

10. The high cost of research and development. 

11. Lack of access to poor farmers. 
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Introduction 

Nano-fertilizers are the new frontier of nanotechnology towards a sustainable and precision agriculture. 

Nano Urea contains 4.0 % total nitrogen (w/v). Nano nitrogen particle size varies from 20-50 nm. These 

particles are evenly dispersed in water. Nano Urea because of its small size (20-50nm) and higher use 

efficiency (> 80 %) increases availability of nitrogen to the plant. When sprayed on leaves of plant at critical 

growth stages, it enters through stomata and other openings and is assimilated by the plant cells. Because 

of phloem transport it is distributed from source to sink inside the plant wherever, it is required. Unutilized 

nitrogen is stored in the plant vacuole and is slowly released for proper growth and development of the 

plant. 

In Nano Urea, materials are divided in nano scale for better crop production and minimizing the fertilizers 

leaching to the soil. Granular urea is costly and also harmful to humans and the environment whereas 

Nano-Urea is cost effective fertilizer which also prevents environmental pollution, improves physiological 

traits of crops grown under drought stress conditions thus enhances abiotic stress tolerance.  Because of 

lesser size of the nano particle, nano urea has higher surface area and have high reactivity and is more 

soluble in water. Nano Urea is effective in improving crop efficiency, yield and quality of crop along with 

enhancing nutrient use efficiency, minimize wastage of fertilizers and reduce the cost of cultivation. Nano-

urea is very effective input for precise nutrient management in precision agriculture as Nano-Urea provides 

more surface area for different metabolic reactions in the plant which increases rate of photosynthesis and 

ultimately increases dry matter and increases yield of the crop. Urea accounts for more than 82 per cent of 

the nitrogenous fertilizers applied to crops. Globally, 188 million MT of Urea is applied to crops every year. 

Due to imbalanced use of fertilizers, NPK ratio is distorted. Excess use of urea causes environmental issues 

and results in greater susceptibility of crops to Insects, Pests & Diseases. Excessive foliage due to high dose 

of nitrogen leads to crop lodging. Urea also deteriorates soil health due to imbalanced pH which leads to 

mining of micronutrients. Excessive use of urea also causes soil pollution. 

Major Characteristic Features of the Nano Urea 

Nano urea is prepared by nanotechnology which contains nano scale particles of Nano Urea. Average 

physical size of Nano Urea particles is in the range of 20 -50 nm. Nano Urea contains 4 % nitrogen by 

weight in its nano form. Nitrogen present in Nano Urea effectively meets the crop nitrogen requirement. 

It has better use efficiency than conventional urea. Nano Urea is suitable for application as a source of 

nitrogen for most of the crops/plants. 

Benefits of Nano Urea 

Less Requirement: Reduces the requirement of conventional Urea by 50 per cent or more. 

High production: Efficacy of one bottle of Nano Urea (500 mL) is equivalent to one bag of urea.  

Environment friendly: Improves Soil, Air & Water quality thus, helps in addressing the concerns of 

Global Warming. 

Low cost: Nano urea is cheaper than conventional urea. It reduces input cost to farmers, leads to increase 

in farmers’ income. 

Less losses of Nitrogen: Use of nano urea helps in eliminating nitrate and ammonia emissions. Excessive 

algae growth due to run off is minimized. Excess Nitrates leaching to Ground/ Drinking water leads to 

methemoglobinemia. 

Precision Agriculture: Nano urea is a substitute for sustainable and precision agriculture. 
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No subsidy load on government: There is no subsidy load on the government and it is available to 

farmers at a 10 per cent lower price than a bag of subsidized Urea.  

No Transportation Cost: Transportation would be easier and economical, as one 500 ml bottle would be 

equivalent to one bag of regular urea fertilizer. 

Application 

Nano Urea is applied @ 500 ml/acre at initial growth stage and before flowering. Mix 2 to 4 ml of nano urea 

in one liter of water and spray on crop leaves at active growth stages. For best results apply 2 foliar sprays.  

1st spray: at active tillering / branching stage (30- 35 days after transplanting)  

2nd spray 20-25 days after 1st spray or before flowering in the crop.  

Nano urea can be applied or sprayed to all the crops which includes cereals, pulses, vegetables, fruits, 

flowers, medicinal and others. 

Precautions 

1. Nano urea is safe for user, safe for flora and fauna and is nontoxic, however, it is recommended to use a 

face mask and gloves while spraying on the crop.  

2. It should be stored in a dry place avoiding high temperature and should keep away from the reach of 

children and pets. 

3. Use correct dosage of fertilizer at correct time interval. 

4. Shake the bottle well before use. 

5. Use flat fan or cut nozzles for uniform spraying on the foliage. 

6. Spray during morning or evening hours avoiding dew. 

7. It is advised to repeat the spray, if rain occurs within 12 hours of Nano urea spray. 

Conclusions 

In comparison to prilled or neem coated urea the uptake efficiency of nano urea is more than 80 per cent. 

It is thus, less required and addresses the imbalanced and excessive use of conventional Urea to fulfill the 

requirement of plant nitrogen requirement. Foliar application of Nano Urea at critical crop growth stages 

of a plant effectively fulfils its nitrogen requirement and increase the efficiency of fertilizer leads to higher 

crop productivity and quality in comparison to conventional urea. Further, application of nano urea (liquid) 

improves yield, biomass, soil health and nutritional quality of the produce. Further, it reduces 

environmental pollution, eutrophication, pollution of groundwater. Nano Urea (liquid) is completely safe 

for human, animals as well as rhizosphere organisms and environment at the recommended levels of 

application. 
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Abstract 

The potential preventive and alternative methods of delaying the onset of sickness are currently receiving 

more attention. The traditional pharmaceutical-based strategy is being replaced by changes in lifestyle and 

eating habits, particularly for chronic diseases. The use of nutraceuticals as essential tool for the treatment 

and prevention of several pathological disorders has been suggested. As a result, study to develop new 

formulations based on these pharma-foods that specifically target health issues to prevent and treat, which, 

in turn, will have an effect on therapy-related costs sustained by any National Health Organization. A 

developing "nutraceutical" revolution has evolved from a nutraceuticals-based approach to health care, 

particularly for some pathological disorders. The treatment of the "metabolic syndrome," which comprises 

overweight, obesity, and cardiovascular illnesses and leads to a series of chronic health disorders that are 

becoming more and more common in modern life, is a standout example. 

Keywords: Nutraceutical, Health benefits, Lifestyle disorders, Prevention. 

Introduction 

The standard of living has increased along with economic growth in terms of earnings, consumption, and 

way of life, but it has also created a significant problem in the shape of "lifestyle diseases." Food habits 

have been the first thing to suffer from this lifestyle adjustment. Junk food consumption has multiplied, 

which has resulted in a number of disorders linked to nutritional inadequacies. The use of nutritional 

supplements can be quite effective in reducing them. It makes sense why more and more people are using 

nutraceuticals. Stephen Defelice, the founder and head of the foundation for innovation in medicine, an 

American organization that promotes medical health, coined the word ‘Nutraceutical’ from nutrition and 

pharmaceutical in 1989. A nutraceutical, in his words, is any substance that is a food or a component of 

food and offers medical or health advantages, including the prevention and treatment of disease. These 

goods could be anything from isolated minerals, dietary supplements, and particular diets to designer 

meals made through genetic engineering and herbal remedies. 

According to a survey conducted in the UK, Germany, and France on the topic of nutraceuticals, consumers 

place a higher value on nutrition than on exercise or inherited traits when it comes to maintaining good 

health. However, there was no regulatory definition for the term "nutraceutical" in the United States. The 

Canadian Ministry of Health amended their definition of a nutraceutical, defining it as "a product extracted 

or purified from the food, generally offered in medicinal form not related with food and proved to provide a 

physiological effect." Additionally, chronic diseases are benefited by it.  

Nutraceuticals can be found in many foods of either vegetal or animal origin, current and ongoing global 

research strives to completely understand their mode of action, by proving their effectiveness and safety 

through clinical evidence. An attempt to explain them in reality, understanding the mechanism of action 

will pave the way for a new generation of therapeutic drugs that do notoffer themselves as a substitute for 

medications but can instead help with: 

a. Preventing a clusternumerous ailments (metabolic syndrome) that may co-occur, such as heart 

disease, stroke, and type 2 diabetes. 

b. To supplement pharmacological therapy, particularly for people who don't meet the requirements 

for traditional pharmacological treatment. 
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Advantages 

From the perspective of the consumer, functional foods and nutraceuticals may provide a number of 

advantages: 

1. Might improve the nutritional value of our diet. 

2. Might prolong our lives. 

3. Might enable us to prevent specific medical issues. 

4. Making a decision for oneself could have psychological benefits. 

5. May be thought of as more "natural" and less likely to have negative side effects than standard medicine. 

6. Might offer food to special needs populations (e.g. nutrient-dense foods for the elderly). 

Bridging the Gap Between Food and Medicine 

Hippocrates emphasized "Let food be your medicine and medicine be your food" over 2000 years ago. Foods 

or dietary ingredients that have health or medical benefits are known as nutraceuticals. The distinction 

between food and pharmaceuticals is blurred by this new class of items. They frequently reside in a legal 

limbo between the two categories of food and drug since they are difficult to classify. They frequently reside 

in a grey area because they are difficult to classify as food or drugs legally. Within European Union (EU) 

law the legal categorization of a nutraceutical is, in general, made on the basis of its accepted effects on the 

body. Thus, if the substance contributes only to the maintenance of healthy tissues and organs it may be 

considered to be a food ingredient. If, however, it can be shown to have a modifying effect on one or more of 

the body’s physiological processes, it is likely to be considered to be a medicinal substance. Within European 

Medicines law a nutraceutical can be defined as a medicine for two reasons: 1) It can used for the 

prevention, treatment or cure of a condition or disease or 2) It can be administered with a view to restoring, 

correcting or modifying physiological functions in human beings. 

The Nutraceuticals Product Range 

Nutraceuticals span a wide variety of products and substances. Some ingredients, such as probiotics, 

omega-3 fatty acids, glucosamine, melatonin, lutein, vitamins, and minerals, can be found in both 

registered medications and nutritional supplements. In some situations, the impact on health status may 

be clearly visible, although no clinical investigations have been conducted or only with modest success. 

Lycopene, creatine, resveratrol, conjugated linoleic acid, etc. are some examples.The majority of the 

nutraceuticals group's members were first launched as specialised supplements. 

Ingredients according to purpose of use of nutraceuticals are categorized as follows (in bracket data of CRN 

Survey) 

a. Supplement the diet (42%)  

b. Boost immunity (32%)  

c. Enhanced energy (31%) 

d. Bone health (30%)  

e. Heart heath, decrease cholesterol (29%) 

f. Prevent health problems (26%)  

g. Healthy joints, prevent arthritis (20%)  

h. Skin, hair, and nails (17%) 

i. Bowel and colon health, digestive health (15%)  

j. Weight loss, weight management (14%) 

k. Eye health (13%)  

l. Mental health and concentration (13%). 
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Classification of Nutraceutical 
In order to facilitate comprehension and use, nutraceuticals can be arranged in a variety of ways, such as 

for dietary recommendations, clinical trial design, or academic training. Nutraceuticals can be categorized 

in a variety of ways, such as according to their dietary origins, mode of action, chemical composition, etc. 

All-natural food sources that can be classified as nutraceuticals include: 

1. Dietary Fibre. 

2. Probiotics. 

3. Prebiotics. 

4. Polyunsaturated fatty acids. 

5. Antioxidant vitamins. 

6. Polyphenols. 

7. Spices. 

More broadly, nutraceuticals can be classified in two groups- 

a. Potential nutraceuticals 

b. Established nutraceuticals. 

A potential nutraceutical could become an established one only after efficient clinical data of its health and 

medical benefits are obtained. It is to be noted that much of the nutraceutical products are still lies in the 

‘potential’ category. 

The Future of Nutraceuticals 

Most people are leading healthier lifestyles, engaging in more exercise, and eating healthier due to rising 

fitness and health awareness levels and media coverage. End users are looking for minimally processed 

foods with added nutritional benefits and organoleptic value, according to the growing nutraceutical sector. 

The global market for nutraceuticals is expanding as a result of this growth. The nascent nutraceuticals 

sector is likely to dominate the landscape in the next century. The ramifications of its enormous expansion 

for the food, pharmaceutical, healthcare, and agricultural sectors are immense. Trends toward healthier 

products are global and irreversible. Businesses that take the initiative by making strategic investments 

in product development, marketing, and consumer education will be rewarded. 

Conclusion 

The growth of the food and pharmaceutical industries is greatly outpaced by that of the nutraceutical 

industry. The companies with a wide range of products that fulfill both conventional and health value 

points are expected to be the most successful nutraceutical players in the market of the future. Consumer 

perception of the link between diet and disease will determine how much demand there is for nutraceuticals 

in the future. Despite the fact that nutraceuticals have great promise for promoting human health and 

preventing disease, health professionals, nutritionists, and regulatory toxicologists should employ sound 

judgment together to develop proper regulations to offer the most significant medical and therapeutic 

advantage long-term clinical trials are necessary to understand scientifically support the use of 

supplements in a variety of health problems. The way they interact food and medicine interactions with 

nutraceuticals is another field, which needs to be taken into account. The result effects of various processing 

techniques on biological accessibility and efficiency of dietary supplements still needs to be decided. Similar 

to medicines, there should be strict legal restrictions on nutraceuticals. 
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Karonda fruit, popularly known as black currant or Christ's thorn, and officially known as (Carissa 

carandas L. 2n=22) are members of the Apocynaceae family. It is a tough, native, evergreen, spiky shrub. 

The sour flavour of karonda fruit is offset by its high iron and vitamin C content, which is why it is mostly 

used to treat anaemia. In India, karonda is often grown carelessly in wastelands. Typically, it is grown as 

a hedge plant. The karonda plant, also known as the "Christ's thorn," has a height range of 2 to 4 metres 

with a thick, grey bark that supports branches with prickly spines. Oval and conical in shape, the greenish-

brown leaves are covered with tiny white flowers. The unripe karonda fruit, a berry, grows in clusters of 

three to ten fruits and is globular in shape with tiny seeds inside. Unripe fruits are greenish-white in colour 

and have a tart, sour flavour. Once ripe, they turn dark crimson or purple and secrete a delightful liquid 

inside with a delectable sweet flavour. There is too much pectin in the ripe outcome. As a result, it is also 

used to create chutney, jelly, jam, squash, syrup, tarts, and tartlets, all of which are in high demand on the 

international market. There are roughly 25 species in the genus Carissa, 5 of which are native to India 

(Carissa carandas L, Carissa spinarum L, Carissa congesta, Carissa edulis and Carissa grandiflora). In 

India's tribal areas, the Carissa species has significant socioeconomic and economic value. Rajasthan, 

Madhya Pradesh, Uttar Pradesh, Bihar, West Bengal, and Maharashtra have all grown it properly. Due to 

its extreme hardiness, it may easily be grown in desert, subtropical, and tropical climates. Since it isn't 

always a crop that gets rained on, the plant barely ever needs any attention and may produce with the 

least amount of care. A fruit native to arid climates, karonda has a decent amount of vitamin C and 

minerals. 

 

Origin and Distribution 

Karonda is indigenous to india but its grown in wild in bihar , west Bengal and southern part of india. 

Karonda is an evergreen deciduous shrub, that is believed to have originated in the Himalayas, thus 

making it an indigenous crop. It is extensively cultivated in the Northern mountains and the Western 

Ghats in India, as well as in Nepal, Sri Lanka and other South-East Asian countries. It is well suited to 

arid climate and is grown fine at higher temperature. 
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Health Benefit of Karonda 

1. The fruit is advantageous for enhancing digestion because it contains pectin. Your digestive system will 

perform better because of the soluble fibre, which will also increase your appetite.  

2. Iron, vitamin C, vitamin A, calcium, and phosphorus are nutrients abundant in karonda fruit and help 

battle skin issues. By halting the breakdown of collagen, vitamin C content protects against UV damage.  

3. The vitamin C and vitamin B content of karonda fruit has antiviral, antibacterial, and antitumor effects. 

The body's natural defences against illnesses are provided by vitamins C and B. Karonda fruit contains 

antioxidant chemicals that shield cells from oxidative stress and improve their capacity to fight infection.  

4. Karonda fruit acts as a good anti-inflammatory agent, which can assist to lessen and treat infection and 

inflammation. The fruit's vitamin C content aids in lowering the body's production of harmful substances. 

Since vitamin C, D is a potent antioxidant, it can lessen inflammation by scavenging free radicals that 

harm your cells through oxidative stress. 

5. It benefits diabetes patients by lowering blood sugar levels and assisting in the treatment of diabetes.  

Karonda has a sour and astringent flavour, yet it has a wonderful nutritional value. They are an excellent 

source of iron, B vitamins, and vitamin C, which effectively removes free radicals and is crucial for treating 

anaemia. Additionally, it has a healthy quantity of calcium, protein, carbs, fat, and fibre. 

Nutritional Value 

Table 1: Nutritional value of Karonda fresh and dried fruits: 

S.no Constituents      Value (mg/100 gram) 

1 Moisture% 85.12-88 

2 Protein% 0.61-1.40 

3 Sugar 2.95 

4 Fibre% 0.3-1.2 

5 Calcium 18-21 

6 Phosphorus 28-30 

7 Vitamin-C 40-48 

8 Iron 39 

9 Manganese 0.2 

10 Zinc 3.11 

11 Fat % 3.11-4.32 

12 Ash% 0.54-0.61 

Medicinal Uses of Karonda 

Fruit Due to their nutritious content, karonda fruits are employed in many ayurvedic preparations. Fruit 

that is still green makes a tasty starter. Root extract is used to treat chest pain, while leaves are used to 

treat fever. Leprosy therapy options include external use of leaf extract. For the purpose of treating minors' 

worms, half a cup of honey and two drops of plant oil are provided. Also included in it are antioxidants such 

flavonoids, alkaloids, tannins, etc. 
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They provide important characteristics such as analgesic, anti-inflammatory, antipyretic, and cardiotonic. 

Karonda fruits have historically been utilised as blood purifiers, painkillers, epilepsy, leprosy, nerve 

disorders, malaria, and epilepsy remedies. Alkaloids, flavonoids, saponins, and significant levels of cardiac 

glycosides, triterpenoids, phenolic compounds, and tannins are the main bioactive components that give 

the herb its medical significance. In addition to carisol, -caryophyllene, carissone, carissic acid, carindone, 

carinol, ascorbic acid, lupeol, and -sitosterol, fruits also contain them. These substances work well as 

anthelmintics, antiscorbutics, and treatments for pruritus, biliousness, intestinal worms, and scabies. 

Varieties of Karonda 

There are no popular varieties in karonda. Karonda cultivated types are classified on the basis of fruit 

colour-Green fruited, white fruited with pink blush and dark purple fruited. But some promising types are 

below:   

a. Thar kamal- Heavy fruiting variety of karonda 

b. Maroon- Selection of narendra and nos. 13,16,12 and 3 have been identified as promising types. 

Uses of Karond 

Iron and vitamin C are both abundant in the karonda plant, and its fruit has antiscorbutic qualities. 

However, because of its high moisture content, fruit can only be processed to extend its shelf life for a week. 

Pickles, chutney, sauces, jelly, carissa cream, and jelly salad are all made with Karonda fruit. The dried 

fruits might take the place of raisins. Due to the sticky latex it exudes when cooked yet the rich red juice it 

produces when chilled, ripe karonda fruit is used as a delightful cooling beverage in the summer. Because 

ripe Karonda fruit contains an abundance of pectin, it is also used to make jelly, jam, squash, syrup, tarts, 

and chutney. 

Time of Picking 

Although seeds and vegetative propagation are both commonly used to propagate karonda plants, 

vegetative propagation is typically used in this crop since seedling plants have a lengthy juvenile phase. 

Karonda blooms in March, and fruit ripens from July to September. After the fruit sets, it matures 100–

110 days later, and Karonda needs two–three pickings. 2–5 kilogramme of karonda fruit are produced by 

per plant. 

Conclusion 

Karonda is a fruit made of dry resins; it is the main source of iron and contains a variety of vitamins and 

minerals. Any sort of soil can be used to generate it. It costs less money to create. It is used to treat a variety 

of illnesses. Growing karonda might provide the farmer with additional advantages. 
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A weird combo, isn’t it? Yes. Agriculture deals with the cultivation of crop plants that are natural whereas 

a robot is a machine that is man-made. But, as it is famously said, unlike poles attract each other. Does 

the analogy sound weird? Okay. To make it clear, let’s dive deeper. 

Are Robots Really Necessary for Agriculture? 

Agriculture is not as easy as one thinks it is. Mere man and draught animal power do not suffice to perform 

all the cultural and inter-cultural operations. There are operations in agriculture that are very trying and 

tedious. Say, for example, weeding, it is the removal of wild and unwanted plants from the field. This 

operation, is not as simple as it is when defined. If one employs labourers to remove them manually, the 

overall expenditure goes up as the labour charges keep increasing all the time. It is also a time-consuming 

process. One can also use weedicides to eradicate weeds. Still, this is not an efficient way as the weeds may 

grow resistant to them, the soil may get polluted and there is a high risk of causing damage to non-target 

plants. Now, imagine a machine that moves on wheels even to the unreachable corners of the field and 

clears weeds without causing any damage to the crop plants. Sounds interesting, right? 

 

The above image shows an automous mobile robot weeding a field. Tedious operations can be made simpler 

by the application of artificial intelligence. There are automatic tractors/ sprayers, fruit picking robots, 

pruning robots, spraying robots and monitoring robots too. The main area of application of robots in 

agriculture today is at the harvesting stage and the above areas of robot application are still emerging. 

Designing an Agricultural Robot 

An end effector, manipulator and gripper make up the mechanical design of an agricultural robot. Let us 

have a look at all those parts. 

1. End Effector: The term end effector is used to describe the tool that is attached to the wrist of a robot 

and it allows the robot to perform a particular operation. The end effectors are designed according to the 

nature of the task. For example, consider spraying operation in grapes, here the end effector consists of a 
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spray nozzle that is attached to a manipulator. For ensuring that the chemical is distributed evenly across 

the bunch, the design is made in such a way that makes the nozzle to move at a constant speed while 

keeping distance from the target. 

 

2. Gripper: This is a gripper. It is a grasping device used for harvesting the target crop and is analogous 

to a human wrist with fingers. Technically speaking, the function of a gripper is to translate some form of 

power into grasping action of the fingers. The above image shows a three-fingered gripper. The design may 

vary for different grippers as it is based on the task being performed. A gripper that cuts the plants to 

harvest them is equipped with a sharp blade. And if the operation is about picking tender fruits without 

bruising or crushing them, a soft gripper is used. 

 
3. Manipulator: Manipulation refers to an agent’s control of its environment through selective contact. 

Agricultural robots need to manipulate plant parts (Fruits, branches, stem or grassy weeds); pick, break, 

bend, cut or change the orientation of a part. Hence, the functional end of a robot arm intended to make 

the effect is referred to as an end effector, while the arm is referred to as a manipulator. In simple words, 

the manipulator allows the gripper and end effector to navigate through their environment. A manipulator 

works with the help of pneumatic actuators. These are motors which produce linear and rotatory motion 

by converting compressed air into energy. The manipulator consists of links that adjust the grippers 

position and height. 

 

Demand and Application of Agriculture Robots 

As it is mentioned already, agriculture or horticulture involves operations that are difficult and need to be 

done with precision. There exist few operations that are energy-draining and expensive too. Robotic 

intervention makes the tasks simpler and give optimal results. Robots can perform both the energy-
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draining and technical operations with ease and precision. There are several applications of agricultural 

robots as it is already discussed above. 

1. Seeding: A robot can precisely place seeds where they are needed for good growth using a combination 

geomapping and robotics. 

2. Harvesting: Harvesting is a repetitive and monotonous task. Robots can easily harvest basic food grains 

such as Wheat and Barley, carry out complicated tasks like Vegetable harvesting and fruit picking. 

3. Microspraying: Most of the weedicides and pesticides end up destroying the soil after they are applied 

in the field. Preventing this, robots detect weeds, then spray a specific amount herbicide on them using 

futuristic computer vision technology. 

4. Drones: Agriculture was the first industry to fully implement modern drones powered by artificial 

intelligence. Drones have been used for aerial photography of fields since the 1980s. 

5. Precision Irrigation: Irrigation and fertilization processes consume a lot of Water. Most of this water 

goes unutilized. Robot assisted Precision irrigation is a way to combat this problem by Focusing on specific 

plants. 

6. Sorting and Packing: Many farming companies use sorting and packing robots Fasten the process 

without causing damage. These Robots work using line tracking technology and Coordination. 

Conclusion 

The intervention of Artificial Intelligence in agriculture Sector has simplified humongous tasks and made 

several difficult tasks easier. Robots also perform complicated tasks with Accuracy (Not an exaggeration) 

and enable farmers and   growers to carry out elaborate farming operations. There are concerns over the 

growing population that will need to be fed over the next years. Because of this, there is a large desire to 

improve agricultural machinery and automate operations to make it more cost efficient and viable for 

continued use. The Modern farmer can happily rely on artificial intelligence for such tedious tasks and can 

aim for cultivating difficult-to-cultivate crops. 
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Abstract 

Biplot now a days is becoming a popular tool for data visualization in many of the scientific research areas 

like psychology, sociology, medicine, ecology, business and agricultural sciences. GGE biplot analysis was 

developed recently to analyze various data related to multi-environment trial and also have an application 

to study genotype × environment interaction. As far as the total phenotypic variation concerned, most of 

the variation is due to environment whereas genetics and genetics × environment are small. The use of 

biplot technique is to display the GGE of a multi-environment data known as GGE biplot. A GGE biplot 

mainly an effective tool for: Mega-environment analysis (e.g., “which-won-where” pattern), whereby 

recommendation of specific genotypes can be done to specific mega-environments; evaluation of genotypes 

(includes mean performance) and stability and evaluation of test-environment. 

Introduction 

The Gabriel (1971) first developed the concept of biplot. It is a scatter plot that shows / displays both the 

entries (i.e.cultivars) as well as the testers (i. e. environments) related to two-way data. In breeding and 

genetics data, testers include the traits and genetic markers, etc. When the singular value decomposition 

of two-way data is done, it is partitioned into three matrices such as the singular value matrix, the entry 

eigenvector matrix and the tester eigenvector matrix. The singular value matrix called as diagonal matrix, 

and can be somehow decomposed into the entry eigenvector and tester eigenvector matrices. After singular 

values decomposition, the entries positions in the biplot are explained by the entry eigenvector matrix and 

those of the testers explained by the tester eigenvector matrix.  The biplot technique mainly used to display 

/ shows the GGE of a METs data and known as a GGE biplot. 

Properties of a Biplot 

Biplot displays the two-way data graphically and also allow the visualization of: 

1. Genotypes (the interrelationship among the entries)  

2. Environments (the interrelationship among testers) 

3. Interaction in between entries and testers. 

What is GGE? 

GGE is the genotype main effect (G) plus genotype by environment interaction (GE), which is the only 

source of variation that is related to cultivar evaluation. Mathematically, GGE defined as the genotype by 

environment data matrix after the environment means are subtracted. 

What is GGE Biplot? 

A GGE biplot denotes a biplot that displays/ shows the GGE of genotype by environment two-way data. 

The methodology of GGE biplot originates from graphical analysis of multi-environment variety trials 

(MET) data, but applicable equally to all other types of two-way data. 

GGE vs AMMI 

The main difference compared between GGE and AMMI model is the AMMI model applies Single value 

decomposition only to GE effects, GGE Biplot takes into consideration G and GE together, additively. 

Biplot analysis of genotype by environment data: There are mainly four objectives of genotype by 

environment data analysis. 
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Evaluation of environment on GGE biplots basis: 

a. Relationships of test environments 

b. Discriminating ability among test environments 

c. Representativeness among test environments 

d. Ideal test environments for selecting generally adapted genotypes. 

e. Identification of mega-environment. 

Evaluation of genotype on GGE biplots basis: 

a. Genotypes performance in specific environments 

b. Ranking genotypes on the basis of performance in one environment 

c. Ranking environments on the basis of genotypic performance 

d. Mean performance and stability among genotypes 

e. Ranking genotypes in relation to the ideal genotype 

f. Similarity between genotypes 

g. Comparison in between any two genotypes 

h. Which-won-where 

i. Comparison done among three genotypes. 

Functions of GGE Biplots: 

a. GGE biplot analyzes perfect biplots in all possible ways along with their generation but they are 

novel as well as unique. Further, GGE biplot is generated for use by all researchers, not just limited 

to stats wizards. 

b. GGE biplot is a user-friendly and powerful component for the on-the-fly data manipulation used 

for conventional statistical analysis such as regression, ANOVA, correlation, multiple comparison) 

in addition to most user-friendly and complete software package for biplot analysis, and also gave 

the estimation of stability index, independent culling, superiority index and multi-trait selection 

index for plant breeder. 
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Abstract 

Biplot now a days is becoming a popular tool for data visualization in many of the scientific research areas 

like psychology, sociology, medicine, ecology, business and agricultural sciences. GGE biplot analysis was 

developed recently to analyze various data related to multi-environment trial and also have an application 

to study genotype × environment interaction. As far as the total phenotypic variation concerned, most of 

the variation is due to environment whereas genetics and genetics × environment are small. The use of 

biplot technique is to display the GGE of a multi-environment data known as GGE biplot. A GGE biplot 

mainly an effective tool for: Mega-environment analysis (e.g., “which-won-where” pattern), whereby 

recommendation of specific genotypes can be done to specific mega-environments; evaluation of genotypes 

(includes mean performance) and stability and evaluation of test-environment. 

Introduction 

The Gabriel (1971) first developed the concept of biplot. It is a scatter plot that shows / displays both the 

entries (i.e.cultivars) as well as the testers (i. e. environments) related to two-way data. In breeding and 

genetics data, testers include the traits and genetic markers, etc. When the singular value decomposition 

of two-way data is done, it is partitioned into three matrices such as the singular value matrix, the entry 

eigenvector matrix and the tester eigenvector matrix. The singular value matrix called as diagonal matrix, 

and can be somehow decomposed into the entry eigenvector and tester eigenvector matrices. After singular 

values decomposition, the entries positions in the biplot are explained by the entry eigenvector matrix and 

those of the testers explained by the tester eigenvector matrix.  The biplot technique mainly used to display 

/ shows the GGE of a METs data and known as a GGE biplot. 

Properties of a Biplot 

Biplot displays the two-way data graphically and also allow the visualization of: 

1. Genotypes (the interrelationship among the entries)  

2. Environments (the interrelationship among testers) 

3. Interaction in between entries and testers. 

What is GGE? 

GGE is the genotype main effect (G) plus genotype by environment interaction (GE), which is the only 

source of variation that is related to cultivar evaluation. Mathematically, GGE defined as the genotype by 

environment data matrix after the environment means are subtracted. 

What is GGE Biplot? 

A GGE biplot denotes a biplot that displays/ shows the GGE of genotype by environment two-way data. 

The methodology of GGE biplot originates from graphical analysis of multi-environment variety trials 

(MET) data, but applicable equally to all other types of two-way data. 

GGE vs AMMI 

The main difference compared between GGE and AMMI model is the AMMI model applies Single value 

decomposition only to GE effects, GGE Biplot takes into consideration G and GE together, additively. 

Biplot analysis of genotype by environment data: There are mainly four objectives of genotype by 

environment data analysis. 
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Evaluation of environment on GGE biplots basis: 

a. Relationships of test environments 

b. Discriminating ability among test environments 

c. Representativeness among test environments 

d. Ideal test environments for selecting generally adapted genotypes. 

e. Identification of mega-environment. 

Evaluation of genotype on GGE biplots basis: 

a. Genotypes performance in specific environments 

b. Ranking genotypes on the basis of performance in one environment 

c. Ranking environments on the basis of genotypic performance 

d. Mean performance and stability among genotypes 

e. Ranking genotypes in relation to the ideal genotype 

f. Similarity between genotypes 

g. Comparison in between any two genotypes 

h. Which-won-where 

i. Comparison done among three genotypes. 

Functions of GGE Biplots: 

a. GGE biplot analyzes perfect biplots in all possible ways along with their generation but they are 

novel as well as unique. Further, GGE biplot is generated for use by all researchers, not just limited 

to stats wizards. 

b. GGE biplot is a user-friendly and powerful component for the on-the-fly data manipulation used 

for conventional statistical analysis such as regression, ANOVA, correlation, multiple comparison) 

in addition to most user-friendly and complete software package for biplot analysis, and also gave 

the estimation of stability index, independent culling, superiority index and multi-trait selection 

index for plant breeder. 
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Introduction 

Water is utmost essential macronutrient for every organism in this earth. Insects can fulfill their water 

requirement through different ways like from food, by absorbing moisture from environment or by drinking. 

This is really an interesting fact that insects being a small creature how they drink water. The process of 

ingesting water or any liquids into the organism’s body through mouth, proboscis, or elsewhere is known 

as drinking. Humans drink water by swallowing. Through peristalsis that mean gradual contraction of 

esophagus drinking is completed in human. There are 54 adults & 62 larval insects known to drink water. 

List of Some Insects which can Drink Water 

1. Locusts that haven't eaten for 24 hours or get dry food only drink water. They can drink up to 120 mg of 

water per gram of body weight in 30 minutes. 

2. Japanese cockroach (Periplaneta japonica) 

3. Termites: In only one trip to a water source, termites can drink half of their body weight in water. 

Trophallaxis is observed. 

4. Beetles: 

a. Fog-basking Namib desert beetle (Tenebrionidae):- It obtain drinking water by condensing fog. 

Examples--Stenocara gracilipes, Onymacris unguicularis (diurnal species but it is adopted to collect 

nocturnal fog), Physosterna cribripes, Lepidochora discoidalis (construct ridges of sand to trap the 

moisture). 

b. Lady bird beetle (Coccinelidae) 

c. June beetle (Scarabidae)  

5. Flies - house fly, green bot flies etc. 

6. Moths and butterflies: Lepidopterans engage in puddling to obtain nutrients from mud fields and damp 

soil.Tear-feeding, also known as lachryphagy, is a method used by moths and butterflies to augment their 

diet. Tears are an excellent source of salt and proteins. 

7. Hymenopterans like ants (formicidae), honey bees (apidae), wasps (vespidae) etc. 

Mechanism of Water Collection in Fog Basking Namib Desert Beetle 

Fog basking beetle’s survival depends on coastal fog as there is scarcity of rainfall in desert area. Standing 

upside down on top of sand dunes, it basks in the fog. Its elytra possess bump like structures. These bumps 

have water loving tips and water repelling slopes (fig.1). This structure allows tiny droplets of fog to adhere 

to the surface. The tiny droplets coalesce to form larger droplets due to gravity these larger droplets roll 

down its back and into its mouth. 

How an Insect Drinks Water? 

Different insects have different methods of water intake through different types of mouth parts. Ants, 

locusts, cockroaches, termites, beetles drink water through licking and sucking process like mammals. In 

licking process like dog, they drink water through the help of glossa which transport water into the 

hypopharynx. 

In sucking process like human negative pressure helps to draw the liquid into hypopharynx. In ant labium 

works as human tongue. Bees, wasps mainly drink through licking process. Glossa of labium by protraction 

and retraction lick the water. Flies use labella and pseudo-trachea to suck the water. Butterflies and moths 

use galea to suck the water. 
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How much an Insect (Ant) can Drink Water? 

Paul and Roces (2003) measured fluid consumption in a bunch of different ant species. The amount of 

drinking water depends on ant’s body and head size. Workers of bigger size drink more. An ant's maximum 

drinking capacity seems to be about 35 micro liters. The 0.1 micro liter is the lowest volume they typically 

consume. In a single sitting, an average ant (mid-sized ant Campontus mus) consumes 6-8 micro liters of 

water. 

Insects those who do not Drink Water, how they Get Water? 

All the terrestrial insects passively absorb some water from environment and uptake through cuticle. Some 

insects have special structure for water absorption like anal papillae, ventral tube, and eversible vesicle 

present in larvae of Epistrophe (Diptera), collembola and Campodea (Diplura) respectively. Some insects 

actively uptake water vapour from air, e.g: psocoptera, thysanura, phthiraptera. Maximum insects get 

water through oxidation of food as metabolic water because water is end product of oxidative metabolism. 

Food source rich in fat give more water than carbohydrates. As a result of experiment, complete oxidative 

burning of 100g palmitic acid produce 112g of water in compare to 100g of glycogen produce 56g of water. 

Sap and blood suckers fulfill their water requirement from the sap and blood respectively. 

Role of water: Water constitute large portion near about 70% of human body. Human blood and 

insect blood contain about 83-90% and 84-92% water. It serves as good lubricant, helps in digestion, 

excretion, removal of harmful toxins, maintenance of osmotic balance and transports valuable 

nutrients in the body. In human regulate body temperature through sweating and maintain hive 

temperature in social insects like honey bees. Maintain proper growth and development in insect 

larva. 

Some Interesting Facts of Drinking of Water by Insects 

1. Water may be taken up at a rate of 5% of the Tenebrio larva's body weight every minute, which is 

equivalent to a 63kg man drinking almost 3 liters in a minute. 

2. A 300 mg larva of the ‘tomato moth' Diataraxia oleracea L. was seen to drink 40 mg of water in one 

minute, which is comparable to a man consuming 9 liters of water in that time (at a rate of half a liter every 

3.5 seconds). 

3. When Tenebrio and Diataraxia larvae are thirsty, they show positive hygrotaxis and are aware of water 

up to a distance of 2 cm, however when they are not thirsty, they will travel by a drop of water only a few 

mm away and exhibit no reaction. 

4. None of the larvae observed to drink as quickly as worker bees, which can drink nearly their whole-body 

weight in a minute (Betts, 1930). 

Regulation of Water Ingestion by Insects 

Water intake in insects mainly depends on haemolymph volume and internal pressure. Dethier and Evans 

(1961) investigate the physiology of water intake in the blow fly Phorima regina Meigon found that sensory 

input from taste receptors on the tarsi and labellum drives water ingestion. 

Termination of drinking is done by adoption of these sensilla. Chloride (Cl-) ion concentration of the 

haemolypmh of these flies determine the response of flies to water. Altmann discovered that corpora 

allatum extract increases water intake and urine production rate in honey bees, while corpora cardiaca 

extract had the reverse effect. 

How can we Apply this, Knowledge? 

1. Store grain pest management: The weevils Calandra (curculionidae) and beetles Silvanus (cucujidae) 

breed on dry grain. These adults can be trapped by putting a glass of water near the heap of the grain. 

Adult moths of Ephestia (pyralidae) can be trapped in same way. 

2. In apiary vitamin-C and other water-soluble nutrients can be given as supplement with water. 

3. We can follow bumped wing structure of fog basking beetle and develop such type of house shed for desert 

area which will be helpful for water collection in desert area. It can be a major benefit to the desert’s people. 
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Natural farming is the demand of the day. Vegetables are the fresh, edible part of herbaceous plant. 

Vegetable farming involves growing crops like peas, carrots, and tomatoes in soil.  They can be eaten raw 

or cooked. The edible part may be the root, such as rutabagas, beets, carrots, and sweet potatoes; storage 

tuber or stalk such as potatoes and taro; stem, like asparagus and kohlrabi; bud, such as Brussels sprouts; 

bulb, such as onion and garlic; petiole or petiole of leaves such as celery and rhubarb; leaf, such as cabbage, 

lettuce, parsley, spinach, and green onions; immature flowers such as cauliflower, broccoli, and artichokes; 

seeds such as peas and lima beans; unripe fruits such as eggplant, cucumbers and sweet corn (corn); or 

mature fruits such as tomatoes and peppers. The popular distinction between vegetables and fruits is 

difficult to maintain. Vegetables are typically eaten with the main course of a meal, while fruits are eaten 

as desserts. This distinction is relevant to this article. Thus, vegetables such as cucumber and tomato, 

which are the portion of the plant containing seeds, are commonly regarded as fruits. The practice of 

growing vegetables for human consumption originated many centuries ago in several parts of the world. 

Traditionally it was conducted into the soil in rows or small blocks, often for consumption mainly on the 

farm, with the surplus sold in nearby towns. The farmer brings his produce to market while it is still fresh. 

The major cropping pattern types in natural farming include the following: 

1. Monocropping: The cultivation of one agricultural species at a time in a field means monoculture. 

Monocropping can reduce the fertility of the soil and can damage the soil's structure. Chemical fertilizers 

are necessary to maintain high yields in crops. This practice allows pests and diseases to spread. The 

meaning of monocropping and monoculture is the same. Example: Wheat will be planted year after year in 

the same field. 

2. Mixed Cropping: Mixed cropping is when two or more crops are grown on an equal amount of land at 

the same time. For example, growing wheat and gram crops on equivalent land at the same time is mixed 

cropping. This method helps to reduce the risk of crop failure by growing crops that have different maturity 

times and water needs. This way, the crops will be less likely to suffer from abnormal weather conditions. 

3. Intercropping: Intercropping is the practice of growing quite one crop on an equivalent field at an 

equivalent time during a definite row pattern. After one row of the most crops, three rows of intercrops are 

often grown. This increases productivity per unit area. Examples: Planting alternating rows of maize and 

beans, or growing a cover crop in between the rows. 

4. Crop Rotation: In this design, various crops are cultivated in pre-planned succession on an analogous 

plot of land. Depending on how long they grow, the crops are divided into three categories based on how 

long they are rotated: one year, two years, and three years. To increase soil fertility, legumes are used in 

the crop rotation scheme. Frequently, the crops that require a high level of fertility are planted after the 

legumes. The crops with minimal input requirements are frequently cultivated following the ones with high 

input requirements. It also aids in the prevention of illnesses, pests, and weeds. Example: maize will be 

sown the first year, and beans the second. 

5. Sequential Cropping: In this approach, two crops are grown in the same field consecutively throughout 

the same year. Example: Planting maize during long rains, then beans during the short rains. 

6. Mixed Intercropping: With this method, seeds from two different crops are disseminated or divided 

without being arranged in rows. While planting is simple, weeding, fertilizing, and harvesting are 

challenging. 
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7. Multiple-Cropping: In this cropping system, farmers use intensive input management techniques to 

grow two or more crops on acreage in a single year. Intercropping, mixed cropping, and sequence cropping 

are all included. 

8. Row Intercropping: With this technique, the main crop and the intercrop are both planted in rows. 

Compared to mixed intercropping, row intercropping makes weeding and harvesting easier. 

9. Stir Cropping: Broad strips of various crops are planted in the field during this sort of cropping. They 

will be 3 to 9 meters broad each. To stop erosion on slopes, the strips are placed along the contour. By 

growing a different crop in each strip the following year, the farmer can rotate his or her harvest. Example: 

finger millet, soybeans, and corn are planted in alternating strips. 

10. Relay Cropping: Prior to harvesting the first crop in this strategy, a second crop—typically a cover 

crop—is sown in the same field. It keeps the main crop and the intercrop from competing. Relay cropping 

makes utilization of the land for an extended period of time because the cover crop typically keeps growing 

after the primary crop is harvested. 

In Indian agriculture, three types of Cropping System are mainly used. These are: 

a. Mono-Cropping 

b. Inter-cropping 

c. Multiple-Cropping 

Advantages of Mixed Cropping During Natural Farming 

1. Increases Soil Fertility: Specific nutrients in the soil are depleted when the same crop variety is 

planted repeatedly. Each variety of crops interacts differently with the soil's nutrients and releases and 

absorbs various nutrient types. Because crop rotation replaces nutrients that are unavailable or absorbs 

nutrients that are abundant, it promotes soil fertility by regulating deficiency or excess nutrients. 

2. Increases Crop Yield: The harvest from a single seasonal harvest is increased by the cropping pattern. 

Because several crop varieties are used, one receives a general bountiful harvest each season in addition 

to a variety of crops. Scientific research shows that crop rotation, as opposed to monoculture, increases crop 

output by 10% to 25%. 

3. Increases Soil Nutrients: Cropping patterns enable the soil to replenish and renew its own nutrients 

without the need to use fertilizers to add extra nutrients. A season of bare land allows the earth to replenish 

the nutrients lost through plant absorption during the previous season's harvest. 

4. Reduces Soil Erosion: Plants help to reduce water droplet impact on the soil and erosion by water by 

holding the top layer of soil together. Planting trees and crops together in the farmlands helps to prevent 

soil erosion. 

5. Improves the Soil Structure: Cropping patterns can help prevent soil compaction, which can improve 

the physical condition of the soil. Crop rotation helps to improve the soil structure and texture. This allows 

good conditions for seed germination and root growth. 

6. Diversification and Reduced Cost of Production: Cultivation of certain crops requires less labor 

and machinery compared to other crops. It helps to spread the workload and resources used throughout 

the year, which reduces the cost of production of crops. 

During natural farming practices, ongoing research has revealed many other technological advantages, 

such as mixed cropping increases vegetation cover in the off-season and has the potential to reduce nitrate 

leaching by increasing mineral nitrogen uptake. In addition, mixed cropping improves nutrient cycling as 

the life cycle ends, as the following crops can reuse N and other nutrients (such as sulfur, potassium, and 

phosphorus, etc.) that remain in the topsoil layer and crop residue. Although the cycling of several nutrients 

may be affected by harvested crops, when selecting harvested crops, the priority is primarily to maximize 

nitrogen efficiency in the cropping system and to assess the efficiency of other nutrients from this 

perspective. Non-legume crops are the most effective option to reduce nitrogen leaching. Reduce N leaching 

by up to 50-81%, and they are effective in a variety of soil and weather conditions. Leaching of nitrogen 

varies with soil type and rainfall. For instance, compared to a sandy loam with low rainfall, a coarse sandy 

soil with heavy rainfall has higher levels of nitrogen leaching. Even though legume crops are less effective 

at preventing N leaching, they are still beneficial because they fix atmospheric N and hold onto it, 
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improving N availability for the crop that follows and decreasing the requirement for external N fertilizer 

inputs. Testing of mixtures of legumes and non-legumes as catch crops has been done to maximize N supply 

for the following crop while attempting to reduce the risk of N leaching. According to estimates, a mixture 

of a non-legume and legume catch crop can reduce leaching by 48-82%  whereas a legume catch crop can 

reduce it by 27-56 % . Legumes and mixed catch crops can boost grain yield and grain N content by up to 

6% in addition to minimizing N leaching. The bulk density, aggregate size distribution, water stability of 

aggregates, and soil organic matter are just a few of the soil characteristics that are said to have improved 

due to the use of cover crops. Crops with deeper roots, such fodder radish have been shown to increase soil 

macro porosity, decrease pore tortuosity, and increase gas diffusivity, all of which may help to lessen soil 

compaction.  

Further, the advantages of natural farming include a decrease in soil erosion, a decrease in phosphorus 

losses, an increase in the total N and C contents of the soil, and the prevention of drain water acidification. 

Catch crops are frequently well acknowledged and a tried-and-true key management strategy for 

agricultural policy schemes that are climate and environmentally friendly as a result of the combined effect 

of these benefits. Comparing catch crop contracts to other strategies, such as set-aside and fertilizer 

technology contracts, catch crop contracts would be the most recommended method to reduce nutrient 

leaching and greenhouse gas emissions. 

Conclusion 

Natural farming is a sustainable approach. It involves many strategies including Mixed cropping which 

has a long tradition in cropping systems worldwide, although for centuries these have been neglected in 

practical crop production. It could offer a sustainable solution for increased crop production resilience in 

the face of upcoming environmental and economic challenges brought on by climate change, particularly 

because they can reduce nutrient leaching, pathogen and weed infestation, and consequently the need for 

agrochemicals, as well as increase the availability of N among other nutrients and yield stability. However, 

in order to achieve more acceptances in the real world, end users like industry must also find ways to make 

use of the raw resources produced by mixed cropping systems. Despite the obvious benefits of mixed 

cropping, difficulties arise from climatic factors that limit the timing of planting and harvesting, the 

duration of the growing season, and the range of available acceptable crops. Therefore, more investigation 

is required to identify the species, cultivars, and management techniques for crop mixes that are best suited 

for various uses as well as to learn more about the ecological, economic, and environmental impacts of these 

mixtures. 
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Introduction 

Insects-pests that attack anthropogenic agricultural goods after harvest. Proper sanitation programs for 

food facilities are now recognized as the foundation of good integrated pest management (IPM) programs 

for stored products throughout the post-harvest supply chain. While good sanitation programs are 

generally thought to reduce the abundance and diversity of insects, there has been less appreciation of the 

manifold ways that sanitation interacts with a range of other IPM tactics to modulate their efficacy. Here, 

we review the literature on how the effectiveness of chemical, physical/cultural, biological, and 

behaviorally-based control tactics varies with changes in sanitation. In addition, we discuss how sanitation 

may affect ongoing pheromoneand kairomone-based monitoring programs. Where possible, we 

quantitatively compile and analyze the impact of sanitation on the fold-change in the efficacy of IPM tactics. 

We found that decreased sanitation negatively affected the efficacy of most tactics examined, with a mean 

1.3–17-fold decrease in efficacy under poorer sanitation compared to better sanitation. 

Sanitation Historically and its Contemporary Significance 

Long before the beginning of human agriculture about 10,000 years ago, there was a large suite of insects 

that attacked trees, logs, dead or rotting fruit, and caches of resources created by other species. As humans 

began producing surplus agricultural commodities, there was the need to store these safely and for longer 

time periods, which first led to the rise of granaries in agricultural areas then later to the proliferation of 

a wide assortment of anthropogenic structures to store, transport, process, and market post-harvest 

products. 

Sanitation and Physical / Cultural Control Measures 

While there have not been as many studies investigating the effect of sanitation on physical and cultural 

control measures (294 out of 1647 results), there are still important cascading effects from changes in 

sanitation on these tactics. There are a variety of techniques considered physical or cultural control 

techniques, including temperature modification (heat, grain chilling, or aeration treatments), passive 

methods (packaging, screening, hermetic storage, air doors, etc.), active methods (inert dusts, sieving, other 

mechanical disturbance, etc.), and electromagnetic methods (ionizing radiation, microwaves, and radio 

frequencies). Temperature modifications may be somewhat buffered from slight changes in sanitation, but 

very poor sanitation and build-up of food debris may readily lead to inadequate control of insects for heat 

treatments, with an average 14-fold decrease in tactic efficacy. For example, Subramanyam et al., 

demonstrated that areas with flour deeper than 2 cm have close to 0% adult mortality of T. castaneum from 

heat treatments with forced air gas heaters in a flour mill compared to almost 100% mortality at the surface 

of the flour. By contrast, for the same depth comparison, there was a 20% decrease in egg mortality 

compared to the surface. Another comparison of T. castaneum life stages generally found that by a flour 

depth of 1 cm, efficacy of heat treatment had decreased by 10% for eggs and 63% for adults. 

Sanitation and Biological Control 
Natural farming While there has been an abundance of work on developing biological control techniques 

for stored products relatively little has directly assessed the effect of sanitation on biological control in a 

rigorous way. The results that are available indicate that decreased sanitation increases efficacy of 
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biological control by almost 7-fold. However, the feedbacks between biological control and sanitation may 

be more complex (Figure 2), and are still poorly understood. For example, Zdarkova reported that natural 

enemies were most effective at low pest densities, suggesting that sanitation programs are critical for the 

successful deployment of natural enemies. The timing of parasitoid releases in controlling pest populations 

is also undoubtedly important. Parasitoids may be a good alternative to using insecticides on food residues 

or spillage where concerns about the use of insecticides predominate, usually near the end of the post-

harvest supply chain (warehouses and retail stores), and may successfully prevent infestation. One study 

found that releasing the parasitoid Habrobracon hebetor (Say) (Hymenoptera: Braconidae) could prevent 

the spread of almond moth, Cadra cautella (Walker) (Lepidoptera: Pyralidae) from food debris (shelled 

peanuts, corn, and rolled oats) scattered in a simulated warehouse to adjacent packaged goods.Natural 

farming. 

 

Sanitation and Behaviorally-Based Management 

The only commercially available behaviorally-based management strategy for post-harvest insects 

currently is mating disruption for P. interpunctella and Ephestia spp. While the effect of sanitation on 

mating disruption has never been specifically examined, our hypothesis is that this tactic may be the most 

insensitive to decreasing levels of sanitation. Under poor sanitation, one may expect higher initial 

populations of pests than under an appropriate sanitation regime. Immediately after implementation of 

mating disruption for a pest, we would expect decreased efficiency of pheromone-baited monitoring traps 

for both scenarios, which is simply an artifact of increased stimulus competition. Facilities with good 

sanitation programs may expect to lower their pest populations quickly under an action threshold, while 

those with poorer sanitation would require a longer period to suppress populations. 

Sanitation and Monitoring Techniques 

Sanitation and Monitoring Techniques Substantially less is known about how sanitation affects the efficacy 

of monitoring with pheromone or kairomone-baited traps. Some research has suggested inconsistent net 

effects. For example, Nansen et al., evaluated the effect of sanitation on monitoring and spatial distribution 

for Sitophilus spp., Stegobium paniceum (L.) (Coleoptera: Ptinidae), and T. castaneum in two retail pet 

stores under areas with high infestation both before and after thoroughly cleaning the areas. Trap captures 

of Sitophilus spp. in one store and T. castaneum in the other store increased immediately after sanitation, 

but equilibrated to levels previously observed prior to sanitation. By contrast, captures of S. paniceum in 

the first store, and Sitophilus spp. 
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Sanitation and Chemical Control 
The majority of results from the studies reviewed here (e.g., a total of 1240 out of 1647) have focused on the 

effect that presence of food has on chemical control methods. For most kinds of chemical control, decreased 

sanitation (defined as food present or more abundant) had a pronounced negative direct effect on the 

efficacy of the management tactic. Overall, decreased sanitation reduced chemical control tactics’ efficacy 

by an average of 8.5-fold. Even in the case (e.g., grain protectants) where sanitation had less influence, 

sanitation may hamper the tactic’s overall usefulness through indirect effects. The main areas of chemical 

control where literature was available on effects of sanitation were fumigants (methyl bromide, phosphine, 

sulfuryl fluoride, etc.), aerosols (liquid insecticide formulations mechanically atomized and dispensed at 

small particle size, including fogging and misting), residual treatments (crack and crevice, pre-binning 

treatments, other surface sprays, insecticidal powders and dusts), grain protectants (sprayed directly onto 

grain directly, usually as it is loaded into bins), and modified atmospheres (N2, ozone, CO2, low O2). Below, 

we review the main findings for each one of these methods in turn. 

Conclusion 

Sanitation is incredibly important for the efficacy of a large variety of IPM tactics in managing stored 

product insects. We found that sanitation had the largest deleterious effect on tactics that could not or had 

difficulty penetrating the surface of grain. In these cases, grain may act as a refuge, and may allow insects 

to help cope with the management action. Even for tactics where sanitation does not directly impact 

immediate efficacy or even improves it, there may be complicating considerations that reduce the 

usefulness of the tactic, for example with grain protectants and packaging. Poor sanitation in these cases 

will result in refugia in grain bins, which provides the opportunity for pests to re-infest the commodity, or 

else improves the chances that insects encounter defects in packaging. Poor sanitation may indirectly 

decrease the efficacy of biological control programs, and even affect the interpretability of pheromone- or 

kairomone-baited trap captures, thereby complicating decision-making at a food facility. At every step in 

the pest management process, it is clear that poor sanitation has cascading negative effects. 
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Abstract 

The term "Sarcodactylis" is given to the type of citron (along with pomelos and mandarins) because the 

fruit is divided into long, thin portions that resemble human fingers. Buddha's hand has a long history of 

use in religious rituals, presumably because Buddha's open hand is so significant to the Buddhist religion. 

The fruit can also be consumed for its therapeutic effects in addition to being utilised in perfumes due to 

its pleasant, lemony scent. The fruit itself as well as the rind can be used medicinally for a number of 

conditions, including heart disease, respiratory problems and digestive concerns. It is a wonder fruit with 

numerous health advantages. 

Introduction 

The world's most commonly grown fruit crop, the citrus species (Rutaceae), is principally produced in 

China, Brazil, and the United States. Buddha's hand grown in more than 140 nations. Due to the beneficial 

properties of their biologically active constituents, they are widely used in the pharmaceutical, medicinal, 

and cosmetic industries as well as in the culinary business, where they are commonly consumed as a fresh 

product and have a distinctive smell. A few of the various benefits include anti-inflammatory, anti-cancer, 

anti-oxidant and anti-coagulant actions can have observed in the fruit. Even essential oils (EOs), which are 

usually produced from citrus peel and are rich in secondary metabolites, are widely used in the food 

industry for aromatherapy, preservation, or both. 

 

The citron fruit known as "Buddha's hand" is indigenous to China and Northeast India. The fruit's peculiar 

shape, which resembles the hand of a Buddha in prayer, is the source of its unusual moniker. The ripe fruit 

develops into numerous, long tentacles that resemble hands with fingers. It has a family tree with 

mandarins and pomelo and has a distinctive citrus flavour and pleasant aroma. The Buddha's hand is 

sometimes referred to as Fo Shou in various parts of Asia despite having the scientific name Citrus medica. 

Because of its shape, the Buddha's hand occupies a significant place in religious rituals. The Buddha's hand 

has been used as a medicinal herb in China for a long time to cure a wide range of illnesses. It is also used 

as a decorative fruit and to produce perfumes. Despite not being widely known, it has recently gained 

attention as a fruit with various medicinal benefits that promotes health. Buddha's hand has no juice, no 

seeds, and a bittersweet flavour with a hint of lemon tang. 

Information on Buddha's Hand's Nutrition 

1. Despite having few minerals, the Buddha's hand is a good source of calcium, vitamin C, and dietary fibre. 
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2. Buddha's hand lacks any lipids, carbohydrates, proteins, or sugars but is rich in volatile oils and other 

aromatic substances including coumarin, limonin, and diosmin. 

3. The chemical composition of the Buddha's hand is important in the treatment of many diseases. 

Buddha's Hand Health Benefits 

The healing properties of Buddha's hand are beneficial for treating a wide range of medical conditions. Its 

health benefits include: 

Relieves Pain: The aromatic chemical compounds coumarin, limonin, diosmin, and bergapten that were 

found in the Buddha's hand are examples of painkillers. They are also anti-inflammatory, which aids in 

reducing pain and swelling. There is a long tradition of using the Buddha's hand to relieve pain. It can be 

used effectively to treat wounds, surgeries, bruises, sprains, and wounds to lessen pain and swelling. 

Treats Respiratory Diseases: Buddha's hands contain a minor alcoholic component that treats 

respiratory conditions by acting as an expectorant. It eases pain and facilitates breathing while assisting 

in clearing mucus and cough from the pharynx. It somewhat aids in the treatment of asthma. To get the 

most relief from breathing pain, soak the fruit in a bowl of water along with some sugar. 

Boosts Immunity: Buddha's hand's chemical makeup makes it a fantastic immune booster. The fruit 

contains a particular polysaccharide that increases macrophages' capacity to scavenge microbes. This 

raises bodily defences and guards against common illnesses like the flu and the common cold. Vitamin C 

defends the body against microbial attack and fights illnesses. 

Benefits the Gastrointestinal System: This fruit's anti-inflammatory properties aid in reducing 

inflammation in the colon and stomach walls. It treats diarrhoea and eases pain and cramps. Increased 

nutrient absorption in the intestines and facilitated food transit in the colon are both benefits of high 

dietary fibre intake. Additionally, it promotes healthy digestion and alleviates constipation. 

Regulates Blood Pressure: Alcohol molecules were discovered in Buddha's hand, which help to enhance 

blood flow and relax blood vessels to reduce blood pressure. Vasodilation significantly decreases blood 

artery pressure, improving blood flow and lowering the risk of heart attack, stroke, and other 

cardiovascular disorders. Buddha's hand is a term used to describe a traditional remedy for menstrual 

cramps, mood swings, and bleeding. Its antioxidant and anti-inflammatory properties aid in calming the 

lower abdomen muscles and reducing discomfort. 

Antioxidant Benefits: Buddha's hands are full of vitamin C, a powerful antioxidant. It rids the body of 

free radicals and shields cells and tissues from oxidative damage. It lowers the chance of cancer while 

assisting the body in battling infections. Additionally, antioxidants prevent skin cells from ageing, resulting 

in younger-looking skin. Breast cancer and colorectal cancers are both combated by the substance limonin's 

anti-cancer capabilities. 

Medicinal Herb Benefits: In traditional Chinese medicine, the herb known as Buddha's Hand is used to 

alleviate inflammation of the liver, spleen, and lungs. It also helps in the treatment of stomach discomfort, 

nausea, and vomiting. This fruit has successfully reduced soreness and pain in the chest. It has long been 

used as medication to relieve edoema and muscular discomfort. 

Lowers Cholesterol: Pectin, which is present in Buddha's hand, significantly lowers blood cholesterol 

levels. The fruit increases fat metabolism and supports healthy blood circulation, avoiding the buildup of 

fat on artery walls. This shields the heart from stroke and heart-related illnesses. 

Research Highlights on Nutritional Profile of Buddha’s Hand 

According to Mahdi et al. (2020), the peel of the Foshou fruit contains 227.45 mg GAE/100 g FW, which is 

much more than other fruit components. Additionally, he discovered that the peel and pulp of Foshou 

(Buddha's Hand) were significantly higher in antioxidants when extracted with water, particularly when 

compared to the pulp. The peel of Foshou (Buddha's Hand) increased in pyridoxine, thiamin, riboflavin, 

copper, and iron, while the pulp had the highest quantities of these nutrients. According to this study, one 

100g of the Foshou fruit (also known as Buddha's Hand) contributes to the daily recommended intake of 

micronutrients including pyridoxine and thiamin. These results highlight the possibility of using Foshou 

as a source of beneficial components. 
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According to Peng et al. (2009), D-limonene (51.24), -terpenene (33.71), -pinene (3.40), and -pinene were 

the primary constituents in the essential oils (percent in EO) of FC fruits (Buddha's Hand). In addition to 

compositional analyses, the author performed safety, hypoglycemia, and antidiabetic tests in vivo on Wistar 

DIO and Sprague-Dawley SPF rats, respectively. The kinetic analysis of the hypoglycemic patterns of the 

intraperitoneal glucose tolerance (IPGTT) and insulin glucose tolerance tests confirmed its ability to act as 

an insulin secretagogue (IGTT). In conclusion, FC fruits (Buddha's Hand), which have an influence on both 

weight reduction and insulin secretion, are extremely beneficial for those with type 2 diabetes mellitus. 

Conclusion 

As we have already mentioned, the Buddha's hand fruit has a number of nutritional advantages, but only 

a very small portion of those advantages are really utilised. The use of this fruit in value-added goods by 

the food industry would assist this fruit to thrive further because the majority of people are unaware of it 

and many of them are uninformed of the recipes that can be developed from it. so that using it will enhance 

their health in a large number of ways. 
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Introduction 

Teak (Tectona grandis Linn. f.), one of the world's most important timber-producing trees, is a member of 

the Verbenaceae family with a primarily tropical or sub-tropical distribution. It grows up to 1200 metres 

in tropical moist and dry deciduous forest types. Teak is also known as Sagun in Hindi, Thekku in 

Malayalam, Sagwan in Marathi, Saguan in Kannada, Singuru in Oriya, Tekkumaram in Tamil, and 

Adaviteeku in Telugu (Telugu). Seedlings of teak are susceptible to frost and drought. Seedlings and 

saplings are killed by frost and fire. It is a strong light demander, intolerant of suppression and weeds. 

Teak is a valuable resource for high-quality forest plantations. Extremely durable, used for bridges, 

buildings, cabinetry, decorative panelling, and general carpentry work, among other things. To enhance 

the yield potential and quality of merchantable logs, teak requires significant silviculture management. 

The integration of silviculture management supplied during establishment determines the productivity of 

planted teak. 

 
Fig-1 Tectona grandis 

Distribution 

Teak naturally grows in the forests of India, Myanmar, Laos People’s Democratic Republic and Thailand. 

The distribution, stand formation, and growth and development of this species are all influenced by a 

variety of circumstances. Climate, soil, height, and light are the most important elements. Teak has been 

exposed to Indonesia, Sri Lanka, Vietnam, Malaysia, East and West Africa, The Caribbean, South America 

(Brazil) and Central America (Costa Rica). The overall area of global teak plantations is projected to be 3 

million ha, with India and Indonesia accounting for the majority (44 percent and 31%, respectively), 

followed by Thailand and Myanmar (7% and 7%, respectively) (6 percent). Tropical Africa accounts for 

about 4.5 percent of teak plantations, while tropical America accounts for the rest. Teak grows natively in 

Kerala, Andhra Pradesh, Karnataka, Orissa, Madhya Pradesh, Maharashtra, Gujarat, Rajasthan, Uttar 

Pradesh, and Manipur below 24° N latitude. Natural teak-bearing woods cover around 8.9 million hectares. 
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Description 

Teak is a deciduous tree that grows to a height of 20 to 35 metres with a DBH (diameter at breast height) 

of 29 to 54 cm in 50 years, is sometimes fluted around the base, and is pale brown or grey in colour. Leaves 

are opposite, broadly elliptic, obovate, 30-70 cm long and 25-40 cm wide, glabrescent above and stellate-

pubescent below, glabrescent above and stellate-pubescent below, rounded to acute at the base, obtuse to 

acute at the apex, and stout and 5-6 cm long for petiole. From November to January in India, the teak tree 

sheds its leaves and remains leafless for a long time (3 to 4 months). New leaves appear from April through 

June, depending on locality. Teak begins to flower 6 years after it is planted, but it blooms profusely after 

15 years. In India, flowering begins shortly after the new shoots and leaves flushing stage in late May and 

lasts until August or September, when the south west monsoon arrives. Fruit is a drupe with a thick shaggy 

exocarp with matted hairs, epicarp inflated, spongy, and staellate pubescent, endocarp rocky, 4-celled, 

seeds 1-4, oblong and exalbuminous. From November through January, the fruits mature and fall slowly. 

The fruits are a mix of yellow and brown in colour. 

Teak Entomology 

Insects are one of the most important limiting factors in forest production. Teak is one of the most studied 

wood species in terms of entomology. This tree species has a diverse insect ecology and is frequently 

attacked by insects. Defoliators (141), sap-suckers (17), stem-borers (16), root-feeders (12), seed-feeders (9) 

and gall-formers (9) are among the nearly 294 insects discovered on teak, with 196 species linked with 

living teak (1). Insects destroy seed crops, planting stocks, nurseries, plantations, and natural teak forests, 

resulting in low productivity. Teak wood, on the other hand, is resistant to borer attack due to the presence 

of phenolic chemicals including tectoquinone and lapachol. Breeding trees for insect resistance is a highly 

eco-friendly strategy to controlling insect problems, notably in forestry, to combat these forest insect pests. 

Host resistance provides "protection and insurance against insect damage at no additional cost in supplies 

or labour, and with no danger from chemicals or chemical residues" as a pest management approach. The 

use of pest resistant trees in tree improvement programmes provides the benefit of insect control that is 

genetically ingrained. Insect pest management is gaining popularity in almost every aspect of forestry crop 

production across the world today. In their works, several scientists have discussed various aspects of insect 

resistance in trees. 

Some of the Major Areas of Research in Insects of Teak 

Eutectona machaeralis: Teak skeletonizer or teak leaf skeletonizer, Eutectona machaeralis (syn. 

Pyrausta machaeralis, Hapalia machaeralis, Paliga machaeralis), is a common pest of teak in nurseries, 

plantations, and wild forests. This insect's larvae exclusively eat the leaf green matter, leaving all of the 

veins intact, earning it the moniker "skeletonizer." In central India, E. machaeralis larvae feed on teak 

leaves by skeletonizing them from May onwards, but their population only reaches epidemic levels in 

September, but in south India, epidemic levels reach November onwards.  Teak's growth is hampered as a 

result of this. Defoliation by these insects causes epicornic branch production to increase and leading shoots 

to die back, resulting in the demise of young trees. To reduce leaf skeletonizer outbursts, pure teak 

regeneration zones should be separated into economically feasible portions. Regardless of toxins or 

products, foliar application of Bacillus thuringiensis @1% has been shown to be efficient in larval death of 

this pest. 

 
Fig-2 Eutectona machaeralis 

Holotrichia Species 

Holotrichia Hope is a genus of beetles that are widely known as white-grubs because of their white larvae 

(grubs) that feed on the roots and rootlets of teak saplings in various areas of India. There are roughly 50 

species of white grubs on the Indian subcontinent, 14 of which are major pests that target various crops in 
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various sections of the nation. H. consanguinea, H. insularis, H. serrata, and H. problematica are the main 

species of white grubs that cause severe damage to teak production nurseries across the country. In India, 

white grubs have become a national problem. These are now being recorded in every state, inflicting 

damage to a variety of agricultural crops. Teak seedlings in nurseries die quickly after being attacked by 

white grubs. Seedlings in infested nurseries are attacked in patches. Infested seedlings show signs of 

wilting, which is usually only observed after the white grubs have devoured the roots. Sandy soil should 

not be utilised for rasing seedlings, immature FYM should not be used, and soil working should be avoided 

during the monsoon season (June-July) (Joshi and Jamaluddin, 2007). It is recommended that phorate 10 

G @ 150 gm/nursery bed (size 10 x 1 mt) be mixed into the soil. 

 
Fig-3 Grubs of Holotrichia species 

Hyblaea puera 

Teak defoliator Hyblaea puera is a well-known destructive insect pest of teak in nurseries, plantations, and 

wild forests. Teak defoliation is a common occurrence in teak nurseries, plantations, and natural forests, 

and defoliators are the most common teak pests. H. puera larvae feed on the entire leaf, leaving just the 

principal veins, and exclusively feeds on new leaves early in the growth season. The tropics, Central 

America (West Indies), and Africa are all home to this teak defoliator. A pure teak area should be 

subdivided into smaller portions by raising mixed tree species to reduce the incidence of H. puera. 

Anogeissus latifolia, Bauhinia racemosa, Carcya arborea, Cassia fistula, Grewia asiatica, G. tiliaefolia, 

Helicteres isora, Kydia calyeina, Shorea robusta, Sterculia villosa, Terminalia tomentosa, and other 

desirable plant species should be grown preferably in a mixture within or near teak plantations. 

 
Fig-4 Hyblaea puera 

In India, the potentiality of these insect pests on teak is a well-known problem, impacting tree development 

and vitality and resulting in both qualitative and quantitative losses in timber production. 

Control Measures 

Making frequent pest surveillance in nurseries and young plantations, particularly during wet season 

when there is a fresh flush formation to detect the appearance of the pest and removal and destruction of 

larvae if the population is smaller. If the pest assault is severe, it can be treated by spraying of the foliage 

with the chemicals like monocrotophos or endosulfan 0.05-0.075 percent or neem-based formulations 

(Neemazal 1%) at 10-12 days intervals can offer effective control. A virus (NPV) based preparation (biocide) 

is also available for treatment of the defoliator H. puera. 

Recent Advances in Developing Pest Resistance 

1. Biotechnology technologies such as in vitro culture and selection, molecular mapping, and genetic 

engineering are gaining popularity as modern pest and insect management methods. 

2. There have been multiple cases of the Bacillus thuringiensis delta endotoxin (Bt) gene being used to 

convert poplar trees. 

3. Using Agrobacterium rhizogenes-mediated gene transfer, a Bt gene specific for lepidopteran insects was 

successfully introduced and expressed in European larch, Larix decidua. 
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4. It is possible to develop a gene construct including the Bt gene and a suitable promoter for genetic 

transformation to generate transgenic insect resistant teak. 

5. Marker-aided selection (MAS) and susceptibility tests of different strains of the bacterium Bacillus 

thuringiensis Berliner (Bt gene) against the teak skeletonizer, Paliga demastesalis Walker (Lepidoptera: 

Pyralidae), a key pest of teak in Malaysia, are currently amenable to genetic engineering of teak. 

Conclusion 

The ability of teak defoliators and leaf skeletonizers to use plant tissues for energy, development, and 

reproduction has made them targets for substantial economic losses, necessitating the need for insect 

resistant teak plants to be screened and developed. Despite the fact that insect pest resistance is one of the 

selection criteria for plus trees, few research have been conducted to screen clones for resistance. The most 

practical approach of pest management is the use of resistant clones. Until resistant clones are generated 

through breeding, clones that are most / extremely resistant to this pest and have shown improved growth 

rates can be employed for large-scale afforestation programmes. 
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Introduction 

Canavalia ensiformis is commonly called as jack bean, wonder bean or coffee bean. It belongs to the family 

Fabaceae with a chromosome number of 2n =22. It is believed to be originated in Central America and West 

Indies. It is widely distributed throughout peninsular India. 

Classification 

Kingdom: Plantae  

Class: Magnoliopsida  

Order: Fabales  

Family: Fabaceae  

Genus: Canavalia  

Species: ensiformis  

Scientific Name: Canavalia ensiformis  

Common Name: Jack Bean 

Botany 

1. Jack bean plants are usually bushy, erect, twining in habit, and grows upto 1 metre (3.3 ft) in height. 

 

2. Leaves trifoliate, shortly hairy; petiole usually longer than leaflets, grooved above, stout, with large 

pulvinus at base and at base of each leaflet; leaf lets elliptic to ovate, terminal leaflet long-stalked, side 

leaflets short-stalked with unequal base. 
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3. The flowers are pink-purple in colour. 

 

4. Pods more than 10 times as long as broad and containing as average 8 to 20 seeds. 

 

5. It has deep roots, which makes it drought resistant. 

Proximate Chemical Composition 

Jack bean is mainly grown for its tender pods and immature seeds. They are rich in proteins and 

carbohydrates. It is also a good source of calcium, Zinc, potassium, copper and magnesium. Besides this it 

contains antinutritional and toxic compounds such as Canavanine, trypsin inhibitors and cyanogenic 

glucosides etc. 

S. No Parameter  Value 

1. Antioxidant activity 708.44 mcg/ml 

2. Water activity 0.984 

3. PH  6.5 

4. TSS 5.5 

5. Moisture (%) 83.3 

6. Reducing sugar 2.21% 

7. Total Sugar 3.31% 

8. Acidity 0.188 

9. Vitamin C 8.087mg/100g 

10. Protein 10.85g/100g 

11. Fat 1.59 g/100g 

12. Carbohydrates 12.15g/100g 

13. Crude fiber 3.98g/100g 

14. Calorific value 104.59kcal/100mg 

Ranjeet Patel et al.,2016 
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Uses 

 

Cultivation Practices 

Jack bean is a warm season and short-day crop.  It grows well in mild altitudinal zone with subtropical 

condition. This crop requires a mean temperature of about 29-30°C. Adequate soil moisture should be 

maintained during early and flowering stages of crop. Sowing is usually practiced in the month of May-

June and September-October. Seed rate of one to two seeds per pit is done at a spacing of 60×60cm. Well 

decomposed FYM is applied at the rate of 5t/ha, N:P:K is applied at 60:50:50 kg/ha may be applied as basal 

dose and top dressing at several splits. Flowering and fruiting starts from about 70 days after sowing. Yield 

of about 2-2.5 kg pods per plant is obtained. 

Conclusion 

Canavalia ensiformis has potential nutritive value in both animals and humans. Methanolic extract of 

seeds has high antioxidant activity and helps in inhibition of type II diabetes-related enzyme and the 

powder of seeds acts as an antibiotic and antiseptic. Furthermore, it also helps in treating cancers, atopic 

dermatitis, pyorrhea and inflammation. 
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Introduction 

The Internet of Things is considered to have long-lasting effects on innovation and modern culture. IoT can 

be seen as a global basis in the cutting-edge data society that enables more advanced services by connecting 

real and virtual objects and things to existing and, at the very least, impending data and communication 

technologies. IoT uses a variety of current innovations, information captures, management, and 

correspondence capabilities to supply new information sources to applications that can provide a wide range 

of advanced services. India's population is directly or indirectly dependent on agriculture to some extent. 

Any nation's economic development depends heavily on the agriculture industry. Precision agriculture 

offers a variety of benefits for the specific industry, including the ability to readily observe and track crop 

growth based on data such as weather information and soil conditions. The agricultural sector may emerge 

as a result of market agriculture employing the Internet of Things, meeting the global demand for food. 

Using the Internet of Things for agriculture could greatly increase productivity. 

Internet of Thing 

IoT refers to the network of physical entities, or "things," that are equipped with electronics, software, 

sensors, and network connectivity, allowing them to gather and share data. The term "Internet of Things" 

refers to a broad idea about the ability of system gadgets to detect and acquire information from all over 

the world, and then to communicate that information over the Internet where it typically gets prepared 

and used for various fascinating reasons. The Internet of Things is made up of intelligent machines that 

interact and communicate with other equipment, goods, circumstances, and foundations. Today, everyone 

keeps in touch with one another through various forms of correspondence. The web is the most well-known 

method of correspondence; thus, we can claim that it connects different people groups. 

Challenges In IoT 

Data Analysis: The most major and well-known area of study in computer science is presently information 

science. Practically all applications of WSN and IoT include information inspection. The decision taken by 

the clients when using WSN for certain applications depends on the data obtained by the sensors. 

Networking Challenges: The cost of the cables that are used in wired devices is overcome in the sector 

of farming by using remote correspondence. Due to its several amplification effects and propensity for 

causing disturbance in the ground, nature is recognised as one of the key factors that contribute to poor 

remote affiliation quality. According to practical methods, the introduction of common handsets is 

influenced by temperature, moisture, human proximity, and other factors inside the area where a remote 

site directs efforts to perish. 

Security Issues: Farmers, like those in other industries, must think about the safety and health of the 

technology they are lawfully using. IoT device developers employ IoT devices to collect data and analyse 

information to improve the effectiveness of agricultural business practises. However, farmers continue to 

use traditional horticultural methods that lack an information security concept. 

Applicability of IoT in Agriculture: IOT-enabled smart farming is a high-tech and effective method for 

conducting agricultural and raising food in a sustainable manner. It is an application of integrating cutting-

edge technologies and linked devices into agriculture. IoT is a key component of smart farming, which often 

reduces the need for farmers to perform physical labour while simultaneously assisting in every way 

necessary to increase productivity. 

Climate Conditions: IOT-enabled smart farming is a high-tech and effective method for conducting 

agricultural and raising food in a sustainable manner. It is an application of integrating cutting-edge 
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technologies and linked devices into agriculture. IoT is a key component of smart farming, which often 

reduces the need for farmers to perform physical labour while simultaneously assisting in every way 

necessary to increase productivity. 

Precision Farming: One of the most well-known uses of IoT in agriculture is precision 

agriculture/farming. By using smart farming applications including animal monitoring, vehicle tracking, 

field observation, and inventory monitoring, it improves the farming practice's precision and control. 

Precision farming's main objective is to analyse data produced by sensors so that we can respond 

appropriately. With the aid of sensors (either inside or outside), precision farming enables farmers to 

produce data, analyse that data, and make decisions based on that data. We can analyse soil conditions, 

weather patterns, and other relevant parameters with the aid of precision farming to boost yield. 

Agricultural Drones: Drones are crucial for gaining access to or monitoring the crop's health. Drone 

technology has transformed the agriculture sector by giving it a high rise and a makeover with adequate 

strategy and planning based on real-time data. Drones are equipped with thermal or multispectral sensors, 

which aid in identifying the areas in need of adjustments or any irrigation-related decisions. Sensors 

determine the vegetation index once the crops have begun to grow and show their state of 

health.Eventually, the environmental impact was lessened by intelligent drones. 

Need of IoT in Agriculture 

IT has become a more accepted part of our daily life in today's high-tech culture. With the usage of the 

Internet of Things, agriculture produces more. IoT and agronomy help the agribusiness grow and may help 

meet the rising demand for cattle around the world. 

Agriculture is the art of raising crops, including various livestock. The use of numerous cutting-edge 

technologies in agriculture, such as the Internet of Things, machine learning, and artificial intelligence, 

can benefit farmers in a variety of ways. 

a. Minimized water waste. 

b. Better greenhouse irrigation system solutions are required. 

c. A farmer can turn the water pump ON or OFF using the device. 

 

The following list of benefits of IoT in agriculture: 

a. Conserving water. 

b. Improvements in production quantity and quality. 

c. Reduced operating expenses. 

d. Better Livestock Agriculture. 

e. Lessening of the environmental footprint. 

f. Production insight and real-time data. 

g. Remote observation. 

h. Remote management of sustainability. 

i. Food security. 
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Role of IoT in Smart Agriculture 

Due to the fact that man and agriculture are indissolubly linked, agriculture has been an integral aspect 

of human society from the beginning. This fact encourages the development and improvement of the 

conventional, ineffective, and time-consuming agricultural approaches. People's lifestyles have altered as 

a result of the world's rapid shift, new fashion trends, and technological development. Emerging new 

technologies are becoming ingrained in daily life. Smart grids, smart cities, and smart houses. Some of the 

more modern and advanced information and communication technologies that are enabling people to work 

more quickly and accurately include smart campuses and smart farms. These key ideas can be used to 

construct smart agriculture. 

1. Smart Consumer 

2. Smart Farmer 

3. Smart farms. 

Conclusion 

IoT-enabled agriculture has aided in the application of cutting-edge technical answers to age-old problems. 

This served as a link between production and yield in terms of both quality and quantity. Swift action and 

reduced harm to the crops are guaranteed by data ingested by acquiring and importing information from 

the many sensors for real-time usage or storing in a database. 

The IOT-based agriculture monitoring system first examines the weather before monitoring the moisture 

level, temperature, humidity, and water level. It notifies the user via SMS or email on the phone when 

level-related information has been gathered. When the water level falls, sensors detect it and the water 

pump is immediately started. Fan starts if the temperature rises above the threshold. The LCD display 

module shows all of this. This information is also displayed in IOT, where it displays date and time as well 

as humidity, moisture, and water level data on a minute-by-minute basis. Depending on the kinds of crops 

that are grown, the temperature can be controlled at a specific level. 
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Introduction 

Medicinal plants have very long history of usage in the field of traditional medicine. Catharanthus roseus 

is one of the important medicinal plants. It belongs to the Apocynnaceae family (Loh 2008). 

Scientific classification: 

Botanical Name (s): Vinca rosea (Catharanthus roseus) 

Kingdom: Platae 

Division: Magnoliophyta 

Class: Magnoliopsida 

Order: Gentianales 

Family: Apocynaceae 

Genus: Catharanthus 

Species: C. roseus 

Catharanthus is a perennial plant commonly found in tropical countries. Seven species of this genus are 

native to Madagascar and one species is native to Southern Asia. This plant commonly known as 

Madagascar periwinkle. It is produces flowers with a range of colours such as purple, pink and white and 

mostly planted for ornamental purposes. This species had been used for several treatments such as diabetes 

mellitus, high blood pressure, infection, etc. (Mishra and Verma 2017). It has a different name in different 

language. 

Different names in different language: 

English: cayenne jasmine, old maid, periwinkle 

Hindi: sada bahar, sadabahar 

Kannada: batla hoo, bili kaasi kanigalu, ganneshana hoo, kemp kaasi kanigaluu 

Malayalam: banappuvu, nityakalai, savanari, usamalari 

Marathi: sadaphool, sadaphul, sadaphuli 

Sanskrit: nityalyani, rasna, sadampuspa, sadapushpi 

Tamil: cutkattu malli, cutukattu malli, cutukattuppu 

Telugu: billaganneru 

Gujrati: barmasi 

Bengali: noyontara 

Morphology 

Catharanthus roseus is an evergreen herbaceous plant growing up to 1 meter height. The shape of leaves 

is oval to oblong, 2.5-9.0 cm. long and 1-3.5 cm. broad gloss green hairless with a pale midrib and a short 

petiole about 1-1.8 cm. long and they are arranged in the opposite pairs. 

The flowers are white to dark pink with a dark red center, with a basal tube about 2.5-3 cm. long and a 

corolla about 2-5 cm. diameter with five petal like lobes. The fruit is a pair of follicles about 2-4 cm. ling 

and 3 mm broad. 

Geographical Distribution 

Catharanthus is native to the Indian Ocean Island of Madagascar. It is common in many tropical and 

subtropical regions worldwide, including the southern United States. 
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Medicinal Properties 

Several Scientist around the world discovered the medicinal properties of Catharanthus and is found that 

it contained a group of alkaloids that, though extremely toxic, had potential uses in cancer treatment. These 

plants have the ability to synthesize a wide variety of chemical compounds that perform important 

biological functions and protect against attack of various enemies like insects, fungi and herbivorous 

mammals. C. roseus produced carbohydrate, flavinoid, saponin, alkaloids, etc. Among them alkaloids are 

the most potentially active chemical constituent of Catharanthus roseus. More than 400 alkaloids are 

present in the plants which are utilized for various purposes such as pharmaceuticals, agrochemicals, flavor 

and fragrance, ingredients, food additives and pesticides. The alkaloids such as actineo plastidemeric, 

vimblastine, vincristine, vindesine, vindeline tabersonine etc. are mainly present in aerial parts whereas 

ajmalicine, vinceine, vineamine, raubasin, reseroine, catharanthine, etc. are present in roots and basal 

stem. Rosindin is an anthocyanin pigment present in the flower of C. roseus (Bennouna et al., 2008). 

Anti-Cancer Activity 

The anticancer activity of alkaloids like Vinblastine and Vincristine are released from stem and leaf of C. 

roseus. These alkaloids have growth inhibition effect to some human tumors. Vinblastine is utilized for 

treatment of neoplasmas and is used against Hodgkins disease, chorio carcinoma. 

Vincristine another alkaloids is used for leukemia in children. Vinblastine is sold as Velban while 

Vincristine as oncovin (Banskota 2002, Wang et al., 2004). 

Anti-Diabetic Activity 

The ethanol which extracted from the leaves and flower of C. roseus found lowering of blood sugar in 

comparison to the standard drug glibenclamide. The aqueous extract was found to lower the blood glucose 

of about 20% in diabetic rats when compared to that of the dichloromethane and methanol extracts which 

lowered the blood glucose level to 49-58%. The hypoglycemic activities of alkaloids extracted from C. roseus 

have been studied pharmacologically and a remedy derived from the plant has been marketed under the 

name of Vinculin for diabetes treatment (Chattopadhyay et al., 1991, Chattopadhyay 1994, Singh et al., 

2001). 

Anti-Microbial Activity 

Crude extracts from different parts of the plant were experimentally tested for anti-bacterial activity. 

Extract from leaves showed significantly higher efficacy. 

The anti-bacterial activity of the leaf extract of the plant was checked against microorganism like 

Pseudomonas aeruginosa NCIM2036, Salmonella typhimuruim NCIM2501, Staphylococcus aureus 

NCIM5021 and was found that the extracts could be used as the prophylactic agent in the treatment of 

many of the disease (Patil and Ghosh 2010). 

Anti-Oxidant Property 

The anti-oxidant potential of the ethanolic extract of the roots of the two varieties of C. roseus namely rosea 

(pink flower) and alba (white flower) was obtained by using different system of assay such as Hydroxyl 

radical-scavenging activity, superoxide radical-scavenging activity, DPPH radical- scavenging activity and 

nitric oxide radical inhibition method. 

The result obtained proved that the ethanolic extract of the roots of Periwinkle varieties has exhibited the 

satisfactory scavenging effect in the entire assay in a concentration dependent manner and it was found 

that C. roseus possess more antioxidant activity than that of C. alba (Bhutkar and Bhise 2011). 

Anti-Helminthic Activity 

Helminthes infections are the chronic illness, affecting human beings and cattle. The C. roseus was found 

to be used from the traditional period as an anti-helminthic agent. 

The anti-helminthic property of C. roseus has been evaluated by using Pheretima posthuma as an 

experimental model and with Piperazine citrate as the standard reference. The ethanolic extract of the 

concentration of 250 mg/ml was found to show the significant anti helminthic activity (Agarwal et al., 2011). 
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Anti-Ulcer Property 

The alkaloids Vincamine and Vindoline showed anti- ulcer property. The vincamine, present in the plant 

leaves shows cerebrovasodilatory and neuroprotective activity. The plant leaves proved for anti-ulcer 

activity against experimentally induced gastric damage in rats (Babulova et al., 2003). 

Hypotensive Property 

The leaves have been known to contain 150 useful alkaloids among other pharmacologically active 

compounds. Significant antihyperglycemic and hypotensive activity of the leaf extracts (hydroalcoholic or 

dichloromethane-methanol) have been reported in laboratory animals (Pillay et al., 1959). 

Anti-Diarrheal Property 

The anti-diarrheal activity of the plant ethanolic leaf extracts as tested in the wistar rats with castor oil as 

an experimental diarrhea inducing agent in addition to the pretreatment of the extract. The anti-diarrheal 

effect of ethanolic extracts C. roseus showed the dose dependant inhibition of the castor oil induced diarrhea 

(Rajput et al., 2011). 

Wound Healing Property 

Rats treated with 100 mg/kg/day of the C. roseus ethanol extract had high rate of wound contraction 

significantly decreased epithelization period, significant increase in dry weight and hydroxyproline content 

of the granulation tissue when compared with the controls. Wound contraction together with increased 

tensile strength and hydroxyproline content support the use of C. roseus in the management of wound 

healing (Nayak et al., 2007). 

Conclusion 

Medicinal plants are the greater source of many novels pharmaceutical. Instead of using the side effects 

causing chemical drugs, the ancient medicine could be explored to identify the novel drug formulations 

which are more effective with lesser number side effects and cheaper cost as well. Though, many of the 

traditional drugs were used without understanding the basic mechanism, their effect could be proved 

further with the help of the present technology and tools. The active compound that is responsible for the 

pharmacological effect could be found very easily and also commercialized as a drug product itself with 

proper approval from the respective organizations. C. roseus is one of the 21000 important medicinal plants 

studied. It is utilized for the cure of a number of diseases like diabetes, sore mouth, mouth ulcers, and 

leukemia. It produces about 130 alkaloids such as reserpine, vinceine, raubasin, ajmalcine, etc. Anti-

leukemic activity is shown by vinblastine and vincristine. Different parts of this plant produce different 

amounts of alkaloids, out of which root bark produces the maximum i.e. nearly 1.79%. There are a number 

of reports supporting its anti-microbial activity against several microbes. Its anti-oxidant and anti- 

mutagenic effects have also been reported. There are lot more studies could be done to explore its anti-

tumour effects and other related effects. 
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Abstract 

Agricultural soils that have been contaminated with microplastics have the potential to endanger food 

safety and human health. Microplastics are a growing environmental concern around the world. The main 

sources of microplastics entering agricultural soils were outlined in this review paper with an emphasis on 

their various characterizations and environmental fate. The transformation and movement of microplastics 

within agricultural soil systems were examined, with a focus on the impacts of UV radiation and 

mechanical abrasion from soil life and agricultural operations. In addition, a summary of microplastics' 

direct and indirect effects on soil flora and fauna in agricultural soils was provided. Finally, future research 

directions were suggested based on the knowledge gaps in three areas: standardisation techniques for 

different types of microplastics, interactions between microplastics and other pollutants, and the long-term 

effects of microplastics in agricultural soils on human health risks. 

Introduction 

Recent news states that the amount of plastic made around the world has reached 368 million tonnes. 

Many plastics get into the environment because they are not thrown away properly, and 79 percent of all 

plastic waste ends up in landfills. Plastics stay in the environment because they are strong and don't break 

down easily. Plastics can break up into microplastics (particles smaller than 5 mm) because of photo 

degradation, mechanical abrasion, and bioturbation. Also, cosmetics and products made in factories can 

directly release microplastics. Researchers have looked at where microplastics come from, where they end 

up, what happens to them, and what effects they have on living things. Concerns about microplastic 

pollution in land systems have been growing recently. There are rumours that the amount of microplastics 

on land could be 4-23 times higher than in the ocean. As the source of food, the agroecosystem is the basis 

of human life. Microplastics are likely to pollute it because people use it so much. Soil pollution from 

microplastics in agricultural areas can't be ignored. Microplastics in farm soils could have effects on farm 

ecosystems and food security that we don't yet know about. Due to the risks that microplastics pose to the 

ecosystem through the food chain, it is important to know how they behave in agricultural soil systems. 

This review will help us learn more about how microplastics behave in the environment by summarising 

studies on their sources, effects, and what happens to them in agricultural soil systems. 

What are the Sources of Microplastic Pollution in Agricultural Soils? 

Plastic products were widely used in agricultural techniques, such as cultivation, fertilisation, and plastic 

mulching, as modern agricultural systems developed.  These polymers provided a significant amount of 

microplastics to soils and even accumulated in crops when they degraded in agricultural soils. Plastic mulch 

films make up a significant fraction of those sources and are frequently utilised in arid and cold climates 

to maintain the proper temperature and increase crop output. They broke up into microplastics after being 

exposed to light and mechanical forces like tillage procedures, and they then migrated into agricultural 

soils, especially in regions with a poor rate of mulch film recovery. Consumption of mulching films and 

microplastic concentrations are positively correlated. Although it has been disregarded for the past few 

years, atmospheric deposition is another possible route for the contamination of terrestrial systems with 

microplastics. The weather has an impact on the inputs of microplastics from atmospheric deposition. The 

fallout of microplastics from the atmosphere to soil systems may be considerably influenced by precipitation 

and snowfall, as described in earlier research, and wind/atmosphere circulation significantly influenced the 

remote transport to various places (Mohajerani and Karabatak, 2020). Agricultural soils and human health 
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may be at risk from airborne microplastics from cities that travel to rural areas and deposit on fields and 

even plant leaves, even if the direct negative effects of these particles on agricultural soils have not been 

well-documented. Compost is also frequently used to increase soil fertility, in addition to mulch films. A 

significant channel for microplastics entering agricultural soils was suggested by the high proportion of 

plastics found in the compost. The rapid fragmentation of larger plastics into smaller pieces and the 

microbial activity that occurs during the composting processes accelerate the concentration of microplastics 

added to agricultural soils. According to Yang et al., 3.50 ± 1.71 million particles/ha/year could be the 

typical rate of microplastic deposition in agricultural soils with long-term, repetitive application of organic 

mature. Additionally, microplastics have been discovered by Weithmann et al., in a variety of commercial 

bio wastes from household, energy crops, mature compost, and nonmatured fertiliser. These compost-

derived organic fertilisers are underutilised sources of microplastics in farmland soil. The microplastics in 

sludge and wastewater are primarily obtained from the effluent of residential washing machines and 

discharged from personal care items, synthetic textile fibres, and microbeads, in contrast to the input from 

plastic usage inside agricultural systems. Due to the varying compositions, characteristics, and additions 

of these microplastics, there may be a variety of ecological threats to both agricultural soils and human life 

(Lwanga et al., 2016).  

The degradation, transport, and consequent ecological consequences of these microplastics from various 

sources are directly influenced by their form, type, and additive content in agricultural soils. Future 

research should focus on the dangers of microplastics made from various sources because those dangers 

have not yet been fully understood. Agricultural soils have been discovered to include all of the common 

polymer types PE, polypropylene, polystyrene, and polyvinyl chloride with varying detection frequencies in 

various sampling locations. Additionally, various additives were added into various types of plastic 

products for various purposes. Plasticizers were added to soften plastics, primarily in polyvinyl chloride, 

flame retardants were widely used in consumer products ranging from household items to polystyrene 

insulation foams, and antioxidants were used in many polymers, including PE and polypropylene, to stop 

the ageing process in outdoor settings (Tian et al., 2022). 

Microplastics' Transformation and Movement in Agricultural Soils 

Plastics are transformed in the environment by chemical, physical, and biological processes, including 

fragmentation and degradation.  The chemical degradation caused by ultraviolet (UV) radiation is the most 

important and frequently predominates the early degradation processes of plastic waste among these three 

forms of transformation. 

Due to UV exposure at an appropriate temperature and oxygen usage, microplastics in topsoil undergo 

phototransformation. Chemical reactions such chain scission, cross-linking, the creation of functional 

groups containing oxygen, and even mineralization into CO2 are all involved in the phototransformation of 

microplastics. Smaller microplastics and even Nano plastics may be produced during these processes. 

Additionally, the fragmentation of microplastics is accelerated by the combined impacts of UV radiation 

and mechanical abrasion caused by the turbulence of agricultural operations and soil organisms. 

Microplastics tend to aggregate with soil particles by electrostatic forces, which were facilitated by root 

exudates in the rhizosphere or during feeding and excretion by soil animals, in contrast to the way that 

microplastics break down into smaller particles. Aggregates may contain microplastics that are resistant 

to UV radiation and other types of mechanical abrasion. Microplastics in soil may not completely degrade, 

which could lead to an accumulation of plastic at the submicron scale and unknown environmental 

concerns.  

In addition to degrading, the movement of microplastics through the soil's porous matrix alters their 

distribution. According to studies, the transport of microplastics in saturated porous media, such as soils, 

may be improved by the reduction in size and increase in surface functional groups of microplastics. 

Additionally, soil characteristics like ionic strength and cation type, as well as heterogeneity, soil organic 

matter, and surface coating, had an impact on the mobility of microplastics in soils. Through borrowing, 

ingestion, and egestion as well as epidermal adherence, soil organisms, notably earthworms, considerably 

facilitated the transport of microplastics in soil. This resulted in the transport of microplastics from the 

topsoil to deeper soil and finally to the groundwater (Kumar and Sharma, 2021). 
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The Effects of Microplastics on Agricultural Soil Systems 

There are a number of factors that contribute to the effects of microplastics on agricultural soil systems.  

According to a number of studies, ingesting microplastics may slow down earthworm growth and induce 

weight loss, reduce nematode survival and body length, and slow down collembolan growth. The potential 

causes may be attributed to digestive tract obstructions created by microplastics in faunal guts that reduced 

food intake and nutrient absorption, or even injuries to the skin and digestive system brought on by some 

sharp microplastics. While other studies have reported a variety of effects of microplastics on soil fauna, 

the results have shown a decrease in nematode reproduction rates, an increase in the diversity of gut 

bacteria in collembolan, and no appreciable effects on the reproduction of epigeic earthworms. Although 

the causes of these variations have not yet been determined, it has been hypothesised that they may be 

linked to animal dietary preferences as well as the characteristics and microplastic exposure concentration. 

Additionally, researchers have provided evidence that microplastics may migrate along with a terrestrial 

food chain, going from soil through earthworm casts and chicken faeces (with increased microplastic 

concentration.  

Recent studies have documented how microplastics affect terrestrial plants in addition to soil animals. 

Wheat plants have reportedly experienced severe detrimental impacts from microplastic PE residues both 

throughout the vegetative and reproductive growth phases. Additionally, PS microplastics of various sizes 

could reduce the photosynthetic rate while increasing the weight of Chinese cabbage by changing the 

microbial metabolism and the relationships between microorganisms. Spring onion leaves and overall plant 

biomass may grow substantially more quickly when PA microbeads are used. Additionally, microplastics 

may build up by the roots of wheat and lettuce plants before moving to the shoots and leaves and in the 

roots of cucumber plants before moving to the leaves, flowers, and fruits. The consequences of microplastics 

varied depending on the plant species and degree of contamination, and they included changes to soil 

structure, water holding capacity, nutritional content, and microbial population (Kumar et al., 2020). 

Microplastics can alter soil parameters, such as soil bulk density, soil aggregate size fraction, and 

evapotranspiration, in addition to their direct effects on soil animals and crops. These changes can then 

have an indirect impact on plant performance. By expanding the routes for water movement, microplastics 

may hasten soil water evaporation and alter the soil microbial population, especially with regard to root 

colonisation microorganisms. Additionally, microplastics have been shown to lessen the detrimental effects 

of sulfamethazine on plant growth by modifying microbial populations. Microplastics interact with other 

pollutants such polycyclic aromatic hydrocarbons, organochlorine insecticides, and heavy metals (Cd, Zn, 

and Pb) in agricultural soil due to their large specific surface area, which in turn affects their environmental 

consequences. Microplastics may cause the adsorption and attachment of sorbed organic contaminants as 

they move vertically through the soil profile via bioturbation, surface runoff, and water penetration, or 

through irrigation canals, overland runoff, and even into the atmosphere. Microplastics and their co-

existing contaminants provide significant environmental dangers in agricultural soil systems and act as 

vectors for other contaminants. These risks need to be thoroughly researched. 

Crops and Plants can be Affected by Microplastic Pollution 

Sludge from sewage and wastewater treatment plants has been discovered to contain microplastics. 

According to reports, around 50% of sewage sludge in developed countries was eventually applied to 

farmlands as commercial fertilisers, resulting in up to 870 tonnes of microplastics per million inhabitants 

entering European agricultural soils. The figure could be greater in places where plastic is widely used. 

When agricultural plastic films are used for mulching, microplastics are released into the soil when the 

films disintegrate. There is currently very few research on the effects of microplastics on crops. According 

to one study, fluorescent polystyrene nanobeads (100 nm) entered tobacco cells via endocytosis. Li et al. 

revealed that crop tissue cultures can ingest and store polystyrene microplastics (0.2 m), implying that the 

microplastics could be transferred to humans via the food chain. Moving beyond the cellular level, it has 

been found that biodegradable and polyethylene microplastics can interfere with wheat growth, with 

biodegradable microplastics having a greater negative impact. The presence of earthworm partially 

mitigated the harmful effects of biodegradable microplastics on fruit biomass, according to the study. This 

study raised a new worry about biodegradable polymers, which have been promoted as a replacement for 

conventional plastics in order to reduce environmental microplastics. Knowing that microplastics modify 
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soil biophysical properties, researchers hypothesised that by lowering soil bulk density, microplastics could 

promote plant root penetration, soil aeration, and root growth. On the other hand, experimentally added 

plastic film pieces to soil created channels that promoted water movement and evaporation, resulting in 

water loss from soil that could impact plant health. Plant health is also influenced by changes in soil 

microbial populations caused by microplastics, and the impact is likely to be detrimental if root symbionts 

like mycorrhiza and nitrogen fixers are harmed. Slow breakdown of microplastics has been connected to 

microbial immobilisation, while empirical proof for the immobilisation is currently lacking. Furthermore, 

microplastics may act as a medium for the introduction of phytotoxic chemicals into soil, thereby damaging 

plant roots and health (Tang, 2020). 

Conclusions and Potential Outcomes 

Agricultural soil systems serve as major microplastics reservoirs and are exposed to them in a variety of 

ways. Different environmental conditions may have an impact on how these microplastics behave. 

Agriculture methods, input from irrigation and fertiliser, and atmospheric deposition are the main causes. 

Microplastics are fragmented and degraded in agricultural soils by photo-oxidation, mechanical abrasion, 

and UV irradiation, with UV irradiation dominating the early phases of the process. Because of the nature 

of the soil, agricultural practises, and the qualities of the microplastics, microplastics may also move 

through soil systems in physical and biological ways. Through direct consumption or accumulation by 

organisms as well as indirect changes to soil characteristics or the soil microbial population, microplastics 

have a variety of effects on agricultural soils. 
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Introduction 

Forest has an enormous potential in mitigating climate change through forest restoration. Trees and other 

vegetation fix carbon as part of photosynthesis and soil too holds organic carbon from plants and 

animals. The amount of soil carbon varies with land management practices, farming methods, soil nutrition 

and temperature. 

Recently, a study has estimated that it is possible to add 0.9 billion hectares of canopy cover worldwide 

which can then mitigate up to two-thirds of historical greenhouse gas emissions. This would then prevent 

or delay the worst impacts of climate change. But forest restoration always remains on the back burner in 

global as well as national policy matters. 

Though in a recent study, the Forest Survey of India (FSI) has estimated, along with the costs involved, 

the opportunities and potential actions for additional forest and tree cover to meet the NDC target. 

1. Apart from the direct impact of forest on climate mitigation, its other benefits in support of both people 

and nature are considerable: 

a. Globally, 1.6 billion people (nearly 25% of the world’s population) rely on forests for their 

livelihoods, many of whom are the world’s poorest. 

b. Forests provide US$ 75–100 billion per year in goods and services such as clean water and healthy 

soils. 

c. Forests are home to 80% of the world’s terrestrial biodiversity. 

2. Therefore, the additional increase in carbon sinks, as recommended in this report, is to be achieved in 

the following ways: 

a. Restoring impaired and open forests 

b. Afforesting wastelands 

c. Agroforestry 

d. Through green corridors 

e. Plantations along railways, canals, other roads, on railway sidings and rivers 

f. Urban green spaces 

The FSI study concludes that if 70% of impaired forests is restored. The total increase in the carbon sink 

will amount to 3.39 billion tonnes of CO2 equivalent by 2030, at would cost around ₹2.46 lakh crore. 
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Natural Forests 

1. India has yet to determine how its carbon sink objectives can be met. 

2. Locking up the carbon from the atmosphere in trees, ground vegetation and soils is one of the safest ways 

with which to remove carbon. 

3. Natural Forests improve water quality, store water in wetlands, prevent soil erosion, protect biodiversity, 

and potentially provide new jobs. 

4. According to the estimates, allowing land to be converted into forests naturally will sequester 42 times 

the carbon compared to land converted to the plantation, or six times for land converted to agroforestry. 

5. Forms of green cover like plantations, do not mitigate climate change and also do not improve biodiversity 

or provide related benefits. 

Type of Restoration 

The amount of carbon stored depends on the type of forest restoration carried out. 

1. Vast monocultures of plantations are being proposed in some countries, including in India, but these 

hold very little carbon; when they are harvested, carbon is released as the wood is burned. 

2. India, therefore, needs to ensure that deforestation is curtailed to the maximum extent. Also, the area 

allocated to the restoration of impaired and open forests and wastelands in the FSI report should be 

focussed entirely on natural forests and agroforestry. 

3. Once natural forests are established, they need to be protected. 

4. Instead of plantations, growing food forests managed by local communities would have additional co-

benefits. Active forest management by local people has a long history in India and needs to expand to meet 

climate, environment and social justice goals. 

What can be done Globally? 

1. Initiating and supporting international efforts to combat forest loss and degradation, including those 

under the New York Declaration on Forests to halve global natural forest loss by 2020, and end it by 

2030. 

2. Driving the restoration of 150 million hectares of degraded landscapes and forest lands by 2020 and 350 

million hectares by 2030 through the Bonn Challenge. 

a. Reaching the 350-million-hectare target could sequester up to 1.7 gigatonnes of carbon dioxide 

equivalent annually. 

Enabling rights-based land use ensures community involvement in land-use outcomes. 

a. Strengthening community control over forests will also help to alleviate poverty, empower 

women and men, enhance biodiversity, and sustainably manage forests. 

3. Engaging the private sector and striving to make sure benefits – such as those from Reducing Emissions 

from Deforestation and Forest Degradation (REDD+) – are equitably shared with local landowners and 

forest communities. 

Forests are one of the most important solutions to addressing the effects of climate change. Approximately 

2.6 billion tonnes of carbon dioxide, one-third of the CO2 released from burning fossil fuels, is absorbed by 

forests every year. Therefore, increasing and maintaining forests is an essential solution to climate change. 

Conclusion 

The forest sector in India has a huge potential to mitigate climate change by achieving an additional 3 

billion tonnes of carbon sequestration by 2030. However, achieving this would require serious efforts 

towards conservation, restoration and regeneration of the country’s forests. The sector has highly ambitious 

targets to achieve, yet there are significant implementation challenges. In the last few years, India has 

witnessed a degradation of its dense forest cover at an unprecedented rate. While it may seem that there 

is political will and financing available for an ambitious forest programme, there is an urgent need for 

reimagination and innovation in creating an integrated forest management framework, if India wants to 

harness its climate and sustainable development benefits. Given the critical state of India’s forests, the 

government must demonstrate a sense of urgency in proper planning its afforestation programme and do 

serious implementation on the ground. 
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A strong immune system helps to keep a person healthy. It fights off pathogens, which are the viruses, 

bacteria, and foreign bodies that cause infection or disease. The immune system releases antibodies, which 

attach to antigens on the pathogens and kill them. Incorporating specific foods into the diet may strengthen 

a person’s immune response. Although a healthful, balanced diet plays a vital role in staying well. 

Food Biological Activities Help To Fight Against Picture 

Turmeric Anti- oxidant 

(cucurmin) and anti- 

inflammatory. 

Used in much alternative medicines. 

Prevent heart disease, Alzheimer's, 

cancer and help improve symptoms of 

depression and arthritis. 
 

Oily fish Omega 3 fatty acids Reduce the risk of sudden cardiac death, 

coronary heart disease and reduce the 

risk of rheumatoid arthritis 

 
Pomegranates Antiviral properties Fights against the flu, herpes, and other 

viruses and bacteria (E.coli etc). Promote 

growth of beneficial gut flora that boosts 

the immune system. 
 

Broccoli Source of vitamin K 

and C , good source of 

folate (folic acid), 

potassium, fiber 

Vitamin C – builds collagen, which forms 

body tissue, healthy joints and 

bones.Vitamin K helps cuts and wounds 

heal. Folate (Vit B9) ensures healthy 

pregnancy outcomes. 

 

Sweet 

potatoes 

High in an antioxidant 

known as beta-

carotene 

Fiber and complex carbohydrate help in 

keeping blood sugar level stable. Provide 

some protection against skin damage 

from ultraviolet (UV) rays.  
Spinach Flavonoids, 

Carotenoids, vitamin 

A, C and K, protein, 

iron, magnesium and 

manganese 

Flavonoids - prevent common cold. Help 

to improved eyesight, regulated blood 

pressure, stronger muscles & bone, 

prevention of age-related macular 

degeneration (AMD, hemophilia and anti-

cancerous benefits. 

 

Ginger High anti-

inflammatory 

properties (gingerol) 

and anti-oxidative 

properties 

Help to reduce Nausea especially 

morning sickness during pregnancy. 

Reduce Muscle pain and soreness. Anti-

inflammatory effects can help in 

Osteoarthritis. 
 

Garlic Allilin, anti-oxidants, 

anti biotic properties. 

Presences of Allicin prevent colds. 

Protects cell damage and aging. Reduces 

the risk of common brain diseases like 

Alzheimer's disease and dementia 

(memory loss). Fights against cancer. 
 

https://www.medicalnewstoday.com/info/rheumatoid-arthritis/
https://www.onhealth.com/content/1/sexually_transmitted_disease_std
https://academic.oup.com/biohorizons/article/doi/10.1093/biohorizons/hzs004/220345
https://academic.oup.com/biohorizons/article/doi/10.1093/biohorizons/hzs004/220345
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3583891/
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Green tea Contain falvanoid and 

anti- oxidants ( 

polyphenol) 

Flavanoids fight against cold and cough. 

Reduce the risk of heart disease.  
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Large scale production of vegetables and fruits and high price of cool chambers leads to spoilage of 

perishable foods unable to sell their produce in the market leading to spoilage of fresh fruits and vegetables 

causing serious monetary loss to the farmer’s. In order to keep the quality and prolong shelf life of fruits 

and vegetables it requires high-cost storage system or refrigeration equipment which will be very expensive 

to buy, run and to maintain for the farmers and may not be feasible for small scale fruits and vegetable 

growers. There is, however, a practical, low-cost alternative for on-farm fruit and vegetable storage which 

is cost effective, eco-friendly and less energy requiring called Zero Energy Cool Chamber. The technology 

employs the cooling power of evaporation. The temperature inside the chamber remains 10- 15° C cooler 

than the outside temperature and maintains about 90 percent relative humidity. And they can be easily 

constructed by an unskilled person by locally available materials, such as brick, sand, bamboo, straw, and 

gunny bags. 

Construction Method 

1. Select an elevated site and shaded place close to the water source.  

2. First make a floor with bricks of 165 cm x 115cm.  

3. Erect a double wall of 70 cm high, leaving a gap of 7.5 cm wide between the two walls.  

4. Drench the chamber with water properly. 

5. Fill the gap between the double walls with wet sand. 

6. To cover the chamber, make a frame of bamboo, sirki, straw, or dry grass of 165cm x 115cm.  

7. Build a thatched-roof shed over the chamber to shield the chamber from direct sun and rain.  

8. Keep the sand, bricks, and top cover of the chamber wet. 

 

Shelf Life of Produce in Zero- Energy Cool Chamber 

Produce  Time of storage  Outside (days)  Cool chamber (days)  

Leafy vegetables Summer  < 1  3  

Winter  3  8-10  

Other vegetables Summer  1-2  5-6  

Winter  4-5  10-12  

Potato  Spring/Summer  40  97  

Mango  Summer  4  8  

Orange  Winter  8-10  50-60  

Care to be Taken 

1. Water twice daily, in the morning and evening to keep the sand, bricks and cover of the chamber wet.  

2. Store the produce in perforated plastic crates inside the chamber.  

3. Cover these plastic crates with a thin polyethylene sheet. 

4. Avoid using bamboo, wood, or fibreboard boxes as it will get damaged by moisture. 
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COVID-19 pandemic has forced researchers worldwide to plan research in a new way for developing 

immunity in humans. Studies indicate people with higher immunity were less vulnerable to diseases 

especially during pandemics like COVID 19. Hence, correlating nutrition, immunity and diseases 

worldwide especially in developing countries like India research for enhancing human immunity is gaining 

importance. Homo sapiens have been dependent on biodiversity for livelihood since its advent into this 

earth even till date when primary reliance is on agriculture. Rural and indigenous ethnic communities are 

traditionally forest dependent for their livelihood particularly for food, nutrition and wellbeing. 

Industrialization and modernization along with increasing population and adoption of western lifestyle has 

led to shift in food habits from traditional organic food to junk and processed food. This change in life and 

food habits is believed to cause increment of life style or food habit related diseases and conditions like 

diabetes, high blood pressure and nutritional deficiency. These ailments were believed mainly due to weak 

immune systems of modern human who have distanced themselves from natural or traditional ways. 

Modern society now is becoming aware of consuming ethnic and organic foods over processed and 

commercially grown food with increasing recognition for wild edible plants (WEPs) in nutritional, 

medicinal, therapeutic and industrial values. Realizing these benefits kitchen garden and other innovative 

less energy input farming like vertical, terrace and roof top gardens are now increasingly becoming popular 

to grow diverse food for enriching the daily diets in urban landscapes. 

WEPs are neither cultivated nor domesticated, however collected from their wild natural habitats by poor, 

rural and indigenous communities all around the world as source of traditional food, health care and 

wellbeing (Beluhan and Ranogajec, 2010; Chakravarty et al., 2016). Even today across the globe traditional 

agrarian societies still supplement their diet of staple crops with WEPs (Lulekal et al., 2011). FAO 

estimated that around one billion people use wild foods in their diet (Tiwari et al., 2010). About 300,000-

500,000 species of higher plants, of which at least 250,000 have been identified and documented while 

75,000 potentially edible and 7000 used as human diet including 800 wild plant species in India for human 

utilization chiefly food (FAo, 1997; Grivetti and Ogle, 2000). They are nutritionally rich with presence of 

many bioactive compounds as well which are essential for human wellbeing in terms of their multiple 

beneficial biological effects such as antioxidant or free radical scavenging abilities, anti-inflammatory, anti-

carcinogenic, anti-diabetic, anti-ageing anti-hepatotoxic, anti-ulcer, neuro-protection and immunity 

boosters (Vincetti et al., 2008; Sharma et al., 2017). Some of the WEPs were even reported with higher 

nutritional value than cultivated ones (Burlingame, 2000; Bhutia et al., 2018; Shukla et al., 2019). Wild 

edibles are also commonly known as “Food for the Poor” as these are cheap, readily available throughout 

the year with vibrant taste and sustain life during times of food crisis or famine while smoothing income. 

Even today wild edibles provide nutritional safety net and stand against hidden hunger for millions of rural 

and indigenous people across the world (Chakravarty et al., 2016).  

According to UNDESAPD (2015), global population was 7.5 billion in 2015 and is expected to rise to about 

8.5 billion by the end of 2030. The accelerating population along with natural and anthropogenic disasters 

like droughts, floods, failure of natural ecosystems along with resurgence of pests and diseases and 

occurrence of new pests, diseases, epidemics or pandemics like SARS, Ebola, Dengue, various flues and the 

ongoing Corona virus COVID-19 are hampering economies, food production, livelihood and nutritional 

security inflicting conflict and hidden hunger with weaker immune system and overall human health crisis 

globally. Undernourishment still remains one of the major problems the world faces even today with about 

795 million people in the world between 2014 and 2016 under the influence of hidden hunger (FAO, 2012). 
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Unfortunately, however WEPs consumed by the indigenous and rural communities are still unfamiliar in 

urban set up (Chakravarty et al., 2016; Bhutia et al., 2018). About 3000 plants species are used as food but 

only about 150 species have been cultivated and less than 10 plant species are meeting over 90 % of the 

world food demand (FAO, 1997). This indicates that modern human food is based on a limited number of 

crops when food and phyto-resources are shrinking globally. These problems raise a question on sustaining 

nutrition and food security for the present and future generations globally. Food production thus with 

limited resources is a challenge which needs to be readdressed.  

The vulnerability of today’s society towards hunger, malnutrition, diseases, pandemic or epidemics and 

malfunctioned ecosystem services leads the world to find new alternatives in spite to rely for food and other 

products on only intensive agriculture (Ericksen et al., 2009). In such a situation nature’s free gift in the 

form of WEPs are viable alternates to meet the goals of United Nation’s Millennium Declaration of 

September 2009 to reduce poverty hunger and malnutrition while improving human health and wellbeing. 

Numerous studies across the globe had indicated the potentiality of WEPs to significantly substantiate the 

global food basket in today’s era of climate and other instabilities which led to recognition of linkage 

between biodiversity and nutritional security among the scientists, policy makers, national governments 

and international institutions in favour of formulating policy support to promote utilization, value addition 

and conservation of WEPs (Chakravarty et al., 2016). The recognition of WEPs to provide improved but 

low-cost nutrition is one of the components of shifting paradigm in approaches to malnutrition globally 

(Vincetti et al., 2008; Toledo and Burlingame, 2006) especially the post COVID- 19 scenario.   

Unfortunately, the use of WEPs is still limited considering their health, wellbeing and livelihood potential 

as their value still remain unknown except localised to folk oral tradition or scattered in some informal 

notes, botanical monographs and scientific studies (Chakravarty et al., 2016; Shukla et al., 2019). 

Moreover, many of the WEP species are now threatened and in the verge of extinction due to over 

extraction, deforestation, and pollution. The neglected WEP resources needs to be explored, documented, 

validated and extended for its sustainable utilization in nutritional, therapeutic and preservation of 

cultural values while ensuring food and health security through policy support for pro-poor low-cost 

development programs. Nutritional value of WEPs needs to be assessed for its nutritional comparison with 

modern diet along with value addition and improved marketing prospects will give its due recognition. 

International research organizations like International Centre for Under-utilized Crops (ICUC), Global 

Facilitation Unit (GFU), Convention on Biological Diversity (CBD) and Crops for the Future (CFF) have 

now prioritised their research on WEPs (Shukla et al., 2019) to achieve the Millennium Development Goals. 

Today’s intensive agriculture needs to be diversified exploring the possibilities of WEP resources while 

utilizing lands unsuitable for growing high demanding crops for its domestication and utilization. Common 

household plants used as primary medical care are recommended for homegardens, kitchen gardens, roof 

top gardens and terrace gardens for self-consumption in improving the immunity to fight diseases like 

Corona and even post COVID-19. This correspondence also strongly supports for extension activities in the 

public domain for the utmost need and importance of these plants in human life in terms of immunity. 

Thus, bio-prospecting the WEP resources and then diversifying modern agriculture with WEPs can be a 

potential way of ensuring food, nutritional and health security in post COVID-19 times. 
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Introduction 

Global food production strongly depends on availability of nutrients to the plant in soil system. Assessment 

of future global fertilizer demand in on the basis of interaction with nitrogen (N), phosphorous (P) and 

potassium (K) fertilizers under different levels of food demand requires a model-based approach. The 

concept of site-specific nutrient management (SSNM) was introduced by Witt et al. (1999) which is based 

on soil and crop need, yield target and also takes into account the soil nutrient interactions of NPK with 

the help of models such as Quantitative Evaluation of Fertility of Tropical Soils (QUEFTS). The QUEFTS 

model describes the chemical soil test values, potential NPK supply from soil and fertilizers, actual NPK 

uptake and yield, and has been used to develop field-specific NPK recommendations (Kumar et al. 2018). 

Nutrient-use efficiency is generally low in all crops because of conventional blanket fertilizer application 

and imbalanced fertilizer use. The site-specific nutrient management (SSNM) strategies that include crop 

nutrient requirements, indigenous nutrient supply and recovery efficiency of applied fertilizer can be used 

to increase yield and nutrient efficiency of crops. Estimates of indigenous nutrient supply, crop nutrient 

requirements, internal efficiency, recovery efficiency of nutrients and subsequent fertilizer 

recommendations for crops have been made through field experiments. However, these estimates can only 

partly be applied to farmers’ fields, because of the much broader range of soil, climatic and management 

conditions. Therefore, to be more precise, estimates of fertilizer requirements should be based on 

quantitative approaches, such as simulation modelling. Most of the existing nutrient predicting models 

only addresses a single nutrient, and interaction of the nutrients is largely ignored.  

There are uncertainties about nitrogen (N), phosphorous (P) and potassium (K) requirements in different 

crops, because the internal nutrient efficiencies (IE) vary greatly depending on nutrient supply, crop-

management practices and climatic conditions (Van Duivenbooden et al. 1996). The new ICT technologies 

like computer-based crop modelling helps us to provide real-time information about crop specific fertilizer 

doses to achieve the target yield in particular set of crop conditions and weather etc. These models can also 

easily used by the farmers which enables them to make more precise application of fertilizers and other 

inputs. The QUEFTS (Quantitative Evaluation of the Fertility of Tropical Soils) model, originally developed 

by Janssen et al. (1990), and first applied in Kenya and further evaluated by others (Smaling and Janssen 

1993; Witt et al. 1999) considered interactions of N, P and K. The QUEFTS model is used to process the 

user’s data and the exterior data into personalized information or decision support system (DSS). The 

QUEFTS also enhances understanding of data taken under certain conditions and helps extrapolate their 

applications to other conditions and locations. This model helps in better understanding of the 

interrelationship between soil or crop-management and various components in a system. The QUEFTS 

model can also be used in different crops and different nutrients. (Maiti et al. 2006). 

Model Background 

Imbalanced use of fertilizers reduces the fertilizer-use efficiency and also accelerates soil nutrient depletion 

resulting in net declining yield of crops. Estimation of fertilizer requirements based on quantitative 

approaches can assist in improving crop yields and increasing nutrient use efficiency. The QUEFTS 

(Quantitative Evaluation of the Fertility of Tropical soils) model is a decision support tool that predicts 

crop yields as an indicator of soil fertility and can be used to evaluate yield responses to fertilisers. It 

considers the interactions of nutrients and climate-adjusted potential yield of the concerned areas or 

regions. The QUEFTS model uses a linear–parabolic–plateau curve to estimate the relationship between 

crop yield and plant nutrient uptake in the above-ground dry matter and to determine the fertilizer 
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requirements and nutrient management.  A field-tested model (QUEFTS) can be used to transfer the 

results of experimental research to other soils, climate and management conditions outside the 

experimental sites. QUEFTS assumes that yield is a function of N, P and K supply from soil and fertilizer. 

In the model, a distinction is made between potential supply of a nutrient (maximum quantity that is 

supplied from soil and fertilizer) and its actual uptake by the crop. Actual uptake of a nutrient equals 

potential supply only, if all other growth conditions are optimal. The essence of QUEFTS is the relation 

between nutrient uptake and yield. The model is also used for nutrients other than N, P and K. (Maiti et 

al. 2006). 

Steps Involved in QUEFTS 

Four steps are involved in QUEFTS model: 

1. Determination of potential supply of the available nutrients (N, P and K) depending on the indigenous 

soil supply of the nutrient, plus average fertilizer recovery fraction multiplied by the amount of nutrient 

input. The indigenous soil nutrient supply is estimated by applying relations between soil chemical 

properties of the 0–20 cm soil layer and dry matter uptake of the nutrient in plots where this very nutrient 

is omitted. 

2. Actual uptake of each nutrient is calculated based on the potential supply of that nutrient considering 

the potential supply of the other two nutrients  

3. Estimation of maximum accumulation (a) and maximum dilution (d).  

4. Estimation of the final yield by combining three yields ranges (one each for N, P, and K) taking into 

account the NPK interactions (Byju et al. 2012). 

Conclusions 

The QUEFTS model takes into account the soil nutrient supply, relationship of grain yield vs. nutrient 

uptake and balanced uptake of nutrients. QUEFTS model can be used to estimate balanced nutrient 

requirement which help develop robust fertilizer recommendations. Thus QUEFTS model can be used for 

the precision farming and site-specific nutrient management system. 
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Organic farming is an agricultural system that exclude the inputs of fertilizer, pesticide, herbicide etc. i.e., 

of synthetic chemical origin instead incorporating inputs of organic origin such as manure, green manure, 

biofertilizer, bio pesticide simultaneously relying on various crop management practices. The concept of 

organic agriculture was developed in the early 1900s by sir Albert Howard, F.H king, Rudolf Steiner with 

others believing that use of organic inputs will result in better farming system. As per FAO “organic 

agriculture is a unique management system which enhance and promote agro-ecosystem health, including 

biodiversity, biological cycles and soil biological activity and this is accomplished by using on farm 

agronomic, biological and mechanical methods in exclusion of all off farm inputs”. 

Key Element of Organic Farming 

 

Land of Cultivation 

The type of soil and farm's fertility are key factors in organic farming success. Some insecticides have been 

found in the water and soil through crop products, these can negatively impact the nervous system, which 

can also result in serious illnesses like cancer. The site must be deemed unsuitable for organic cultivation 

for two years before starting to produce organic food. 

Selection of Species / Varieties 

Crops of any species may be grown organically; however, it is believed that indigenous species will be more 

suited for organic farming because they utilise less energy. Crops that are resistant to disease/ disease free 

seed or planting material should be chosen wherever possible. It should be noted that organic farming does 

not use transgenic crops or their species. 
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Compost and Manure 

Dung manure, compost manure, vermicompost, animal laying, pig and sheep manure, and cow dung 

manure are some of the organic manures used in the nation. Organic farming also makes use of some 

biodynamic manures, such as bone, horn, and cow urine. Normally, one ton of compost manure and five 

kilogrammes of cow dung approximately contain 2–5 kg of nitrogen and phosphorus. A crop uses just 30% 

of the recommended amount of organic fertilizers in the first year; the remaining is used by the next crop. 

Phosphorus is more readily available in the soil as a result of increases due to the humic acid content in 

organic manures and compost. Organic fertilizers should be selected according to the variety of crops. 

Biofertilizers 

The application of bio fertilizers is helping to improve agricultural productivity. They include prominent 

organisms as Rhizobium culture, Azotobacter, Azospirillum, PSB, Azola, Vesicular Mycorrhiza, Indigo-

Green Algae, Bio Activator, etc. Utilizing organic fertilizers is crucial for keeping healthy soil and practising 

sustainable agriculture. Organic fertilizers are readily available, inexpensive, and simple to use. The 

production of different crops is increased by 10 to 25% when organic fertilizers are used. They are regarded 

as the main components of the management of organic farming. Nitrogen (78%), which is abundant in the 

atmosphere and is deposited in the soil through fixation, with the help of Rhizobium and Azotobacter. PSB 

(phosphorus solubilizing bacteria) the phosphorus for plant growth is made soluble by converting the 

insoluble phosphorus in the soil to soluble phosphorus which is available for plant uptake. 

Green Manures 

Green manure improves the quantity and availability of most macro and micronutrients in the soil, besides 

primary nutrients i.e. nitrogen, phosphorus and potash. Pulses are mainly used for green manure such as 

Sanai, Dhaincha, Cowpea, Moong, Guar and Soyabean etc. It takes only two months to make green manure 

from these crops. Green manure can also be made from multipurpose trees and plants such Acacia, Neem, 

and Glyceridia. 

Crop Rotation 

A "method of cultivating different kinds of crops in repeated succession on the same land" is referred to as 

crop rotation”. Crop rotation has a number of additional economic and environmental advantages. Crop 

rotation is also beneficial for long-term soil and farm management. Crop rotation can disrupt insect life 

cycles and enrich the soil with additional nutrients and help in crop production enhancement under organic 

farming. Crop rotations increase soil fertility, protect the environment, eradicate weeds, diseases and pests, 

and increase the variety of crops and markets. Crop rotations can take many different forms, such as corn-

soybean, corn-soybean-winter wheat, rice-wheat, wheat/red clover (Trifolium pretence L.), and other 

possible rotations. These crop rotations, however, are not always used; rather, they rely on various 

environmental and soil circumstances. But involving leguminous/ pulse crop in crop rotation is beneficial 

for Nitrogen- fixation in soil via enhanced beneficial bacteria in soil.More than half of India's population 

relies on pulses for their nutritional needs, and they are the cheapest source of protein and amino acids. 

Crop Residue Utilisation 

The smoke produced when crop wastes are burned contributes to increasing environmental pollution. 

Smoking also contributes to a rise in heart and lung conditions. Crop wastes can be used in organic farming 

to increase the soil's organic carbon content. In addition to giving plants nutrition, crop leftovers have a 

positive impact on the physical, chemical, and biological processes of the soil. 

Weed Managements 

Weed control in organic farming should mostly consist of hand weeding. Additionally, weeds can be 

managed by thorough summer ploughing, solarisation from the sun, efficient crop management, and having 

enough plants per square foot. Organic farming allows the primary crop to be sown before the weeds are 

given a chance to thrive. In this technique, the field is first irrigated, which encourages most weeds to 

thrive once they receive moisture. The land is subsequently ploughed by a running plough to eliminate 

these weeds. Use of drip irrigation systems in crops including cotton, vegetables, and fruits can also help 

to decrease weed outbreaks. Additionally, bacteria and parasites that consume weeds can be employed. 
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Insect Pest Management 

In organic farming, biological methods should also be used to control pests and diseases. Vegetable, fruit, 

and flower crops all contain variety of insect pests. These insect might either chew and devour the leaves, 

buds, stems, and fruits or suck their saps. As a result, crops lose quality as well asquantity and farmers 

are unable to sell their produce for a fair price.Neem powder can be sprayed and dissolved in water at a 

rate of 1g/ litre. Neemgold, Neem oil, Nimoline, etc. are now popular and it is easier to find natural 

insecticides made from Neem trees in the market. 

It has been discovered that Trichogramma spp is effective at keeping insects of vegetables in check. A tiny 

egg parasite called Trichoderma attacks the eggs of insectivorous, leguminous, and leaf-eating insects. On 

a Trichocards, which resembles a postcard, roughly 20,000 parasites generate Trichogramma to manage 

the insects that are grown in crops like cotton, sugarcane, and paddy, this card is used in the fields. 

The avoidance of soil borne fungal diseases such wilt, caller rot, and rotting in nurseries has also been 

successfully demonstrated by Trichoderma spp especially Trichoderma viride i.e. a fungus that can be used 

to treat seeds and land. For seed treatment, use 6 to 8gram / kg of seed, and for land treatment, add 2 to 3 

kg of powder per hectare when mixed with cow dung and vermicompost. 

Significance of Organic Farming and its Future Scope in India 

Food produced by organic farming is safer and more nutritive. As consumers look for organic foods because 

they believe they are safer and healthier, the popularity of organic food is rising drastically. So possibly 

eating organic food insures food safety from farm to fork. Compared to conventional farming, organic 

farming is more environmentally friendly. Organic farming promotes consumer health by preserving the 

purity of the environment and the health of the soil. Additionally, the organic produce market is currently 

expanding at the quickest rate in the entire world, including India. In a comprehensive way, organic 

farming fosters a nation's consumer health, ecological health, and economic growth through the generation 

of income. India is currently the greatest producer of organic food in the world as per world of organic 

agriculture report 2018 with 835000 certified producer, contributing more than 30% in world organic 

produce and with Food produced by organic farming is safer and more nutritive. We may draw the 

conclusion that supporting organic farming in India will help create a nation that is nutrient-, ecologically-

, and economically-sound in the near future. 
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A family of extremely varied, small-seeded grasses known as millets is widely cultivated as a cereal crop 

or grain for human and animal nourishment all over the world. They belong to a functional or agronomic 

group rather than a taxonomic one. Millets are significant crops in the semi-arid tropical regions of Asia 

and Africa, particularly in India and Nigeria, with developing nations producing 97% of the world's millet. 

The crop is preferred because of its production and short growing season in hot, arid climates. Common 

millets grown in India are shown below. 

 

Why Millet could Serve as Staple Crop 

A substantial percentage of the millet grain's 65 percent carbohydrate content comes in the form of non-

starchy polysaccharides and dietary fibre, which lower blood cholesterol, prevent constipation, and limit 

the release of glucose into the bloodstream after digestion. Regular millet eaters have been found to have 

lower rates of cardiovascular disease, duodenal ulcers, and hyperglycemia (diabetes). Important vitamins 

like thiamine, riboflavin, folic acid, and niacin are also abundant in millet grains. Similar to rice and wheat, 

millets are high in fatty acids and several minerals. Millets differ significantly in their carbohydrate 

makeup, with amylose and amylopectin contents ranging from 16 to 28 and 72 to 84 percent, 

respectively.The millet grain's nutrient profile suggests that it is a rich source of protein, vitamins, 

minerals, and trace elements in addition to energy. The millet kernel's edible portion is a remarkably rich 

source of phytochemicals, including dietary fibre and polyphenols (0.2-0.3 percent) Millets' phytates, 

polyphenols, and tannins play a significant role in ageing and metabolic illnesses and contribute to 

antioxidant activity. 
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Opportunity for Millet Cultivation 

Millets offer multiple nutritional benefits that substantiate their claim to become the next superfood. The 

emerging principal uses of millets as industrial raw material include production of biscuits and 

confectionery, beverages, weaning foods and beer. Soft biscuits and cookies are being made using sorghum, 

maize and wheat composites, while cakes and non-wheat breads have become a subject of increasing 

scientific and technological enquiry. 

India celebrated 2018 as the National Year for Millets, paving the way for the inclusion of millets as part 

of the Public Distribution Scheme (PDS) States like Odisha, Telangana and Andhra Pradesh, Karnataka, 

and Maharashtra have ongoing programmes to promote millet cultivation and consumption.For instance 

Millets can be produced and distributed as certified organic crops since they require fewer chemical inputs. 

Through a number of promotional activities that emphasise awareness, promotion and the creation of 

connections, the state of Karnataka has assured an increase in the area under organic production. 

Bengaluru, widely recognised as the organic and millet city of India, has been leading the market 

movement with more than 330 stores and corporate retail outlets.To promote finger millets (Ragi) as a 

staple crop in the farming system, the Odisha government launched the Odisha Millet Mission (OMM) in 

2017. As part of the objective, a plan was developed to improve millets' productivity and include them in 

the Mid-Day Meal, Integrated Child Development Service, and Public Distribution System while also 

increasing household consumption of millets. Since the start of this campaign, Odisha has seen a 215 

percent rise in the gross value of millet yield per farmer household, rising from 3,957 to 12,486. With 

assistance from UN-IFAD and UN-FAO, similar schemes have been duplicated throughout states.For 

instance, the design of the Odisha Millet Mission can be partly credited to years of work revitalising the 

Rainfed Area Network (RRAN) in the Malkangiri area of Odisha. Action for Social Advancement (ASA) and 

the MS Swaminathan Research Foundation are two well-known organisations working in this regard. They 

have selected 30 to 40 communities for millet promotion through the acquisition of suitable processing 

machines. Similar efforts are being made by the North East Network (NEN) to increase the participation 

of women throughout the entire value chain by raising awareness of seed varieties, nutritional advantages, 

and providing training on value-added goods. 

According to India's request, the Food and Agriculture Organization (FAO) declared 2023 to be 

the "Year of the Millets."  Due to this, India enjoys a strategic edge over the discussion of millets 

even in a global setting. 

Challenges for Millet Cultivation 

The industries are confronted with a number of problems which tend to diminish product qualities and 

affect overall utilization. High cost of imported equipment and variation among cultivars are some of the 

problems militating against improved utilization of millet in the developing countries.India has close to 14 

million hectares of land under millet cultivation and almost 14 states across the country are running 

initiatives to promote cultivation.  

Targeted strategy to expand the area under cultivation across geographies: The area under 

millets cultivation has not risen significantly enough to make a case for a change that would prompt the 

market forces to react appropriately. Greater research is required on the local millet cultivation practises. 

Additionally, there is a critical need to raise knowledge among farmers of the advantages of intercropping 

various millet species; Remunerative structures: Prices for these grains must be much higher in order 

to make millet production more economically viable for farmers when taking into account the opportunity 

cost of cultivating millet as opposed to other crops;Preparing strategically to lower the risk of 

monoculture: Data from different states show that some millet kinds are overrepresented. Due to their 

significantly larger yields, the Millets Jowar (great millet), Bajra (pearl millet), and Ragi (finger millet) 

dominate the market. Although the government has already developed a strategy to raise MSP for 

particular millets, it still needs to include other types;Governments and other development 

organisations that co-fund participatory projects: Agriculture trends cannot be reversed without 

ongoing support from all ecosystem participants. Millets must gradually be reintroduced into Indians' daily 

diets, along with initiatives that affect the ecology as a whole. Therefore, a concerted effort is required to 

repackage and advertise millets as a sustainable, healthful cereal group. 
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Masanobu Fukuoka developed natural farming, commonly known as "the natural way of farming" or "do-

nothing farming," as an ecological agricultural method (1913–2008). The phrase was coined by Japanese 

farmer and philosopher Fukuoka in his 1975 book The One-Straw Revolution. The title alludes to avoiding 

manufactured equipment and inputs rather than to a lack of effort. In India, it is referred to by a number 

of names, including ShashwatKheti, Chemical Free Agriculture, PrakrithikKrishi, Cow Based Natural 

Farming, and Zero Budget Natural Farming. Through a scheme called Bharatiya Prakritik Krishi Paddhati 

(BPKP) Natural Farming, the Government of India is encouraging natural farming. 

Core Values of Natural Farming as per Yoshikazu Kawaguchi 
1. Do not plow the fields 

2. Weeds and insects are not your enemies 

3. There is no need to add fertilizers 

4. Adjust the foods you grow based on your local climate and conditions. 

Organic Versus Natural Farming has Differences 

Organic farming: 

a. Farmlands employ and incorporate manures from outside sources, such as FYM, oilcake, organic 

fertilisers compost-vermicompost, dung manure, dung slurry, etc. 

b. It is still costly due to the need for bulky organic manures as an external source, and it has an 

ecological impact on the surrounding area. 

c. It still involves basic agricultural operations like ploughing, tilting, mixing of manures, physical 

weed management, etc. 

d. Obtaining certification is necessary to market organic goods. 

e. Depending on the state of the soil, it can take three to six years to convert land from chemical 

farming to organic farming. 

Natural farming: 

a. Surface-retained crop residues are encouraged to decompose as organic matter by earthworms 

and bacteria, releasing nutrients into the soil over time. 

b. Weeding is carried out in the same manner as it would be in natural ecosystems; there is no 

ploughing, soil tilting, or fertilisers used here. It was replaced by the cultivation of intercrop, mixed 

crop mulching, etc.  

c. There is no outside supply, and it is one of the most inexpensive agricultural practises, fully 

integrating with regional biodiversity. 

d. Natural agricultural products can be grown and sold without a certificate with no time limit for 

switching from chemical to natural farming. 

Natural Farming has the Following Advantages 

Lower cost of production; Lower water requirements for crops; Climate change resilience; Rejuvenation of 

farmlands; Safe and healthy food for citizens; Utilization of the available cattle (Desi Cow) as a valuable 

resource; Helps to arrest growing fertiliser needs and reduce subsidy burden; Increased income and 

decreased dependence on loans and debt. 

India’s Other Form of Natural Farming 

Rishi Kheti: For the preparation of growth boosters, The Rishi Kheti in India employ cow products 

including buttermilk, milk, curd, and its waste urine. The Rishi Kheti is regarded as non-violent farming 

that doesn't use chemical pesticides or fertilisers. They buy premium natural or organic products with 
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therapeutic benefits. They obtain high qualitynatural or organic produce having medicinal values. Today 

still a small number of farmers in Madhya Pradesh, Punjab, Maharashtra and Andhra Pradesh, Tamil 

Nadu use this farming method in India. 

ZBNF: A version on natural farming known as "Zero Budget natural Farming" was created in southern 

India and is mainly used there. Spiritual farming is another name for it. The technique makes use of 

intercropping, mulching, and a number of treatments, including cow dung and urine. These on-site 

produced preparations are essential to the method and are thought to encourage earthworm and microbial 

activity in the soil. 

State Practicing Natural Farming 

Andhra Pradesh: RythuSadhikaraSamstha (RySS) launched the Knowledge Dissemination to 

Community Resource Person (CRP) through Master Trainer’s initiative in 2015. Began with 900 CRPs and 

increased to 18,000 as the greatest NF practitioner. 

Himalchal Pradesh: Launched in 2018, Hon. Governor Acharya Devvrat's four 6-day-long mega-farmer 

sensitization programmes, used farmer experience to create a local crop-specific package of practises. 

Gujarat: The programme was begun by the honourable governor Acharya Devvrat in 2019. It included a 

one-day workshop for 10,000 farmers in 2019 and seven days of training for 21,861 Master Trainers. It also 

included extensive distribution of NF practises and Success Stories through booklets and video. 

Natural Farming are Promoted by Scheme 

Bharatiya Prakritik Krishi Paddhati (BPKP) since 1920–1921, the Govt. of India has promoted natural 

farming through the BPKP sub-scheme.  BPKP is under PKVY and focuses on capacity building and 

handholding, Covered area: 4.09 lakh hectare (980 clusters of 500 ha each) 

The benefits of the ParamparagatKrishiVikasYojana(PKVY) include: 6.19 lakh ha of land, 15.47 lakh 

farmers and 30,934 clusters (20 ha each) that have been formed during 2015–16. 

Budget 2022 Announces: “Natural Farming will be promoted throughout the country, with a focus on 

farmers’ lands in 5- km wide corridors along river Ganga, at the first stage”  

“States will be encouraged to revise syllabus of agricultural universities to meet the needs of natural, zero-

budget and organic farming, modern-day agriculture, value addition and management” 

Substantial challenges are anticipated such as: 

a. Institutional mechanisms are required to support natural farming; Proper marketing strategies 

must be developed to sell chemical-free goods. 

b. In order to enhance the use of natural farming, it is necessary to: Raise farmer awareness of the 

continuously declining soil health; Raise public understanding of environmental and health issues. 
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Memory is the retention of information over time for the purpose of influencing future action, also known 

as the learning process. Memory is thought to be the work of a brain, which includes a nervous system (a 

network of nerve cells and fibres that transmit nerve impulses between parts of the body) Mayford et. al. 

(2012). A nerve cell is a cell that transmits electrical impulses. Because the two organisms are so different 

in so many ways, it is difficult to determine whether they are of the same race or a completely different 

race. However, because both are the product of evolution of the same common life components in the 

beginning of the life system on Earth, it is possible that it has mastered more advanced mechanisms Since, 

the two organisms differ in so many ways, but because they are both the product of evolution of the same 

common life components in the beginning of the life system on Earth, it is possible that it has mastered 

more advanced survival mechanisms than us or other animals, or in a completely opposite way where there 

is no point of comparison because our dimensions of time, space occupied, and structure are completely 

different. 

Scientists first discussed "plant memory" explicitly in the 1980s. After that, no one has discovered that 

plants can remember their experiences with abiotic and abiotic stresses such as drought, cold, and heat, 

excess light, acidic soil, exposure to short wavelength radiation, insects and pest attack, and when faced 

with the same stress again, their ability to modify their responses, by retaining more water, becoming light 

sensitive, or improving tolerance to salt and cold by adapting to different mechanisms while also having 

the possibility to adapt to different mechanisms. Though humans are considered to be the crown of 

evolution, with the ability to learn, imagine, and create in a more sophisticated manner than any other 

existing creature, it is often difficult to compare the intelligence of humans and plants because the 

dimensions of time of movement, structure, and space occupied are completely different, and their level of 

intelligence may not be seen or observed from a human perspective, and there is no clear cut idea why 

humans are more intelligent. However, when plants and animals are compared, they exhibit similar forms 

of behaviour and learning in many natural settings, and there are experimentally proven studies with 

context to similarity of learning process revealed. 

Mimosa pudica, also known as touch me not, shy plant, or sleepy plant, is a creeping annual or perineal 

flowering plant whose compound leaves fold inward and droop when touched or shaken as a defence 

mechanism and reopen later. Monica Gaglianoet.al. (2014) demonstrated the presence of memory in plants 

by continuously dropping a mass of its species from a height of 15 cm to a bottom with cushioning material 

to ensure that no physical damage to the plant occurred, and as the plant was dropped initially, it folded 

its leaves frequently. However, after 60 repetitions, it stopped folding its leaves, recognising that it was not 

causing any harm, and the memory appears to last up to 40 days after the experiment. This led to the 

conclusion that learning ability is demonstrated by past memory. When the plant was exposed to different 

types of stimuli, its responses remained the same, demonstrating that it is a form of learning from a set of 

created memory and its ability to identify different external stimuli. The fundamental aspect of life for all 

organisms is to survive or thrive, and in order to thrive better, all living organisms appear to coordinate 

with nature or we can forming an association with the external environment “The ability to choose among 

different and often conflicting options and predict outcomes, is a fundamental aspects of life. One form of 

choice behaviour is based on establishing an association between an occurrence of external event and the 

opportunity to satisfy the internal homeostatic needs, such as hunger, thirst, or sleep”  the Concept of 

Pavlov dog experiment was compared with the form of learning in plant. As per Monica 

Gaglianoet.al.(2016)the air flow created by a fan was used to predict the location and time of light. The 

plants conditioned by the fan grew towards the source of the air flow even when there was no light present, 

but only if they were "trained" to do so. This is analogous to Pavlov ringing the bell and the dogs salivating 
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despite the absence of food. This experiment appears to demonstrate plant associative learning. Gagliano 

demonstrated that plants do not simply respond to light and food in order to survive. As a result, they not 

only form memory, but they also choose and predict using the formed memory. 

In the case of vernalization, a false display of winter or chilling temperature that suppresses the FLC gene 

and induces flowering, which is thought to be triggered by a hypothetical hormone. i.e. Florigen, but 

because Melchers and Lang did not describe Vernalization as a "plant memory," it is now one of the most 

studied examples of how a plant learned seasonal timing after forming memory and acting accordingly. 

Their experiments show that plants can remember their past experiences for much longer than humans 

expect, much like an undercover agent, fully trained and waiting for the signal to act on it. And there are 

numerous studies, as well as observations in nature such as the plant subjected to pseudo situation of stress 

or Sub lethal stress it thrives well when severity of stress increases or invade in later life cycle such the 

plant subjected to sub lethal; drought stress thrive better when the actual drought arises; plant develop a 

mechanism for Production of Tannin when attacked by mass no of herbivore continuously in order to 

prevent further damage; Production of chemical odour by wounded grass which attract predator of the larva 

feeding on it E.g. In lawn grass; Increase in resistance of weed on application of similar herbicide etc. When 

we goes to the core of this learning process the plant memory formation is the initial steps which lead to 

the development of intelligence both in short term and long term. There are number of possible underlying 

mechanism which could be the possible reason for the development of the plant memory formation and 

undergoing learning process. The possible mechanism are as follow: 

Root Brain Theory 

It was given by Charles and Francis Darwin in his book power of movement, he proposed that“it is hardly 

an exaggeration to say that the tip of the radicle thus (endowed with sensitivity) and having the power of 

directing the movement of adjoining parts, act like the brain of the lower animal; being seated within the 

anterior end of the body, receiving impression on the sense organs, and directing the several movements” 

The sentence conveys two messages 1. The root apex may be regarded as a brain-like organ endowed with 

sensitivity that controls its navigation through soil, as experiments on maize plants demonstrated that the 

movement root of maize with or without root tips has a significant difference in pattern of movement. 2. 

The root apex represents the plant's anterior end and the plant as a whole as one unit. 

As evidence for his hypothesis (Calvo and Fred, 2011). 

The transition zone, like the brain, serves as a command centre. Darwin concluded in 1990 that there is a 

distinct zone within the root apex of maize that is interpolated between the apical meristem and the 

elongation region. The most sensitive zone, according to the current literature, is 1.0-1.5 mm away from 

the root tips. The post mitotic isodiametric zone was named after the root apex. The distal elongation zone 

was later renamed the transitional zone, and finally the basal meristem zone. As cells within the root are 

gradually displaced from apex to base by their own growth and division, the transition zone/basal meristem 

zone plays a unique role in the continuous development of the actin cytoskeleton. The presence of an 

endocytic structure in the transition zone, along with specialised actin myosin adhesion sites that connect 

the cell cross wall with the cytoskeleton, suggested that the endosome could contribute to cell-to-cell 

communication along the cell file, which extends from the tip of the root to its base. 

Nature's Influence on Nurture 

As gene alone do not control biology, Cell membranes contain different receptor proteins that are 

specialised to interpret different signals from the environment and relay that information back into the 

cell. For example, when a chemical binds to a receptor protein, it activates the effector protein inside the 

cell, initiating a cascade of reactions within the cell that leads DNA to act on it. External factors interacting 

at the gene level cause changes in biology and chemistry within an organism, which can sometimes be 

passed down to the next generation. Understanding evolution as an interactive dance between external 

and internal factors that began with simple memory of experience. 

Epigenetic regulation is the modification of a gene's expression pattern without altering its DNA sequence 

L.Jorn and B. Isabel (2017). Two major epigenetic regulation are mainly found in plants related to abiotic 

stresses memory formation i.e. DNA methylation (process by which methyl group are added to the DNA 



 

 
Volume 04 - Issue 09 - September 2022       184 | P a g e  
 

molecule which can change the activity of DNA segment without changing its sequence), Among four bases, 

Cytosine is most commonly found to be methylated in plants. Methylation of cytosine results in 5-

methylcytosine, which undergoes deamination to form thymine, resulting in a thymine:guanine mismatch 

that, if corrected, is not permanent; if not, it leads to mutation, which is heritable in nature.AndHistone 

proteins can be extensively modified post translationally at their N terminal tail by adding acetyl, methyl, 

Phosporyl, and Adp ribose groups, as well as peptide SUMO (small ubiquitin like modifier) and ubiquitin. 

Acetylation of Histones directly changes the physical properties of Nucleosomes by loosening the 

association between Histones and DNA. Other PTMs (post translational modifications), such as 

methylation, frequently create binding sites for other proteins that play specific roles in modifying the 

response externally. 

The benefits of epigenetics in the plant memory formation and the future scope of memory 

manipulation: 

1. Plants are known to have all of the major epigenetic mechanisms. 

2. Plants, unlike animals, lack a defined germline set. 

3. Germ cells are formed late in plant development after stem cells undergo an epigenetic mitotic to meiotic 

transition. Thus, epigenetic changes acquired by meristem cells in response to interactions with the plant's 

environment have the potential to be transmitted to germ cells. 

4. Plants, unlike animals, can carry epigenetic memory due to asexual reproduction and totipotent nature. 

5. A better understanding of plants in terms of memory formation through experiences and learning process 

reveals the level of intelligence in plants by which they function in different and changing environmental 

conditions, but it will also be of great benefit to mankind in dealing with potential future situations and 

constantly changing abiotic and biotic factors. 

6. Agricultural crop trait manipulation will become more precise. 

7. Plant training based on need may be possible. 
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Introduction 

Gum arabic (GA) or acacia gum is the exudate from the Acacia senegal and Acacia seyal trees, belonging to 

Leguminosae family. It’s a complex, branched heteropolysaccharide, either neutral or slightly acidic and 

composed of 1, 3-linked β-D-galactopyranosyl units. L-arabinose, L-rhamnose, and D-glucuronic acid have 

also been detected as constituents of this polymer. The side chains are composed of two to five 1, 3-linked 

β-D-galactopyranosyl units, which join the main chain by 1, 6-linkages (fig.1). Geographical distribution of 

these plants ranges from west of Africa to Indian peninsula. In global, Sudan is the largest exporter, 

accounting for up to 80% of the trade, followed by Nigeria. GA has acquired its name from Arabian traders 

who introduced it to Europe and played a key role in its popularity. It is one of the oldest and best-known 

among all natural gums. 

Uses of Gum Arabic 

GA has strong anti-oxidant properties, and a major mechanism for the induction of renal or hepatic 

toxicities is the generation of free radicals. Recently, it has been reported that gum acacia extract is 

haemostatic, non-haemolytic, and antibacterial in nature. GA conforms to the definitions of dietary fiber, 

i.e., a non-starch polysaccharide, resistant to intestinal enzymes and fermentable in the colon to liberate 

short-chain fatty acids. For its low calorific value, it is suitable for food-fortifications over a wide range of 

pH. As a substitute of paraffin wax, performance of GA was assessed and it was found that GA can be safely 

for coating in many fruits and vegetable to control anthracnose by combining with essential oils such as 

lemongrass and cinnamon oils.  

For its excellent emulsifying property, GA is used as a flavor encapsulator and stabilizer of citrus oil 

emulsion concentrates in soft drinks. GA offered greater protection to the oleoresin than other polymeric 

constituents. In microencapsulation of cumin oleoresin too, GA offered superior protection compared to 

maltodextrin and modified starch. Hydrogels made from Arabic gum also possess structural and functional 

similarities to the natural extracellular matrices and are used for tissue-engineering applications owing to 

their biocompatibility, inherent biodegradability, and critical biological functions. It is also demonstrated 

that antibiotic drug loaded hydrogel does not only provide protection for longer period (due to antibiotic 

drug) but can also absorbed simulated wound fluid which is necessary for wound debridement and 

maintenance of moist wound environment for rapid wound healing. 

By means of a conventional cross-linking/co-polymerization reaction of modified GA, acrylamide and 

potassium acrylate in the presence of magnetite (Fe3O4) nano-particles, a magnetic field sensitive smart 

hydrogel was synthesized and its potential as a magnetic biomaterial investigated. This biomaterial has 

been successfully utilized in the field of tissue engineering. There has been report that of sustained release 

of FeSO4 for 7 h from GA pellets. It is reported that GA can be used in preparation of a monolithic osmotic 

tablet system for slow release of water-insoluble drugs. Because of this attributes GA based formulation 

offers and provide reactive functional groups suitable for coupling of bioactive compounds and hence is one 

most commonly employed gum for drug delivery system. It was found that GA-treated nanoparticles formed 

smaller agglomerates as compared to the untreated samples over a 30 h time frame. GA shows promise for 

dispersing nanoparticles in aqueous solutions particularly gold nanoparticles (AuNPs). It is demonstrated 

that GA can be used as a non-toxic material in the production of readily administrable biocompatible 

AuNPs for diagnostic and therapeutic applications in nano-medicine. Lastly, in many part of the world GA 

is a part of large-scale sustainable-agriculture, forest-management, and rural economic-development 

strategies particularly in Africa and India. 
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Fig 1. Chemical structure of Gum Arabic (GA) 
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Introduction 

Maize (Zea mays L) is one of the most versatile emerging crops having wider adaptability under varied 

agro-climatic conditions. Globally, maize is known as queen of cereals because it has the highest genetic 

yield potential among the cereals. It is cultivated on nearly 150 m ha in about 160 countries having wider 

diversity of soil, climate, biodiversity and management practices that contributes 36 % (782 m t) in the 

global grain production. The United States of America (USA) is the largest producer of maize contributes 

nearly 35 % of the total production in the world and maize is the driver of the US economy. The USA has 

the highest productivity (> 9.6 t/ha) which is double than the global average (4.92 t/ha), Whereas, the 

average productivity in India is 2.43 t/ha. In India, maize is the third most important food crops after rice 

and wheat. According to advance estimate it is cultivated in 8.7 m ha (2010-11) mainly during Kharif season 

which covers 80% area. Maize in India, contributes nearly 9 % in the national food basket and more than 

Rs. 100 billion to the agricultural GDP at current prices apart from the generating employment to over 100 

million man-days at the farm and downstream agricultural and industrial sectors. In addition to staple 

food for human being and quality feed for animals, maize serves as a basic raw material as an ingredient 

to thousands of industrial products that includes starch, oil, protein, alcoholic beverages, food sweeteners, 

pharmaceutical, cosmetic, film, textile, gum, package and paper industries etc. 

The maize is cultivated throughout the year in all states of the country for various purposes including 

grain, fodder, green cobs, sweet corn, baby corn, popcorn in peri-urban areas. The predominant maize 

growing states that contributes more than 80 % of the total maize production are Andhra Pradesh (20.9 %), 

Karnataka (16.5 %), Rajasthan (9.9 %), Maharashtra (9.1 %), Bihar (8.9 %), Uttar Pradesh (6.1 %), Madhya 

Pradesh (5.7 %), Himachal Pradesh (4.4 %). Apart from these states maize is also grown in Jammu and 

Kashmir and North-Eastern states. Hence, the maize has emerged as important crop in the non-traditional 

regions i.e. peninsular India as the state like Andhra Pradesh which ranks 5th in area (0.79 m ha) has 

recorded the highest production (4.14 m t) and productivity (5.26 t/ha) in the country although the 

productivity in some of the districts of Andhra Pradesh is more or equal to the USA. 

Soils 
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Maize can be grown successfully in variety of soils ranging from loamy sand to clay loam. However, soils 

with good organic matter content having high water holding capacity with neutral pH are considered good 

for higher productivity. Being a sensitive crop to moisture stress particularly excess soil moisture and 

salinity stresses; it is desirable to avoid low lying fields having poor drainage and also the field having 

higher salinity. Therefore, the fields having provision of proper drainage should be selected for cultivation 

of maize. 

Time of Sowing 

Maize can be grown in all seasons viz; Kharif (monsoon), post monsoon, Rabi (winter) and spring. During 

Rabi and spring seasons to achieve higher yield at farmer’s field assured irrigation facilities are required. 

During Kharif season it is desirable to complete the sowing operation 12-15 days before the onset of 

monsoon. However, in rainfed areas, the sowing time should be coincided with onset of monsoon. The 

optimum time of sowing are given below. 

Season Optimum time of sowing 

Kharif Last week of June to first fortnight July 

Rabi Last week of October for inter cropping and up to 

15th of November for sole crop 

Spring (Zaid) First week of February 

First Week of February 

To achieve higher productivity and resource-use efficiencies optimum plant stand is the key factor. The 

seed rate varies depending on purpose, seed size, plant type, season, sowing methods etc. The following 

crop geometry and seed rate should be adopted. 

Sr. No Purpose Seed rate (Kg/Hectare) Plants Geometry Plant population 

1 GRAIN(QPM) 20 60 X 20 

75 X 20 

83333 

2 SWEET CORN 8 75 X 25 

75 X 30 

53333 

3 BABY CORN 25 60 X 20 

60 X 15 

83333 

4 POP CORN 12 60 X 20 83333 

5 FODDER 

MAIZE 

50 30 X 10 333333 

Nutrient Management 

Among all the cereals, maize in general and hybrids in particular are responsive to nutrients applied either 

through organic or inorganic sources. The rate of nutrient application depends mainly on soil nutrient 

status/balance and cropping system. For obtaining desirable yields, the doses of applied nutrients should 

be matched with the soil supplying capacity and plant demand (Site-specific nutrient management 

approach) by keeping in view of the preceding crop (cropping system). Response of maize to applied organic 

manures is notable and hence integrated nutrient management (INM) is very important nutrient 

management strategy in maize based production systems. Therefore, for higher economic yield of maize, 

application of 10 t FYM ha-1, 10-15 days prior to sowing supplemented with 150-180 kg N, 70-80 kg P2O5, 

70-80 kg K2O and 25 kg ZnSO4 ha-1 is recommended. Full doses of P, K and Zn should be applied as basal 

preferably drilling of fertilizers in bands along the seed using seed-cum-fertilizer drills. 

Weed Management 

Weeds are the serious problem in maize, particularly during kharif /monsoon season they competes with 

maize for nutrient and causes yield loss up to 35 %. Therefore, timely weed management is needed for 

achieving higher yield. Atrazine being a selective and broad-spectrum herbicide in maize checks the 

emergence of wide spectrum of weeds. Pre-emergence application of Atrazine (Atratraf 50 wp, Gesaprim 

500 fw) @ of 1.0-1.5 kg a.i ha-1 in 600 litre water, Alachlor (Lasso) @ 2-2.5 kg a.i ha-1, Metolachlor (Dual) 

@ 1.5-2.0 kg a.i ha-1, Pendimethalin (Stomp) @ 1-1.5 kg a.i. ha-1 are effective way for control of many 
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annual and broad leaved weeds. While spraying, following precautions should be taken care by the person 

during spray, he should move backward so that the Atrazine film on the soil surface may not be disturbed. 

Preferably three boom flat fan nozzle should be used for proper ground coverage and saving time. One to 

two hoeing are recommended for aeration and uprooting of the remaining weeds, if any. While doing hoeing, 

the person should move backward to avoid compaction and better aeration. For areas where zero tillage is 

practiced, pre-plant application (10-15 days prior to seeding) of non-selective herbicides viz., Glyphosate @ 

1.0 kg a.i. ha-1 in 400-600 litre water or Paraquat @ 0.5 kg a.i. ha-1 in 600 litre water is recommended to 

control the weeds. 

Emerging Pests 

Recently some other non-traditional pests are also causing damage to maize crop viz. larvae of American 

Bollworm (Helicoverpa armigera) which causes damage to cob in Southern part of India while the Chaffer 

beetle (Chiloloba acuta) feeds on maize pollen which adversely affects pollination in northern part of India. 

 
Figure: American Bollworm(Left) and Chaffer beetle(Right) 
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Introduction 

Morchella esculenta (L.) Pers, also commonly known as gucchi, common morel, yellow morel, morel 

mushroom as well as sponge morel belongs to the family Morchellaceae. It is a saprophytic fungus found 

in temperate areas on burnt soil and fire burnt trees. Morchella esculenta is distributed around the world 

in temperate regions of Europe, Asia and North America. In India, its mushroom is found from north-west 

Himalayan region, particularly from Ladakh, Jammu and Kashmir and Himachal Pradesh. Different 

species of morels are used in different culinary preparations; they are greatly valued as a gourmet food.  

Locally people cook mixed with rice and vegetables, and consider it as nutritious as meat or fish. This 

mushroom is very costly, hence also known as “growing gold of mountains”. 

Taxanomic Classification 

Kingdom: Fungi 

Phylum: Ascomycota 

Class: Discomycetes 

Order: Pezizales 

Family: Morchellaceae 

Genus: Morchella 

Species Morchella esculenta 

Nutraceutical and Medicinal Value 

It is a proteinacious edible beneficial and highly expensive wild species of mushroom. The proteins present 

are more easily digestible than other vegetables. M. esculenta is also rich in vitamins, particularly vitamin 

B and trace amount of vitamin C, D and A, also contains minerals and have low calories. It contains a wide 

range of active constituents which include carotenoids (β-carotene and Lycopene), tocopherols (δ-to 

copherol, α-tocopherol and γ-tocopherol), phenolic compounds (P-Coumaric acid, Protocatechuic acid and p-

Hydroxybenzoic acid) and organic acids (citric acid, oxalic acid, fumaric acid, quinic acid and malic acid). It 

contains 32.7% protein, 38% carbohydrates, 17.6% fibre, 9.7% ash and 2.0% fat. It also contains 1.82 mg/g 

magnesium, 0.85 mg/g calcium, 23.5 mg/g potassium, 0.18 mg/g sodium, 3.49 mg/g phosphorus, 195 mg/g 

iron, 98.9 mg/g zinc, 62.6 mg/g copper and 54.7 mg/g manganese. Different aromatic compounds including 

aldehydes, acids, ketones, esters and terpene are also present.  

M. esculenta is used for healthcare as well as medicinal purposes by traditional hill communities and has 

been used for treatment of stomach problems and indigestion and also as a tonic, relief for joint pain and 

wound healing. Antibacterial activity of M. esculenta has been recorded against Escherichia coli, 

Staphylococcus aureus, Enterobacter cloacae, Listeria monocytogenes, and Salmonella typhimurium. Anti-

inflammatory and antitumor properties also have been reported which have been attributed to the presence 

of polysaccharides in the fruiting bodies. It also has antioxident activities due to presence of active 

compounds such as beta-carotene linoleic acid, polysaccharides and phenolic compounds. Anti tumour 

activity of M. esculenta also has being reported significantly against ascites and solid tumour with potential 

use of morel mushroom mycelium of aqueous-ethanolic extract in chemotherapy. 
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The word ‘natural dye’ encapsules the coloring compounds derived from the natural sources like plants, 

animal and minerals. Dye compounds from plant sources are increasingly becoming important alternatives 

to synthetic dyes knowing the hazardous nature of synthetic dyes to humans and nature. Textile materials 

both natural and synthetic used to be coloured for value addition, look and desire of the customers. The 

colouring of textile was initiated using colours of natural source, untill synthetic dyes were invented and 

commercialized. Almost all the synthetic colourants are synthesized from petrochemical sources through 

hazardous chemical processes causes serious threat towards environment. Hence, worldwide, growing 

consciousness about eco-friendly nature of natural dyes renewed interest of consumers towards use of 

textiles dyed with eco-friendly natural dyes (Geelani et al., 2015).   

Natural dyes are well known for their use in colouring of food materials, leather as well as natural fibres 

like cotton, wool and silk as major areas of application since ancient times. Although this ancient art of 

dyeing textiles with natural dyes withstood the ravages of time, but due to the wide availability of synthetic 

dyes at an economical price, a rapid decline in natural dyeing continued. The uses of natural dyes never 

erode completely and they are being still used in different places of the world. 

Classification of Natural Dyes Based on their Chemical Constitution (Dedhia, 1998) 

1. Indigoid dyes: Indigo and tyrian purple are the most common examples of this class. Another blue dye, 

woad also possesses indigo as the main dyeing component. 

2. Anthraquinone dyes: Almost all the red natural dyes are based on the anthraquinoid structure having 

both plant and mineral origin. Madder, lacs, kermes, cochineal are some of the dyes possess this type of 

structure.  

3. Alphanaphthoquinones: Typical example of this class is lawsone (henna), cultivated mainly in India 

and Egypt. Another similar dye is juglone, obtained from the shells of unripe walnuts. These dyes are 

generally dispersing dyes and give shades of orange. 

4. Flavonoids: Those which yield yellow dyes can be classified under flavones, isoflavones, aurones and 

chalcones. Flavones are colourless organic compounds. Most of the natural yellows are derivatives of 

hydroxyl and methoxy substituted flavones and isoflavones. Common example is weld (containing luteolin 

pigment) giving brilliant and fast colours on both wool and silk. 

5. Di-hydropyrans: Closely related in chemical structure to the flavones are substituted di- hydropyrans, 

viz. haematin and its leuco form, haematoxylin. These are important natural dyes for dark shades on silk, 

wool and cotton. Logwood, brazil wood and sappan-wood are the common example. 
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6. Anthocyanidins: The naturally occurring member of this class includes carajurin, a direct orange dye 

for wool and cotton. It is obtained from the leaves of bignonia chica. 

7. Carotenoids: The class name carotene is derived from the orange pigment found in carrots. In these, 

the colour is due to the presence of long conjugated double bonds. 

List of Dye Yielding Plants in India 

Every herb can be used to make dye. Herbal dyes being natural tend to be softer and their range of tones 

is very pleasant. India is a major exporter herbal dyes mostly due to ban on production of some synthetic 

dyes and intermediates in the developed countries due to pollution problem (Gokhale et al., 2004). Nature 

has gifted us more than 500 colour yielding plants. Here, some of the important dye yielding is discussed 

below: 

Botanical name and 

Family 

Parts 

used 

Colouring 

components 

Colours Produced 

Acacia catechu 

(Mimosaceae) 

Wood Catechin Reddish brown – Dyeing cotton, 

silk and in calico printing 

Acacia nilotica 

(Mimosaceae) 

Barks and 

Pods 

Catechin Dyeing textiles - Light yellow, 

Yellowish brown, 

Dark grey, Reddish brown 

Adenanthera pavonina 

(Mimosaceae) 

Wood Chalcones, Buetin Red – Dyeing cotton and silk 

Adathoda vasica 

(Acanthanceae) 

Leaves 2- pyridil methyl 

amine 

Yellow, grey – used in textiles 

Althaea rosea 

(Malvaceae) 

Flowers Anthocyanin Red – Indicator on acidic and 

alkalimetry 

Amaranthus 

hypocondriacus 

(Amaranthaceae) 

Arial 

parts 

Tannins Red pigment used to dye food 

Annona reticulata 

(Annonaceae) 

Fruits, 

Shoots 

Catechin Bluish black – Dyeing textiles 

Bixa orellana 

(Bixaceae) 

Seeds Bixin, Orellin Orange yellow – Colouring silk and 

cotton 

Butea monsperma 

(Fabaceae) 

Dried 

flowers 

Butin, Butein Brilliant yellow – Colouring sarees 

Cassia fistula 

(Caesalpiniaceae) 

Bark and 

Sap wood 

Leucoanthocynidins Red – used in textiles 

Carthamus tinctorius 

(Asteraceae) 

Flowers Carthamin, 

Carthamon 

Dyeing wool, silk and cotton 

Casuarina equisetifolia 

(Casuarinaceae) 

Bark Casurin Light reddish – As mordant 

Curcuma longa 

(Zingiberaceae) 

Rhizome Curcuminoids, 

Curcumin 

Yellow – Dyeing food and textiles 

Chrozophora tinctoria 

(Euphorbiaceae) 

Herb Turnsole Light green – Dyeing silk, cotton 

and wool 

Haemotoxylon 

campechianum 

(Caesalpinaceae) 

Heart 

wood 

Haemtoxylin Manufacturing ink and dyeing silk, 

wool goods 

Indigofera tinctoria 

(Fabaceae) 

Green 

crop 

Indigotin Blue – dyeing clothes 

Mallotus philipinensis 

(Euphorbiaceae) 

Frits Rottlerin, Isolotterin Dyeing silk (Red color) 

Mangifera indica 

(Anacardiaceae) 

Bark and 

leaves 

Mangiferin Yellow – mordant and dyeing silk 

Punica grantum Fruit rind Flavagallol Mustard grey 
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(Punicaceae) 

Terminalia arjuna 

(Combretaceae) 

Bark Arjunic acid Light brown 

Terminalia chebula 

(Combretaceae) 

Fruits Chebulinic acid Yellow, Dark grey – Dyeing textiles 

Tectona grandis 

(Verbenaceae) 

Leaves Tectoleafquinone Yellow, Olive – Dyeing silk 

Wrightia tinctoria 

(Apocynaceae) 

Seeds and 

leaves 

Indigo yielding 

glucoside 

As an adjuvant in dyeing 

Ziziphus jujuba 

(Rhamnaceae) 

Fruits Carotene, Tannins Reddish pink – mordant in dyeing 

silk 

Advantages of Natural Dyes 

1. The shades produced by natural dyes are usually soft, lustrous and soothing to the human eye. 

2. Natural dyestuff can produce a wide range of colours by mix and match system and creates new colours, 

which are not easily possible with synthetic dyestuffs. 

3. Some of the natural dyes are enhanced with age, while synthetic dyes fade with time. 

4. Natural dyes bleed but do not stain other fabrics, turmeric being an exception. 

5. Application of natural dyes has potential to earn carbon credit by reducing consumption of fossil fuel 

(petroleum) based synthetic dyes. 

6. Natural dye constituents are anti-allergens, hence prove safe for skin contact and are mostly non-

hazardous to human health. 

7. Natural dyes are usually moth proof and can replace synthetic dyes in kids garments and food-stuffs for 

safety. 

Limitation/ Disadvantages of Natural Dyes 

1. Lack of availability of technical knowledge on extraction and dyeing techniques. 

2. It is difficult to reproduce the shades by using natural dyes, as these compounds vary from one crop 

season to another crop season, place to place and species to species, maturity period etc. 

3. It is difficult to standardize a recipe for the use of natural dyes, as the natural dyeing process and its 

colour development depends not only on colour component but also on materials.   

4. Low colour yield of source natural dyes thus necessitates the use of more dyestuffs, larger dyeing time 

and excess cost for mordants and mordanting. 
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Introduction 

The ongoing COVID-19 pandemic led to a marked increase in discussion of Universal Basic Income (UBI) 

as a major plank of public policy. UBI is a regular payment made to all the citizens of the country sufficient 

for subsistence by the state. This income is provided regardless of one’s status in the society; to the rich 

and poor alike, to the employed and the unemployed. Arguments for UBI, based both on its potentially 

positive social and economic effects and on fundamental ethical principles, have existed for many years 

(Van Parijs and Vanderbroght, 2017). Around the globe, many governments and economist have shown 

their consensus to incorporate UBI as a social security scheme. Spain’s epic economics experiment: In 2020, 

the Spanish government declared to incorporate a UBI as minimum income guarantee to 2.5 million people, 

as a fundamental part of its policy response (world’s biggest economics experiment). The number of people 

in extreme poverty will increase by 70-100 million in 2021 alone (World bank, 2020). Since March 2020, 

rising inequality and drastic changes to the labour market have forced governments to implement economic 

initiatives, such as basic income programmes, that previously would have been politically untenable. 

Characteristics of UBI 

1. Universality: it is paid to all, without any eligibility criteria and it rests in principle that everyone is 

covered.  

2. Unconditional: it is paid without a requirement to work or to demonstrate willingness-to-work. 

3. Cash payment: it is paid in an appropriate medium of exchange. It is not, paid either in kind (such as 

food or services) or in vouchers dedicated to a specific use. 

4. Periodic: it is paid at regular intervals (for example every month), not as a one-off grant. 

5. Individual: it is paid on an individual basis—and not, for instance, to households. 

Why do we Need UBI? 

1. Poverty: Despite making remarkable progress in bringing down poverty from 70 percent at 

independence to about 22 percent in 2011-12, it can be said that “wiping every tear from every eye” is about 

a lot more than being able to imbibe a few calories (Economic survey 2018-19). Around 50 percent of rural 

households across India face one or more forms of shock, with the most prominent being aggregate shocks 

(crop loss, water borne diseases, loss of property, cyclones, drought, etc.). But only close to 10 percent of 

individuals accessing government assistance in such case (Jha, Nagarajan and Pradhan, 2018). As per 

World Bank report 2020, around 88 million to 115 million people could fall back into extreme poverty as a 

result of the pandemic (returning global poverty rates to 2017 levels) with even larger numbers in 2021. 

 
Share of Population below the National Poverty Line (%) | Source: ADB, 2017 
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2. Unemployment: In India, most of the welfare programs are income and employment linked. But in the 

twenty first century (uncertain employment generation) it may no longer be possible to guarantee social 

security or minimum support by linking it to employment. So, UBI could open new opportunity for labor 

markets and it creates flexibility by allowing for individuals to have partial engagements with the labor 

market without fear of losing benefits.  

3. Automation and Labor Market Disruptions: The rise of artificial intelligence especially in western 

countries has increased concerns about the availability and security of jobs and new wave of automation is 

affecting a different group of workers. In fact, 81 and 46 percent of workers hold informal jobs in low and 

upper-middle income countries, respectively (World Bank 2018). Welfare programs are often criticized as 

unable to deal with economic changes, such as the threat of automation and rise in flexible work. So, 

government intervention is required to ensure automation remains socially sustainable and Universal 

Basic Income is a possible response to it. 

 
Source: World Bank, 2020 

UBI Proposals in India 

1. The Finance Ministry’s Economic Survey 2016–17: The Economic survey 2016-17 recommends 

providing 75 percent of the population with monthly transfers amounting to Rs 7,620 per person per year. 

Its estimated cost of 4.9 percent of GDP, would be “fiscally unaffordable” unless it replaced some existing 

welfare programs, but not recommended which programs to cut.  

2. Bardhan Proposal (Universal Programme): He recommended a truly universal programme with an 

amount of Rs. 10,000 per person per year (indexed to inflation). An effective UBI could be delivered 

alongside increases in health, education, and infrastructure expenditure without replacing existing social 

programs. It would cost 10 percent of GDP and need to be reclaimed from other sources.  

3. Joshi Proposal: Vijay Joshi, economist at Oxford University, advocates shifting to a UBI, replacing all 

government subsidies with a single cash transfer to all citizens, providing them with a basic income 

guarantee. He advocates a universal basic income supplement set at 20 percent of the Tendulkar poverty 

line threshold (the gap between the average poor person’s income and the poverty line threshold). Joshi 

estimated that amount of Rs 3,500 per person per year would cost around 3.5 %of the GDP.  

4. Other Proposals: Ghatak (2016) and Banerjee (2016) have advocated for UBI benefits of around Rs 

13,000 per person per year, stressing the need for basic income benefits equal to the Tendulkar poverty 

line threshold. Universal provision of this benefit would cost approximately 11 percent of GDP. It requires 

to raise taxes and expanding the tax base, as well as cutting the non-merit subsidies. 

Challenges Ahead of UBI 

1. Requires huge fiscal re-arrangement. 

2. Needs political support. 
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3. Penetration of JAM to the rural areas: There are exclusion errors even in Jan Dhan accounts. All are not 

covered including many of the migrants.  

4. Some other channels have to be created for cash transfers to the excluded population.  

5. India slowly building a safety net in the form of PDS, MNREGS etc. UBI might undermine it. 

6. UBI will expose the poor to market risks associated with food, kerosene etc. 

7. UBI might reduce pressures on state to provide essential services such as health and education. 

Conclusion 

Evidence from the many pre-existing UBI schemes suggests, there may be a valuable addition to other 

initiatives to alleviate poverty and improve health outcomes globally. UBI is not a substitute for state 

capacity, but it is a way of ensuring that state welfare transfers are more efficient so that the state can 

concentrate on other public goods. In the post-COVID-19 situation, we need to institute schemes to provide 

a minimum income for the poor and vulnerable groups. A universal scheme is easy to implement but 

feasibility of policy is the critical question. So, creating fiscal space should not be a problem for this income 

support programme. Scrap non merit subsidies and the tax exemptions given to the better off and 

companies which accounts to 10% of GDP. Scrap the multiple schemes existing both in the union and state 

level which has similar objectives, and which is incurring huge administration and maintenance costs. 

Similar to LPG make a provision like “Give up UBI” which in turn might save a portion of government 

spending. Before going for implementation in the whole country, a centrally sponsored UBI pilot in a state 

which has high diversity and income inequality should be carried out. 
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North East India accounts for 8% of the total geographical area of the country measuring 2,62,230 sq.km. 

The region comprises of the eight states; Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, 

Nagaland, Sikkim and Tripura. NER is bestowed with varied agro-climate, favouring 51 types of forest 

which has been broadly classified into major six types- tropical moist, deciduous, tropical semi-evergreen, 

tropical wet evergreen, subtropical, temperate and alpine forests, making it part of Indo-Burma hotspot 

which is the second largest in the world with an area of 2,206,000 sq.km. There are around 220 ethnic 

communities in the North East India each with different food habit.  

The total area under horticulture in the country is 25.60 million hectares contributing 314.87 million tonnes 

production. The area under horticultural sector in Northeast is 1.40 million hectares with production of 

12.50 million tones contributing to 5.70% and 3.98% of total area and production of the country, respectively 

but many indigenous fruits, vegetable and spice crops are not taken into account. The region is 

acknowledged to have diversity of horticultural crops both commercial and indigenous which are 

underutilised and have the potential of combating many diseases due to nutrient rich component and high 

medicinal properties.  Besides the conventional vegetables, other plants which are considered to be 

underutilized are also consumed by the ethnic people of North East India which are indigenous to the 

region. Many herbs, shrubs, tubers, flowers and fruits are either consumed in raw form as salads, as spice 

and condiments, chutney, pickle, fermented products, cooked solo or as mixed vegetables from time 

immemorial. 

These underutilized vegetables (UUVs) are rich in minerals, vitamins, proteins and carbohydrates which 

had helped the tribal population combat malnutrition since time memorable and also being rich in 

phytochemicals such as flavonoids, polyphenols, antioxidants, these have many phytomedicinal properties 

that help in preventing and countering the modern-day diseases such as cancer, hypertension, diabetes etc. 

Few indigenous vegetable crops with their phytomedicinal value are mentioned below. 

Table: List of few Indigenous vegetables consumed by tribal community of North East India: 

Sl. 

No. 

Botanical Name 

(Common/ Vernacular Name) 

Family Parts used Phytomedicinal 

properties 

1 Allium hookeri 

(Hooker chives) 

Alliaceae Leaves Antioxidant, anti-

inflammatory and 

antidiabetic, 

antimicrobial, 

reduces bad 

cholesterol level, 

improves blood 

circulation 

2 Allium chinense 

(Chinese onion) 

Alliaceae Leaves and bulb Astringent, 

bronchitis, 

carminative, 

diarrhoea 

expectorant, 

pleurisy, stomachic 

3 Baliospermum motanum 

(Wild castor) 

Euphorbiacea Leaves, roots and 

seeds 

Purgative, 

febrifuge, 
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antidontalgic, anti-

inflammatory, 

antiasthamatic, 

antihelmintic, 

dermic affections, 

suppurative ulcers, 

antidote for 

snakebite, 

antilukaemic and 

cytotoxic activity 

4 Bauhinia variegate 

(Mountain Ebony) 

Fabaceae Leaves and 

flowers 

Astringent, anti-

bacterial, anti-

fungal, anti-

malaria, pain 

reducing, swelling 

reducing, cytotoxic, 

hypothyroidism,  

5 Bidens pilosa 

(Spanish needle) 

Asteraceae Leaves and tender 

shoots 

Antibacterial, 

antidysenteric, anti-

inflammatory, 

antimicrobial, 

antimalarial, 

diuretic, 

heptoprotective and 

hypotensive 

activities. 

6 Centella asiatica 

(Indian Pennywort) 

Umbelliferae Whole plant Useful for treatment 

against various skin 

ailments like 

leprosy, eczema, 

psoriasis lupus, 

varicose, diarrhoea, 

fever, amenorrhea, 

anxiety, it also has 

anti-inflammatory, 

antiproliferative, 

anticancer, 

antiulcers 

properties 

7 Clerodendron colebrookianum 

(East Indian glory bower) 

Lamiaceae Leaves Used against 

hypertension, skin 

diseases, cough and 

dysentary 

8 Corchorus olitorius 

(Tossa jute) 

Malvaceae Leaves It has demulcent, 

deobstruent, 

diuretic, lactagogue, 

purgative property. 

It is also used 

against aches and 

pains, dysentery, 

enteritis, fever, 

pectoral pains and 

tumors 
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9 Crassocephalum crepidiodes 

(Fire weed) 

Asteraceae Leaves Used against 

indigestion, 

headache, wounds, 

nose bleeding 

10 Debregeasia longifolia 

(Orange Wild Rhea) 

Urticaceae Leaves, fruit and 

bark 

Used for treating 

dysentery, arthritis, 

skin scabies, 

indigestion 

11 Diplazium esculentum 

(Vegetable fern) 

Athyriaceae Leaves Used for treating 

acne, tumors, 

asthama, to dry out 

scars, it has alpha-

glucosidase 

inhibitory activity 

12 Eryngium foetidum 

(Mexican coriander) 

Apiaceae Leaves Used against burns, 

earache, fever, 

hypertension, 

constipation, 

asthama, 

stomachache, 

diarrhea, epilepsy, 

antiantidote for 

snakebite, it also 

has antimalaria, 

anticonvulsant 

properties. 

13 Fagopyrum esculentum 

(Buckwheat) 

Polygonaceae leaves It has 

atherosclerosis, 

anti- diabetic 

properties, used for 

treating person with 

chronic venous 

insufficiency 

14 Girardinia zeylanica 

(Himalayan Nettle) 

Urticaceae Shoots It is used against 

malignant boils, 

gastritis, 

constipation, fever, 

eczema, ringworm 

15 Gnaphalium affine 

(Jersey cudweed) 

Asteraceae Whole plant It is used as 

antiperiodic, 

antitussive, 

expectorant, 

febrifuge, 

rheumatoid 

arthralgia 

16 Gyura cusimbua 

(Ogen-A) 

Asteraceae Leaves and stem It has 

antihemorrhagic 

property 

17 Houttuynia cordata 

(Heart leaf) 

 

 

 

Saururaceae Whole plant It has antiviral, 

antibacterial, and 

antileukamic 

properties. It is used 

for treating 
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arthritis, body ache, 

dysentery 

18 Hydrocotyl sibthorpiodes 

(Lawn marsh penny wort) 

Araliaceae Leaves Used for bone 

fractures 

19 Impatiens racemosa 

(Impatiens) 

Balsaminaceae Leaves It has anti-

inflammatory, 

antifungal 

properties 

20 Ipomoea aquatic (water 

spinach) 

Convolvulaceae Leaves ad shoots Antihyperglycemic, 

anthelmintic, anti-

cancer, anti-

hypertensive, good 

for jaundice, 

neurological 

problem and piles 

21 Litsea cubeba 

(Chinese pepper) 

Lauraceae Fruit It is used in treating 

various gastro-

intestinal ailments, 

edema, cold, 

arthritis, asthama 

and possesses 

antidiabetic, 

antibacterial, 

antioxidant, 

antiparasitic 

properties 

22 Magnolia champaca (Champak) Magnoliaceae Flower and fruit antidiabetic, anti-

inflammatory, 

antimicrobial, 

antipyretic, 

analgesic, 

antioxidant, 

astringen, 

purgative, 

expectorant, 

cardiotonic, 

carminative, 

cytotoxic, 

diaphoretic, 

digestive, diuretic 

stimulant and 

stomachic 

23 Mussaenda glabrata 

(Flag bush) 

Rubiaceae Leaves and tender 

shoots 

Diuretic, 

antiasthmatic, 

antiperiodic, 

antiulcer properties 

and are used for 

treating jaundice 

24 Musa arunachalensis 

(Papuk (G)) 

Musaceae Pseudostem, male 

bud 

Used in treating 

constipation,  it has 

antianaemic  

properties 
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25 Nasturtium officinale 

(Watercress) 

Brassicaceae Leaves It has antiscorbutic, 

depurative, diuretic, 

expectorant, 

purgative, 

hypoglycaemic, 

odontalgic, 

stimulant and 

stomachic 

properties 

26 Nasturtium microphyllum 

(Onerow yellowcress) 

Brassicaceae Leaves It has antiscorbutic, 

depurative, diuretic, 

expectorant, 

purgative, 

hypoglycaemic, 

odontalgic, 

stimulant and 

stomachic 

properties 

27 Nelumbo nucifera (Lotus) Nymphaeceae Young leaves, 

petioles, flowers 

and rhizome 

Antihematemesis, 

Antiepistaxis, anti-

hematuria, 

antihyperglycemic, 

antidiuretic, 

antidiabetic, anti-

inflammatory, 

cholera, diarrhea, 

fever and 

hyperdipsia  

28 Oenanthe javanica 

 

(Water celery) 

Apieceae Leaves and roots Hepatoprotective, 

anti-inflammatory, 

immune enhancer, 

antiosidant, 

antiviral, 

neuroprotective, 

anticancer, 

anticoagulant, anti-

fatigue, 

hypoglycemic, 

cardiovascular 

protectant, 

analgesic and 

insecticidal 

activities. Used 

against alcohol 

hangover. 

29 Oxyspora paniculata 

(Bristletips) 

Melastomataceae Leaves and shoots Used against liver 

disorder, 

stomachache, 

mental disorder, 

gout and edema, 

orchitis and as 

antidote to 

snakebite 
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30 Parkia speciosa 

(Bitter bean) 

Fabaceae Fruit Anti-hypertensive, 

antioxidative, anti-

inflammatory, 

anticancer, anti-

microbial and 

antinociceptive 

properties 

31 Phoebe cooperiana 

(Tapil-A) 

Lauraceae Fruit Antioxidant 

property 

32 Phyllostachys bambusoides 

(Japanese timber bamboo) 

Poaceae Young shoot Helps in treating 

haematuria, 

lipotoxicity;  it has 

antipyretic, anti-

inflammatory, 

anticancerous  

properties 

33 Phytolacca acinosa 

(Pokeweed) 

Phytolaccaceae Leaves Antiasthmatic, 

antibacterial, 

antidote, 

antifungal, 

antitussive, 

diuretic, 

expectorant, 

laxative and 

vermifuge 

properties 

34 Piper pedicellatum 

(Pipla) 

Piperaceae leaves Stimulant, immune 

booster 

35 Plantago asiatica 

(Chinese plantain) 

Plantaginaceae Leaves Antidepressant, 

anti-inflammatory, 

antiseptic,  anti-

leukaemia, anti-

cancer, anti-viral, 

cardiac, diuretic, 

expectorant, 

haemostatic 

properties 

36 Polygonum chinense 

(Creeping smartweed) 

Polygonaceae Leaves Antibacterial, 

antifungal, antidote 

for snakebite, 

antipyretic,   anti-

allergic, anti-

inflammatory, 

antiscorbutic 

properties  

37 Pouzolzia benethiana 

(Oyik-G) 

Urticaceae Leaves It acts as an antacid 

38 Rhyncothecum parviflorum 

(Joko-G)) 

Gesneriaceae Leaves Used for treatment 

against Hepatitis A 

and B, helps in 

reducing levels of 

serum glutamic-

pyruvic 
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transaminase and 

bilirubin 

39 Sarcoclamys pulcherrima 

(Dogal tree) 

Urticaceae Leaves Antimicrobial, 

antioxidant 

properties, 

carminative 

property, aids in 

digestion. It is used 

in treating boils, 

fever blisters, 

diarrhea, and 

dysentery, as an eye 

drop against 

itchiness. 

40 Sauropus androgynus 

(Chekurmanis) 

Euphorbiaceae Leaves Antioxidant 

property, aids in 

digestion, acts as 

febrifuge 

41 Sechium edule 

(Chayote) 

Cucurbitaceae Leaves, fruits and 

tuber 

It helps in losing 

weight, 

hypertension, it has 

anti-inflammatory, 

anticancer, 

antidiabetic,  

antioxidant 

properties 

42 Solanum gilo 

(Scarlet eggplant) 

Solanaceae Fruits It has demulcent, 

depurative, 

diaphoretic, 

parasiticide and 

stimulant 

properties 

43 Solanum indicum 

(African eggplant) 

Solanaceae Fruits Used in treating 

asthama, dry cough, 

flatulence, 

bronchitis, 

constipation and as 

expectorant 

44 Solanum nigrum 

(Black nightshade) 

Solanaceae Fruits Used in treating 

dropsy, gonorrhea, 

piles, liver and 

spleen enlargement, 

dysentry, fever, 

asthama, skin 

infection, as an 

antispasmodic 

45 Solanum spirale 

(Bangko-A) 

Solanaceae Fruits Used as diuretic and 

ferbifuge  

46 Solanum torvum 

(Turkey berry) 

Solanaceae Fruits It aids in digestion, 

has diuretic, 

sedative, 

antioxidant, 

cardiovascular, 
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immunomodulatory, 

nephroprotective 

properties 

47 Sonchus arvensis 

(Gutweed) 

Asteraceae Leaves It has anti-

inflammatory, 

activity, helps in 

treating asthama, 

cough and chest 

complaint 

48 Spilanthes acmella 

(Toothache plant) 

Asteraceae Leaves, shoots and 

flower 

It has analgesic, 

antifungal, 

anthelminthic and 

antibacterial 

properties and is 

used in treating 

toothache. 

49 Trapa bispinosa (Water 

chestnut) 

Trapaceae Fruits anti-diarrheal, anti-

pyretic, aphrodisiac, 

appetizer, 

astringent, 

constipating, 

diuretic, 

haemostatic, 

nutritive, 

refrigerant, and 

tonic 

50 Zanthoxylum oxyphyllum Rutaceae Leaves, fruits It helps in treating 

rheumatism, 

dyspepsia and 

asthama, helps in 

digestion. It has 

carminative and 

depurative 

properties 

*(A)- Adi, (G)- Galo vernacular names 

Conclusion 

These vegetables serve as source of food, medicine alongside serving as a source of income for the poor 

villagers. Though the indigenous vegetables serve as a source of nutrients for the northeastern population 

and had been consumed since ages, many are still being collected from the wild despite the fact that large 

much number of species have been brought under cultivation or are semi domesticated. Therefore, efforts 

have to be made by the scientific community to develop package of practices for the UUVs, as well work on 

phytochemical analysis and do proper documentation of the ethnomedicinal properties and usage to benefit 

the tribal community sustainably. 

Plate 1: Some Important Edible plants of North East India consumed by the tribal community 

as vegetables: 

 

 

 

 

Allium hookeri Baliospermum motanum Bauhinia variegate Bidens pilosa 
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Centella asiatica Clerodendron 

colebrookianum 

Corchorus olitorius Crassocephalum 

crepidiodes 

 

  

 

Debregeasia longifolia Diplazium esculentum Fagopyrum esculentum Girardinia zeylanica 

   

 

Gnaphalium affine Gynura cusimbua Houttuynia cordata Hydrocotyl 

sibthorpiodes 

  

 

 

Impatiens racemosa Musa arunachalensis Mussaenda glabrata Nasturtium 

microphyllum 
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Introduction 

The term pesticide covers a wide range of compounds including insecticides, fungicides, herbicides, 

rodenticides, molluscicides, nematicides, plant growth regulators and others. Among these, organochlorine 

(OC) insecticides, used successfully in controlling a number of diseases, such as malaria and typhus, were 

banned or restricted after the 1960s in most of the technologically advanced countries. The introduction of 

other synthetic insecticides – organophosphate (OP) insecticides in the 1960s, carbamates in 1970s and 

pyrethroids in 1980s and the introduction of herbicides and fungicides in the 1970s–1980s contributed 

greatly to pest control and agricultural output. Ideally a pesticide must be lethal to the targeted pests, but 

not to non-target species, including man. Pesticides are the only toxic substances released intentionally 

into our environment to kill living things.  

This includes substances that kill weeds (herbicides), insects (insecticides), fungus (fungicides), rodents 

(rodenticides), and others. The use of toxic pesticides to manage pest problems has become a common 

practice around the world. Pesticides are used almost everywhere not only in agricultural fields, but also 

in homes, parks, schools, buildings, forests, and roads. It is difficult to find somewhere where pesticides 

aren't used from the can of bug spray under the kitchen sink to the airplane crop dusting acres of farmland; 

our world is filled with pesticides. In addition, pesticides can be found in the air we breathe, the food we 

eat, and the water we drink. 

Production and Usage of Pesticides in India 

The production of pesticides started in India in 1952 with the establishment of a plant for the production 

of BHC near Calcutta, and India is now the second largest manufacturer of pesticides in Asia after China. 

There has been a steady growth in the production of technical grade pesticides in India, from 5,000 metric 

tons in 1958 to 102,240 metric tons in 1998. In 1996–97 the demand for pesticides in terms of value was 

estimated to be around Rs. 22 billion (USD 0.5 billion), which is about 2% of the total world market. 

The pattern of pesticide usage in India is different from that for the world in general. India 76% of the 

pesticide used is insecticide, as against 44% globally use of herbicides and fungicides is correspondingly 

less heavy. The main use of pesticides in India is for cotton crops (45%), followed by paddy and wheat. 

Factors Affecting the Application of Pesticides 

The common factors which alter pesticides efficiency, in particular in non-industrialized producers are: 

1. Nozzles’ poor calibration. Usually, the equipment is inappropriate or obsolete. 

2. Inappropriate tractor speed which is reflected in unsatisfactory turbine’s air volumes and pulverized 

water. 

3. Late or inadequate fruit pruning which facilitates infestation (in fruit production). 

4. Inadequate choice of the treatment opportunity time. 

5. Poor weather conditions: weather plays a major factor in affecting timing decisions these conditions also 

play a significant role in the occurrence of spray drift. This is a major concern because it diverts the 

pesticide from the intended target, reduces efficacy, and deposits pesticide where it is not needed or wanted.  

6. Inadequate choice of the pesticide product in order to the target pest or absence of new pesticides 

application after precipitations events Advanced producers are less affected by the abovementioned factors. 

Agriculture is the Leading Source of Pollution in Many Countries 

1. The use of pesticides, fertilizers and other agrochemicals has increased hugely since the 1950s. For 

example, the amount of pesticide sprayed on fields has increased 26-fold over the past 50 years. 



 

 
Volume 04 - Issue 09 - September 2022       208 | P a g e  
 

2. These chemicals don't just stay on the fields they are applied to. Some application methods such as 

pesticide spraying by aeroplane lead to pollution of adjacent land, rivers or wetlands.  

3. Due to inappropriate water management and irrigation technology, fertilizers and pesticides also 

commonly run-off from fields to adjacent rivers and lakes and contaminate groundwater sources. These 

chemicals eventually end up in the marine environment too. 

4. Toxic pesticides. 

5. Beneficial insects in and around the fields can be poisoned or killed, as can other animals eating poisoned 

insects. Pesticides can also kill soil microorganisms. 

6. Pesticide pollution of rivers, lakes and wetlands also directly poisons freshwater species, as well as 

people.  

7. Some pesticides are suspected of disrupting the hormone messaging systems of wildlife and people, and 

many can remain in the environment for generations. 

8. Excess nutrients. 

Agricultural Production and Pesticide Pollution 

The evidence is rising. The heavy use of pesticides and chemical fertilizers is unsustainable. The resulting 

side effects are polluting the very systems which sustain life on our planet. And the argument that organic 

methods will not be able to produce enough food has largely been discredited. Add the fact that so called 

“traditional” energy intensive big business agro-farms are only sustainable with the continued availability 

of cheap oil to run the machines and produce the chemicals needed. 

Problem of Pesticides in India 

1. Pesticides and Human Health: 

a. Pesticides have been linked to a wide range of human health hazards, ranging from short-term 

impacts such as headaches and nausea to chronic impacts like cancer, reproductive harm, and 

endocrine disruption. 

b. Acute dangers - such as nerve, skin, and eye irritation and damage, headaches, dizziness, nausea, 

fatigue, and systemic poisoning can sometimes be dramatic, and even occasionally fatal. 

c. Chronic health effects may occur years after even minimal exposure to pesticides in the 

environment, or result from the pesticide residues which we ingest through our food and water 

d. Pesticides can cause many types of cancer in humans. Some of the most prevalent forms include 

leukemia, non-Hodgkins lymphoma, brain, bone, breast, ovarian, prostate, testicular and liver 

cancers. 

e. Studies by the National Cancer Institute found that American farmers, who in most respects are 

healthier than the population at large, had startling incidences of leukemia, Hodgkins disease, non-

Hodgkins lymphoma, and many other forms of cancer. 

f. There is also mounting evidence that exposure to pesticides disrupts the endocrine system, 

wreaking havoc with the complex regulation of hormones, the reproductive system, and embryonic 

development. 

g. Multiple Chemical Sensitivity (MCS) is a medical condition characterized by the body's inability 

to tolerate relatively low exposure to chemicals. Exposure to pesticides is a common way for 

individuals to develop MCS, and once the condition is present, pesticides are often a potent trigger 

for symptoms of the condition.  

h. For individuals suffering from MCS, the only way to relieve their symptoms is to avoid those 

substances that trigger adverse reactions. 

Pesticides and Children: 

a. Children are particularly susceptible to the hazards associated with pesticide use. Children have 

more skin surface for their size than adults, absorb proportionally greater amounts of many 

substances through their lungs and intestinal tracts, and take in more air, food and water per pound 

than adults.  

b. Children have not developed their immune systems, nervous systems, or detoxifying mechanisms 

completely, leaving them less capable of fighting the introduction of toxic pesticides into their 

systems. 
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c. Many of the activities that children engage in playing in the grass, putting objects into their 

mouth and even playing on carpet - increase their exposure to toxic pesticides. 

3. Pesticides and the Environment: 

a. Pesticides are toxic to living organisms. Some can accumulate in water systems, pollute the air, 

and in some cases have other dramatic environmental effects.  

b. Pesticide use can damage agricultural land by harming beneficial insect species, soil 

microorganisms, and worms which naturally limit pest populations and maintain soil health, 

Weakening plant root systems and immune systems. 

Conclusion 

1. The data on environmental-cum-health risk assessment studies may be regarded as an aid towards a 

better understanding of the problem.  

2. Generation of base-line descriptive epidemiological data based on area profiles, development of 

intervention strategies designed to lower the incidence of acute poisoning and periodic surveillance studies 

on high-risk groups are needed.  

3. Our efforts should include investigations of outbreaks and accidental exposure to pesticides, correlation 

studies, cohort analyses, prospective studies and randomised trials of intervention procedures.  

4. Our approach to the use of pesticides should be pragmatic. In other words, all activities concerning 

pesticides should be based on scientific judgement and not on commercial considerations.  

5. There are some inherent difficulties in fully evaluating the risks to human health due to pesticides. For 

example, there is a large number of human variables such as age, sex, race, socio-economic status, diet, 

state of health all of which affect human exposure to pesticides.  

6. Pesticides are often considered a quick, easy, and inexpensive solution for controlling weeds and insect 

pests in urban landscapes. However, pesticide use comes at a significant cost. Pesticides have contaminated 

almost every part of our environment.  

7. Pesticide residues are found in soil and air, and in surface and ground water across the countries, and 

urban pesticide uses contribute to the problem.  

8. The best way to reduce pesticide contamination (and the harm it causes) in our environment is for all of 

us to do our part to use safer, non-chemical pest control (including weed control) methods. 
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The active oxygen species (superoxide anion [02-]. singlet oxygen ['02], hydroxyl radical [OH"]) and H202 are 

produced due to fungal infection. Their production is interdependent and also dependent on lipid 

peroxidation. The earliest event in the process of activation of host defense mechanisms appears to be the 

generation of active oxygen species, which occurs within few minutes’ elicitation. These active oxygen 

species are cytotoxic and the host cell appears to have a balance between them to escape from the 

cytotoxicity.  Several scavengers’ oxygen species also exist in the cells. Catalases and peroxidases remove 

H202 efficiently. Superoxide dismutase scavenge the superoxide anion. Non enzymic scavengers such as 

ascorbic acid, glutathione, tocopherol, p-carotene, and cysteine may also reduce the toxicity these active 

oxygen species. 

Superoxide 

Superoxide is biologically quite toxic and is deployed by the immune system to kill invading 

microorganisms. In phagocytes, superoxide is produced in large quantities by the enzyme NADPH oxidase 

for use in oxygen-dependent killing mechanisms of invading pathogens.  

Catalysis is the process in which the rate of a chemical reaction is either increased or decreased by means 

of a chemical substance known as a catalyst. Unlike other reagents that participate in the chemical 

reaction, a catalyst is not consumed by the reaction itself. The catalyst may participate in multiple chemical 

transformations. Catalysts that speed the reaction are called positive catalysts 

Excitation is an elevation in energy level above an arbitrary baseline energy state. In physics there is a 

specific technical definition for energy level which is often associated with an atom being excited to an 

excited state. 

In quantum mechanics an excited state of a system (such as an atom, molecule or nucleus) is any quantum 

state of the system that has a higher energy than the ground state (that is, more energy than the absolute 

minimum). The temperature of a group of particles is indicative of the level of excitation. 

Excited State 

The lifetime of a system in an excited state is usually short: spontaneous or induced emission of a quantum 

of energy (such as a photon or a phonon) usually occurs shortly after the system is promoted to the excited 

state, returning the system to a state with lower energy (a less excited state or the ground state). This 

return to a lower energy level is often loosely described as decay and is the inverse of excitation. 

 

 

PATHOGENESIS 
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Long-lived excited states are often called metastable. Long-lived nuclear isomers and singlet oxygen are 

two examples of this. In chemistry, protonation is the addition of a proton (H+) to an atom, molecule, or 

ion. Protonation is possibly the most fundamental chemical reaction and is a step in many stoichiometric 

and catalytic processes. Some ions and molecules can undergo more than one protonation and are labeled 

polybasic. This is true of many biological macromolecules. 

Active Oxygen Species 

When the pathogens invade host tissues, different oxygen radicals are produced. Superoxide anion is 

produced in potato (Phytopthora infestans) interactions, in rice inoculated with Pyriculuria, and in tomato 

cells treated with the fungal elicitor. The superoxide anion bears an unpaired electron that arises from the 

one electron reduction of molecular oxygen. Extracellular 02- in plant cells may be generated in a number 

of ways. NADH/NADPH is oxidized to NAD/NADP in the presence of peroxidase and Mn2+ to reduce 

molecular oxygen to 02- A specific membrane-located NAD(P)H oxidase may catalyze the single electron 

reduction molecular oxygen to 02- LOX catalyzes the direct oxygenation of polyunsaturated fatty acids LOX 

activity produces 02-, The oxidative catabolism of purine leads to synthesis of the ureides, allantoin, and 

allantoic acid, which constitute major organic nitrogen compounds present in a wide variety of plants. 

Active Oxygen Species Induce Resistance 

Oxygen species may be involved in the oxidation of membrane lipids that results in production of several 

antifungal compounds, initiation of cell wall lignification reaction, direct injury to the pathogens, and signal 

transduction. 

 
The other two compounds were not present at zero time and increased between and in the elicitor treated 

cells. To test the possibility that active oxygen species may be involved in the elicitor-induced increase of 

extracellular phenolic compounds, catalase, SOD, ascorbate, or mannitol was added. SOD is the 02- 

scavenger. Catalase catalyzes the decomposition of H202. Mannitol is an OH radical scavenger. 

Conclusion 

The accumulation active oxygen species increase mostly in the resistant reaction. Successful pathogen 

appears to suppress the increase in these activities. Scavengers’ oxygen species may be activated in the 

susceptible reaction. It is also possible that both lipid peroxidation and active oxygen species production 

ma y not have any role in defense mechanisms and may be involved in cell necrosis only. Their role has 

been studied more in bacterial diseases and intensive studies are needed in fungal diseases. 
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Storage Fungi 
1. Storage fungi usually invade grain or seed during storage and are generally not present in large 

quantities before harvest in the field 

2. During harvest time seeds becomes coated with fungal spores. 

3. Under high temperatures and moisture this small number of inoculums can increase the infection. 

Storage Fungi in Detoriation 

1. Aspergillus and Penicillium causes major loss 

2. Mucor, Rhizopus, Absidia, Candida produces minor loss  

Aspergillus species: 

a. Aspergillus glaucus   is the most common fungi occurring in stored seed of the most of the crops 

such as maize, soybean, wheat, rice etc. 

b. Aspergillus glaucus on   Corn and Maize crops grows at moisture level of above 13.5%. This species 

causes blue-eye discoloration” of germ of cereals. 

c. Aspergillus flavus grows at high moisture level in soybean that is at 17 to 18.5 percent. 

Mode of entry: 

a. Through the injuries of pericarp/testa  

b. Damages during handling and processing 

The development of storage fungi is influenced by the:  

a. Moisture content of the stored grain. 

b. Temperature. 

c. Condition of the grain going into storage.  

d. Amount of insect and mite activity in the grain.  

e. The extent to which grain in already invaded by storage fungi when it arrives at a given storage 

site. 

f. Length of time the grain is to be stored. 

g. Amount of insect and mite activity in the grain.  

Moisture content- <13.5 percent in starchy cereal seeds such as wheat, barley, rice, corn and sorghum   

and <12.5 percent in soybean prevents invasion by storage fungi. As the moisture content rises, invasion 

by storage fungi increases with temperature and time.  

Temperature- In the range of temperature between 40 to 50 degrees storage fungi grow very slowly. At 

80 to 90 degrees, they grow much more rapidly. 

Field Fungi 
1. Field fungi invade the grain before harvest while growing in the field. 

2. The field fungi may survive for several years in dry grain but die below 70% in the starchy grains. 

Difference Between Field Fungi and Storage Fungi 
Field fungi  Storage fungi 

Invades the seeds either during development or 

after maturity but before harvest 

Invades the seeds after harvest 

The Moisture content is in equilibrium with 

Relative humidity above 95%  

Moisture content is in equilibrium with Relative 

humidity 65 - 90% 
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They develop the disease when the moisture 

content is 24-25% 

Storage fungi play a role in disease development 

and leads to the seed deterioration 

Alternaria 

Curvularia 

Fusarium  

colletotricum 

Aspergillus 

Penicillium 

Rhizopus 

 
Field Fungi-Alternaria 

 
Storage fungi – Aspergillus 

Changes During the Storage Fungi Infection 

1. In maize A.flavus enters through the micropyle  

2. Produces lipases –breakdowns the cell components of embryo 

3. In groundnut produces aflatoxins via ovary by secreting secondary metabolites 

4. In cotton seeds infects the vascular tissues. 

5. In oilseeds they affect via the seedcoat – produce the celluloytic enzymes. 

Spoilage in Nutritive Value by Storage and Field Fingi 
1. Seeds contains lipids which are degraded by the lipases and lipooxygenases  

2. Oxidizes the PUFA and produces off flavor 

3. Increases the fatty acid content and seed deteroriation occurs 

4. Hydrolysis of seed proteins occurs and degrades the proteins 
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5. Enhances the respiration rate and ATP is enhanced which leads to nutrient loss and reduction in dry 

matter. 

Conclusion 

Mycotoxin contamination in certain agricultural commodities has been a serious concern for human and 

animal health. Mycotoxins are substances produced mostly as secondary metabolites by filamentous fungi 

that grow on seeds, grains, and feed in the field, or in storage. The major mycotoxin-producing fungi are 

species of Aspergillus, Fusarium, and Penicillium. Aflatoxins, fumonisins, trichothecenes, ochratoxins, 

cyclopiazonic acid, patulin, deoxynivalenol, zearalenone, citrinin, gliotoxin, and sterigmatocystin are some 

of the important mycotoxins. 
  



 

 
Volume 04 - Issue 09 - September 2022       215 | P a g e  
 

Moringa Seed Magic – Recent Trends and Applications 

Article ID: 38073 
S. Kavitha1, A. Thanga Hemavathy2, M. Ananthi3 

1S. Kavitha, Assistant Professor, Department of plant Genetic Resources, Tamil Nadu Agricultural 

University, Coimbatore. 
2A. ThangaHemavathy, Assistant Professor, Department of Pulses, Tamil Nadu Agricultural University, 

Coimbatore. 
3M. Ananthi, Teaching Assistant, Directorate of Planning and Monitoring, Tamil Nadu Agricultural 

University, Coimbatore. 

 

 
 

Moringa - A Miracle Tree 

The Miracle Tree, Moringa Oleifera, a native of southern foothills of north western India and widely 

cultivated in tropical and subtropical areas where its young seed pods and leaves are used as vegetables, 

the tree has an open crown of drooping, fragile branches and the leaves build up a feathery foliage of 

tripinnate leaves that are utilized as key ingredient. 

Moringa could become one of the world’s most valuable plants, at least in humanitarian terms, but also for 

commercial purposes. Moringa promotes environmentally sound economic development. Scientifically 

speaking, although few people have heard of it, moringa sounds like magic, with incredible natural 

properties 

Moringa or drumstick tree is used as part of diet in India since ages. Its use in treatment is seen in 

Ayurveda from the times of Sushruta. Many of its parts like drumstick leaves, fruit, seeds, oil etc. have 

immense health benefits targeted towards many systems like digestive, heart and circulatory system. As 

we discover the awesome gifts offered by the Murungai tree, the Tamil name (One of the Indian traditional 

languages) from which Moringa is derived, the reason it is so special becomes self-evident. 

Nutritional analysis has shown that Moringa leaves are extremely nutritious. In fact, they contain larger 

amounts of several important nutrients than the common foods often associated with these nutrients. It 

has been found that Moringa Oleifera contains more than 92 nutrients, 46 types of anti-oxidants, 36 anti-

inflammatory agents as well as vitamins A, B1, B2, B3, B4, B7, C, D, E, and K. Another amazing benefit 

Moringa Oleifera offers is that, since it can retain high concentrations of electrolyte minerals, it allows the 

body to remain internally hydrated even in very dry conditions. 

 

Moringa Seeds 

Moringa seeds are obtained from the pods of the Moringa plant (Moringa Oleifera) or the drumstick tree, 

native to Northern India. Fresh and raw moringa seeds are quite tender, but as soon as they get dried, they 

become hard and start to resemble small beans. They are greyish-white in colour with unique wing-like 

structures. They can be steamed, dried, powdered, boiled or roasted for various purposes. 
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General Benefits of Moringa Seeds 

1. Moringa seeds are a rich source of zinc. It can reduce the amount of glucose and regulate the sugar levels 

in the blood. It can also reduce the sugar and protein amounts in the urine. Moringa seeds can improve 

hemoglobin levels of blood.  

2. Our body needs iron to carry blood and oxygen to muscles, tissues, and other organs. Those who have 

fewer iron levels in the body experience various health issues in everyday life. Moringa has iron three times 

higher than spinach. Vegetarians and those who have low iron problems can eat morning to increase their 

strength. 

3. Many health studies proved that moringa is an excellent supplement of calcium (24.7% NRV), Vitamin 

K (158.7% NRV), protein (25%), and phosphorus that make your bones strong and healthy. As the seeds 

also have anti-inflammatory properties, those who suffer from joint pain, arthritis, and other bone disorders 

can consume the moringa extract. 

4. Moringa seeds have shown their ability to reduce oxidized lipids in the human body in most of the 

research held. Moringa seeds protect heart tissues from constructional damages and improve cardiac 

health.  

5. The moringa seed oil contains 30 different antioxidants such as Vitamins A, B-complex, C, and free 

radical burners. These oxidants protect our bodies from oxidative damage. Moringa seeds take care of your 

overall health 

6. Two to three teaspoons of Moringa seed powder as single-serving has a daily requirement of Iron (32.2% 

NRV) and Vitamin A (18.9% NRV). Iron is meant to power your body, which reduces tiredness and fatigue 

and makes you active. Vitamin A improves the metabolism of iron and ensures a healthy body. Add moringa 

to your regular diet and get rid of fatigue and tiredness. 

Moringa Seeds - Recent Trends of Applications 

As water Purifier: The latest trends are getting established that crushed moringa seeds are capable of 

attracting and sticking fast to bacteria and viruses that are found in contaminated and turbid water. The 

seeds produce positive charges like magnets- attracting negative elements of bacteria and other toxic 

particles. This inspired the development of a revolutionary new natural sanitation water treatment that 

uses moringa seeds to purify water. 

The interest on natural biological flocculants for cleaning contaminated turbid water is not new. However, 

of all plant materials that have been investigated over the years, the seeds from moringa have shown to be 

one of the most effective as a primary natural coagulant for water treatment. When the seeds are dried, 

crushed and added to water, the seed power acts as a coagulant binding the particles and bacteria. After a 

short while the coagulated particles, known as a floc, sink to the bottom and clear water can be poured off. 

The coagulated solid matter is easy to be removed.  

In fact, given the ability Moringa Oleifera has to bind toxins, the powdered seeds are used in parts of Africa 

to purify water. It therefore offers a natural alternative to the aluminum-based purifying agents used 

industrially for water purification. 
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Based on the basic research on this area of application, the following areas showing increasing demands of 

Moringa seed extracts which are under evaluation and commercial applications. 

a. Moringa Oleifera cake acts a bio-flocculant for water treatment and sanitation 

b. Moringa Oleifera cake acts as water softener 

c. Moringa Oleifera cake for agricultural water productivity 

d. Moringa Oleifera cake for distilling water 

e. Moringa Oleifera cake for drinking water. 

Moringa seed Oil: Another marvelous contribution of the seeds, which contain about 40 per cent oil, is 

this remarkable odorless, sweet and non-drying oil that has a very long shelf life.It is very much in demand 

in cosmetology and perfumery though it is now being dislodged by cheaper chemical options. Moringa oil is 

extracted from the juicy white kernels of the pure seeds of the most nutrient-dense tree on the planet, 

Moringa oleifera without the application of heat, to preserve its nutritional value.  

In Ayurveda, Moringa has always been renowned for its miraculous healing and nourishing qualities. In 

Bhava Prakash, the historical textbook of Ayurveda, Moringa is called Sigur (moves like an arrow) for its 

ability to rapidly and deeply penetrate tissues for deep cleansing. Moringa seeds have a high oil content 

and contain many nutritional compounds, including monounsaturated fats, protein, sterols, and 

tocopherols. 

An important trend in cosmetics is the exploration of new ingredients from natural sources. Moringa has 

become the focus of an extensive research program that led to the development of new active ingredients 

and potential benefits for skin and hair care. Proteins isolated from the seeds have shown very interesting 

properties due to their low molecular weight and their strong cationic behavior. The pure oil obtained by 

pressure of the seeds is also of very high interest in cosmetic applications. The promising properties of the 

peptide fraction of the moringa seeds allow testing anti-pollution and purification of skin and hair. 

Benefits of Moringa seed Oil: One of the main benefits of Moringa oil, which makes it a favored 

ingredient in the industry of cosmetics, is that it is rich in cytokinins, and more importantly, zeatin (the 

most potent plant hormone). Zeatin helps in promoting cellular growth and in delaying the process of aging 

by nourishing and supporting skin tissues. Moringa oil has been used as a medicinal folk cure and as a 

topical, cosmetic ingredient since ancient times. 

 

Today, moringa oil is manufactured for a wide range of personal and industrial uses.  

a. Cooking oil: Moringa oil is high in protein and oleic acid, a monounsaturated, healthy fat. When 

used for cooking, it’s an economical, nutritious alternative to more expensive oils. It’s becoming a 

widespread nutritional staple in food-insecure areas where moringa trees are grown.  

b. Topical cleanser and moisturizer: Moringa oil’s oleic acid makes it beneficial when used 

topically as a cleansing agent, and as a moisturizer for skin and hair. It contains 40% 

monounsaturated fatty acids, with 69% of that being oleic acid, which is used in most of the skin 

and hair care products.  

c. Cholesterol management: Edible moringa oil contains sterols, which have been shown Trusted 

Source to lower LDL or “bad” cholesterol.  

d. Antioxidant: Beta-sitosterol, a phytosterol found in moringa oil, may have antioxidant and 

antidiabetic benefits, although more research is needed to confirm this.  

e. Anti-inflammatory: Moringa oil contains several bioactive compounds which have antioxidant 

and anti-inflammatory properties, both when ingested and used topically. This may make moringa 
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oil beneficial for acne breakouts. These compounds include tocopherols, catechins, quercetin, ferulic 

acid, and zeatin. 

The Way Forward 

Moringa is the perfect example of the third world producing what it does not consume and increasingly 

consuming what it does not produce. Moringa Oleifera seeds must be actively promoted and harvested on 

a large scale in developing countries, especially in the sunny hot areas for the recent advances in its 

applications.  

1. Moringa seeds as water purifier is great alternate viable alternate source of chemical applications for 

the same 

2. With 300 grams of seeds provides sanitation and water treatment for one family 

3. Important source of revenue and sustainable income for the women based on its commercial water 

related applications and large-scale production to develop commercially viable products 

4. Production of edible vegetable oil, traditional medicines improvement to treat bacterial skin infections 

and fair-trade label for cosmetics sales. 
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Abstract 

Soil is a heterogenous body where there is irregular distribution of pores (air and water). EM-38 

electromagnetic induction sensor determines the electrical conductivity (EC) which in return is used to 

determine the soil variability. It identifies the management zones in the field so that variable rate of 

application of fertilizer or irrigation can be made. With the help of EC readings soil type and water content 

is determined which increases the accuracy to conduct field experiments. Hence, EM-38 being a potential 

tool can be used to achieve sustainable agriculture by optimizing the use of resources and getting higher 

economic return. 

What is EM-38? 

EM-38 is a soil survey tool that is used to measure the soil electrical conductivity (EC) using 

Electromagnetic Induction (EMI). This instrument is used to make the survey of the field before starting 

any experiment. The EM-38 (Fig.1) data is used to generate a spatial layer that provides information about 

soil variability within a field. It is most widely used sensor in agriculture. 

 
Fig.1. EM-38 sensor 

Why EM-38 Survey is Done? 

1. To measure the soil’s ability to transmit electric current 

2. To determine the soil salinity 

3. To find out the soil type  

4. To estimate the soil water content and  

5. To assess the soil sampling points in the field 

6. To delineate the soil textural boundaries within the field. 

Working Principle of EM-38 

An EM38 meter comprises of two coils viz. transmitter coil which is used for creating a magnetic field and 

receiver coil which is used for sensing an external magnetic field. The transmitter and receiver coils are 

placed 1m apart (Fig.2) in a non-conductive bar in the opposite end of the instrument. It operates at a 
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frequency of 14.6 kHz. The transmitter coil is energized with an alternating current of 9V battery which 

generates a time varying magnetic field in the earth called “Primary magnetic field”. This field penetrates 

down into the soil (and into any other nearby object) and induces “eddy currents” in the soil. The eddy 

currents induce a response “Secondary magnetic field” which is then detected by the receiver coil located 

at the other end of the device. The measurement is expressed by the ratio of the primary magnetic field to 

the secondary magnetic field which is a function of different conductivities in the sub soil, orientation and 

distance of the coils, operating frequency and magnetic susceptibility.  

Calibration of EM-38 is required. At first the Initial Phase (I/P) reading that determines the sensitivity of 

the receiver’s electronics to the primary signal induced by the transmitter is maintained at zero. Then the 

instrument is set to Quad Phase (Q/P), where the receiver coil on the instrument is tuned to measure the 

strength of the induced magnetic fields which is then converted to measure the Apparent Electrical 

Conductivity (ECa) in soil. It is important to ensure the instrument is set to ‘Quad Phase’ since the 

electromagnetic current is modulated, and the detector is set to look for magnetic field modulations that 

are out of phase with the device’s primary magnetic field. That way the very small return signal can be 

measured and separated from the very large primary field produced by the instrument itself. 

 
Fig.2. Diagrammatic representation of EM-38 measurement principle 

Points to Keep in Mind Before Taking Reading on EM-38 

1. All the metallic objects including jewellery should be removed while collecting data. 

2. Due to change in temperature, I/P phase reading drifts, that gives erroneous results. Hence, reading 

should not be taken under direct sunlight 

3. Allow the system to be in equilibrium with the ambient at the beginning of the measurement 

4. Any indirect effects on the reading should be corrected. 

 
Fig.3. Collecting data with EM-38 sensor 
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Abstract 

Soil is a heterogenous body where there is irregular distribution of pores (air and water). EM-38 

electromagnetic induction sensor determines the electrical conductivity (EC) which in return is used to 

determine the soil variability. It identifies the management zones in the field so that variable rate of 

application of fertilizer or irrigation can be made. With the help of EC readings soil type and water content 

is determined which increases the accuracy to conduct field experiments. Hence, EM-38 being a potential 

tool can be used to achieve sustainable agriculture by optimizing the use of resources and getting higher 

economic return. 

What is EM-38? 

EM-38 is a soil survey tool that is used to measure the soil electrical conductivity (EC) using 

Electromagnetic Induction (EMI). This instrument is used to make the survey of the field before starting 

any experiment. The EM-38 (Fig.1) data is used to generate a spatial layer that provides information about 

soil variability within a field. It is most widely used sensor in agriculture. 

 
Fig.1. EM-38 sensor 

Why EM-38 Survey is Done? 

1. To measure the soil’s ability to transmit electric current 

2. To determine the soil salinity 

3. To find out the soil type  

4. To estimate the soil water content and  

5. To assess the soil sampling points in the field 

6. To delineate the soil textural boundaries within the field. 

Working Principle of EM-38 

An EM38 meter comprises of two coils viz. transmitter coil which is used for creating a magnetic field and 

receiver coil which is used for sensing an external magnetic field. The transmitter and receiver coils are 

placed 1m apart (Fig.2) in a non-conductive bar in the opposite end of the instrument. It operates at a 
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frequency of 14.6 kHz. The transmitter coil is energized with an alternating current of 9V battery which 

generates a time varying magnetic field in the earth called “Primary magnetic field”. This field penetrates 

down into the soil (and into any other nearby object) and induces “eddy currents” in the soil. The eddy 

currents induce a response “Secondary magnetic field” which is then detected by the receiver coil located 

at the other end of the device. The measurement is expressed by the ratio of the primary magnetic field to 

the secondary magnetic field which is a function of different conductivities in the sub soil, orientation and 

distance of the coils, operating frequency and magnetic susceptibility.  

Calibration of EM-38 is required. At first the Initial Phase (I/P) reading that determines the sensitivity of 

the receiver’s electronics to the primary signal induced by the transmitter is maintained at zero. Then the 

instrument is set to Quad Phase (Q/P), where the receiver coil on the instrument is tuned to measure the 

strength of the induced magnetic fields which is then converted to measure the Apparent Electrical 

Conductivity (ECa) in soil. It is important to ensure the instrument is set to ‘Quad Phase’ since the 

electromagnetic current is modulated, and the detector is set to look for magnetic field modulations that 

are out of phase with the device’s primary magnetic field. That way the very small return signal can be 

measured and separated from the very large primary field produced by the instrument itself. 

 
Fig.2. Diagrammatic representation of EM-38 measurement principle 

Points to Keep in Mind Before Taking Reading on EM-38 

1. All the metallic objects including jewellery should be removed while collecting data. 

2. Due to change in temperature, I/P phase reading drifts, that gives erroneous results. Hence, reading 

should not be taken under direct sunlight 

3. Allow the system to be in equilibrium with the ambient at the beginning of the measurement 

4. Any indirect effects on the reading should be corrected. 

 
Fig.3. Collecting data with EM-38 sensor 
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Seeds have to be stored, of course, because there is usually a period of time between harvest and 

planting.  Seed suppliers are not always able to market all the seed they produce during the following 

planting season.  In many cases, the unsold seed are “carried over” in storage for marketing during the 

second planting season after harvest.  Problems arise in connection with carryover storage of seed because 

some kinds, varieties and lots of seed do not carryover very well. While the time interval between harvest 

and planting is the basic reason for storing seed, there are other considerations, especially in the case of 

extended storage of seed. Seeds are also deliberately stored for extended periods so as to eliminate the need 

to produce the seed every season.  Some kinds of seeds are stored for extended periods to improve the 

percentage and rapidity of germination by providing enough time for a “natural” release from dormancy.  

Regardless of the specific reasons for storage of seed, the purpose remains the same maintenance of a 

satisfactory capacity for germination and emergence from the time they are harvested until the time they 

are planted.  It is important to get adequate plant stands in addition to healthy and vigorous plants. The 

facilities and procedures used in storage, therefore, have to be directed towards the accomplishment of this 

purpose.  The type of seed material to be stored decides the techniques to be followed for safe storage. Now 

a day’s storage technique changed from ordinary godown storage to cryogenic tank storage and even gene 

storage. Storage of commercial seeds are mostly done under godown storage. The vitality of seeds would be 

prolonged if stored under conditions to protect them from heat, moisture, and oxygen. The seed quality can 

be considerably be affected unless sound principles involved in seed storage are practiced and the seeds are 

properly handled. 

Principles of Storage 

1. Seed storage conditions should be dry and cool 

2. Effective storage pest control  

3. Proper sanitation in seed stores  

4. Before placing seeds into storage, they should be dried to safe moisture limits.  

5. Storing of high-quality seed only i.e., well cleaned treated as well as high germination and vigour. 

Why EM-38 Survey is Done? 

1. To measure the soil’s ability to transmit electric current 

2. To determine the soil salinity 

3. To find out the soil type  

4. To estimate the soil water content and  

5. To assess the soil sampling points in the field 

6. To delineate the soil textural boundaries within the field. 

Factors Affecting Seed Longevity in Storage 

1. Kind (or) variety of seed  

2. Initial seed quality  

3. Moisture content  

4. Relative humidity and temperature during storage  

5. Provenance  

6. The activity of organisms associated with seeds in storage. 
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Seed Requirements for Maintenance of Viability in Storage 

1. Store well mature seeds 

2. Store normal coloured seeds 

3. Seeds should be free from mechanical injury 

4. Seeds should be free from storage fungi or micro-organisms  

5. Seeds should not have met with adverse conditions during maturation  

6. Seeds should be dried to optimum moisture content 

7. Required R.H. and temperature should be maintained during storage. 

8. Seeds should be treated with fungicides before storage 

9. Suitable packaging materials should be used for packing. 

Storage Godown and their Maintenance 

Seeds undergo deterioration due to aging in storage. This is accelerated by climatic factors and external 

biotic factors like insects and pathogen. In addition to seed borne pathogen and storage insects, seeds are 

damaged by birds and rats for their feed. Clean and hygienic godowns protect the seed from external insects 

and preserve the seed. Hence, care should be taken in construction of godown. 

The Points to be Noted While Constructing Seed Storage Godown are 

1. Seed godown should be in a place where transport facilities are easily available. 

2. Seed godowns should not be constructed in areas near seashore. Since the high RH of atmospheric air 

accelerate the deterioration of seed. 

3. Seed godown should not be constructed in low lying water stagnating areas. 

4. Seed godown should be constructed in places where atmospheric RH is low, free circulation of air is 

possible, sunlight is adequate and elevated in nature. 

5. The ventilators should be at bottom for free air circulation. 

6. Ground moisture should not reach the floor. 

7. Should be rat proof with wire mesh 

8. Should not be near industries as smoke is injurious. 

Points to be Considered for Maintenance of Seed in Godown are 

1. Godown should be clean and dry 

2. Seed bags should not be stacked directly on floor. Should be stacked on wooden ballets. 

3. The height of the stack should not be more than 6-8 bags. 

4. Different seed lot should be kept separately. 

5. Godown should be sprayed periodically once in a week or fortnightly with Malathion 50 EC (1: 300 

Chemical: Water) @ 5 lit. sq. m-1 or 0.25% Nuvan @ 1 lit. 100 m3-1. 

6. Altering the chemicals at weekly intervals will give better control. 

7. Seed lots can be fumigated with Aluminium phophide @ 3 gm/cu.m in air tight condition for 7 days. This 

can be done as propylatic measure and on minimum infestation by insects. 

8. Seed lots should be periodically (once in month) tested for seed quality. 

9. Based on seed testing result, seeds can be dried under sun for the removal of moisture. It reduces insect 

and pathogen infestation. 

10. New seed lots should be kept away from old seed lots to avoid secondary infestation of insects. 

11. Seeds should be treated with combination of fungicide and insecticide (eg.) Thiram @ 2 g kg-1 + carbaryl 

@ 200 mg kg-1. 

12. Frequent supervision of each and every lot is must. 

13. Seed bag should be restacked once in 3 months for free aeration. 

14. Instead of gunny bags low cost interwoven polythene bags should be used to prolong the life of seed. 

15. Pesticides, fungicides, fertilizers, rejects should not be stored with seed. 

16. Each lot should be labeled accurately and registers for stocks should be maintained. 

17. Per acre or per hectare packing (small) is preferable for easy handling and effective supervision. 
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Introduction 

India’s soil health is in an alarming state. Its fertility is declining and pollution is widespread, mainly due 

to overuse of pesticides and fertilisers. This could have a huge impact on agricultural productivity, food 

security, climate change and, ultimately, human health. Soil pollutants have an adverse effect on the 

physical, chemical and biological properties of the soil and reduce its productivity. After testing to 

determine the type and level of contaminants present, soil can be subjected to remediation techniques for 

the purposes of site decontamination. This can be carried out in-situ, or soil may excavate and removed for 

treatment ex-situ. Physical methods, like soil washing, use water to separate or remove contaminants. 

Chemical oxidation converts contaminated soils into non-hazardous soils. Biological 

treatment/bioremediation uses bacteria to break down substances in the soil. 

What is Phytoremediation? 

Phytoremediation is a cost-efficient plant-based approach that takes advantage of the ability of plants to 

concentrate elements and compounds from the environment and metabolize various molecules in their 

tissues. It refers to the natural ability of certain plants to bioaccumulate, degrade, or render harmless 

contaminants in soil, water, or air. Toxic heavy metals and organic pollutants are the targets for 

phytoremediation. 

Types of Phytoremediation 

1. Phytoextraction / Phytoaccumulation: Phytoextraction / phytoaccumulation is the process by which 

plants accumulate pollutants in their roots, shoots, or leaves above ground. The roots absorb elements from 

the soil or water and concentrate them in the plant biomass above ground. 

2. Phytotransformation: Phyto-transformation is the breakdown of organic contaminants sequestered 

by plants via: (1) metabolic processes within the plant; or (2) the effect of compounds, such as enzymes, 

produced by the plant. Remediation of a site by phytotransformation is dependent on direct uptake of 

contaminants from the media and accumulation in the vegetation. Phyto transformation can be employed 

to remediate sites contaminated with organic compounds. 

3. Phytostabilization: Phytostabilization involves the reduction of the mobility of heavy metals in soil. 

Immobilization of metals can be accomplished by decreasing wind-blown dust, minimizing soil erosion, and 

reducing contaminant solubility or bioavailability to the food chain. The mobility of contaminants is 

reduced by the accumulation of contaminants by plant roots, absorption onto roots, or precipitation within 

the root zone. In some instances, hydraulic control to prevent leachate migration can be achieved because 

of the large quantity of water transpired by plants. 

4. Phytodegradation: Phytodegradation involves the degradation of organic contaminants directly, 

through the release of enzymes from roots, or through metabolic activities within plant tissues. In 

phytodegradation organic contaminants are taken up by roots and metabolized in plant tissues to fewer 

toxic substances. 

5. Rhizofiltration: Rhizofiltration involves filtering contaminated groundwater, surface water and 

wastewater through a mass of roots to remove toxic substances or excess nutrients. Example: 

Hydroponically-grown sunflowers treat for lead, copper, uranium, strontium, cobalt and zinc.  

6. Phytovolatilization: Phytovolatilization refers to the uptake and transpiration of contaminants, 

primarily organic compounds, by plants. The contaminant, present in the water taken up by the plant, 
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passes through the plant or is modified by the plant, and is released to the atmosphere (evaporates or 

vaporizes). Mercury and selenium can be removed in this way. 

Examples of Plants Used for Phytoremediation 

Sl no Plant  Metal removed 

1 Indian mustard Lead  

2 Wild cabbage  Zinc  

3 Radish  Cadmium  

4 Sunflower  Uranium  

5 Kenaf  Boron  

Source: ENVIS centre on plants and pollution 

Conclusion 

Industrialization and the use of chemicals and fertilizers for agricultural purposes resulted in accelerating 

the rate of soil and water pollution. Heavy metals are being added to the soil in large quantities. 

Phytoremediation technologies use living plants to clean up soil, air, and water contaminated with 

hazardous contaminants. Since living plants are used, it is cost- effective as well as environment friendly. 

This method can be applied over a large area and can easily be disposed also. 
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Capsicum is one of the important vegetables of solanaceous family. It is also known as sweet pepper or Bell 

pepper. It is considered as the high value crop because farmers can get the high income from the production 

of capsicum. It can be grown throughout the year if farmers cultivate it in the polyhouse or under protected 

cultivation. It is usually consumed raw in green mature forms, cooked as a vegetable, or commonly used to 

add flavour, aroma, and colour to stuffings, baking, pizza making, soups, and stews. In addition, bell pepper 

has a number of nutrients that includes mineral, carbohydrate, vitamin-A, vitamin-C, iron, fibres, protein 

etc, which is important for the overall growth and development of the human body. It has also medicinal 

properties which protects our body from different diseases like cancer, cardiovascular disorder, anaemia 

etc. There is availability of different colored capsicum which possess a lots of health benefit. Let’s discuss 

about the health benefit of commonly found colored capsicum. 

Green Capsicum 

We generally use green capsicum the most because we can use it in any kind of food like in vegetable, 

stuffing, Chinese food (noodles, pasta etc). It contains a chemical compound called lutein, which is an 

antioxidant, its main benefit is related to the eyes, it strengthens the part of the eye that can gets damaged 

by blue light. By taking green capsicum in sufficient quantity in our diet, heart health will be good and it 

also protects us from different types of cancer. skin related diseases can also be avoided by its use. It helps 

in reducing the problem of diabetes. This capsicum contains iron which protects us from the disease anemia, 

a disease that occurs due to deficiency of iron in our body which reduces the ability to make red blood cells. 

It is also rich in Vitamin C, which is essential for the growth and repairing of the body. It protects teeth 

and bones, builds collagen, increases iron absorption. There are presence of adequate amounts of vitamin-

B6, vitamin-K, potassium, vitamin-E, vitamin-A and folate which provides health benefits in different way. 

Red Capsicum 

One cup of chopped, raw paprika (149gm) provides 39 calories, 1.5 grams of protein, 9 grams of 

carbohydrates and 0.5 grams of fat (USDA), Red capsicum is an excellent source of vitamin C and vitamin 

A, it protects us from night blindness and protects the eyes. It can reduce the risk of certain types of cancer. 

Reduce the problem of acne, painful spots and blackheads usually develop on the face, back and chest in 

people in this condition. Vitamin A plays an important role in maintaining your body's natural defenses. 

Paprika provides other key antioxidants that helps to protect cells from oxidative damage. This contains 

carotenoids such as lycopene, beta carotene and lutein. Lycopene has many health benefits such as it 

treating neurological disorders, preventing stroke, supporting the immune system, reducing osteoporosis, 

reducing diabetes problem, treating prostate cancer, controlling cholesterol levels, treating infertility, 

promoting hair growth, treating scalp diseases and slowing down the aging process. In our body beta-

carotene is converted into vitamin A, which is needed to support healthy vision, immunity, cell division and 

other functions of the body. 

Yellow Capsicum 

It is High in folate, high levels of folate regulate homocysteine levels, which may help reduce heart disease. 

Folate is one of the most important nutrients for a pregnant woman, as it supports healthy fetal growth 

and development, it also improves the production of hormones. Collagen is found in yellow bell pepper; this 

collagen is essential for the health of our skin. It makes the cartilage strong. By consuming this capsicum, 

you can reduce your weight. It contains niacin, which is a vitamin-B which regulates proper function of 

digestive system. Niacin is also important for the functioning of the nervous system. It is very important 

for our body because the nervous system is necessary for our entire body to function. The high levels of 
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folate and B6 vitamins help in the production of hormones which also helps in premenstrual syndrome. 

This vegetable makes a good diet food. But we should keep in mind that it should be eaten raw or as least 

cooked, because cooking reduces the nutrients in it. Along with high amount of Vitamin C, consumption of 

yellow capsicum can also boost our immunity power. 

Orange Capsicum 

It is rich in fibre, which works to improve your cholesterol level, as well as reduce the problem of heart 

disease. Fibre regulates digestion and bowel function. It contains carotenoids, lutein and zeaxanthin. It 

has powerful antioxidant properties and is associated with many health benefits such as reducing the risk 

of age-related macular degeneration, glaucoma and cataracts. It contains vitamin- B6 which provides 

protein to the body and metabolize red blood cells. It also helps to improve immune system and nervous 

systems function. 

Purple Capsicum 

It is a good food for diet to lose the weight because it is low in calories, fat and carbohydrates. It contains 

fibre which is essential for relieving constipation. This bell pepper is a source of the antioxidant 

anthocyanins and other polyphenols. Antioxidants scavenge free radicals that cause oxidative stress and 

helps in reducing disease like certain cancers. 

Conclusion 

After knowing all these health benefits of capsicum, it can be concluded that different colored capsicum 

contains different nutrients that is important for better growth and development of the body, so we should 

include different colored capsicum in our diet or meal. 
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Introduction 

Vegetable crops are exposed to a large number of stress factors of both biotic (virus, viroids, bacteria, fungi, 

nematodes, and insects) and abiotic (drought, salt, heat, water logging, etc.) origin, which potentially reduce 

the production and quality of the vegetable crops. Environmental stresses play crucial roles in the 

productivity, survival and reproductive biology of plants (Medina et.al., 2005). 

Abiotic stress is rarely caused by only one environmental factor, and is generally the effect of a combination 

of different stressful conditions (Mittler, 2006). The modification of the growing environment caused by 

climate change is constantly increasing the pressure upon horticultural crop production with seasonal 

climatic conditions characterized by a higher incidence of extreme events (i.e., heat waves, drought periods, 

heavy rainfalls, and excessive radiation) that are responsible for severe reduction of both yield and quality 

of fruit and vegetable produce (Bisbis et.al., 2018). 

The large number of factors potentially involved in the enhancement of crop tolerance toward stress calls 

for an intensification of research activities, especially when conducted in field conditions and with well-

defined protocols. This article will clearly define the different abiotic stresses and their managements 

Keywords: Abiotic stress, drought, salt, climate change, bio-solutions, vegetables. 

Major Abiotic Stresses Limiting Crop Yield 

 

Drought Stress 

Effects drought stress: 

a. Water stress has marked effect on cellular processes, plant growth, development and economic 

yield. 

b. Pressure differential across the membrane- cell wall complex which affect cell expansion    

c. Reduced seed germination, seedling development, photosynthesis, stomatal conductance                                   

d. Vegetative growth and reproductive growth are severely affected  

e. Plant height and leaf area reduced and significantly reduction in leaf weight  
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Mitigation of Drought Stress: 

a. Foliar spray of 2% DAP + 1% KCl during critical stages of flowering and fruit fprmation 

b. 3% Kaoline spray at critical stages of moisture stress  

c. Use of biofertilizers viz., Azospirillum or Phosphobacteria @ 10 packets / ha along with 25 kg of 

soil or FYM.  

d. Seed hardening with 1% KH2PO4 and other salts for 6 – 8 hours (depending upon nature of seed 

coat) soaked in equal volume of water. 

Vegetable crop Drought tolerant genotype / species 

Tomato S. habrochaites, S. pennelli, S. chinlensis 

Onion Allium fistulosum, Arka kalyan, MST-42, MST-46 

Chilli C. chinensis, Arka lohit 

Okra A. caillei, A. rugosus, Pusa Sawani 

Cowpea CE-54, CE-534, CI-260, Arka Garima, Arka Suman, Arka Samrudhi 

(photoinsensitive) 

Cucumber INGR-98018(AHC-13) 

Salinity Stress 

Effects of salt stress on plants: 

a. Osmotic effect: Reduces the plant ‘s ability to take up water, and this leads to slower growth. This 

is the osmotic or water-deficit effect of salinity.  

b. Salt specific effect or ion excess effect: Salts enter the transpiration stream and eventually injure 

cells in the transpiring leaves, further reducing growth ·  

c. Plants grown in alkaline soils often display a characteristic yellow color on the new growth. Veins 

remain green, and the yellow color develops between veins. Severe deficiency may cause leaves to 

be almost white. Deficiencies of other micronutrients such as zinc and copper may produce a similar 

condition in peanuts. Chemical analysis of the plant tissue is the only sure way to differentiate.  

Mitigation of salt stress: 

a. Seed hardening with NaCl (10 mM concentration) 

b. Application of gypsum @ 50% Gypsum Requirement (GR) 

c. Incorporation of daincha (6.25 t/ha) in soil before planting 

d. Foliar spray of 0.5 ppm brassinolode for increasing photosynthetic activity 

e. Foliar spray of 2% DAP + 1% KCl (MOP) during critical stages. 

Salt Tolerance in Vegetable Crops 

Sensitive Moderately sensitive Tolerant Moderately tolerant 

Okra, onion, 

pea, carrot, 

parsnip 

Spinach, sweet potato, tomato, 

cucumber, turnip, watermelon, potato, 

pumpkin, radish, muskmelon, brinjal, 

cauliflower. 

Asparagus Beetroot, artichoke,  

winged bean, cowpea,  

lima bean. 

Available Resources and Variety Tolerant to Salt 

Tomato Lycopersicon peruvianum, Lycopersicon cheesmani, Lycopersicon pennellii, Calmer, 

Calimax-84 and Tom Thumb. 

Onion Hisar-2 

Okra Pusa Sawani 

Temperature Stress 

Effects of Heat stress on Plants: 

a. Seedling establishment is hampered  

b. Drying of leaf margins and scorching effect on leaves 

c. Reduction in plant growth ¨ Pollen development is affected  

d. Alteration in photosynthesis  

e. Total biomass is reduced 
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f. Spikelet sterility 

g. Grain and fruit development and quality is affected. 

Mitigation of high temperature stress: 

a. Plants need to be cultivated under shade condition. 

b. Overhead irrigation to avoid sunburn. 

c. Application of Gibberellic Acid Stimulate the α - Amylase production for seed germination. 

d. BAP reduce the leaf senescence & Lipid peroxidation.  

e. Salicylic acid enhances the Thermo tolerance capacity. 

f. Glycine betaine reduced the leakage of ion.  

g. Application of Ethylene enhance the seed germination. 

Mitigation of low temperature stress: 

a. Foliar spray of 0.15 % Ammonium molybdate reduces the low temperature stress effect. 

b. Pre-soaking treatment with GA3 and Proline increase the Seed germination. 

c. Application of Paclobutrazol increases the activity of Scavenging enzymes. 

d. Electrolyte leakage is reduced by the application of Uniconzole (50 ppm). 

e. ABA and Cryoprotectants also used for reducing the stress effect. 

Variety and Cultivar Tolerant to High Temperature 

Crop Variety/species 

Onion PBO-1, Arka Kalyan 

Chilli Arka Lohit 

Potato Solanum curtilobum, Kufri Badshah, kufri Jyoti and Kufri Alankar) 

Okra A. angulosus 

Frost Tolerant Variety and Cultivar 

Crop Variety/species 

Tomato Pusa shital, Pusa sadabahar, Pusa hybrid-2 

Garden pea Mater Ageta 

Potato Solanum chacoense 

Cauliflower Improved Japanese 

Bitter gourd Punjab-14 

Vegetables that are Susceptible to Freezing Stress 

Most susceptible Moderately susceptible Least susceptible 

Asparagus, beans, brinjal, okra, 

cucumber, lettuce, potato, tomato, 

sweet potato 

Onion, peas, broccoli, carrot, 

cauliflower, celery 

Turnip, cabbage, kale,  

Brussels sprout, beetroot 

Conclusion 

Due to climate change in recent years, vegetable crops are currently exposed more frequently to multiple 

abiotic stresses abiotic stresses such as drought, salinity, elevated temperature, submergence and nutrient 

deficiencies are limits crop production in terms of yield and product quality. 

The vegetable sector is therefore searching for innovative and sustainable agronomic tools to enhance crop 

tolerance towards these unfavourable conditions. In recent years, advances in physiology, molecular biology 

and genetics have greatly improved our understanding of crops response to these stresses and the basis of 

varietal differences in tolerance. 

The large number of factors potentially involved in the enhancement of crop tolerance toward stress calls 

for an intensification of research activities, especially when conducted in field conditions and with well-

defined protocols. This article will clearly define the different abiotic stresses and their managements. 
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Introduction 

Mental health is a state of well-being where the individual understands his or her own abilities, can cope 

with the normal stresses of life and can work fruitfully and productively as well as able to make a 

contribution to his or her community. It is the basis for well-being and effective functioning for an 

individual and for a community (WHO, 2004). 

The food we eat is associated with our mood, cognition and behaviour. Nutrients commonly linked with 

mental health include minerals (Fe, Mg, Se, Cu, and B vitamins (B9, B6, B12), PUFA, antioxidant such as 

vitamins C and E and bioactive substances which is found in foods. Most of these are present in healthy 

diets and that include orange-coloured vegetables, dark green leafy and whole grains.Nutritional 

psychiatry is a rapidly increasing field of research that has the potential to provide clinically meaningful 

interventions to both prevent and manage mental illness (Adan et al., 2019). 

Food and Mood Relationship 

What people eat (and drink) has directly affects how they think and feel every day of their lives, regardless 

of their age, gender or family background. Some substances are good at temporarily promoting the 

neurotransmitter that they lack and, as they crave and then consume them, they ‘trick’ us into feeling 

better, for a while. Ex: low levels of adrenaline, craving for caffeine, Chocolate, boost levels of 

noradrenaline (Leeds et al., 2020). 

 

Role of Nutrients in Brain Functioning 

Nutrients Brain Function Diagram 

Carbohydrates Delivers glucose, the preferred 

energy source for erythrocytes and 

nerve cells, as well as those of the 

brain. Eating carbohydrates 

activates the release of insulin in 
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which helps blood glucose enter the 

cells  

Proteins It provides amino acids which is 

the precursors of 

neurotransmitters and then 

facilitates neurotransmission and 

neuromodulation. The dietary 

precursors of serotonin 

(tryptophan), dopamine 

(phenylalanine), norepinephrine 

(tyrosine), and histamine 

(histidine) have been the main 

protein derivatives 

 

FATS The ‘dry weight’ of the brain is 

made up of about 60% fat and 

approximately. About 35% of the 

brain/nervous system tissue 

contains PUFA.  EPA and DHA 

form phospholipids in brain cell 

membranes and play an important 

role in signal transduction. In 

addition to role in brain structure, 

EFA turns as neurotransmitters 

 

Minerals and its Role in Brain 

Calcium   It plays an important role in nerve excitability, as an intracellular messenger and in 

the regulation of neurotransmission. It is also involved in several neuronal functions, 

such as neurotransmitter synthesis and release.   

Copper  It contributes positively to brain development and function. Besides cytochrome c 

oxidase, which has been essential for energy generation in brain.  

Iron Iron is an important component of cytochromes a, b, and c, cytochrome oxidase, and the 

iron-sulfur complexes of the oxidative chain and hence it has an important role in ATP 

production.  

Zinc Zinc has been found in all human tissues but it is found at high concentrations in the 

brain. It is important for the activity of a great number of metalloenzymes: the cellular 

functions are as wide as RNA and DNA synthesis, cellular growth, differentiation and 

metabolism.  

Chloride  It has showed negatively charged chloride ions cause influx of sodium ions and has 

been reverts the brain cell to its resting state 

Chromium It involved in glucose and lipid homeostasis 

Potassium In the brain, potassium channels control neuronal signaling. Potassium channels might 

be regulated cell volume and protect neurons under metabolic stress.  

Selenium  Glutathione peroxidase sustains the integrity of the cellular and subcellular 

membranes. This antioxidative protective system of glutathione peroxidase has been 

depends heavily on selenium 

Sodium Voltage-gated sodium channels has been allowed sodium ions to enter the brain cells 

Phosphate It helps to maintain membrane potential and role in energy metabolism and regulate 

signaling. 

Iodine  Thyroid hormone has important effects in the developing brain in which include 

accelerated myelination and improved cell migration, differentiation and maturation.  
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Vitamins and its Role in Brain 

Thiamine-B1 It has been showed the functions as a coenzyme in the synthesis of acetylcholine, γ-

aminobutyric acid (GABA), and glutamate. 

Pyridoxine 

 

The cofactor pyridoxal-5- phosphate (PLP) a phosphorylated form of vitamin B6 

which is common to all neurotransmitter metabolism 

Folate Folate action during neural tube formation is centered on folate metabolism 

enabling nucleic acid synthesis, cell proliferation and growth.  

Vitamin D 1,25-Dihydroxyvitamin D3 affects cholinergic activity in several brain regions and 

may have a role in the neuroendocrine regulation of certain aspects of anterior 

pituitary function. 

Riboflavin 

(Vitamin B2) 

FMN and FAD are crucial rate limiting factors in most cellular enzymatic processes. 

They are crucial for the synthesis, conversion and recycling of niacin, folate and 

vitamin B6.  

Biotin (Vitamin 

B7)  

Biotin plays a key role in glucose metabolism and haemostasias, including 

regulation of hepatic glucose uptake, gluconeogenesis (and lipogenesis), insulin 

receptor transcription and pancreatic β-cell function 

Dietary Guidelines for Mental Health 

1. A healthy balanced diet pattern with nutrient dense foods can help prevent and manage mental health 

disorders.  

2. Healthy choices for mental health include: Avoid added sugar, highly processed foods, and sugary 

beverages. 

 
3. Eat adequate fiber daily to promote a healthy gut microbiome. Eat adequate protein to provide building 

blocks for neurotransmitters. 

 
4. A balanced diet includes vegetables, fruits, whole grains, legumes, nuts, seeds, fish and other lean protein 

and healthy unsaturated fat. 

5. Make sure to get plenty of restful sleep and regular physical activity. 

Conclusion 

Nutrition has played an important role in protective cognition and reducing the risk of late-life depression. 

Due to the scale of the burden of neurological, mental and substance-use disorders and the universality of 

food as a modifiable risk factor, even small improvements in the nutritional environment might be translate 

to large gains in mental health and wellbeing at a population level. If we do not include enough nutrient 

dense foods such as fruits, vegetables, whole grains, fish etc. this can lead to deficits of nutrients, fiber and 

antioxidant and this has a disadvantageous impact on our immune system as well as other aspects of 

physical and mental health. On the other hand, a diet high in saturated fats and refined sugars has a 
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potent adverse impact on brain proteins what we know as neurotrophies (important in depression) which 

protect the brain against the oxidative stress and promote the growth of new brain. 
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Introduction 

Lotus (Nelumbo nucifera) also known as Indian lotus, sacred lotus or simply lotus, is one of two extent 

species of aquatic plant in the family Nelumbonaceae. It is sometimes colloquially called lily, though this 

more often refers to members of the family. It has a very wide native distribution, ranging from central and 

northern India. Today the species also occurs in southern India, Sri Lanka, virtually all of Southeast Asia. 

Lotus plants are adapted to grow in the flooded plains of slow-moving rivers and delta areas. Stands of 

lotus drop thousands of seed every year to the bottom of the pond. While some sprout immediately and 

most are eaten by wildlife, the remaining seeds can remain dormant for an extensive period of time as the 

pond silts in and dries out. During flood conditions, sediments containing these seeds are broken open and 

the dormant seeds rehydrate and begin a new lotus colony. Under favourable circumstances, the seeds of 

this aquatic perennial may remain viable for many years with the oldest recorded lotus germination being 

from seeds 1,300 years old recovered from a dry lakebed in northern China. Therefore, the Chinese regard 

the plant as a symbol of longevity.  Lotus chemical contains that decerease swelling, kill cancer cells and 

bacteria, reduce blood sugar, help the breakdown of fat and protect the heart and blood vessels. Chemicals 

in lotus also seem to protect the skin, liver and brain. Lotus plant also contains many flavonoid and alkaloid 

compounds that may act as antioxidants. 

Unique Health Benefits of Lotus 

1. Leaves: In China and Korea, lotus leaf tea is made from the leaves of the lotus. It is also used as a wrap 

for steaming rice and sticky rice and other steamed dishes in Southeast Asian cuisine, such as lo mai gai 

in Chinese cuisine or kao hor bai bua, fried rice wrapped in lotus leaf in Thai cuisine. 

2. Flowers: In Korea, lotus flower tea is made from the dried petals of the white lotus. The stamens can 

be dried and made into a fragrant herbal tea or used to impart a scent to tea leaves (particularlyin 

Vietnam). 

 

A hot pot of lotus tea, lotus petals when used in tea can give green tea a run for its money. They are 

extremely helpful for a whole lot of reason. They can help treat a range of gastric problems like bloating, 

diarrhoea and stomach cramps. They can help women with menstrual cramps and are known to be boon 

for men and women dealing with reproductive problems. Besides the plethora of health benefits, lotus tea 

smells absolutely gorgeous and has a calming effect that helps a person unwind and de-stress. The lotus 

flower is also used to make cough syrup which sooths the aching throat. 

3. Lotus stem: Lotus stems are also used in cosmetics. A particular kind of lotus stem cell has been 

patented as an age-defying ingredient that helps repair damaged cells and restore regenerative function. 

4. Lotus root: Lotus root is a popular vegetable in Sri Lanka where it is often cooked in coconut milk 

gravy. In India, lotus root (also known as kamal kakdi) is cooked as a dry curry or sabzi. Japan is one of 

the primary users of the rhizomes, representing about 1% of all vegetables consumed. Japan grows its own 

lotus but still must import 18000 tons of lotus rhizome each year of which China provides 15000 tons yearly. 

Rhizomes contain high amounts of starch (31.2%) without characteristics taste or odor. The texture is 
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comparable to a raw potato. Nelumbo starch is shown to be superior as an adjuvant in the preparation of 

tablets. When dried N. nucifera is also made into flour another popular use of this vegetable. The rhizomes 

of lotus consumed as a vegetable in Asian countries extensively in China, Japan and India. They are fried 

or cooked mostly in soups, soaked in syrup or pickled in vinegar (with sugar, chili and garlic). Salads with 

prawns, sesame oil or coriander leaves are also popular. Fresh lotus root slices are limited by a fast-

browning rate. Lotus root tea is consumed in Korea. Lotus root is a healthy source of carbohydrates and 

fibre that is low in fat and sugar. Lotus root contains vitamins and minerals such as potassium, calcium, 

copper, vitamin C vitamin B6 and iron. 

 

 

5. Lotus seed: Lotus seed also known as makhanel. Lotus seeds sometimes referred to as “lotus nut” have 

a slightly piquant taste and can be bought from any grocery store. Lun Wong writes in her book Food for 

the Seasons: Eat well and Stay Healthy the Traditional Chinese Way. “lotus seeds support the kidney, treat 

diarrhea and help poor appetite. “Lotus seeds are made of 20% protein and are usually used in a dry form. 

Like lotus petals, lotus seeds also help improve lung health, kidney functioning and digestion and are 

undeniably nourishing. They sooth and re-boot the nervous system and cure insomnia. 

 

Conclusion 

Lotus flowers can be used not only for decoration, beauty, fragrance and worship but also for health and 

immunity purposes. At least 25% of the average household income is spent on treatment and health care 

in one way or another. Flower treatment is one way to reduce the cost of treatment in this situation where 

the life burden of the common man is increasing. 
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India is a developing country with the second-highest population in the world. The problem of 

unemployment is prevalent in the country. To overcome this problem and find new employment 

opportunities, The Central government of India has implemented several schemes to help overcome the 

problem and find new employment opportunities.  

The Self-Employment Scheme run by the Central government provides financial and educational benefits 

to its citizens. It motivates them to be self-employed. The Government has introduced many schemes to 

deal with unemployment, such as the Prime Minister Employment Generation Programme, a Micro-credit 

scheme for self-help groups. 

Central Government Schemes for Self-Employment 

The term “Self-Employment” is a type of employment in which a person or group is employed for them and 

gets paid from the firm’s profit, instead of working for others. The programmes related to self-employment 

in India have made many citizens employed and opened new employment opportunities. The Central 

Government of India runs many schemes to encourage the people towards self-employment throughout the 

country.  The list of self-employment schemes in India is listed below. 

Aspire Scheme 

A Scheme for Promotion and Innovation, Rural Industries and Entrepreneurship (ASPIRE) is aimed to 

make the people of rural areas self-employed by providing financial support from subsidies and loans. The 

main aim of introducing this scheme is to generate opportunities in rural areas. To build new enterprises 

in rural areas, the Aspire scheme was introduced by the Government of India in 2015. 

Prime Minister Employment Generation Programme 

This scheme is introduced by the Khadi and Village industries (KVIC) to produce employment opportunities 

in the urban and rural areas of the country. Any citizen of India who has crossed the age of minority (18 

years) is eligible to get the benefits of this scheme. The Prime Minister Employment Generation 

Programme is only for the new ideas and not for the established ones. 

The maximum cost of a project unit provided by the Central Government under this scheme is Rs. 25 Lakhs 

for the production sector and Rs. 10 Lakhs for the service sector. 

Pradhan Mantri Rozgar Scheme 

Pradhan Mantri Rozgar Scheme is the scheme of the Central Government, launched in 1993, which focuses 

on providing self-employment to the literate youth who do not get any job. This scheme provides loans for 

unemployed women and youth. With the help of this loan, young India can start their business with 

Innovative ideas in many sectors. 

Under this scheme, the loan amount of up to Rs. 1 Lakhs is offered to the borrower and training of 15 to 20 

days is provided. The period of repayment is 3 to 7 years of the loan amount. 

Micro-Credit Scheme for Self-Help Groups 

Micro-credit scheme for self-help groups is run for the members of self-help groups (SHGs), generally for 

the ladies who live in the rural areas or the slum section of urban areas. The National Ministry, 

Development and Finance Corporation, looks out for this scheme. In the micro-credit scheme, as the name 

suggests, the little or micro amount of Rs. 1 Lakhs to the members of self-help groups with the 7% rate of 

interest. The period of refund of this loan is three years. 
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Self-Employment Lending Scheme 

The Self-Employment Lending Scheme is run by the National Ministry Development and Finance 

Corporation (NMDFC) for the minor community to make them self-employed. The maximum value of loan 

amount sanctioned under this credit line term-2 scheme is Rs. 30 Lakhs, and for credit line term-is Rs. 20 

Lakhs. The rate of interest charged on this amount to the minor communities is 3%, and the repayment 

tenure is five years. 

Self-Employment Programme for Urban Poor Scheme 

The Self-Employment Programme for Urban Poor Scheme is the programme under the National Urban 

Livelihoods Mission (NULM). This scheme provides the poor living in Urban areas with financial support. 

There is no education qualification required to be eligible for this scheme, and any individual or group with 

a minimum number of members three can apply for it. For the groups, the sanctioned loan amount is up to 

Rs. 10 Lakh for groups and Rs. 2 Lakh for individuals. The interest rate in this scheme is 7%, and the 

tenure of refund ranges from 5 to 7 years. 

Pradhan Mantri Mudra Scheme 

Many young innovators do things out of the box. The Central Government introduced the Pradhan Mantri 

Mudra Scheme to encourage those innovators toward self-employment. This scheme provides the facility 

of credit to different Micro, Small and Medium Enterprises. 

1. SHISHU Loan- The loan amount provided in the SHISHU loan has a maximum limit of Rs. 50,000. This 

loan is provided to set up the new business. 

2. KISHOR Loan-The loan amount provided in the KISHOR loan ranges from Rs. 50,001 to Rs. 5,00,000. 

This loan is given to those existing industries which want to purchase the new equipment and raw 

materials. 

3. TARUN Loan-The loan amount provided in the TARUN loan ranges from Rs. 5,00,001 to Rs. 10,00,000. 

It is provided to the enterprises and businesses which are already existing and want to grow at a large 

scale.                  

Some other important self-employment schemes run by the Central Government are given in the table 

below: 

S. No. Name of the Scheme Benefits 

1 Mahila Samridhi 

Scheme 

The beneficiary loan amount for a lady in this microfinance 

Scheme is Rs. 60,000. 

2 Atma Nirbhar Bharat 

Scheme 

Up to 3 Lakhs to the farmers. 

3 Marketing Assistant 

Scheme 

Offer 25% to 95% off of the space rent and Airfare to the 

innovators. 

4 Startup or Stand Up 

India Scheme 

Between 10 Lakhs to 1 Crore to the group in which minimum 

one Schedule tribe or Scheduled caste person and minimum one 

lady is a member. 

5 Self-Employment 

Scheme 

This scheme is for the handicapped individuals, who want to set 

up their business in their area with a maximum limit of Rs. 50 

Lakhs. 

Conclusion 

The issue of unemployment has been a primary issue for the government of India since its independence. 

There are many educated but unemployed people living in this country. To make them self-employed and 

provide them with economical support, the Government of India introduced different self-employment 

schemes such as micro-credit schemes for self-help groups, mudra schemes, rozgar schemes and many 

more. The government aimed to reduce the unemployment rate with these self-employment schemes of the 

country. 
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Biotechnology 

Convention on Biological Diversity (CBD) defines biotechnology as: “Any technological application that uses 

biological systems, living organisms, or derivatives thereof, to make or modify products or processes for 

specific use.” Or Biotechnology is best defined as the use of scientific techniques to improve and alter plants, 

animals, and microorganisms' value. Over the years, biotechnology has found its way to several fields 

including medicine, agriculture, genetic engineering, etc. 

Green/ Agricultural Biotechnology 

Green Biotechnology is the application of biotechnology for preparation of Transgenic or Genetically 

Modified plants and animals as an alternative to traditional agriculture to produce environmentally 

friendly farming solutions. The following highlight the few ways in which biotechnology has found its way 

in agriculture: 

1. Genetic engineering / rDNA technology: It is a technology in which one or more genes are modified 

deliberately in the lab. This is achieved by the process of using recombinant DNA (rDNA) technology, 

thereby altering the genetic makeup of an organism. 

2. Tissue culture: Tissue culture involves nurturing fragments of plant or animal tissue in a controlled 

environment where they survive and continue to grow. For this tissue has to be isolated first. 

3. Embryo rescue: It is a form of in-vitro culture technique for plants. Here an immature embryo is 

nurtured in a controlled environment to ensure its survival. This can help in the preservation of species of 

seeds that are nearing extinction. This can include heritage seeds, local grains of cultural significance, etc. 

4. Somatic hybridization: It is a process through which the cellular genome is manipulated through the 

process of protoplast fusion. 

5. Molecular-gene markers: In genetic engineering, Molecular-gene markers are specific segments of 

DNA that are associated with a particular location within the genome. 

6. Molecular diagnostics: Molecular diagnostics is a set of techniques used to analyze biological markers 

in the genome and proteome. It helps in determining how their cells express their genes as proteins. 

7. Micropropagation: It is a clonal propagation of plants in a closed vessel under aseptic and controlled 

conditions. 

Role of Biotechnology in Agriculture 

The role of biotechnology in agriculture is multifaceted. Some of the most prevalent benefits of 

biotechnology in agriculture include: 

1. Increase in Crop Production: With better disease control and increased tolerance to drought and 

flooding, biotechnology leads to a significant increase in crop production. This does not just match the ever-

growing demand for food but also helps farmers to lower losses. 

2. Better Crop Protection: The techniques of biotechnology serve as cost-effective solutions to problems 

about pests. Farmers have been able to transform crops like cotton, corn, and potato to synthesize a protein 

that tackles issues of pests effectively. 

3. Increase in Nutrition Value: It has also enabled farmers to produce crops with a higher nutritional 

value and enhanced flavor and texture. For instance, the technology has made it possible to cultivate 

soybeans with high protein content, beans with more amino acids, and potatoes with starch. 

4. Fresher Produce and Better Taste: It further helps to improve the taste and flavor of crops by 

enhancing the activity of enzymes present in plants. Also, it helps in keeping the yield fresh for longer. 
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5. Chemical Tolerance: Most farmers rely on herbicides to control the growth of weeds which often leads 

to soil erosion. However, genetically engineered food is resistant to a variety of chemicals, including 

herbicides; as a result, the scale of soil erosion is significantly low. 

6. Disease Resistance: Viral infections spread by insects are often difficult to contain, and also the use of 

insecticides tends to pose a threat to both soil and the quality of produce. For example, resistance to 

antibiotics, resistance to insecticide, growth of super weed, and loss of biodiversity are among the many 

fears that relate to the application of biotechnology in agriculture. 

Conclusion 

Learning about the role of Biotechnology in Agriculture can help in understanding the different aspects 

and how new technology can change the face of agriculture. 
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Introduction 

Jamun (Syzygium cumini) commonly known as Malabar plum, Java plum, black plum, Jamun, Jambul or 

Jambolan is an evergreen tropical tree in the flowering plant family Myrtaceae and favored for its fruit, 

timber and ornamental value. It is native to the Indian Subcontinent, adjoining regions of Southeast Asia 

including Myanmar, Sri Lanka and the Andaman Islands. It can reach heights of upto 30 metres (98ft) and 

can live more than 100 years. A rapidly growing plant, it is considered an invasive species in many world 

regions. The name of the fruit, black plum is sometimes mistranslated as blackberry which is a different 

fruit in an unrelated order. Syzygium cumini has been introduced to areas including islands of the Pacific 

and Indian Oceans, Australia, Hong Kong and Singapore. The tree was introduced to Florida in 1911 by 

the United States Department of Agriculture and is commonly grown in tropical and subtropical regions 

worldwide. Its fruits are eaten by various native birds, small mammals such as jackals and fruit bats. 

Amazing Health Benefits of Jamun 

Jamun or black plum is an integral summer fruit, associated with many health and medicinal benefits. It 

is known to relieve stomach pain and is antiscorbutic and diuretic. Jamun’s polyphenolic properties are 

said to be effective against fighting cancer, heart diseases, diabetes, asthma and arthritis. Various digestive 

disorders like stomach disorders and dysentery could be eased by eating jamun. 

Besides, jamun and its leaves have antibacterial properties and are used for strengthening teeth and gum. 

Jamun seeds are used as an effective food to treat acne. There are many ways to incorporate this tarty, 

sweet yet sour fruit into your diet. Jamun is laden with many health benefits and packed with key vitamins 

and minerals besides being low on calories. Its nutritional value is quite high. Here are some incredible 

benefits of eating jamun. 

 

1. Improves Haemoglobin: Jamuns are loaded with vitamin C and iron which are important minerals 

that help increase our haemoglobin. Increased haemoglobin levels enable the blood to carry more oxygen 

to the organs and keep us fit and fine. Besides, the iron present in jamun also purifies our blood. 
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Fig. Jamun fruit 

2. Strengthens Gum: If you complain of regular gum bleeding, then sucking on jamun and its leaves will 

help bring relief from gum bleeding. The leaves of jamun have antibacterial properties and are beneficial 

to prevent bleeding of gums. You can dry the leaves of the plum, store them and use them as tooth powder. 

3. Improves Skin Health: Jamuns are a powerhouse of antioxidants, iron and vitamin A which can help 

prevent premature ageing and degenerative eye conditions. Jamun also happens to have astringent 

properties, which work wonders for skin health. It can save you from unwanted pimples, wrinkles, acne 

and blemishes. The high content of vitamin C present in jamun help make your skin softer and improve its 

texture. 

4. Regulates Blood Sugar: Eating jamun can help reduce the risk of high blood pressure as it contains a 

significant amount of potassium. It also has moderate amounts of calories, high water content and a 

minimal amount of fat with zero cholesterol. 

5. Aids Weight Loss: Being rich in fibre and low in calories, jamun is an ideal fruit that can help keep 

your stomach sated and propel weight loss. Moreover, it enables better digestion and reduces water 

retention in the body. 

6. Helps Manage Diabetes: Unlike most other fruits which need to be taken in moderation by people with 

diabetes, jamun is one such fruit that can be easily consumed without worrying about its intake. Jamun 

seeds contain a key anti-daibetic ingredient called jambolana that helps reduce the rate at which sugar is 

released into the bloodstream. Jamun seeds are also known to increase the production of insulin and 

regulate blood sugar level. So, this season, eat jamun and enjoy its nutritious benefits. 

 

Conclusion 

Jamun is traditionally used for the treatment of various diseases especially diabetes and related 

complications. The effect of jamun and its phytochemicals should also be investigated for its chemo 

preventive effects in other models of carcinogens, that includes chemical radiation and viral carcinogenesis 

models. Jamun raw and value-added products should be advertised to urban population for its health 

benefits and especially for promotion of jamun growers in tribal areas of India. 
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Introduction 

A water supply that is relatively salty (more so than freshwater), but not quite as salty as saltwater, is 

referred to as brackish water. Salinity cannot be exactly determined and will vary based on environmental 

variables. Instead, then being measured to a precise number, salinity is typically expressed as a range. A 

water body that is brackish has a salt content that is higher than that of freshwater but less than that of 

seawater. It happens when freshwater released by rivers and canals mixes with seawater. Brackish water 

typically has a salinity of 0.5 to 30.0 parts per thousand (ppt), and it is quite productive. The term 

"euryhaline fish" refers to fish that can survive in such a salinity range and are predominantly encountered 

in coastal waters, estuaries, backwaters, coastal lagoons/lakes, etc. The preponderance of brackish water-

adapted fish is delectable and have a high market value. According to assessments, India has 12.40 lakh 

ha of brackishwater resources, some of which might be used to grow high-value fish and shellfish. 

Resources 

Estuaries (deltaic river mouths), coastal lagoons, lakes, backwaters, tidal creeks, canals, mudflats, 

mangrove plants, etc. are included in the projected 12.40 lakh ha of brackishwater areas. These bodies of 

water, which are in between freshwater and marine regimes, share several traits: I a fluctuating water 

level that synchronises with the tides; (ii) a wide salinity range of 0-35 ppt; (iii) higher nutrient content 

and productivity; (iv) the presence of a wide variety of flora and fauna; and (v) the support of artisanal 

capture fisheries, which give coastal fishermen a living. 

Status and Potential 
The old brackishwater fish and shrimp farming techniques in the Bheries of West Bengal and the Pokalli 

paddy fields of Kerala were based on the tidal currents that carried the juvenile fish and shrimp as well as 

the rising and falling water levels. Due to a high demand for shrimp on the export market, scientific 

brackishwater aquaculture had its start in the 1980s, where shrimp were produced in ponds that were 

carefully planned and controlled. Currently, 1.60 lakh acres are used for shrimp farming. 

The two states of Andhra Pradesh and West Bengal generate the majority of the nation's shrimp, at around 

80% of total production. However, in order to meet the demand in the domestic market, brackishwater 

ponds and cages are now being used to cultivate high-value euryhaline marine fish species. Mullets, 

Milkfish, Seabass, Pompano, Grouper, etc. are among the most frequently cultivated fish. 

Site Selection 

Poor site selection has led to numerous cage production failures. Make sure the body of water you choose 

can accommodate the additional biological demand before you try cage culture. The cage should be kept out 

of the dirt and debris by having at least 1 m of clean water below the bottom. The cages must often be 

placed in deeper water areas. 

Before choosing a site for cage culture, certain criteria must be taken into consideration. the physico-

chemical elements that affect whether a species can survive in a place, such as temperature, salinity, 

oxygen, wave action, pollution, algae blooms, water exchange, etc. 

Weather, shelter, depth, substrate, and other factors must also be taken into account while choosing a site. 

At last, legal It is important to evaluate factors such as access, closeness to fisheries or hatcheries, security, 

economic, social, and market issues, etc. 
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Beneficiaries 

SHGs, fishermen, fishing societies, farmers, and entrepreneurs are among the beneficiaries; individuals 

will be chosen based on their awareness and enthusiasm. Fisherman societies, aquaculture farmers with 

homesteads close to backwater resources, fishermen living in hamlets along backwater areas, and coastal 

region businesspeople could all immediately benefit from this project. It would be advisable to encourage 

fisherwomen to engage in cage culture activities since they need less capital investment yet yield higher 

financial returns. 

Cage Size 

It is a proven fact that, within the constraints of the materials and construction techniques employed, costs 

per unit volume fall with increasing cage size. For grow-out fish culture, CMFRI has created open sea cages 

measuring 6 and 15 metres in diameter, as well as 2 metre HDPE cages for seed raising. 6 m is the ideal 

size for a grow out cage due to its ease of movement and low labour requirements. Two-meter cages can be 

utilised for fingerlings. 

Cage Frames and Nets 

Cage farms can use a variety of cage materials. High Density Poly Ethylene (HDPE), GI (galvanised iron) 

pipes, PVC pipes, and other materials are frequently utilised. Although pricey, HDPE frames are sturdy. 

For small groups and fisherman, economical epoxy-coated galvanised iron (GI) frames are advised. GI 

frames are less durable than HDPE frames in terms of lifespan. 

In India, cage culture nets of various shapes and materials were tested. For grow-out purposes, CMFRI 

has used twisted and braided HDPE nets. There may be two or more seasons in it. Nylon net can be used 

economically, but because of its light weight, additional weight needs to be fed into the ballast pipe in order 

to maintain the shape. The cost factor must be considered. when making a net cage out of modern netting 

materials like sapphire or dyneema. Ideal net depths fall between 2 and 5 metres. Predator net is necessary 

for open sea cage culture to guard against attacks from predatory species. 

Cage Setup 

Each cage is at least 2 x 2 x 1.5 m (6 m3) in size; three of these cages make up a unit and are surrounded 

by an outside predator net measuring 8 x 3 x 2 m; five cages make up a battery that may be placed anywhere 

it is needed. Cages can be fixed or free-floating. As they survive longer than floating HDPE cages with 

bamboo frames, floating HDPE cages with GI pipe-frames are preferable. These cages can be used to grow 

out fish into table fish or to raise fish fry to fingerlings. For brackishwater production, cages of 4 x 4 x 3 m 

(48 m3) are also employed. 

A maximum of five cages (one battery) will be given to each SHG or society, while one farmer or 

businessperson would receive one cage a maximum of 3 Cages (1 Unit). 

 

Suitable Species 

Milk Fish (Chanos chanos), Asian Seabass (Lates calcarifer), Grey Mullet (Mugil cephalus), Pearl spot 

(Etroplus suratensis) and Nile Tilapia (Oreochromis niloticus), Silver Pompano (Trachinotus blochii). 

https://en.wikipedia.org/wiki/Mugil_cephalus
https://en.wikipedia.org/wiki/Mugil_cephalus
https://en.wikipedia.org/wiki/Mugil_cephalus
https://en.wikipedia.org/wiki/Mugil_cephalus
https://en.wikipedia.org/wiki/Mugil_cephalus
https://en.wikipedia.org/wiki/Mugil_cephalus
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Milk Fish Asian Seabass 

  
Grey Mullet Pearl spot 

Stocking Densities 

Stocking density influences growth and production; it has been determined empirically; stocking and 

estimated harvest quantities are as follows: 

Species Stocking Size (Length/ 

Weight) 

Stocking Density 

(Nos./ m3) 

Production per Cage 

(kg) 

Cobia 15 cm/ 35 g 8-10 2400 kg/ 7 months 

Pompano 10 cm/ 35 g 30-40 1800 kg/ 8 months 

Seabass 10 cm/ 30 g 30-40 2000 kg/ 8 months 

Grouper 15 cm/ 40 g 15-20 2000 kg/ 7 months 

Cage Management 

Management of cage cultures must optimise production while keeping costs to a low. The management 

must be effective enough for the cultured fish to grow at the anticipated pace in relation to feeding rate and 

stocking density, reduce loss from disease and predators, monitor environmental parameters, and maintain 

the technological facilities' effectiveness. The physical upkeep of cage constructions is also crucial. It is 

necessary to regularly inspect the net-cages. Anchor ropes and net cages should have any necessary repairs 

and adjustments made right away. A monthly net exchange should also be taken into consideration because 

it guarantees a good water exchange in the net, washing away waste and uneaten food and, to some extent, 

lessening the effects of fouling. 

Fouling of Cage Net 

In several cases of cage farming, fouling of cage nets and other structures has been noted. Nets become bio 

foul-covered. Before its growth progresses, molluscan fouling, notably that caused by edible oyster and sand 

barnacles, must be examined. The introduction of omnivorous grazers in cages helps eliminate algae mats 

and other periphyton. The weight of a fouled net will increase drag, which will cause it to lose nets and 

fish. 

Nets should be changed, when necessary, which could be every 2 to 4 weeks depending on how often fouling 

occurs. Net exchange is required during oyster fouling immediately following the seasonal spat fall. Fish 

that consume just plants, such as scat (Scatophagus sp.), pearl spot (Etroplus suratensis), and rabbit fish 

(Siganus spp. can be used to manage biofuels, but their widespread use has to be examined. 

Diseases Monitoring 

Fish stock health must be monitored constantly, and behavioural changes, particularly during feeding, can 

frequently provide early warning signs. 

Harvesting 

Fish harvesting in cages requires less labour than it does in ponds. To harvest cages, lift the cage net after 

towing the cage to a convenient location. Partial or full harvesting may be carried out as well, depending 

on need. Crops could be harvested and sold fresh to earn better returns when there is a marine fishing 
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restriction in place. Crops could be harvested and sold fresh to earn better returns when there is a marine 

fishing restriction in place. 

Summary 

The most effective method for rearing fish is in cages. In various suitable water bodies, cages of various 

sizes and shapes can be created. The species being raised and the fishes' development rate determine the 

fish stocking density in cages. Cages can produce 20–40 kg/m3 of product under typical circumstances. 

Finding the proper location is essential for cage farming. For a successful cage farming operation, proper 

feeding with high-quality foods is essential. A decent harvest from cages is ensured by routine inspection 

of net cages and fish. 
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Introduction 

Biosensors are defined by IUPAC as integrated receptor-transducer devices, which can provide selective 

quantitative or semi-quantitative analytical information using a biological recognition element (Thevenot 

et al., 2001). Biosensors are devices used to detect the presence or concentration of a biological analyte, 

such as a biomolecule, a biological structure, or a microorganism. Biosensors consist of three parts: a 

component that recognizes the analyte and produces a signal, a signal transducer, and a reader device. The 

first 'true' biosensor was developed by Leland C. Clark, Jr in 1956 for oxygen detection. He is known as the 

'father of biosensors' and his invention of the oxygen electrode bears his name: 'Clark electrode'. Eventually, 

in 1975, the first commercial biosensor was developed by Yellow Spring Instruments (YSI). There are three 

generations of biosensors available in the market. In the First type of biosensor, the reaction of the product 

disperses to the sensor and causes the electrical reaction. In the second type, the sensor involves particular 

mediators between the sensor and the response to produce a better response. In the third type, the response 

itself causes the reaction and no mediator is straightly involved. The most common biosensors today are 

home pregnancy tests and glucose detectors (Touhami, 2014). 

According to the definition proposed by the Glossary for chemists of terms used in biotechnology (IUPAC 

Recommendations 1992), the 'Biosensor' is defined as a unique device that utilizes specific biochemical 

reactions mediated by isolated enzymes, immunosystems, tissues, organelles, or whole cells to detect 

chemical compounds usually by electrical, thermal or optical signaling process (Vallinayagam et al., 2022). 

Typical biosensors are composed of three major parts, e.g., Bioreceptors, Interface matrix, and Physico-

chemical transducer element those converts the generated event into a quantifiable signal as emphasized 

in Figure 1. 

 
Figure 1. General schematic diagram of a biosensor's working principle 
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Biosensors are advantageous in terms of rapid detection, a small volume of sample needed, easy to use, 

high accuracy, no requirement of the complex biocatalyst, highly sensitive and can detect molecules in the 

femtomolar range, high specificity, affinity between two molecules can be easily calculated while there are 

some limitations of it, which include initial cost is high, require expertise to use, not easy to design, due to 

the small size handling is difficult during the fabrication process, nanoparticles can cause serious illness 

or damage to the human body. 

Types of Biosensors 

The different types of biosensors are classified based on the sensor device as well as the biological material 

are illustrated in Table 1. 

1. Electrochemical Biosensor: It is based on the reaction of enzymatic catalysis that consumes or 

generates electrons. Such types of enzymes are named Redox Enzymes. The substrate of this biosensor 

generally includes three electrodes such as a counter, reference, and working type as shown in Figure 2 

(Ronkainen et al., 2010). 

 
Figure 2: Working principle of Electrochemical Biosensor 

Electrochemical biosensors are classified into four types: 

a. Amperometric Biosensors 

b. Potentiometric Biosensors 

c. Impedimetric Biosensors 

d. Voltammetric Biosensors. 

a. Amperometric Biosensor: An amperometric biosensor is a self-contained incorporated device 

based on the amount of the current ensured from the oxidation offering exact quantitative analytical 

information. Generally, these Biosensors have reaction times, energetic ranges & sensitivities 

comparable to the Potentiometric-biosensors. The simple amperometric biosensor in frequent usage 

includes the “Clark oxygen” electrode. The rule of this biosensor is based on the amount of the flow 

of current between the Counter Electrode and the working which is encouraged by a redox response 

at the operational electrode (Ronkainen, et al., 2010).  

b. Potentiometric Biosensors: This type of biosensor provides a logarithmic reply using a high 

energetic range. These biosensors are frequently completed by monitor producing the electrode 

prototypes lying on a synthetic substrate, covered by a performing polymer with some enzyme 

connected. They comprise two electrodes that are enormously responsive and strong. They allow the 

recognition of the analyte. The changes might be credited to ionic force, hydration, pH, and redox 

responses, the latter as the label of enzyme rotating above a substrate (Ronkainen et al., 2010). 

c. Impedimetric Biosensors: The EIS (Electrochemical impedance spectroscopy) is a responsive 

indicator for a broad range of physical as well as chemical properties. The techniques of 

Impedimetric have been executed to differentiate the invention of the biosensors as well as to 

examine the catalyzed responses of enzymes lectins, nucleic acids, receptors, whole cells, and 

antibodies (Ronkainen et al., 2010). 

d. Voltammetric Biosensor: This biosensor was built with a carbon glue electrode customized 

with Hb (hemoglobin), which includes four prostatic groups of the hem (Fe). This type of electrode 

shows a reversible oxidation or reduction procedure of Hb (Fe) (Ronkainen et al., 2010). 
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2. Physical Biosensor: Physical biosensors are the most fundamental as well as broadly used sensors. As 

the general working method behind the intelligence of hearing, sight, and touch is to react to the exterior 

physical stimuli, therefore any detecting device that offers a reaction to the physical possessions of the 

medium was named a physical biosensor. Physical biosensors are classified into two types namely 

piezoelectric biosensors and thermometric biosensors (Ali et al., 2017). 

a. Piezoelectric Biosensors: These sensors are a collection of analytical devices which works on 

a law of “affinity interaction recording”. The platform of a piezoelectric is a sensor element that 

works on the law of oscillations transform due to a collection jump on the surface of a piezoelectric 

crystal. In this analysis, biosensors are having their modified surface with an antigen or antibody, 

a molecularly stamped polymer, and heritable information. The declared detection parts are 

normally united by using nanoparticles (Marrazza et al., 2014). 

b. Thermometric Biosensor: Thermometric-biosensor is used to measure or estimate serum 

cholesterol. As cholesterol obtains oxidized through the enzyme cholesterol oxidize, then the heat 

will be produced which can be calculated. Similarly, assessments of glucose, urea, uric acid, and 

penicillin G can be done with these biosensors (Ali et al., 2017). 

3. Optical Biosensor: The Optical biosensor is a device that uses an optical measurement principle. They 

use fiber optics as well as optoelectronic transducers. These sensors mainly involve antibodies and enzymes 

like the transducing elements. Optical biosensors permit a secure non-electrical inaccessible sensing of 

equipment. Surface plasmon resonance (SPR) biosensors are optical sensors exploiting special 

electromagnetic waves—surface plasmon-polaritons—to probe interactions between an analyte in solution 

and a biomolecular recognition element immobilized on the SPR sensor surface. Major application areas 

include detection of biological analytes and analysis of biomolecular interactions where SPR biosensors 

provide benefits of label-free real-time analytical technology (Homola, 2003). The development of various 

two-dimensional materials with optical properties such as biocompatibility, field enhancement, and a 

higher surface-to-volume ratio, as well as advancements in microfabrication technologies, have accelerated 

the development of optical sensors for the early detection of cancer and other diseases (Kaur et al., 2022).  

Table 1: Classification of biosensors based on the types of transducers: 

Transducer Type Biosensor Class Features Applications 

Electrochemical 

transducer 

Amperometric The presence of an 

analyte leads to a 

redox reaction that 

brings a change in 

current between a 

working and a 

reference electrode 

which is measured 

Detection and quantification 

of glucose, cholesterol, amino 

acids, urea, and alcohols 

Potentiometric Measures potential or 

charge accumulation 

between an ion-

selective electrode and 

a reference electrode 

Determination of sugars, 

urea, neurotransmitters, 

carbon dioxide, pesticides, 

etc 

Conductometric Measures change in 

the electrical 

conductivity of the 

medium upon entry of 

any analyte that 

changes the ionic 

species concentration 

Heavy metals, chemicals, 

protein markers 

Impedance Measures the 

resistivity or 

conductivity changes in 

the medium due to a 

biorecognition event 

Endocrine disrupting 

hormones, PCBs 

Polychlorinated Biphenyls, 

milk toxins 

https://www.elprocus.com/basic-elements-of-fiber-optic-communication-system-and-its-working/
https://www.sciencedirect.com/topics/chemistry/optical-property
https://www.sciencedirect.com/topics/engineering/microfabrication
https://www.sciencedirect.com/topics/engineering/optical-sensors


 

 
Volume 04 - Issue 09 - September 2022       255 | P a g e  
 

Optical transducer Colorimetric Measures the change 

in color or optical 

density of the test 

sample upon a 

chemical reaction 

Food and water-borne 

pathogens 

Bioluminescent Based on the principle 

of light emission by 

viable bacteria in 

response to any 

chemical, biological, or 

physical changes in the 

analyte 

Heavy metal contamination, 

food, and environmental 

monitoring 

 
Fluorescence Fluorescent-labeled 

biomolecules are 

immobilized which 

emit fluorescence upon 

reaction with an 

analyte. 

BOD measurement, iron or 

water availability in plants 

or microbial habitat, cell 

populations 

Physical transducer Piezoelectric Change in resonating 

frequency of 

piezoelectric material 

due to desorption or 

absorption of analyte 

leading to the current 

generation 

Immunosensing, nucleic acid 

sensing, cellular studies 

Pyroelectric Measurement of 

change in current 

induced by a material 

upon a temperature 

difference 

Diagnostics 

Baroxymeter Monitoring respiration 

of a bacterial culture 

by pressure 

measurements and 

using respiration 

inhibition as a toxicity 

alert 

Toxicity measurement in 

wastewater 

Field-effect 

transistor (FET)-

based biosensor 

Measurement of 

change in conductance 

of FET 

The clinical investigation, IV 

blood pH recording 

Working Principle 

Usually, a specific enzyme or preferred biological material is deactivated by some of the usual methods, 

and the deactivated biological material is in near contact with the transducer. The analyte connects to the 

biological object to shape a clear analyte which in turn gives the electronic reaction that can be calculated. 

In some examples, the analyte is changed to a device that may be connected to the discharge of gas, heat, 

electron ions, or hydrogen ions. In this, the transducer can alter the device linked converts into electrical 

signals which can be changed and calculated. 

The electrical signal of the transducer is frequently low and overlaid upon a fairly high baseline. Generally, 

the signal processing includes deducting a position baseline signal, obtained from a related transducer 

without any biocatalyst covering. The comparatively slow character of the biosensor reaction significantly 

eases the electrical noise filtration issue. In this stage, the direct output will be an analog signal however 

https://www.elprocus.com/transducer-types-and-their-applications/
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it is altered into digital form and accepted to a microprocessor phase where the information is progressed, 

influenced to preferred units, and output to a data store as shown in Figure 3 (Khan, 2022). 

 
Figure 3: Working principle of biosensors 

1. Roles of biosensors in Food Analysis: Biosensors have been applied in many fields namely the food 

industry, medical field, marine sector, etc., and they provide better stability and sensitivity as compared 

with the traditional methods. An arduous quandary in the food processing industry is quality and safety, 

maintenance of food products, and processing. Traditional techniques performing chemical experiments 

and spectroscopy have shortcomings due to human fatigue and are expensive and time-consuming. 

Alternatives for food authentication and monitoring with objective and consistent measurement of food 

products, in a cost-effective manner, are desirable for the food industry. Thus, the development of 

biosensors in response to the demand for simple, real-time, selective, and inexpensive techniques is 

seemingly propitious. Ghasemi-Varnamkhasti et al. (2011) worked on monitoring the aging of beer using 

enzymatic biosensors, based on cobalt phthalocyanine. These biosensors evinced a good capability to 

monitor the aging of beer during storage. Biosensors are used for the detection of pathogens in food. The 

presence of Escherichia coli in vegetables is a bioindicator of fecal contamination in food. E. coli has been 

measured by detecting variation in pH caused by ammonia (produced by urease–E. coli antibody conjugate) 

using potentiometric alternating biosensing systems. Washing the vegetables such as sliced carrots and 

lettuce with peptone water provides us with the liquid phase. It is then separated by amalgamating it in a 

sonicator, to disaffiliate bacterial cells from food items (Ercole et al., 2003).  

Enzymatic biosensors are also employed in the dairy industry. A biosensor, based on a screen-printed 

carbon electrode, was integrated into a flow cell. Enzymes were immobilized on electrodes by engulfment 

in a photo-cross-linkable polymer. The automated flow-based biosensor could quantify the three 

organophosphate pesticides in milk (Nguyen et al., 2019). One of the popular food additives extensively 

used today is sweeteners, which are adversely causing undesirable diseases including dental caries, 

cardiovascular diseases, obesity, and type-2 diabetes. Thus, their detection and quantification are of prime 

importance. Traditional methods to distinguish the two types of sweeteners are ion chromatographic 

methods, which are complicated and laborious (Carocho et al., 2017). 

A more efficacious method, which combined lipid films with electrochemical techniques as biosensors for 

speedy and sensitive screening of sweeteners has been explored by the multi-channel biosensor, which 

detects the electrophysiological activities of the taste epithelium. The signals are analyzed using 

spatiotemporal techniques, on MATLAB, where glucose and sucrose represent natural sugars while 

saccharin and cyclamate comprise artificial sweeteners. The response to artificial sweeteners greatly 

depends on residues in the amino-terminal domains of taste receptors as ligand binding sites. The signal 

responses of taste receptor cells towards natural and artificial sweeteners are discrete. The taste epithelium 

biosensor delivered sparse signals with positive waveforms when glucose was applied whereas sucrose 

sustained signals with negative spikes. The taste epithelium responded to artificial sweeteners with more 

intensive signals, showing that the responses to artificial sweeteners were quite different from those of 

natural sugars, in both time and frequency domains (Mehrotra, 2016). 

https://www.elprocus.com/evolution-of-microprocessor-with-applications/
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2. In fermentation processes: In fermentation industries, process safety and product quality are crucial. 

Thus, effective monitoring of the fermentation process is imperative to develop, optimize and maintain 

biological reactors at maximum efficacy. Biosensors can be utilized to monitor the presence of products, 

biomass, enzyme, antibody, or by-products of the process to indirectly measure the process conditions. 

Biosensors precisely control the fermentation industry and produce reproducible results due to their simple 

instrumentation, formidable selectivity, low prices, and easy automation. Nowadays, several kinds of 

commercial biosensors are accessible; capable of detecting biochemical parameters (glucose, lactate, lysine, 

ethanol, etc.). In the fermentation process, saccharification was monitored by traditional Fehiing's method. 

Since this method involves titration of reducing sugar, its outcomes were inaccurate. However, since the 

launch of glucose biosensors commercially in 1975, the fermentation industries have benefited. Now the 

factories successfully use glucose biosensors to control the production in the saccharification and 

fermentation workshop and utilize the enzymatic method to produce glucose (Yoo & Lee, 2010). 

Biosensors are also employed in ion exchange retrieval, where detection of change in biochemical 

composition is carried out. For instance, a glutamate biosensor has been used to conduct experiments on 

ion exchange retrieval of an isoelectric liquor supernatant of glutamate. The fermentation process is a 

byzantine process with multiple pivotal variables, most of which are laborious to measure in real-time. On-

line monitoring of critical metabolites is essential to facilitate quick optimization and to control biological 

processes. In past years, biosensors have attracted a lot of attention in online monitoring of the 

fermentation process due to their simplicity and quick response (Mehrotra, 2016). 

3. Biosensing technology for sustainable food safety: The term food quality refers to the appearance, 

taste, smell, nutritional value, freshness, flavor, texture, and chemicals. Smart monitoring of nutrients and 

fast screening of biological and chemical contaminants are of paramount importance when it comes to food 

quality and safety. Material science, nanotechnology, electromechanical and microfluidic systems are 

striding in to make sensing technology imminent for use in the market. Efforts are being made for 

developing control systems ensuring food quality and safety and, as a consequence, human health 

(Mehrotra, 2016). 

Biosensors are being employed to perceive general toxicity and specific toxic metals, due to their capability 

to react with only the hazardous fractions of metal ions. Pesticides pose grave threats to the environment. 

The common pesticides used are organophosphates and carbamic insecticide species. Immunosensors have 

proved their merit as sensitive, high-speed agri-food and environmental monitoring. AChE and 

butyrylcholinesterase biosensors have been devised for aldicarb, carbaryl, paraoxon, chlorpyrifos-methyl, 

etc. Oxon utilizing screen-printed electrodes was developed by Arduini and colleagues. A similar type of 

biosensor is used to detect pesticides in wine and orange juice. Arsenic can be measured with the help of 

bacteria-based bioassays (Mehrotra, 2016). 

Future Scope 

Cell and tissue-based biosensors consist of genetically engineered proteins that are infused into cells ex 

vivo or in vivo. They allow the researcher to sense levels of hormones, drugs, or toxins, continuously and 

noninvasively, using biophotonics or other physical principles. The scope in this regard could be of value in 

aging research. Various sensors based on nucleic acid hybridization detection have been developed for 

organism detection; “Environmental Sample Processor” is under process at the Monterey Bay Aquarium 

Research Institute whose goal is the automated detection of toxic algae in situ from moorings using 

ribosomal RNA probes is a promising development in this field. Also, the detection of pollutants, heavy 

metal, and pesticides through biosensors is one of the prime goals. Applications of nanomaterials in 

biosensors provide opportunities for building up a new generation of biosensor technologies. Nanomaterials 

improve mechanical, electrochemical, optical, and magnetic properties of biosensors and are developing 

towards single molecule biosensors with high throughput biosensor arrays. Biological molecules possess 

special structures and functions and determine how to fully use the structure and function of nanomaterials 

and biomolecules to fabricate single molecule multifunctional nanocomposites, nanofilms, and 

nanoelectrodes, is still a great challenge. The processing, characterization, interface problems, availability 

of high-quality nanomaterials, tailoring of nanomaterials, and the mechanisms governing the behavior of 

these nanoscale composites on the surface of electrodes are also great challenges for the presently existing 

techniques.  
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Future work should focus on clarifying the mechanism of interaction between nanomaterials and 

biomolecules on the surface of electrodes or nanofilms and using novel properties to fabricate a new 

generation of biosensors. Nevertheless, nanomaterial-based biosensors show great attractive prospects, 

which will be broadly applied in clinical diagnosis, food analysis, process control, and environmental 

monitoring shortly. 
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Abstract 

The solution to the problem of food insecurity under the simultaneous strain of ongoing population growth 

and climate change lies in improving the productivity and resilience of main crops, which in turn depends 

on fully using the genetic diversity within crop gene pools. Crop domestication and natural evolution, 

however, have had a significant negative influence on crop genomes, impairing key loci controlling crucial 

agronomic properties and ultimately lowering genetic diversity. Additionally, the issue has gotten worse 

due to the deletion of innovative stress-tolerant genes that are widely distributed in the gene pool of crop 

wild relatives due to the selection of superior lines for abiotic/biotic stress tolerance to increase crop output. 

Crops are more susceptible to harmful climatic shocks as a result of the loss of genetic variety, hence it is 

urgent to shift our efforts toward CWRs that have a rich gene pool of stress-responsive genes. Crop pan-

genome resources will speed up molecular breeding and give a multifaceted understanding of genomic 

differences as opposed to single reference genome resources. Therefore, multireference genomes must be 

created in order to study the genomic makeup of all individuals, including cultivated, landrace, and wild 

ancestors. A massive wave of pan-genomic studies has been started as a result of the development of NGS 

technology, opening a new roadmap for figuring out crop evolution and adaptation throughout the genus 

as well as studying in-depth insights into genome functions with potential applications for crop breeding. 

Pan-genomes, in general, provides a new technique to studying genetic variety, will be crucial in examining 

genomic variances and providing a quick way to scan complicated gene sets for crop improvement. 

Introduction 

In terms of agronomic traits including phenology, yield, metabolite production, and response to biotic and 

abiotic stimuli, crop species differ greatly from one another phenotypically. For crops to be improved in 

order to face upcoming challenges from climate change and evolving diseases, genetic variety must be used 

effectively. For many crop species, including the major cereal and legume crops, reference genome sequence 

assemblies and catalogues of sequence diversity have been created in the last few decades. The foundation 

of a genomic infrastructure is a single reference genome sequence, but it does not fully capture the diversity 

of sequences found in a species. Large-structural variants pose a particular challenge because they are 

hard to detect by shortread sequencing and reference-based analysis. But numerous studies have 

demonstrated that this class of variations can be extremely important in determining agronomic features, 

local adaptation, and speciation. It is a long-term goal to represent every single sequence variant 

segregating in the pan-genome, which is referred to as the universe of genome sequences existent in a 

species.  

The Pan-Genome Concept 

Pangenomes are references that represent the genetic variety of a whole species as opposed to just one 

particular individual. They can lessen reference bias in genomic analysis, enabling more precise trait 

prediction. Tettelin et al., (2005) first introduced the concept of a core and variable genome for a species 

represented by a pangenome to characterise gene diversity in Streptococcus agalactiae. Morgante et al., 

(2007) then advocated its usage in plants. The first plant pangenome, which included seven wild soybean 

(Glycine soja) individuals, was published in 2014. The domesticated traits of organ size, biomass, seed 

composition, flowering and maturity time, and disease resistance were used to link genes to these traits. 

Since then, other pangenomes have been developed. These offers valuable resources for understanding 

genetic variation in these species.  
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To describe the broad range of diversity, pangenomes can be created by sequencing individual genomes or 

by surveying genetic differences within a species. The detection of structural variants (SVs) is necessary to 

evaluate the diversity within species, and the usage of pangenomes eliminates the sampling bias brought 

on by using single reference genome assemblies. PAVs and nongenic regions can both be included in this 

diversification. It is now widely acknowledged that a single reference assembly is insufficient to fully 

represent the genetic diversity of a species as more and more plant genomes are being assembled. In-depth 

comparisons of variation within species or higher taxonomic groups are now possible because to the creation 

of pangenomes, which reflect the structural variation and polymorphisms in genomes. 

The Different Compartments of the Pangenome 

The Core Genome: The core genome, which is commonly referred to as the bare minimum genome 

sequence needed for a cell to live, is the common collection of sequences shared by every member of the 

group. In fact, it has been demonstrated that the core genome contains the primary essential gene functions 

like upkeeping the fundamental biological processes, such as DNA replication, translation, and 

maintenance of cellular homeostasis (e.g., glycolysis). 

The Dispensable Genome: The dispensable genome has an unexpectedly large number of sequences, 

including an unexpectedly high number of genes. Zhao et al., (2018) used 66 rice accessions to identify 

10,872 new genes (not included in the reference genome). Several genes, including SUBMERGENCE1A 

(Sub1A), SNORKEL1 and SNORKEL2, which control submergence tolerance, and PHOSPHORUS-

STARVATION TOLERANCE 1 (Pstol1), which is implied in the tolerance to phosphorus-deficient soil, were 

among those identified as missing from the reference genome in earlier studies. It is believed that bacteria's 

disposable genes aid in adaptation and diversity. Abiotic and biotic stress-related genes, such as defence 

and response, as well as developmental genes, like those that regulate flowering time, appear to be 

overrepresented in the dispensable genome of plants. Some of the most common gene types in the 

dispensable genome are those connected to disease resistance. 

Individual Specific Genome. Sequences that can only be found in the person-specific compartment are 

those that may be responsible for a particular trait of the individual. For extremely divergent sequences or 

neogenes, this compartment may contain sequences with actual biological activities, although the majority 

of them are likely contaminations, misannotations, or artefacts. Additional individual data may move such 

sequences to the disposable genome, which is another possibility due to sampling bias. As a result, this 

compartment might be combined with the disposable genome or ignored for further research. 

From an evolutionary standpoint, universal genes are primarily in charge of essential processes, and they 

frequently remain constant within a species. Contrarily, unique genes and their particular subset, variable 

genes, add to the diversity of the species by allowing them to adjust to various environmental conditions. 

The pangenomes of the examined crops contain between 8 and 61% unique genes (Tao et al., 2019). 

However, because existing methods and technology cannot identify all functional alterations in genes, the 

amount of the resulting unique genome is probably underestimated. 

Dynamics of Pangenome Compartments 

The balance between gain and loss events and the capacity to adapt to various contexts are directly related 

to the pangenome's capacity to grow or remain constant, as well as to flip from core to dispensable and vice 

versa. Gene birth and death, horizontal transfers, and TE activity are only a few of the many forces and 

variables that can affect the pangenome organisation. 

Application of Pangenomes for Crop Improvement 

Crop breeding uses genomic information more and more, yet reference genome assemblies might not 

accurately reflect the germplasm found in the field, highlighting the necessity for pangenomes in crop 

improvement applications. The dispensable genome can be mapped using pangenomes, which will show 

which types include genes with agronomic advantages. The dispensable genomes are frequently linked to 

agronomic features including flowering duration, disease resistance, and resiliency to environmental 

stress. Understanding variable genes, such as those controlling biotic stress tolerance in soybean, 

muskmelon, and rice, as well as phosphorus uptake capability, requires an understanding of SVs and PAVs. 

The characterization of the gene PAV within crop species as well as comparisons with wild and exotic 
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relatives are made possible by the advent of pangenomes. A favourable agronomic trait that may have been 

lost due to breeding and selection can be found using this technique and bred back into superior germplasm 

for testing. The understanding of which genetic variants may be connected to agronomic performance 

develops with the identification of dispensable areas in a species. 

Conclusion 

1. The pangenome perspective of a genome brings up fresh, difficult avenues for investigating genetic 

diversity, adaptability, and evolutionary processes within a population. 

2. Access to a surprisingly vast reservoir of genes and sequences not found while working on a single 

reference genome is provided by pangenome analyses. 

3. Increased knowledge of dispensable genes may be of high importance for breeding applications. 
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Importance 

Marigold is one of the most commonly grown flowers for garden decoration and extensively used as loose 

flowers for making garlands for religious and social functions. It has gained popularity amongst the 

gardeners on account of its easy culture and wide adaptability. Its habit of free flowering, short duration 

to produce marketable flowers, wide spectrum of attractive colours, shape, size and good keeping quality 

has attracted the attention of flower growers. Marigolds are ideal for cut flowers, especially for making 

garlands. They can be planted in the beds for mass display or grown in pots. The French Marigolds are 

suitable for hanging basket and edging. The demand for Marigold flowers during Dashara and Diwali is 

very high. 

Soil & Climate 

1. Marigold requires mild climate for luxuriant growth and flowering. 

2. The optimum temperature range for its profuse growth is 18-20°C. 

3. Temperatures above 35°C restrict the growth of the plants, which leads to reduction in flower size and 

number. 

4. In severe winter, plants and flowers are damaged by frost. 

5. Marigold can be grown in a wide range of soils, as it is adapted in different soil types. 

6. French (Dwarf) marigolds are best cultivated in light soil whereas rich well drained, moist soils are best 

suited for African (Tall) marigolds. 

7. Sandy loam soil with pH 5.6 to 6.5 is ideal for its cultivation. 
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Species and Cultivar 

Among 50 species of marigold only for are cultivated. These are: 

a. Tagetes erecta (African marigold): cultivating it for medicinal, ceremonial and decorative 

purposes. This plant reaches heights of between 50–100 cm (20–39 in). The colour range is from 

white and cream to primrose, yellow, gold and orange. 

b. Tagetes patula (French marigold): The flower is an annual, occasionally reaching 0.5 m by 

0.3 m.. stem is reddish in colour and the foliage is darker than African marigold. The colour of flower 

varies from yellow to red, either single or double and borne on proportionately long peduncle. 

(A) African varieties - (B) French varieties 

• Cracker jack 

• Climax  

• Golden Age 

• Crown of Glod 

• Chrysanthamum charm 

• Star gold 

• Pusa Narangi Gainda: Orange colour 

• Pusa Basanti Gainda: Sulphar yellow 

colour 

• Pusa Bahar: Yellow colour 

• MDU -1 

• Cracker jack 

• Alaska 

• Fire Glow 

• Golden Jubilee 

• Yellow Fluffy 

• Dusloom 

• Nugget: Triploid variety 

• Show Bird 

• Rustry red  

• Butter scotch 

• Valencia 

• Pusa Deep: Maroon colour 

• Pusa Arpita: Orange colour  

• Golden Boy 

• Star dust 

Varieties of African Marigold 

1. Pusa Narangi Gainda: The plant of this variety is medium strature, grows a heit of 8085 cm. the plant 

remains vegetative for 100 days and flowers in 125-135 days. The flowering duration ranges from 45-60 

days. The colour of flower is orange with big ruffled florets. The yield of variety 25-30 tonnesw/ ha. This is 

an open pollinated variety and seed can be multiplied in farmers’ field. 

3. Pusa Basanti Gainda: The plant of this variety is medium strature, which grows a height of 60-65 cm. 

the plant remains vegetative for 135 days and takes 140-145 days to flowers. the plant needs to pinch 45-

50 days. The variety sown in October and transplanted during November. It is an open pollinated variety 

and yield up to 75-100 kg of seeds/ha. 

4. Pusa Arpita: It is summer growing marigold. The plants have dense foliage. It is also an open pollinated 

variety. 

5. Serakal: this variety was identified in Eastern India. The specialty of this variety is uniform and bushy 

growth of the foliage and uniform size of flowers as well. The plant is generally grown by cutting. This plant 

can be propagated throughout the year. 

Land Preparation 

For the main-field, the land should be ploughed well followed by 2-3 harrowing and mixing of FYM @ 20-

25 t/ha should be incorporated to the soil. Make the ridges and furrow properly. 

Propagation 

There are two common methods of propagation of marigold i.e., by seeds and by cuttings. 

Plants raised from seeds are tall, vigorous and heavy yielder and hence, seed propagation is preferred to 

cuttings. 
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Nursery Rising 

1. The marigold seeds are black in color and remain viable for about 1-2 years for rising of seedlings. 

2. Seed germinate in 5-7 days. Before sowing the seeds should be treated with captan 2g/kg of seed to 

prevent damping off. 

3. Seeds should be sowed in pots, seed boxes or raised nursery beds. 

4. Nursery beds are prepared by digging area and incorporating well rotten FYM. 

5. Before sowing the seeds, the soils should be drenched with Captan to avoid the ants, which carry away 

the seeds. 

6. Seeds should be sown thinly (6-8 cm row to row) and 2cm deep and covered with sieved leaf mold. 

7. The nursery beds should be remained moist during entire period. 

8. The quantity of seed required depends upon the level of its purity and germination rate. 

9. Generally 200-300g seed/acre is required for raising the nursery in summer and rainy season, and 150-

200g/acre for winter season. 

10. About 1.0-1.5 kg seeds is required for planting in one hectare whereas 250 g/ha is sufficient in case of 

F1 hybrid. Seed germinates in 5-7 days. 

11. The seed germinate 4-5 days after sowing and seedlings become ready for transplanting after 3-4 weeks 

for sowing. 

 

Sowing Time and Season 

Depending on environment, planting of marigold can be done in three seasons i.e. rainy, winter and summer 

and seeds are sown accordingly. Hence, flowers of marigold can be obtained throughout the year. The 

seasons of sowing and transplanting of seedling for obtaining flowers at different seasons of a year are as 

under: 

Flowering seasons Sowing time Transplanting time 

Late rains Mid-June Mid-July 

Winter Mid-September Mid-October 

Summer Jan-February February- March 

Transplanting of Seedlings 

1. Marigold seedlings are easily transplanted and established in the field without much mortality. 

2. At the time of transplanting, they should be stocky and bear 3-5 true leaves. 

3. Thin and long seedlings do not make a good plant. 

4. Very old seedlings are also not desirable. 

5. Transplanting should be done in well prepared land and soil is pressed around root zone to avoid air 

pocket. 

6. After transplanting, a light irrigation or watering with rose cane should be done. 

7. Plant density depends largely upon the growth habit, cultivar and the soil type. 
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8. In general, spacing should be 30 cm x 30 cm for French marigold and 40 cm x 40 cm for African marigold. 

9. Proper spacing between plants is required for better development of plant and higher flower yield. 

Manure and Fertilizers 

1. Well decomposed FYM @ 24 t/ha should be mixed before ploughing. 

2. In addition recommended N:P:K fertilizer dose would be 100:75:75. 

3. Half quantity of nitrogen should be and full of potash and phosphorus should be applied as basal dose, 

preferably one week after transplanting. 

4. The remaining quantity of nitrogen should be 30-40 days after transplanting. 

5. Marigold also requires zinc and boron for flower quality and yield. 

Weeding 

1. Weeds are a major problem in marigold especially in rainy season crop. If the weeds are not removed in 

time, a great loss would occur in terms of growth and productivity of marigold. 

2. During the entire growth 3-4 manual weeding are required. 

3. Weeding should be done as and when necessary. 

Irrigation 

Irrigation is done once in a week or as and when necessary. Water stagnation should be avoided. 

Pinching/ Nipping and Earthling Up 

Three weeks after transplanting earthling up is done and then one week after earthling up or 1 month after 

transplanting the seedlings. Pinching is followed for bushy growth of the plant and development of lateral 

branches. Pinching is generally done for the 40 days after transplanting, late pinching at 50-60 days proved 

less effective for branching. Pinching results into production of more number of flowers. 

 
Pinching up in African Marigold 

Diseases Management 

Diseases Symptoms Managements 

Damping off (Rhizoctonia solani) • Brown necrotic 

spots on young 

seedlings 

• Proper drainage and 

ventilation, avoid over 

watering 

• Drenching with copper 

oxychloride @3g/l 
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Collar rots (Pythium sp., Phytophthora 

sp. and Sclerotium rolfsii. 

 

• Black lesions on 

main stem. 

Rotting at the 

collar region. 

• Crop rotation for 3-4 years. 

Carbendazim @ 1g/l 

reduces the incidence of 

disease. 

Alternaria leaf spot (Alternaria tagetica, 

A. zinnia and A. alternate) 

 

• Minute brown 

spot near the 

lower leaves and 

then progress 

upward. 

• Avoid overhead watering. 

Spraying of Dithane  M-45 

2 0.2% at fortnightly 

intervals from the first 

appearance of disease 

Botrytis flower Blight (Botrytis cinerea) 

 

• Ashy grey spot-

on bud scales 

and stems. 

Dying of blooms. 

• Sanitization 

Adequate spacing 

Spraying of mancozeb at 

0.2% 

Fusarium Wilt (Fusarium oxysporum) 

 

• Pale green 

leaves, wilting of 

plant. 

• Crop rotation 

Carbendazim (0.2%) is 

effective 
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Powdery mildew (Odium sp. And 

Leveillula taurica) 

 

• It appears as 

grey or white 

powder. Leaves 

turn yellow and 

fall prematurely. 

• Kerathane (40 E.C) @ 0.5% 

or dusting sulphurs 

powder at 15 days interval. 

Viral disease (cucumber mosaic) • Streaking or 

mottling of 

leaves 

• Dimethoate at 2 ml/l 

Pest Management 

Pest Symptoms Managements 

Red spider mite (Tetranychus sp.) 

 

They suck the plant sap, Spraying of Kelthane (2 ml/l) 

Hairy cater piller (Diacrisia oblique) 

 

Eat away the foliage. Spray Carbaryl @ 2 ml/l 

Aphid 

 

Black or brown spot Spraying of malathion or 

dimethoate at 2 ml/l 

Leaf Hopper (Empoasca fabae) 

 

Cupped leaves, rolled leave 

wilting of leaves. 

Spraying of Dimethoate at 2 

ml/l 

Harvesting of Flowers 

1. After transplanting plans take 40-50 days to flower. 

2. Loose flowers are plucked when attain full size depending upon the variety. 

3. Flowers should be harvested in the morning hours. 

4. Irrigation before plucking gives better flower quality. 

5. plucking of flowers regularly and removal of dried flowers enhance the yield. 
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Packing 

1. After harvesting, it is better to keep flowers in cool place. 

2. The marigold is packed in gunny bags for local market and for distance market bamboo basket are used. 

Yield 

African marigold - 11-189 t/hec. 

French marigold - 8-12 t/ha. 
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Microgreens have slowly increased in popularity since they were first introduced to the Californian 

restaurant scene in the 1980s. These flavourful greens, often referred to as micro herbs or vegetable 

confetti, are fragrant and give a pleasant pop of colour to many different recipes. Despite their little size, 

they are nutrient-dense and frequently have greater quantities of nutrients than more mature vegetable 

greens. They are a healthy complement to any diet as a result. 

What are Microgreens? 

Microgreens are immature, green vegetables that are 2.5–7.5 cm (1-3 inches) tall. They come in a range of 

hues and textures and have a fragrant flavour and rich nutritional content. A hybrid between a sprout and 

a baby green, microgreens are regarded as young plants. However, as sprouts lack leaves, they shouldn't 

be mistaken with them. Sprouts also grow in a significantly shorter amount of time 2–7 days, whereas 

microgreens are typically harvested 7–21 days after germination, when the plant's first genuine leaves 

have appeared. In that just its stems and leaves are thought to be edible, microgreens are more comparable 

to baby greens. They are considerably smaller than baby greens, though, and can be sold even before they 

are plucked. This implies that the plants may be purchased whole and cut at home, keeping them alive 

until they are consumed. Microgreens may be grown in many different places, including outside, in 

greenhouses, and even on your windowsill, making them incredibly simple to cultivate. 

Microgreens Come in a Variety of Forms 

There are several kinds of seeds that may be used to develop microgreens. The following plant families' 

seeds are used to create the most popular varieties: 

1. Brassicaceae: Cauliflower, broccoli, cabbage, watercress, radish and arugula 

2. Asteraceae: Lettuce, endive, chicory and radicchio 

3. Apiaceae: Dill, carrot, fennel and celery 

4. Amaryllidaceae: Garlic, onion, leek 

5. Amaranthaceae: Amaranth, quinoa swiss chard, beet and spinach 

6. Cucurbitaceae: Melon, cucumber and squash. 
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Microgreens Provide Vitality 

The nutrients in microgreens are plentiful. Although the amount of nutrients in each variety varies slightly, 

the majority are typically high in potassium, iron, zinc, magnesium, and copper (Xiao et. al 2016). 

Additionally, microgreens are a fantastic source of antioxidants and other healthy plant elements. 

Additionally, because their nutritious content is concentrated, they frequently have greater quantities of 

vitamins, minerals, and antioxidants than the same number of mature greens. In fact, studies comparing 

the nutritional content of microgreens and more mature greens show that microgreens can contain up to 

nine times more nutrients than mature greens. 

They also have a larger range of polyphenols and other antioxidants than their mature counterparts, 

according to research. 

Benefits of Microgreens for Health 

Vegetable consumption is associated with a decreased risk of numerous illnesses (La et.al 2002). This is 

probably because they contain such high levels of vitamins, minerals, and other plant chemicals. Similar 

to adult greens, microgreens frequently have higher concentrations of these nutrients. As a result, they 

could also lower the risk of the following illnesses: 

1. Cardiac Disease: A type of antioxidants known as polyphenols, which are abundant in microgreens, 

has been associated to a decreased risk of heart disease. Microgreens may decrease triglyceride and "bad" 

LDL cholesterol levels, according to animal research. 

2. Alzheimer’s Disease: Foods strong in antioxidants, notably those with high polyphenol content, may 

reduce the risk of Alzheimer's disease. 

3. Diabetes: Antioxidants may aid in lowering the kind of stress that might obstruct sugar's effective 

cellular entry. Fenugreek microgreens found to increase cellular sugar absorption by 25–44% in trials 

conducted in the lab. 

4. Certain cancers: Fruits and vegetables high in antioxidants, particularly those high in polyphenols, 

may reduce the chance of developing several forms of cancer. Microgreens high in polyphenols would be 

anticipated to have comparable results. 

Are Microgreens Dangerous to Eat? 

It is typically safe to consume microgreens. The possibility of food poisoning remains a concern, though. 

However, compared to sprouts, microgreens have a far lower potential for bacterial development. The only 

parts of microgreens that are consumed are the leaf and stem; the root and seed are not. Microgreens 

require somewhat less warm and humid conditions than sprouts. Having said that, if you intend to produce 

microgreens at home, it's crucial to get seeds from a trustworthy source and pick growth media that are 

free of infection with hazardous bacteria like Salmonella and E. coli. The three most popular growth media 

are peat, perlite, and vermiculite. Microgreens are grown on single-use growth mats, which are said to be 

particularly hygienic (F et. al 2017). 

A Guide to Including Microgreens in Your Diet 

Microgreens may be included into your diet in a variety of ways. They may be used in many different 

cuisines, including as salads, sandwiches, and wraps. Additionally, microgreens can be juiced or added to 

smoothies. A common example of a juiced microgreen is wheatgrass. Another choice is to use them as 

garnishes to warm foods like pizza, soup, omelettes, curries, and pizza. 

How to Grow Microgreens at Home 

Growing microgreens is simple and handy because it doesn't take much time or money. They are capable 

of year-round indoor or outdoor growth. 

What You'll Need is as Follows 

1. High-grade seeds. 

2. A suitable growth medium, such homemade compost or potting soil in a container.  

3. An alternative is to use a single-use growth pad made especially for microgreens. 

4. Proper illumination, preferably lasting 12 to 16 hours every day and consisting of UV or sunshine. 
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Instructions 

1. Make sure to not over-compact the soil as you fill the container, then softly water it. 

2. Spread the seed of your choice over the soil as evenly as you can. 

3. Spray your seeds with water sparingly, then place a plastic lid on your container. 

4. To keep the seeds wet, check on your tray every day and spritz it with water as necessary. 

5. You may take off the plastic top to expose the seeds to light a few days after they have begun to sprout. 

6. While your microgreens are developing their colour, water them once every day. 

7. Your microgreens ought to be ready for harvesting after 7–10 days. 

Conclusion 

Microgreens are savoury and simple to add into your diet in a number of ways. Additionally, they are often 

incredibly nutritious and may even lower your chance of contracting certain ailments. They're a 

particularly economical method to increase nutritional intake without having to buy a lot of veggies because 

they're simple to cultivate at home. They should thus be a valuable addition to your diet. 

References 
1. Zhenlei Xiao, Eton E. Codling, Yaguang Luo, Xiangwu Nou, Gene E. Lester, Qin Wang.Microgreens of Brassicaceae: Mineral 

composition and content of 30 varieties, Journal of Food Composition and Analysis,Volume 49,2016,Pages 87-93. 

2. Bazzano LA, He J, Ogden LG, Loria CM, Vupputuri S, Myers L, Whelton PK. Fruit and vegetable intake and risk of 

cardiovascular disease in US adults: the first National Health and Nutrition Examination Survey Epidemiologic Follow-up 

Study. Am J Clin Nutr. 2002 Jul;76(1):93-9. 

3. Di Gioia F, De Bellis P, Mininni C, Santamaria P, Serio F. Physicochemical, agronomical and microbiological evaluation of 

alternative growing media for the production of rapini (Brassica rapa L.) microgreens. J Sci Food Agric. 2017 Mar;97(4):1212-

1219. 

  



 

 
Volume 04 - Issue 09 - September 2022       272 | P a g e  
 

Plant Disease Monitoring Using Social Media 

Article ID: 38091 
 Swagata Saikia1 

1PhD Scholar, Dept. of Plant Pathology, AAU, Jorhat -13. 

 

 
 

Summary 

The power of the 21st century is now literally in our hands. Social media is now a mainstream form of 

communication around the world, and continues to grow in popularity with the increase in the number of 

smartphones, and the ease of use whilst on the go. There are now 1.5 billion users of social networking 

platforms in the world and other industries have embraced these platforms in business and consumer 

engagement, however it has been less used in agriculture. To overcome the diseases and pests of crop 

plants, social media can be used to disseminate timely and relevant information related to the subject and 

thereby proper management of the plant diseases can be achieved. Among social media, mobile applications 

are more advantageous to farmers for storing agriculture-related information and are easily accessible to 

farmers. Mobile applications for crop protection such as Kisan Suvidha, Banana Pest and Disease 

Management, Plantix, Cane Adviser, RiceXpert, Agspeak etc. are the important farmer-friendly mobile 

applications available for agricultural use. 

Introduction 

The power of the 21st century is now literally in our hands. We have never before had such a powerful tool 

to connect with millions of people from the comfort of our own home and all around the world. Social media 

is now a mainstream form of communication around the world, and continues to grow in popularity with 

the increase in the number of smartphones, and the ease of use whilst on the go. There are now 1.5 billion 

users of social networking platforms in the world and other industries have embraced these platforms in 

business and consumer engagement, however it has been less used in agriculture. To overcome the diseases 

and pests of crop plants, social media can be used to disseminate timely and relevant information related 

to the subject and thereby proper management of the plant diseases can be achieved (Bite et al., 2017). 

Social media are web portals and application which enable user to create share content or to participate in 

social networking. Among the social media mobile apps are more advantageous to farmers for storing 

agriculture-related information and are easily accessible to farmers (Fellner et al., 2018). The information 

is stored in the mobile handset itself for easy access, for example, the details of the package of practices, 

pest and disease information, and scheme related information, etc. Some of the popular Social media apps 

related to plant pathology are as follows -  

1. Kisan Suvidha mobile app: Developed by the Ministry of Agriculture & Farmers Welfare, Govt. of 

India. Kisan Suvidha is an omnibus mobile app developed to help farmers by providing relevant 

information. The information is currently provided in English, Hindi, Tamil, Gujarati, Odia, and Marathi.  

Features: 

a. Weather: Weather information includes details of humidity, temperature, wind, and rainfall for 

the current day and the forecast for the next five days.  

b. Unique features include extreme weather alerts like a hailstorm or unseasonal rains.  

c. Market Price: Provides the latest market price of commodities in the nearest mandi and the 

maximum price in the district, state as well as in India. Prices are given of crops traded in a 

registered agriculture market or mandi of the particular district.  

d. Agro Advisory: Agro advisory section shows messages for farmers from agriculture officials and 

state universities in the local language.  

e. Soil Health Card: Information about soil health is available for farmers who have registered. 

f. Dealers Information: Provides information on seed, pesticides, fertilizer, farm machinery 

dealers. 

g.  Plant protection: This section gives pest, weed, and disease-related information as well as 

management practices for each stage of crop development from Seedling/nursery to harvesting. One 

can also upload a picture of the affected crop and get a response. 
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h. Call to KCC: The app also directly connects the farmer with the Kisan Call Centre where 

technical graduates answer farmers’ queries. 

i. Cold stores and Godowns: Information on cold stores and godowns are also added.  

j. To begin with, a farmer has to register his/her mobile number, choose a language, and also enter 

details of the state, district, and block. 

2. Banana pest and disease management:  

a. This application is developed by ICAR – National Research Centre for Banana.  

b. It gives information regarding insect, bacterial, fungal and viral diseases of banana and their 

control measures. 

c. This application is very helpful for banana growers. 

3. RiceXpert: 

a. Developed by: ICAR-National Rice Research Institute (NRRI), Cuttack.  

b. NRRI Cuttack has developed the mobile App ‘riceXpert’ bilingual (English and Odia) on the 

Android platform to reach the latest rice technologies to the rice farmers on a real-time basis.  

c. The download link is also provided in the web portal www.nrri.in and www.crri.nic.in. 

Features:  

a. Provides real-time diagnosis of insect pests, diseases, nematodes, weeds, nutrient deficiencies, 

and toxicities to farmers.  

b. It has other features like rice varieties, agricultural implements, news, expert consultation 

through e-advisory services module, weather information.  

c. Customized Pest Solution.  

d. Fertilizer recommendation based on cropped area and rice ecology.  

e. Farmers and farm women can use this App as a diagnostic tool in their rice fields and also make 

customized queries through text, uploading a photo, or recorded voice which would be addressed by 

a panel of experts on a real-time basis with quick solution along with recommendations through 

SMS. 

4. Cane Adviser: India Cane Adviser is a mobile app for cane growers and millers. Developed byICAR-

Sugarcane Breeding Institute, Coimbatore, Tamil Nadu. The app is available in English, Hindi, and Tamil.  

It gives details from planting to harvest with text and graphics for tropical and sub-tropical India.  

a. The features of the app include static as well as dynamic platforms. The content runs to over 220 

pages with 650 digital stills relevant to the content.  

b. This app is unique in terms of a Scheduler app and Query handler. The scheduler app is 

tailormade for each registered user. Through the Scheduler, cane growers can register their date of 

planting and receive continued advice and reminder messages on the calendar of cultural operations 

in real-time mode.  

c. A Query handler helps to raise queries as text messages or in graphic form and receive replies via 

SMS / email.  

5. Citrus Diseases:  

a. It is jointly designed by University of Florida and Lucid.  

b. It is designed to be used by United States quarantine officials responsible for inspecting imports, 

and by federal, state and local domestic survey and identification personnel.  

c. It helps to provide information about different diseases of citrus which helps for early detection 

and management.  

6. Agspeak:  

a. Students of IIT (Guwahati), NIT (Silchar) and Dibrugarh University in Assam have jointly 

developed multi lingual smartphone application for farmers.  

b. Driven by hyper local crop data coming from satellite and smart IOT devices, Agspeakconsiders 

up to 20 local crop parameters like rainfall, sunlight hours, soil health status etc. in order to alert 

farmers about probable crop threats in advance.  

c. The developed application is multi-lingual and has an option of Assamese as well. 

  

http://www.crri.nic.in/
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7. Plantix: Developed by: PEAT, Germany Plantix is a mobile app for plant disease diagnostics and 

monitoring. The App provides users worldwide with customized information concerning best practices, 

information on preventive measures, and independent options for action. Plantix offers the possibility to 

send pictures of affected plants directly via smartphone and guides through an identification process to 

determine the plant disease in a very simple manner. The resulting data provides valuable insights into 

the spatial distribution of cultivated crops and the most significant plant diseases e.g., in the form of high-

resolution maps.  

Features: 

a. Real-time diagnosis: Uploaded crop photos are analysed using image-recognition technology 

that uses a database of half a million pictures covering 30 crops and offers prescriptions for over 120 

crop diseases.  

b. Weather information system.  

c. Community feature facilitates interactions.  

f. Smallholder farmers as end-users: Free of cost, with an easy-to-use dashboard in local 

languages. Plantix app developed by PEAT was customized in collaboration with ICRISAT and State 

Agricultural University for local crop needs and was launched in Telugu, now it is available in 18 

different languages. 

Summary and Conclusion 

Social media can be used to disseminate timely and relevant information related to important public issues 

while monitoring and participating in surrounding discussions. One should create awareness of mobile 

apps, what's app groups, Facebook groups related to plant pathology, and live demonstration of the use of 

plant pathology groups in social media and utilization of social media platforms for acquiring a practical 

knowledge of diseases (Mueller et al., 2018). Thereby getting the best possible management practices of 

particular diseases. After considering the advantages and disadvantages of the Social Media platform for 

disease monitoring, the surveillance and outbreak for management of crop diseases by people within that 

plant pathologists seem to be the strongest aspect of the monitoring system, providing quick and efficient 

access and distribution of important information to farmers (Singh et al., 2018). It leads to an early 

discovery of a crop disease outbreak that may result in more effective management as crop diseases are 

often best treated before becoming established it can increase the yields and improve the economic returns 

for the farmer. 

References 
1. Bite, B.B. and Anand, A.D., 2017, A study on role of social media in agriculture marketing and its scope. Global Journal of 

Management and Business Research, 17(1):1-5.  

2. Fellenor, J., Barnett, J., Potter, C., Urquhart, J., Mumford, J.D. and Quine, C.P., 2018, The social amplification of risk on 

Twitter: The case of ash dieback disease in the United Kingdom.J. Risk Res.,21(10):1163-1183.  

3. Mueller, D.S., Sisson, A.J., Kempker, R., Isard, S., Raymond, C., Gennett, A.J., Sheffer, W. and Bradley, C.A., 2018, Scout, 

snap, and share: First impressions of plant disease monitoring using social media.Plant Dis., 102(9):1681-1686. 

  



 

 
Volume 04 - Issue 09 - September 2022       275 | P a g e  
 

Vertical Farming: A Silent Revolution 

Article ID: 38092 
 Agnivesh Yadav1, Suraj Luthra2, Lalu Prasad2, Rakesh Kumar2 

1Ph.D. Research Scholar, Department of Vegetable Science, Acharya Narendra Deva University of 

Agriculture and Technology, Ayodhya, Uttar Pradesh-224229 India. 
2Ph.D. Research Scholar, Department of Vegetable Science, Acharya Narendra Deva University of 

Agriculture and Technology, Ayodhya, Uttar Pradesh-224229 India. 

 

 
 

India’s population is expected to grow nearly 1.64 billion by 2050; it is going to be huge ultimatum to meet 

the demand of the food to such a huge population with the best quality and good nutritional balance. India 

is developing nation, due to development of the industries and urbanization the per capita income is 

increasing and also changing the food preferences. It is hard to produce more and good quality food. In the 

last few years due to the increasing population, we have lost a lot of arable land, and may more to lose, as 

per increasing demand in the food with the decreasing arable land is great challenge for us. Many of the 

scientists believe that vertical farming is the future of agriculture. 

Vertical farming is done on the both the basis it may be small or large basis however these both depends 

on the target and needs of the farmer, this type of the farming help both home and business by accessibility 

to fresh and quality produce. These indoor farming don’t depend on the adverse weather by climate change 

thus it can provide year-round production of different crops whenever needed by growing in soil and water 

conservative and stable cropping system. 

Introduction to Vertical Farming 

The concept of the vertical farming was given by Professor Despommier, and in this concept generally 

production of vegetables and other food is done on vertical inclined surface having staked layers commonly 

integrated into other structure like skyscraper or large containers. In the controlled environmental 

conditions by controlling the various factors like light, temperature, humidity and different gases and in 

absence of the arable land the production of the various vegetables is done, it is same as the greenhouse in 

which crop is produced in the partially or fully controlled environment and to increase the yield per unit 

area. 

Working Principles of the Vertical Farming 

The vertical farming having the several basic working principles such as: 

1. Physical layout: It is very important to prepare the layout of the vertical structures primarily for the 

farming because in all the indoor farming techniques we have to achieve the maximum production per unit 

area that defines that vertical tower like structure is made with multiple layers of the crop growing space 

to maximize the yield as per unit area. In very simple way the output efficiency is increased in the vertical 

farming. 

 
(Credit- Shamshiri R. R., et al., 2018) 
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2. Controlled light, temperature & humidity: These components are the basic requirement of the of 

the any crop for the production, in the outdoor of indoor conditions, in indoor like in vertical farming the 

light is controlled in such way that plants will get the optimum intensity and wavelength so that they are 

able to produce the maximum yield which is our basic target. In most of the cases the plant needs around 

32000 lux intensity light and visible wavelengths light that is 400-700 nanometer, however the specific 

crop has its own optimum conditions.  

Temperature is also an important factor for the crop production because each and every plant has various 

its own metabolism and enzymes which governs the rate of the metabolism. If temperature is below or 

excess than requirement of the crop plant the metabolic function get seized or reduced, the general rule is 

as per increase in 10oc will double the enzyme reactions because they are the biocatalyst and thermo-

sensitive so, proper temperature should be maintained as per requirement for the better yield. Similarly, 

the optimum humidity also needed for getting high yield. 

3. Growing medium and optimum dosage of water, nutrients and fertilizers: There are various 

mediums in which plant can be grown indoor, instead of the soil various mediums like hydroponics, 

aeroponics, and aquaponics are used in the indoor crop growing systems like vertical farming. 

a. Hydroponics: In hydroponics medium, different types of the vegetable crops are grown in the 

nutrient-rich water basin and water is recirculated, creating better efficiency and reduce water 

consumption. Scalable in size and cost, hydroponic farming is highly adaptable to its farmers’ 

production goals and needs. It includes methods like Drip Irrigation, Deep Water Culture, Ebb and 

Flow, Nutrient Film Technique, and the Wick System. 

 
b. Aeroponics: In aeroponics medium, the vegetable crops are grown without the soil medium or 

the various vegetable crops are grown by spraying nutrient-based mist along specific period of time. 

It is method in which the nutrients are sprayed directly to the roots of the crop plant, it helps to 

reduce the labour cost also and easy harvesting is done. 

 
b. Aquaponics: In aquaponics medium the cultivation of the plant and fish is done together. In this 

medium the fish provide nutrient and beneficial bacteria to the plants, and plant filter the water by 

absorbing the nutrients. It is highly productive and balanced ecosystem with many benefits, 

including its water-conservative approach. 

 
However peat moss or coconut husks and similar non-soil mediums are very common in vertical 

farming. In all of the mediums the basic target is to high productivity per unit area by efficient use 

of the water, nutrients and fertilizers. 

4. Sustainability features: Many built-in sustainable features like rainwater tanks, wind turbines, and 

multipurpose spaces can offset energy costs in a vertical farm. Indoor farming uses less water than 
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conventional farming practices and is not season-dependent for seed growth, which maximises revenue 

year-round. 

Advantages of Vertical Farming 

The maximum yield per unit area is not the only benefit of the vertical farming. Following are the some 

major advantages of the vertical farming- 

1. Tackle the future need- The population of the India is increasing day by day so by efficient use of the 

vertical farming the future increasing demand of the food can be fulfilled. 

2. Year-round crop production- The vertical farming is indoor controlled farming method which is 

completely devoid of outside adverse climate change which allows the production of the different vegetables 

at needed time. 

3. Less use of the water- The vertical farming makes us to produce the crop with comparatively 70% to 

90% less water than other normal cultivation. 

4. Increase yield of the organic crops- The crops are produced in well controlled indoor environment 

so the incidence of the pests and diseases are low which allows to successful production of the different 

vegetable crops without use of the chemical pesticides and insecticides. 

5. Ecofriendly farming- Indoor vertical farming can significantly lessen the occupational hazards 

associated with traditional farming. Farmers are not exposed to hazards related to heavy farming 

equipment, diseases like malaria, poisonous chemicals and so on. As it does not disturb animals and trees 

inland areas, it is good for biodiversity as well. 

Limitations of Vertical Farming 

Vertical farming has the both merits and demerits, sometimes advantages are highlighted and demerits 

are not one. Following is some major limitations of the vertical farming- 

1. No Established Economics- The financial feasibility of this new farming method remains uncertain. 

The financial situation is changing, however, as the industry matures and technologies improve. 

2. Difficulties in the pollination- vertical farming is the indoor controlled cultivation without any insects 

which cause lack of the insect pollination so in the case of the cross-pollinated crops it is very difficult to do 

pollination manual. Manual pollination may become one of the more labor-intensive functions in vertical 

farms.  

3. Labor cost- The labor cost is higher because we need skilled labour for the successful production of the 

crops also the urban areas the wages are high. 

4. Technology dependency- The vertical farming is a lot more dependent on the technology because it is 

the indoor cultivation so need of the lighting, maintaining temperature and humidity for the successful 

crop production, losing power for a single day cost huge loss in the vertical farms due to which these farming 

methods are not ready for adopted in mass. 

Future Perspective of Vertical Farming in India 

Vertical farming will not be able to totally replace traditional farming methods. Vertical farming, on the 

other hand, must be integrated into our agricultural systems as quickly as feasible if we are to fulfil 

tomorrow's food demands. The good news is that vertical farming is no longer a fiction; it is now a reality 

in our own country. 

In the past, there have been small-scale vertical farming adaptations in West Bengal and Punjab. West 

Bengal's Bidhan Chandra Krishi Vishwavidhyala has succeeded in vertically producing tomatoes and 

brinjals. Punjab has also grown potatoes as a result of it. Vertical farming will not only show to be a cost-

effective means of utilising underused space, but also a source of jobs and revenue. 

Crop Suitable for Vertical Farming 

Crops appropriate for vertical farms include those that grow well in somewhat low light intensity, have a 

short growth cycle, and flourish at high planting density. Because the gap between vertical layers is 
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normally approximately 40cm, these plants are often 30cm or shorter, such as leafy greens, herbs, 

medicinal plants, or transplants. Some of the examples are as follows- 

1. Lettuce- Lettuces are in high demand throughout most of the world and at all times of the year. In 

vertical farms, lettuce is a simple crop to raise. Lettuces come in a variety of shapes and sizes, making them 

enjoyable to cultivate and sell. It's quick and easy to produce, has fluctuating demand throughout the year, 

and comes in hundreds of various kinds, allowing farmers to shift up their product without having to move 

to a new crop. 

2. Chive & Mints- Some of the greatest vertical farming crops for beginners are chives and mint. Despite 

being classified as herbs, chives and mint change quickly and produce thickly like grass. It's simple to 

harvest. These herbs are some of the ideal crops to start with for beginner vertical farmers. Due to its thick, 

grass-like growth structure, chives and mint are easy to manage for, have fast turns, and are easy to 

harvest. Customers love them because of their unique tastes. 

3. Basil- Basil is an excellent crop for vertical farming in many ways. Basil is susceptible to freezing 

temperatures, and it is only accessible for a few months each year when cultivated in soil. As a result, it 

thrives in the climate-controlled environment of a vertical growing plant. Also, some studies indicate that 

hydroponically-grown basil is richer in flavor than field-grown basil because it contains 20 to 40% more 

oils. 

4. Chard and collard green- The chard and collards green resemble a thicker, darker variant of spinach. 

Chard, like kale and collard greens, may be picked numerous times, each time plucking only 30 percent of 

the plant and growing back for higher harvests later. 

These are some of the crops which are suitable for the vertical farming. 

Conclusion 

Vertical farming is still a relatively new technology. Companies have yet to succeed in mass-producing 

crops in a cost-effective manner to fulfill rising food demand. How crucial a role vertical farming will play 

in the future to meet the problem of rising food demand will be determined by the success of farms like 

Aero Farms.  

However, technology created for vertical farms are being adopted by other areas of the indoor farming 

business, such as greenhouses, which can utilize natural sunlight but require considerably more space and 

longer routes to market. 
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Abstract 

The culinary spice turmeric contains a polyphenolic molecule called curcumin, which has a variety of 

pharmacologic properties, including anti-inflammatory, antioxidant and antiproliferative activity. Clinical 

trials have shown that curcumin is safe even at high doses (12 g/day) in humans but it exhibits poor 

bioavailability. Major reasons contributing to the low plasma and tissue levels of curcumin appear to be 

due to rapid metabolism, poor absorption and rapid systemic elimination. The proposed strategy uses 

adjuvants like piperine, which prevent glucuronidation, to increase bioavailability. Curcumin has been 

shown to be therapeutically effective against a number of human disorders, including cancer, 

cardiovascular disease, diabetes, arthritis, neurological diseases despite its reduced bioavailability. In the 

near future, Enhanced bioavailability of curcumin's is likely to push this potential natural remedy to the 

top of the list of therapeutic agents for the treatment of human disease. 

Keywords: Curcumin, bioavailability, absorption, metabolism, adjuvants. 

Introduction 

Curcumin, a hydrophobic polyphenol derived from the rhizome of the herb Curcuma longa (turmeric), 

which has a wide spectrum of biological and pharmacological activities. Chemically, curcumin is a bis-α, β-

unsaturated β-diketone (commonly called diferuloylmethane, which exhibits keto–enol tautomerism having 

a predominant keto form in neutral and acidic solutions and stable enol form in alkaline medium. 

Commercial curcumin contains approximately 77% diferuloylmethane, 17% demethoxycurcumin, and 6% 

bis-demethoxycurcumin. Turmeric has long been used for a variety of ailments, particularly as an anti-

inflammatory, and curcumin has been identified as the active ingredient. Curcumin has been shown to 

have antioxidant, anti-inflammatory, antimicrobial, and anticarcinogenic properties, among other things. 

Curcumin has also been shown to have hepato and nephroprotective, thrombosis-suppressing, myocardial 

infarction-protective, hypoglycemic, and antirheumatic properties. Curcumin has been shown to be 

extremely safe in animal models and human studies, even at very high doses. Curcumin is well tolerated 

at doses as high as 12 g per day, according to three different phases of clinical trials. Curcumin's efficacy 

in various diseases, including cancer, has also been well established. Several human clinical studies on the 

efficacy of curcumin can also be mentioned. Curcumin's pharmacological safety and efficacy make it a 

promising candidate for the treatment and prevention of a wide range of human diseases. Curcumin has 

yet to be approved as a therapeutic agent, despite its efficacy and safety, and its relative bioavailability has 

been highlighted as a major reason for this. The purpose of this article is to discuss curcumin 

bioavailability, factors that influence bioavailability, and ways to improve curcumin bioavailability. 

Health Benefits of Curcumin 

A great variety of pharmacological properties of turmeric (Curcuma longa), mostly due to presence of 

curcumin, have been reported. It is commonly used for the treatment of number of diseases viz. a variety 

of ailments, including coughs, liver diseases, fevers, jaundice, wounds, parasitic skin diseases, eczema, 

inflammatory joints, urinary diseases, anaemia, bacterial infections, and viral infections. Broad spectrum 

of its bioactivities or pharmacological activities, such as anti-inflammatory, antiviral, antioxidant, 

antifungal, antibacterial, and antitumor activities has been reported in the literature. Curcumin 

researches have been done in various dimensions including medicinal chemistry, pharmacology, 

therapeutics, clinical study and molecular biology. In the fields of pharmacology and molecular biology-

related research, curcumin has become a “model compound” due to its multi-dimensional activities. 
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Problems of Curcumin Bioavailability 

Research thrust on curcumin has been given for the last few decades due to its potential health benefits. 

Efforts have been made to incorporate the molecules into commercial food products as a nutraceutical. Poor 

water solubility and low oral bioavailability, poor absorption in GIT, are major drawbacks as far as 

curcumin based functional foods are concerned. Highly susceptible to chemical degradation in aqueous 

environments also limits its bioavailability. The reasons for reduced bioavailability of any agent within the 

body are low serum concentration, low intrinsic activity, poor absorption, high rate of metabolism, 

inactivity of metabolic products and/or rapid elimination and clearance from the body. Studies to date have 

suggested a strong intrinsic activity and, hence, efficacy of curcumin as a therapeutic agent for various 

ailments. However, studies over the past three decades related to absorption, distribution, metabolism and 

excretion of curcumin have revealed poor absorption and rapid metabolism of curcumin that severely 

curtails its bioavailability.  

Clinical trials have depicted that curcumin is safe at higher doses (12 g/day) in humans but unfortunately 

exhibit poor bioavailability. The lower absorption rate, quick metabolism, and faster elimination from the 

system were the major reasons, for low concentrations in plasma and tissue levels. 

Promises of Curcumin Bioavailability 

To improve its bioavailability, several approaches have been undertaken. Some of the possible ways to 

overcome bioavailability problems are discussed below. Adjuvants like black pepper, which can block 

metabolic pathways of curcumin, are one of the major means that are being used to improve its 

bioavailability. Liposome, phytosome, nanoparticles, nano-emulsions micelles, phospholipid complexes and 

cyclodextrin encapsulated curcumin. A highly absorptive curcumin formulation, “Theracurmin” showed 

significant improvement in bioavailability (40-fold) than that of curcumin alone is other promising novel 

formulations, which appear to provide longer circulation, better permeability and resistance to metabolic 

process. 

In a study by Anand et al. (2007) reported that synergistic activity of piperine with turmeric. Piperine 

derived from black pepper is known to be inhibitor of hepatic and intestinal glucuronidation. The study 

was done in rat and it was found that 2 g/kg of curcumin alone showed a highest serum curcumin level of 

1.35 ± 0.23 μg/mL at 0.83 h, whereas curcumin piperine (20 mg/kg) mixture increased the serum 

concentration of curcumin in short period. The bioavailability improvement was calculated as 54%. When 

it was further done in humans, a dose of 2 g/kg of curcumin alone could not be detected, but in combination 

with piperine, it showed 2000% increase in bioavailability. Thus, the improvement in bioavailability of 

curcumin has been found to be greater in humans than in rats. 

Conclusion 

Since ancient times, the popular culinary spice turmeric's derived compound, curcumin, has been utilised 

as a treatment for a wide range of illnesses. The ability of this molecule to control a variety of cellular 

targets has been established by intensive scientific research over the past ten years, and as a result, it has 

value as a therapeutic and preventive measure for a variety of diseases. Transcriptional factors, growth 

factors and their receptors, cytokines, enzymes, and genes controlling cell proliferation and death are only 

a few of the many molecular targets of curcumin. The molecular targets of curcumin are comprehensively 

described in one of our group's most recent reviews. Limited curcumin bioavailability is still cited as a 

serious concern despite its proven usefulness and safety. Low serum and tissue levels of curcumin, 

regardless of the mode of administration, quick metabolism, and rapid excretion are significant barriers to 

curcumin bioavailability, as described in this article. The primary approaches being investigated presently 

in an effort to increase the bioavailability of curcumin include alteration of the route and medium of 

curcumin administration, blockage of metabolic pathways by concurrent administration with other drugs, 

and structural modifications. Recent reports describe efforts to improve the in-vitro and in-vivo efficacies 

of curcumin by structural changes to the molecule and/or new formulations. However, the scant literature 

devoted to demonstrating enhancements in curcumin bioavailability suggests that the topic has not 

attracted much attention. However, novel delivery methods, such as those utilising liposomes, 

nanoparticles, and defined phospholipid complexes, show considerable promise and merit further 
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investigation in an effort to improve the bioavailability, therapeutic value, and application of this intriguing 

molecule from Mother Nature. 
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Introduction 

Mango: 

a. India is the leading producer of more than one thousand varieties mangoes that are unique in 

taste and aroma, accounting for more than 50 per cent of mango production worldwide, but only 2 

per cent of its exported. 

b. Major mango producing countries, like Mexico, Brazil and Pakistan, export much higher quantity 

of their production contributing to their international trade. 

c. At present, Indian fresh mangoes reach markets of over 80 countries. 

d. Some of regular importers of Indian fresh mangoes and mango products are UK, Kuwait, 

Malaysia, Netherlands, Bangladesh and some countries in gulf region. 

 
Fig: 1 Global production of mango 

 
5 countries for export of Indian Mangoes 

Domestic Strength for Exporting Mango from India 

1. India is the largest producer of mango in the world 

2. Long period of availability (March to August) 

3. Diversity of the varieties 

4. Economic liberalization 

5. Priority to export of fresh products 

6. Sizeable production in almost all states, AP,UP, MH, GJ, TN 

7. Agri export zones for facilitating exports have been established in almost all mango growing areas 

8. India is in advantageous position as it is nearer to middle east countries compared to Australia, Kenya 

etc., main supplier in middle east. 
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Agri Export Zones of India 

1. Andra Pradesh: chittor, Ranga Reddy, Medak, and parts of mahaboobnagar, Krishna 

2. Gujarat: Ahmedabad, Anand, Vadodra, Surat, Navasari and Narmada 

3. Kerala: Thrissur, Ernakulum, Kottayam, Kollam, Idukki, Palakkod,Thiruvanthapuram 

4. Maharastra: Ratnagiri, Thane, Sindhudurg, Aurangbad, Latur, Nasik 

5. Orissa: Kandhamal 

6. Tamil Nadu: Madurai, Theni, Dindigul, Tiruvenelveli 

7. Uttar Pradesh: Lucknow, Sitapur, Meerut, Sahranpur, Baghpat 

8. West Bengal: Murshidabad and Malda. 

Mango Varieties Exported from India 

1. Alphonso {march- june} 

2.  Banganpalli {march- june} 

3. Dashehari {may-july} 

4. Langra {june -july} 

5. Kesar {April -july} 

6. Chausa {june-August} 

Potential exportable varieties: 

a. Mallika 

b. Himsagar 

c. Ratoul. 

Grade Designation of Mango (AGMARK) 
Minimum requirements: 

a. Mangoes shall be whole, firm, sound, fresh in appearance,  

b. Clean, practically free of any visible foreign matter 

c. Free of marked bruising 

d. Free of damage caused by pests 

e. Free of damage caused by high/low temperature 

f. When a peduncle is present, it shall not be no longer than 1.0 cm 

d. Mangoes should be free from residue levels of heavy metals, pesticides, and other food safety 

parameters. 

 

Size code Weight (gms) Maximum 

permissible 

difference within 

packet (gms) 

Maximum 

permissible 

difference between 

fruit in each 

package (gms) 

         A 100-200 90-220 50 

         B 201-350 180-425 112.5 

         C 351-550 251-650 150 

         D 551-800 426-925 187.5 

Grade designation Grade Requirements Grade Tolerance 

Extra class Mangoes must be superior 

quality free of defects 

5% by number or weight 

Class- I Mangoes must be good quality, 

have slight defects 

10 % by number or weight 

Class- II Includes mangoes which donot 

include in higher grades, but 

satisfy minimum requirements 

10 % by number or weight 



 

 
Volume 04 - Issue 09 - September 2022       284 | P a g e  
 

 
Fig: 3 Export specification of Mango to middle east & western countries 

Conclusion 

The varied agro climatic zones and wide varieties grown across India, export capacity has increased 

specially indian mangoes are exporting to middle east countries and some western countries like UK, 

Japan, USA and Germany are importing fresh mangoes. Adequate infrastructure, efficient logistic 

management, human resource development is essential to enhance quality of export of fresh produce. 
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Introduction 

Insects have a wide range of the predators and parasite. The development of the defense mechanism is one 

of the features to avoid being attacked by the predator and parasite. In this particular topic we discuss 

about the various defense mechanism developed in the insects. 

Evolution of the Mimicry 

What is mimicry: It is a one type of defense mechanism in which particular organism resemble like 

another organism.  

Why it is need: To protect the species from the predator. 

Component of the Mimicry System 

1. Observer ‒ A predator, which avoid the model to prey, due to signal given by the model. 

2. Aposematic or Model ‒ A particular organism that give the warning signals to the predators  

3. Mimic ‒ An organism which is by resembling like the model to avoid being prey. 

Aposematism: means appearance of an organism to warn the predator that, it is unpalatable. The Mimicry 

divided into two parts, 1) Batesian Mimicry and 2) Mullerian Mimicry. 

a. Batesian mimicry: In this type, the mimic species is palatable to the predator but mimic species 

somewhat resemble to the model species and remain protected from predator. 

i. It is named after the English naturalist Henry Walter Bates. 

ii. E.g. A wingless parasitoid, Gelis agilis, exhibits a suite of ant like traits that repels attack 

from wolf spiders. Here the parasitoid mimic the ant and secrete the sulcatone, which keep 

away wolf spider from Gelis agilis (Harvey et al., 2018). 

iii. A sesiid moth, Akaisphecia melanopuncta recorded from the Thailand, which is very good 

mimic of the red and black aposematic Hemiptera (Quicke et al., 2018).  

b. Mullerian mimicry: in this type mimicry, two or more species have similar warning or 

aposematic signals and both share true anti predation attributes i.e., both species is un-palatable 

to the predators. In this case predator got bad experience from the both species. 

a. It is named after the German naturalist Fritz Muller. 

b. Here both were harmful why did one need to mimic to another? For that Muller explain 

that: if a common predator confuses two species, individuals in both those species are more 

likely to survive. So, both mimic and model benefit from the interaction. Another statement 

given by Muller is that, in this case the clear distinction between mimic and model is also 

blurred. Where one species is scared and another abundant, the rare species is can be said 

to be the mimic.  

c. E.g., the two North American butterfly species, Monarch butterfly and Viceroy Butterfly 

mimic with each other as the Mullerian mimicry. In this mimicry, both butterfly species are 

poisonous to the birds as the prey. So, in this case both butterfly work as the co-mimic of each 

other.  

Another types of the Defense mechanism adopted by the insects: 

a. Behavioral Responses: Insect escape by burrowing into substrate and being active only 

restricted period of the day. Furthermore, insects cause thanatosis, a feigning death or apparent/ 

false death. 

b. Mechanical Defenses: In which insects have many physical defense. 

i. Larva of caddish fly which encase their abdomen with a mixture of natural materials. 
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ii. Many butterflies, such as Gladeye bushbrown (Mycalesis patina), have eyespots on their 

wings. 

c. Chemical Defense: Insect release chemical which is benefited to the originator but not to the 

receiver. It is work in following way: 

i. Repellency: a foul smell or a bad taste is often enough to discourage a potential predator. 

e.g., Stink bug, have a specialized exocrine gland that produce foul smelling hydrocarbons. 

ii. Induce cleaning: irritant compound induces cleaning behavior by a predator, giving the 

prey time to escape. e.g., Blister beetle and notorious bombardier beetle. 

iii. Adhesion: a sticky compound that harden like glue make incapable to attacker. 

e.g., soldier of the termite has nasute nozzle like heads with defensive gland that can shoot 

a defensive chemical against intruders.  

iv. Cause pain or Discomfort: by causing intense burning sensation. e.g., Saddleback 

caterpillars, larvae of the Io moth and various other Lepidopterans larvae have hollow body 

hairs that contain a painful irritant. 

Coloration 

It is an appearance of an organism resulting from the reflection or emission of light from its surface.  

1. Crypsis: Insect match color same as background and also disrupting the outline of the body. 

2. Camouflaged: in which insects body color are too likely to the background which making them to see 

hardly. e.g., Ground dwelling grasshopper 

3. Mimesis: an insect camouflage and look like an inanimate object in the environment. e.g., Swallowtail 

larvae like a bird dropping; geometrid moth caterpillar look like a twig; Treehopper look like a throne. 

4. Warning Colors: in which insect have an active means of defense frequently display bright colors or 

contrasting patterns that tend to attract attention. 

Predator Satiation 

It is the anti-predator adaptation adopted by the prey population in which prey occur at high population 

density, reducing the probability of an individual organism being eaten by the predator. E.g., Periodical 

cicadas of the genus Magicicada. In which, they emerge in tremendous numbers which is consumed by the 

predators and when the predators become satiated by eating the cicadas, they stop the feeding. So, this 

gives the remaining cicadas a chance to escape from the predators (Williams and Simon, 1995). 

Conclusion 

From this study we can enhance our ability to use effective predators against the pest as biological control 

against the agricultural pests as well as in biomimetic for solving human problems. 

Batesian mimicry 

    
Wingless parasitoid, 

Gelis agilis 

Wolf spider sesiid moth model hemipteran 

Mullerian mimicry Mechanical defense 
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 Beetle with 

strong mandible 

Caddish fly larva Bombardier beetle 

   

 

Buff tip moth Camouflage 

grasshopper 

Geometrid moth 

caterpillar 

Increased Population 

of Magicicada 
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Vegetables and fruits are essential for human consumption because they are the best sources of nutrients 

and non-nutritive food constituents, as well as for disease prevention (Srivastva and Singh, 2017). One of 

the well-known members of the family Chenopodiaceae of plants is ‘Beetroot’, scientifically, known as “Beta 

vulgaris L”. It is a tuberous-rooted annual herb that stands upright (Jasmitha et al., 2018). It has vivid 

shade of crimson. 

The names beet, chard, spinach beet, sea beet, garden beet, white beet, and chukander are all used to refer 

to beetroot (in Hindi). It contains strong therapeutic qualities that have a beneficial impact on the human 

body. Beetroot can be consumed raw, boiling, steamed, or roasted beets. Due to the presence of the nitrogen 

pigment betalain, beetroot has antioxidant properties and benefits consumers' health and wellness. 

With a pH range of 7.5-8, the beetroot is an alkaline food that also includes considerable amounts of vitamin 

C, vitamin B1, B2, niacin, B6, and B12, as well as vitamin A-rich leaves. In addition to being a great source 

of minerals, vitamins, and nutrients, beets also contain special phytochemical substances (carotenoids, 

phenolic acids, and ascorbic acid) that have a variety of medical applications. 

Beetroot is simple to grow and is among one of the top 10 crops produced in India. Instead of being grown 

for the manufacturing of sugar, beets are produced for food purposes such as pickles, salad, juice etc. 

(Chauhan et al., 2020). 

 
Fig 1: Shows fresh and sliced beetroot respectively. 

Studies revealed that beetroot also reduces low-density lipoprotein (LDL) oxidation by 50%, as well as blood 

glucose levels after it’s consumption by 40%. Beetroot is also high in minerals like iron, calcium, 

phosphorus, potassium, sodium, and zinc, as well as vitamins like biotin, niacin, and folate. 

Thermal processing of beetroot increases the loss and degradation of vitamins, minerals, and bioactive 

components, resulting in a significant reduction in the health benefits (Abdo et al., 2020). The taxonomical 

classification of beetroot is as following (Deshmukh et al., 2018). 



 

 
Volume 04 - Issue 09 - September 2022       289 | P a g e  
 

 

Nutritional Composition of Beetroot 

Red beets are a low-fat vegetable that is high in carbohydrates, starch, soluble fibres, and proteins and has 

a moderate caloric value. Vitamins C, A, E, and K are abundant in beet roots. They are high in B-vitamins 

(B1-thiamine, B2-riboflavin, B3-niacin, B5-pantothenic acid, B6-pyridoxine, B9-folates, and B12-

cyancobalamin), folic acid, and powerful antioxidants such as triterpenes, sesquiterpenoids, carotenoids, 

coumarins, flavonoids (tiliroside, astragalin, rhamnocitrin, rhamnetin, kaempferol), betalains and phenolic 

compounds. Other bioactive compounds found in beets include saponins, alkaloids (calystegine B1, 

calystegine B2, calystegine C1, calystegine B3, ipomine), amino acids (threonine, valine, cystine, 

methionine, isoleucine, leucine, lysine, phenylalanine, histidine, arginine, glutamic acid, proline, and also 

minerals such as manganese (good for bone health), magnesium, potassium, sodium, phosphorus, iron, zinc, 

copper, boron, silica, and selenium are all found in beet roots. The chemical composition varies depending 

on the variety of red beetroot. The chemical composition and distribution of nutritional compounds in red 

beetroot vary depending on the anatomical part of the plant (leaf, stem, root, peel). Carotenoids are more 

abundant in the leaves of beetroot than in the tubers. This is due to the fact that carotenoids accumulate 

in chloroplasts of plants' green parts as a mixture of β-carotene, cryptoxanthin, lutein, zeaxanthin, 

violaxanthin, and neoxanthin. Red beet is a good source of polyphenols, which, along with betalains, have 

a high antioxidant effect and radical scavenging capacity (Ceclu and Nestor, 2020). The nutritional value 

of 100gm red beetroot is as below in Table-1 (Neha et al., 2018). 

Table:1 Nutritional value of 100gm red Beetroot 

Water 87.5gm 

Energy 43kcal 

Fat 0.17gm 

Protein 1.61gm 

Carbohydrates 9.56gm 

Fibre 2.8gm 

Potassium 325mg 

Sodium 78mg 

Iron 0.80mg 

Calcium 16mg 

Magnesium 23mg 

Phosphate 40mg 
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Zinc 0.35mg 

Vitamin-C 4.9mg 

Vitamin-B2 0.040mg 

Vitamin-B6 0.067mg 

Vitamin-A 36IU 

Vitamin-E 0.300mg 

Niacin 0.334mg 

However, the most important red beetroot phytochemicals that provide benefits beyond normal health 

maintenance are the secondary metabolites betalains, betaine, and nitrates. Betalains are nitrogen-

containing pigments found only in Caryophyllales order families and some higher order fungi, where they 

replace anthocyanin pigments. 

Beta vulgaris betalains are made up of two types of compounds: betacyanins, which are red violet, and 

betaxanthins, which are yellow (mostly vulgaxanthin-I). Betanin, which is betanidin-5-O-beta-glucoside 

and contains phenolic and cyclic amine groups that act as antioxidants, is the most abundant betalain in 

red beet. Betaine (trimethylglycine) occurs naturally in the majority of living organisms, and rich dietary 

sources include seafood, particularly marine invertebrates (1%), wheat germ or bran (1%), and spinach 

(0.75%). 

The total betaine content of red beet juice is 0.3% - 0.4%. Betaine's primary physiological role is that of an 

osmolyte and methyl donor (transmethylation). Betaine, as an osmolyte, protects cells, proteins, and 

enzymes from environmental stress (dehydration, extreme temperature, and so on). Inadequate dietary 

intake of betaine (a methyl group donor) causes hypo-methylation in many important pathways, including 

disturbed hepatic protein (methionine) metabolism, as indicated by elevated blood homocysteine, and 

insufficient hepatic fat metabolism, which causes steatosis and plasma dyslipidemia. These changes may 

contribute to a variety of diseases, most notably cardiovascular disease. Betaine is primarily responsible 

for lowering blood levels of homocysteine, which is a key factor in the progression of atherosclerosis 

(Babarykin et al., 2019). 

Health Benefits of Beetroot 

Beetroot has so many health benefits, it is becoming more and more well-known as a "super food." The 

following are some of the main health advantages of beetroot: 

a. It helps to reduce tumours, lowers the risk of obesity and overall mortality, heart disease, and 

diabetes, and promotes healthy hair, more energy, and overall weight loss.  

b. It also lowers blood pressure and increases blood flow. 

c. Several components of beet root provide a variety of health benefits, including diuretic, anti-

cancer, anti-inflammatory, anti-microbial, anti-oxidant, antihypertensive, hepatoprotective, and 

anti-inflammatory qualities. It avoids constipation and encourages regularity for a healthy digestive 

tract because of its high fibre content. Beetroot juice increases brain oxygenation, which slows the 

onset of dementia in elderly people. 

d. It helps to preserve brain function by containing nitrates, which improve blood flow, and by having 

the ability to naturally increase the production of Glutathione in the body which aids in the 

prevention of colon cancer. 

e. Beet root wine promotes gastric ulcer healing. Because of its high potassium content, it increases 

urinary output and treats hypoglycemia. It is also useful in the treatment of jaundice, hepatitis, 

nausea and vomiting caused by biliousness, tuberculosis, piles, cholera, diarrhoea, dysentery 

(Mudgal et al., 2022). 

Conclusion 

Consumption of fruits and vegetables has been shown to have numerous health benefits, leading to an 

increase in interest in so-called "functional foods" and lowering the risk of many non-communicable and 

chronic diseases. Beetroot is very nutritious vegetable because it contains no fat, only few calories and it is 

a great source of desirable nutrients required by our body. It is used in many dairy and food products as a 

natural food colouring and functional food ingredient as well. Thus, beetroot is one of the oldest tuber roots 

known to mankind, and it has long been used as a therapeutic and functional food ingredient. 
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Abstract 

Manipur of Northeast India is a state of valleys and hills. Agriculture is the primary occupation of the 

natives. The land beholds some of the exclusive indigenous crops with therapeutic properties and also the 

conventional crops of which rice is the main cash crop. The place is a potential hub of varied agriculture-

based business ventures for first generation entrepreneurs. It can grow to be a hotspot for raw material 

sourcing by PAN India as well as mobilizing export. However, there is a gap between the production and 

utilization of its resources. Substantial contribution by natives and government sector is required for the 

development of its agri-processing sector. 

Introduction 

Characterized by crested hills and widely spaced valleys, Manipur state of Northeast India is between 

23.800 N to 25.680N latitude and 930.03 E to 94.780 E longitudes. Having a temperate climate, the State 

is primarily into agrarian economy. Agriculture is providing livelihood to more than half of the total 

population of Manipur state inspite of having only 6.74% land area under agriculture, of the total 

geographical area (Singh 2019). Rice, is the main crop, accounting around 95% of the total grains production 

which covers around 65.93% of the state’s total cropped land (Roy et al. 2018). The marginal and small 

farmers are primary land holders of the region’s cropping area. Initially, food grains were dominating the 

cropping pattern, but gradually its share has receded by 15.56% and the highly acclaimed neutraceutical 

exotic fruits, vegetables and spices have taken position by increasing share to 14.78% of the gross cropped 

area from the period 1990 to 2014. Permanent cultivation is common in the valley districts, while terrace 

cultivation is prevalent as jhuming cultivation in most of the hill districts. 

Agricultural Richness of the State 

Manipur is the land of conventional agricultural produce as well as unique and functional land produce. In 

addition to rice, cereals like pulses, wheat, maize, etc. are grown in both valley and hilly region. Some of 

the commercial crops cultivated in Manipur are kabrangchak, oilseeds, cotton and sugarcane. The region 

also grows horticultural crops like Kharif vegetables (Cucurbits, French bean, Tomatoes, Bhindi, Brinjal, 

Alocacia, Colocacia), Rabi vegetables (Cauliflower, Cabbage, Pea, Potato, Broad bean, Carrot, Radish 

Broccoli, lettuce, Capsicum), Spices (Garlic, Ginger, Onion, Chilli, Turmeric, Hatkora) Fruits and 

Plantation Crops (Cashew nuts, Litchi Wall nuts, Lemon Orange, Pineapple, Banana, Peach, Pear, Passion 

fruit, Plum). Tamenglong orange, a species of the mandarin family, Hathei, a chilli variety and blackrice, 

has received GI tag in the past two years.  The allied agri-based enterprises are animal husbandry, fish 

and poultry rearing which are an integral part of the agricultural system of the region. Cattle, buffalo, goat, 

sheep, pig, mithun, etc. are the prime categories of reared animals from which the small and marginal 

farmers gain a considerable amount of earning. The state also has innumerable minor crops as forest 

produce traditionally used for therapeutic and nutritional properties. Some of its kinds are Heimang (Rhus 

chinensis), Hei-ranggoi (Aphanamixis polystachya Parker), Heiyai (Elaegnus umbellate), etc. 

A Potential Hub of Agri-Resource and Business 

Manipur offers immense scope to food entrepreneurs for processing and value addition of agricultural 

produces. The region is more into market economy rather than subsistence economy. Annual Rice 

production in the state is around 600 thousand metric tonnes with an yield rate of 2.67 MT/ha. For maize, 

the production is 59.73 thousand metric tonnes and yield rate 2.34 MT/ha. Amongst the prominent 

horticultural crops, the state produces 146 thousand metric tonnes of pineapple, 85 thousand metric tonnes 

of ginger, 55 thousand metric tonnes of turmeric, 10 thousand metric tonnes of Tamenglong orange, 30 

thousand metric tonnes of king chilli. 
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Current Scenario of Agricultural Resource Utilization in the State 

Inspite of being the hub of agricultural produces and opportunities for start-ups, the first-generation 

entrepreneurs and organized players are not exploring the scope to full potential. There is a huge gap 

between the agricultural richness and its actual realization. 

As per MOFPI Annual Report 2020-21 there are only 27 Registered food processing Units and 6,038 

Number of Unincorporated Enterprises Manufacturing Food and Beverages in the State. One Mega Food 

Park at Manipur Food Industries Corporation Ltd., Kakching, Manipur is under implementation (MOFPI 

Annual Report 2021). MOFPI’s cold chain scheme has been completed by only one organization. Manipur 

Food Industries Corporation Ltd. is contributing substantially in providing end to end linkage to the food 

processing sector along the value chain from the farm to the market. 

Initiatives Befitting Agri-Business in Manipur 

The State can aid export to Myanmar and other Southeast Asian countries by serving as India’s ‘Gateway 

to the East’ through the only viable land route via the town Moreh, which is an ideal trade route. The 

positioning of this valley can serve as an advantage for export of its value-added products and indigenous 

agricultural produce. To tap the richness of the place for high value horticultural crops, there is 

requirement for more of Primary Collection Centers and Cold Storage facilities in the state. Number of 

Warehouses also need to be increased for the non-perishables. The PM-FME scheme of MOFPI is a boost 

to the micro processing sector. Several agri crops have been identified under ODOP of the scheme such as 

turmeric, pineapple, chilli, banana, black rice, ginger, fish products and bamboo shoot. The state also needs 

a thrust to incorporation of more mega and mini food parks for hand holding the small-scale entrepreneurs 

(Raleng & Singh 2021). 

Conclusion 

Intervention of processing techniques will amplify the agri-business opportunities and encourage youths 

as well as women for startup ventures in this sector. Publicizing the agricultural richness of the place is 

also important to attract investors and organized players. The challenged technology knows how and 

inaccessibility to adequate infrastructure are some of the constraining factors to development of agri-

business sector in the region. Tapping the unexplored avenues will generate employment to the natives 

and overall economic growth of the State. 
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Introduction 

The only species known to exist in India is Myrica esculenta family Myricaceae also known by the common 

names ‘Box-berry’, ‘Kaiphal’, and ‘Kathphala’ (Haridasan and Rao 1985). It is an important medicinal tree 

distributed all along outer Himalaya from Ravi (Punjab) eastwards to Assam, Khasia, Jaintia, Shimla, 

Bengal, Naga and Lushai hills at altitudes of 900- 2100m. M. esculenta is a small to moderate sized, 

evergreen, dioecious tree indigenous to subtropical temperate region (Paranjpe 2012; Parmar and Kaushal 

1982; Chauhan 2006). It is a cost-effective medicinal herb with numerous applications (Maikhuri et al. 

1994). The plant's fruits can also be used to make pickles, jams, syrups, and refreshing drinks (Makdoh et 

al. 2014). Vitamin C and polyphenolic substances such as tannins, phenols, flavonoids, and flavanols are 

abundant in Kaiphal (Panthari et al. 2012). Local tribes of Himachal Pradesh and Uttrakhand use trees 

for tanning and producing yellow coloured dye, as well as for wood, fuel, fodder, and other purposes (Dollo 

et al. 2009; Jeeva et al. 2011). Despite being a versatile tree, very little Myrica esculenta is cultivated, and 

the majority of its traditional and commercial uses are dependent only on indigenous people's collections 

from the plant's natural sources (Kala 2007). The consequent increase in urbanisation, over harvesting, 

disregard for sustainable use, and overexploitation of forests and wastelands for commercial purposes puts 

the species in imminent risk of extinction from wild sources (Makdoh et al. 2014; Srivastava et al. 2016). 

Another significant issue affecting this plant species natural population is poor regeneration in its natural 

habitat as a result of increased anthropogenic activities (Gusain and Khanduri 2016). The current article 

attempts to summarise the medicinal uses, nutritional value, pharmacology, and toxicological studies of 

Myrica esculenta in preparation for its future prospects, including conservation, cultivation, and 

sustainable use, as well as to acknowledge the medicinal properties of this plant in the modern food and 

medical systems. 

Medicinal Values 

The majority of people in Himachal Pradesh and Uttrakhand rural areas utilise stem bark to treat chronic 

cough, asthma, and ulcers, and they inhale bark powder to treat headaches (Priti et al. 2011). Locals in the 

Sub-Himalayan region utilise bark decoction to freshen breath and treat toothaches, while bark paste is 

used to treat wounds, joint problems, paralysis, colds, and headaches (Arya et al. 2014). Different ethnic 

groups in the rural Orissa region also use bark to treat mental disorders (Khan et al. 2008). Fruit is 

consumed raw or used to make refreshing drinks, while indigenous groups in Meghalaya consume its juice 

to treat bacterial dysentery (Laloo and Hemalatha 2011). Bark is chewed to treat toothaches and to wash 

foul sores. The native tribe uses leaf paste externally to treat headaches (Jeeva et al. 2011). M. esculenta is 

a well-known medicinal plant that has been used in the Ayurvedic and Unani medical systems for 

centuries. Ayurvedic formulations like Chwayanprash and Brahmarasayan, which improve digestion, 

memory, intelligence, focus, and physical strength, are made from fruits and roots (Mishra 2011). Other 

Ayurvedic remedies that incorporate Myrica esculenta fruits or bark as a key component include 

Katphaladi churna, Kaas-har churna, Katphala taila, Katphala kvatha, Khadiradi gutika, Maha 

vatagajankush rasa, Brihatphala ghrita, Pusyanuga churna, Arimedadi taila, and Bala taila. Rheumatoid 

arthritis, diarrhoea, dysentery, headaches, menorrhagia, and other menstrual diseases can all be treated 

with Mahavisagarbha Taila (Pandey et al. 2013). 

1. Fruits: Fruits claimed to provide sedative, stomachic, carminative and antiulcer properties (Chauhan 

1999). Fruits used for tumours in the abdomen, asthma, fever, piles, erratic bowel movements, anaemia, 

nausea, oral health issues, cough and dyspnoea. They can help with bone fracture and placenta retention. 

Unripe fruit juice is used as an anthelmintic (Nainwal and Kalra 2009) and fruit wax or oil is used to treat 
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menstruation diseases, bleeding piles, toothaches and menorrhagia. According to (Nadkarni 2002) fruits 

can be used to cure a variety of conditions including abdominal tumours, asthma, chronic bronchitis, fever, 

piles, ulcer, anaemia, diarrhoea, dysentery, nausea, oral disorders, cough, dyspnoea, indigestion, anorexia, 

and ear, nose and throat problems (Kirtikar and Basu 1999; Rastogi and Mehrotra 1995). 

2. Bark: Bark oil is used to treat earaches and acts as fish poison (Kirtikar and Basu 1999; Pala et al. 

2010). Dysentery is treated with a decoction of bark combined with Quercus lanata bark, and the resulting 

gelatinous substance is used as a poultice on sprains. Cholera is treated with bark powder combined with 

ginger as a rubefacient. Bark juice is used internally to treat catarrh and headaches while externally it is 

used to treat cuts and wounds (Nainwal and Kalra 2009). 

3. Flowers and Roots: Roots are used to treat bronchitis, asthma, cholera, and cough, while flower's oil 

is effective for treating inflammation, paralysis, and ear pain (Kirtikar and Basu 1999; Priti 2011). 

Nutritional Values 

The proximate analysis of nutrients, including ash value, moisture content, and minerals like Na, K, Ca, 

Mg, Fe, Zn, Mn, and Cu in M. esculenta fruits, was analysed (Seal 2011; Saklani et al. 2012). The findings 

shown in Table 1 supported the use of fruit for nutritional purposes and suggested that if ingested in 

appropriate quantities, adequate protection may be acquired against diseases resulting from malnutrition. 

Table 1: Nutritional value of Myrica esculenta: 

Parameters Value 

Ash (%) 2.18 

Moisture content (%) 72.33 

Crude fat (%) 4.93 

Crude fibre (%) 5.22 

Crude protein (%) 9.62 

Carbohydrates (%) 78.03 

Energy (kcal/g) 395.04 

Minerals (mg/g):  

Calcium 4.63 

Magnesium 8.40 

Potassium 7.75 

Phosphorus 0.24 

Sodium 0.81 

Manganese 0.03 

Zinc 0.21 

Iron 0.40 

Copper 0.04 
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Summary 

Wheat (Triticum aestivum L.) is the most extensively grown cereal crop in the world, covering about 237 

million hectares annually, accounting for a total of 420 million tonnes. Wheat stands second in grain 

production in the world and most widely cultivated food. SWI is a new concept and goes with the SRI 

principle. It can reduce weeding time to one-third and to one-half of the time needed for current weeding 

practice. Herbicide use is effective with SWI, but farmers are inventing or modifying tools that reduce the 

labour time required for weeding. Thus, SWI is a methodology aimed at increasing the yield of wheat, where 

all agronomic principles are put into practices to provide high wheat yield per drop of water and per kg of 

agricultural inputs like fertilizer, seed etc. 

Introduction 

System of wheat intensification is following the principle of system of Rice intensification. If we discuss 

about condition of Rice-Wheat cropping system in north India approximately 10-million-hectare area 

covered by this cropping system. It is possible only by using rigorous inputs like vigorous seeds, inorganic 

fertilizers, weedicide, Insecticide, Pesticides etc. If these inputs are not used proper and balanced; it might 

cause detrimental effect on environment, soil rhizosphere as well as on production and productivity of land. 

For intensify wheat production and productivity, SWI is great approach to now scenario. The system of 

wheat intensification has high probability to contribute enhance wheat production in per single unit of 

water and per kg of farm resources like seeds, inorganic and organic fertilizer etc., and also follow the 

principle of SRI technology of Rice production (Dhar et al., 2014). This methodology of wheat cultivation 

can increase yield by two to three times through some improvements in crop management factors. This 

technology was already evaluated and demonstrated in some countries in the world including India.  

The System of Wheat Intensification (SWI) was tested first time by Farmers in Goundam and Dire, 

Timbuktu, Mali in 2009. In 2008, some first trials with SWI were initiated, comparing transplanting of 

young wheat seedlings (with wide spacing, small but regular applications of water, increased organic 

matter, etc.) with direct-seeding and with controls (traditional broadcasting of seed to establish the crop. 

In this area, given the heat and wind of the winter season which cause desiccation in plants, direct 

extrapolation of SRI methods to wheat in this area, i.e., transplanting young seedlings, produced poorer 

results than conventional practice. However, a direct-seeded version of SWI gave 13% higher yield, with 

30-40% less labour. The productivity of labour with this method (yield per hour of labour input) went up by 

75%, and 25-30% less water was required. 

Principles of SWI 

SWI is mainly based on the following two principles of crop production: 

1. Principle of Root Development: Healthy root development is an important factor for healthy growth 

of a plant. Conventionally, Wheat seeds are sown in a closer manner i.e., no specific space is maintained 

between the seeds leading to competition between the roots of the plants for nutrients, water and sunlight. 

The weed population will be higher because of closer spacing, thereby increasing the number of competitors 

for the resources (Kaur,2012). Root growth inhibition is promoted by crowding leading to poor resistance 

for the weeds. SWI technology involves proper plant spacing, roots of the plants get proper space to spread 

out, better nourishment, better light, more oxygen and the soil quality is also improved by the period of 

time leading to higher number of effective tillers, higher yields and better nutritive quality. 
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2. Principle of intensive Care: The plant growth is usually hampered by many biotic and abiotic factors, 

major factors include improper nutrients and water availability, poor water and nutrients quality, disease 

incidence, Insects/pests and weeds. Principle of intensive care does not support higher number of plant 

population per unit area rather it holds up with proper space maintenance and close monitoring and care 

of the plants. This can be done by adopting Good Agricultural practices, time to time soil and water testing 

and close monitoring of the plants. 

Why SWI is Needed? 

The SWI is an adaptation of techniques used in the SRI. SRI has been successfully practiced in 35 countries 

worldwide. In terms of agricultural productivity, the sustainability of the farming system is an important 

issue. More than 10 million hectares under rice-wheat cropping system in North India is one of the most 

intensively cultivated areas in the world, which is possible only through the use of more intensive inputs 

like seeds, chemical fertilizers, herbicides, plant protection chemicals etc. Imbalanced use of external inputs 

particularly agrochemicals (fertilizer, fungicides, pesticides, herbicides) might cause deleterious effect on 

the soil and environment, as well as on the system productivity. 

Package of Practices for SWI 

Similar to that of SRI technology, SWI also requires quality seeds as well as special agronomic management 

practices. Details of wheat cultivation with SWI technology has given below: 

Land preparation: Prior to final land preparation (15- 20 days ahead) 2.0 t FYM or 0.4 t of vermin-

compost per acre of land should be applied. If the soil does not have appropriate moisture, irrigate before 

ploughing. Before the last ploughing, broadcast 27 kg DAP (4.86 kg N and 12.42 kg P2O5) and 13.5 kg 

potash per acre of land. However, the doses of nutrients are highly variable depending upon the yield target. 

The fertilizer (both organic and inorganic) requirement during land preparation and top dressing can be 

determined using the nutrient decision support systems such as “Nutrient Expert®” (Majumder et al., 

2014). 

Seed selection and treatment: Only healthy seeds of right variety suitable for a particular locality 

should be selected for sowing. There should not be any mixture of seeds of other varieties of weeds. Always 

certified seed, purchased from a reliable source. 

Seed treatment: The following inputs are required: Improved seed (10 kg), 20 liters warm water (60oC), 

Vermicompost (5 kg), Gur (4 kg), Cow urine (4 liters), and Bavistin (20 g). 

Seed Treatment Process 

According to PRADAN (2012) the following steps are to be taken sequentially. 

1. Separate foreign materials from 10 kg seed (if any). 

2. Take 20 liters of warm water (up to 60°C) in a vessel. 

3. Put the seed material in the warm water. 

4. Remove the floating seeds (chaffy in nature) from the warm water. Add 5 kg vermin-compost, 4 kg gur 

and 4 liters of cow urine, and keep the mixture for 8 hours. 

5. Separate the seed mixture from the solution, and then sieving it through a cotton cloth after 8 hours. 

6. Add 20 g Bavistin to the seed mixture and keep this for 12 hours in a wet jute bag for germination and 

for subsequent sowing. 

Sowing 

The sprouted seeds will be used for sowing in the field by dibbling using two seeds per hill. Different row 

to row and plant to plant spacing (15 cm × 15 cm or 20 cm × 20 cm) can be used depending on the moisture 

content. A manually driven or motorized seed drill can be used for sowing. Seeds will be sown at a depth of 

2.5–3.0 cm using a dibbler or pegs. Wherever the seed failed to germinate or destroyed, the gaps were filled 

with germinated seeds within 10 days of sowing. 

Irrigation 

Phase-wise irrigation management should be as follows. First irrigation is done 15 days after sowing (DAS) 

to trigger root initiation. Otherwise, unavailability of moisture in soil will prevent root initiation. Second 
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irrigation is given at 25 DAS, results in emerging a greater number of tillers. Third irrigation is given at 

35-40 DAS. Subsequent irrigations are given at 60, 80 and 100 DAS, depending on soil and climatic 

conditions. During the flowering and grain-filling stage, appropriate moisture should be available in the 

soil. 

Weed Management 

Hoeing is essential component of SWI since it ruins the weeds that compete with crop for space, light, water 

and nutrients. Weeding through hoeing loosens the soils and effectively aerates the roots, allowing 

exploration of soil that leads to better water and nutrients absorption from deeper soil depth. 

Table 1. Comparison between traditional wheat cultivation and system of wheat intensification: 

Particulars Traditional cultivation SWI 

Seed rate  100-125 kg/ha 20-30 kg/ha 

Seed treatment Not done With cow urine and fungicide  

Sowing Broadcasting Line sowing  

Spacing No spacing regulation 20 cm × 20 cm 

Weeding/hoeing Not done 3 times 

Length of panicle 10-11 cm 15 cm  

No. of grains/panicle 18-50 60-120  

No. of panicles/hill  Mostly 1-2, Good stand 2-4 20-45 

Yield 1 – 2 t/ha 3 – 4 t/ha 

Source: ATMA (2008); PRADAN (2012). 

Advantages of SWI 

1. More number of effective tillers. 

2. No lodging of crop and increased production. 

3. Early anthesis and crop maturity (4-5 days). 

4. Long and shining grain is obtained good grain quality. 

5. More fodder available for cattle. 

6. No/ lesser disease incidence and insect infestation. 

7. Less seed requirement 75-80% seed saving (Only 20-25 kg/ha). 

8. Weeding facilitated good aeration to roots. 

9. Less water requirement (20-30%). 

Constraints in SWI 

1. Need to design and develop suitable sowing implement. 

2. Availability of suitable weeder to the farmers. 

3. Capacity building of farmers in adoption of SWI. 

4. To ensure irrigation at critical stages of crop growth. 

5. Intensive scientific study need to be done at research station. 

Conclusion 

In conclusion, System of Wheat Intensification Method of wheat cultivation has shown positively response 

on all measured growth parameters, yield characters and yield production compared to conventional 

method. It shows positive response for seed treatment and wider space sowing. The SWI technology has 

already established its strength in terms of multiple benefits like enhanced productivity per unit land, 

water and other inputs with higher economic gain. However, more detail study is needed on various 

agronomic and other bio-physical changes in the plants under SWI method. Finally, more skill oriented 

training for the SWI farmers is required to build up their confidence. 
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The blockchain is a shared ledger where all members can write and maintain accounts and transactions. 

It promises a trustworthy source of information about the state of farms, inventories, and contracts in the 

agricultural sector, where gathering such data is frequently quite expensive. By tracking food's provenance, 

blockchain technology aids in the establishment of reliable food supply chains and confidence between 

producers and consumers. It makes it easier to apply data-driven technology to improve farming because 

it is a reliable method of data storage. Additionally, it enables timely payments between stakeholders that 

can be triggered by data changes appearing on the blockchain when used in conjunction with smart 

contracts. 

Introduction 

To increase productivity and sustainability in the agriculture industry, it is becoming more and more 

important to use data and information. The efficacy and efficiency of gathering, storing, analysing, and 

utilising data in agriculture has significantly increased thanks to information and communication 

technology (ICT) (Walter et al., 2017). It makes it possible for farmers and agricultural professionals to 

quickly access current information and make better decisions in their day-to-day operations (Kaddu and 

Haumba, 2016). For instance, mobile phones lower information costs, facilitating farmers' access to 

markets and financial support (Kaske et al., 2018), remotely sensed data on soil conditions can support 

farmers' crop management (Brown, 2015), and the development of the Global Positioning System (GPS) 

simplifies field mapping, machinery guidance, and crop scouting (Yousefi and Razdari, 2015). 

From ICT to Blockchain 

Bias in the data gathering and usage is not avoided by information and communication technology. ICT 

users are always driven to use information in a way that serves their own interests. For instance, the 

organisation a stakeholder represents has a significant impact on their preference in a multi-criteria 

decision (Collier et al., 2014), and NGOs may focus excessively on the issues to be addressed due to their 

interest (Ngo Monitor, 2015). Making data tampering difficult or even impossible by dispersing the control 

over data management to a very broad number of people is an efficient technique to avoid this bias. 

A blockchain is a ledger in which participants alternately record details about the creation, exchange, and 

consumption of goods and services. All parties involved administer the ledger collaboratively, generally via 

a peer-to-peer network. A new record cannot be added to the blockchain until the network has confirmed 

it. Any modification to the recorded data should adhere to consensus decision-making protocol, which calls 

for the consent of the vast majority of the parties. Additionally, if one record is changed, all of its succeeding 

records will also be changed. As a result, changing data stored in a blockchain is practically impossible. 

According to one definition, blockchain is "an open, distributed ledger that may efficiently record 

transactions between two parties in a verifiable way." 

Potential Blockchain Technology Benefits for Agriculture 

Peer-to-peer transactions can now be conducted transparently and without the involvement of a middleman 

in the agriculture industry or a bank (for bitcoins, for example). As a result of the technology's elimination 

of the requirement for a central authority, trust is now granted to cryptography and peer-to-peer 

architecture rather than an authority. As a result, it aids in rebuilding consumer and producer trust, which 

can lower the cost of transactions in the agri-food industry. 
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A trustworthy method of tracking transactions between anonymous individuals is provided by blockchain 

technology. Thus, fraud and errors can be found immediately. Incorporating smart contracts also enables 

the real-time reporting of issues (Haveson et al., 2017; Sylvester, 2019). This aids in addressing the 

difficulty of tracing items in the extensive supply chain caused by the agri-food system's complexity. Thus, 

the technology offers answers to concerns about food quality and safety that consumers, the government, 

etc. have. 

Transparency is provided amongst all parties involved thanks to blockchain technology, which also makes 

it easier to get accurate data. Every stage of a product's value chain, from creation to disposal, may be 

recorded using blockchain. 

Applications 

Four classes of applications in agricultural and food sectors: agricultural insurance, smart farming, food 

supply chain, and transactions of agricultural products. 

Agricultural Insurance: Extreme weather threatens agricultural production, jeopardising global food 

security (Lesk et al., 2016). Crop and cattle output are both impacted, and climate change is anticipated to 

make future weather extremes even worse (Lobell et al., 2011; Finger et al., 2018). Agricultural insurance 

programmes are a well-known strategy for reducing risks associated with the weather. Before the crop 

cycle starts, farmers pay an insurance payment, and anytime a loss occurs on their farm, they receive a 

payout from the insurance. Farmers are able to manage their financial exposure to weather extremes, i.e., 

financial losses brought on by weather extremes, because the insurer is taking on all of the insured risk in 

this way. In addition, in case of weather threats that systemically affect all the insured farmers, the insurer 

can further hedge the systemic part of the risk with a reinsurance company (Miranda and Glauber, 1997). 

Agricultural insurances vary in terms of how losses are determined and, as a result, how reimbursements 

are initiated. Indemnity-based insurances are those that compensate farmers according to a damage 

estimate made by a professional on the farm. While indemnity-based insurances can accurately pay losses, 

they are vulnerable to issues brought on by asymmetric knowledge concerns (Just et al., 1999). More 

precisely, the distribution of information between farmers and insurers regarding the riskiness of 

agricultural production and production practises is uneven. Farmers are anticipated to be more 

knowledgeable about the two factors that encourage moral hazard and adverse selection. According to 

adverse selection, farmers who are exposed to greater risk are more likely to get insurance than those who 

are less exposed. Moral hazard indicates that farmers shift to more risky production practices when being 

insured. Both phenomena lead to market failure of the insurance scheme if the insurer has insufficient 

information on the two cases. Thus, indemnity-based insurances are prone to costly damage assessment 

and need to implement measures to avoid problems arising from asymmetric information, such as 

deductibles. Moreover, productions that cannot be measured, e.g., grazed meadows, cannot be insured 

although leading to financial damage (Vroege et al., 2019). 

Smart Agriculture: The fundamental facts and knowledge about the natural resources that underpin all 

types of farming constitute the basis of the agri-food systems. Figure 1 depicts the flow of data and 

information as well as the flow of products from input to output through several phases of value addition 

as well as the movement of money from output to input. According to their needs and capabilities, many 

actors and stakeholders produce and handle data and information. Utilizing ICT, the internet of things 

(IoT), and a variety of contemporary data gathering and analysis tools, such as unmanned aerial vehicles 

(UAV), sensors, and machine learning, is a hallmark of smart agriculture. The creation of a comprehensive 

security system that supports data utilisation and administration is a critical component of constructing 

smart agriculture. Traditional ways manage data in a centralized fashion and are prone to inaccurate data, 

data distortion and misuse as well as cyber-attack. For example, environmental monitoring data is 

generally managed by centralized government entities that have their own interest. They can manipulate 

the decision-making related to data. 

The blockchain technology is used to store the data and information that different actors and stakeholders 

produce during the whole value-added process of generating an agricultural product, from seed to sale. It 

makes sure that all recorded data is unchangeable and that the facts and information are transparent to 

the associated actors and stakeholders. Figure 1 illustrates how different blockchain architectures 
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(permissioned or permissionless), platforms (Ethereum or Hyperledger), and consensus algorithms (Proof 

of Work/Proof of Stake and (Practical) Byzantine Fault Tolerance) may be used to collect data and 

information at various stages in crop agri-food systems. Unlike previous systems, which rely on the 

"security of obscurity," blockchain technology produces security through decentralisation (Ibm Institute for 

Business Value, 2015). Data loss and tampering are less likely to occur when data is distributed to 

stakeholders' PCs as opposed to being stored on servers that are centrally controlled by administrators. A 

blockchain is a database with timestamped groups of activities and transactions associated with a product. 

Data distribution to servers on the Internet is less prone to loss and distortion than data storage on servers 

that are centrally controlled by administrators. For the creation of data-driven mobile applications that 

improve farming, the database is tremendously useful. The blockchain also solves the problem of developing 

a thorough, secure IoT infrastructure and integrating various ICT e-agriculture technologies. 

Numerous IoT and blockchain-based smart farming models are being suggested and put into practise. For 

instance, "a lightweight blockchain-based architecture for smart greenhouse farms" is suggested by Patil 

et al. (2017). The owner centrally manages a private local blockchain using IoT sensors in greenhouses. A 

smart agriculture framework based on blockchain and IoT is proposed by Lin et al. (2018) for widespread 

implementation. The platform at the centre of the architecture aids in building trust between actors 

utilising blockchain. Through smart mobile phones, agents involved in the sale of the products from the 

plantation can access the data recorded on the blockchain. Farming groups are also utilising blockchain to 

improve their farming techniques. For instance, Taiwan's farmland irrigation groups use blockchain to 

archive data collectively and communicate with the public more effectively (Lin et al., 2017). Each 

association conducts business as a "public juridical entity," publishing to the blockchain their own data and 

information regarding irrigation management that the general public can see. The public becomes more 

involved in irrigation management and works harder to optimise the use of water resources as a result of 

the transparency. The longitudinal database built utilising blockchain technology can be utilised in the 

future to help with decisions about irrigation canal development and maintenance, for example. 

Smart agriculture with blockchain does not lower, if not raise, the technological barrier for farmers to 

participate. Importantly, it is better motivated to collect trustworthy data from large farmers than from 

smallholders for uploading to the blockchain. Large farmers are more likely to be involved in blockchain-

based smart agriculture and benefit from it. This thus can create or increase the discrepancy between large 

farmers and smallholders. 
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Article 

Melia dubia has been acknowledged as one of the fastest and sizeable yield producing plantation crops to 

farmers like eucalyptus. The deciduous species is a native to India, Australia, and South East Asian 

countries and is chiefly cultivated for its great pulp class and timber quality. In fact, the paper making 

industries and plywood producers are the major benefactors to cultivators of Melia dubia tree. Melia dubia 

also called as a Forest Neem, it boasts of being among the fastest growing farming tree genres, which takes 

merely 5-7 years to set for harvest while the yield is found considerably hefty. Equally, by incorporating 

suitable crops in the same field, farmers can enhance their income via Agroforestry model. 

Technical Requirements for Melia Dubia Plantation 

Melia dubia grows typically in tropical moist environment ideal for deciduous forest to grow in abundance 

with appropriate plantation management. In India, you can find large scale farming lands of Melia dubia 

in Sikkim Himalayas, upper Assam, Khasi Hills, and N. Circars, in Dooars of North Bengal as well as in 

the Hills of Orissa, Decaan, and Western Ghats at an altitude of 1500 – 1800 m. 

Soil for Malabar Neem Tree Plantation 

Rich with organic elements fertile sandy loam soil happens to be the finest class for Malabar neem 

cultivation while its growth in gravel mixed shallow soil shows poor growth rate. Similarly, laterite red 

soils are also great for the Malabar neem farming. Irrespective of the kind of soil, high pH content is not 

desired for productive result of the species. Given that, the tree roots penetrate deeper soils, hence, even 

as the soil should have the ability to hold needed moisture, the field should be well-drained and must not 

be waterlogged. 

Rainfall for Melia Dubia Cultivation 

Areas with profusion rainfall ranging above 1000 mm annually are considered the most ideal for the desired 

growth of Melia dubia trees. Nevertheless, in areas having lower rainfall, they can grow consistently backed 

by satisfactory irrigation methods throughout the year depending on the need. Regions higher than 600-

1800 m of sea level are paramount for Melia dubia cultivation. 

Temperature and Sunlight 

Standard temperature and normal sunlight required for Melia dubia cultivation. 

Germination and Nursery Technique for Melia Dubia Seeds 

 
Melia dubia tree before transplantation 

https://www.farmingindia.in/eucalyptus-plantation-guide-from-seeds-to-yield-and-return/
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When it comes to propagation of Malabar neem tree, farmers have options to go for seed germination or 

vegetative propagation methods. In fact, seed germination of Melia dubia is just not challenging but also a 

comprehensive process as well. To soften the hardy outer coat, needed seed treatment should be duly 

followed. Subsequent to the exclusion of the outer coat, its inner hard cover should be removed to reach the 

kernel inside. These kernels or dried drupes are sown for generating seedlings in the nursery. Be careful 

that kernels are not damaged in the process. 

Apply combination of sand and soil in 1:1 ratio to prepare the raised nursery beds, while the drupes need 

to be dibbled within the soil separately keeping minimum 5 cm. distance in the midst. For faster results, 

use dung in 50/50 proportion with the blend of soil and sand. The seedbed needs to be watered two times a 

day and then the bed should be covered with a poly pack or its equivalent that helps sustain desired 

moisture. Nursery beds should be kept under the shade. It takes nearly 90 days to germinate drupes. 

Finally, this should be noted with diligence that since the success rate of Malabar neem seed germination 

is found to be nearly 30%, it is sensible to try germination with minimum 5-6 kg of kernels, which may 

contain nearly 1200 fruit nuts and then you can expect about 300 seedlings for final sowing. Once the 

seedlings attain approximately 2 feet of height, they’re prepared for transplantation in the farm. The ideal 

period of showing Melia dubia seeds is March-April. 

Vegetative Propagation 

For vegetative propagation, get small lively stem cuttings. To let the shoot, respond well consider use of 

1000 – 2000 PPM Indolebutyric acid (IBA). IBA releases Auxin, a naturally-plant hormone that encourages 

the plant shoot taken from grown-up trees react faster toward rooting and foster vegetative propagation. 

Since shoots are extremely vulnerable to root decaying proper measures should be undertaking while 

placing them into sand medium. That should not get water logged. Dry seasons are ideal for vegetative 

rooting and if properly done, you can get 75% roots through shoot propagation. While cutting stems, choose 

matured trees to get better results. 

Malabar Neem Plantation Management 

Create pits keeping a space of 6m x 6m to 10m x 10m or more depending on whether you’re intended to 

prefer agroforestry system. For monoculture 6m x 6m spacing is ideal. No. of melia dubia plants per acre 

will be around 425 if following 10m x 10m spacing, and the no. will increase if the spacing is decreased. 

Prepare pits with mixture of Potassium, Nitrogen, and Phosphorous of @50 gram each for every seedling 

or stem-based root to be planted. Application of compost is a great choice to enhance growth rate extra with 

fertilizers. Fertilizing once in three months and regular watering in the morning is essential for speedy 

expansion of plants. Stay away from overwatering at the initial stage. Depending on the need, consider 

time to time pruning and remove diseased, damaged, or dead branches from plants to avoid unwanted 

insect attack that hinders growth. If everything goes systematic, Malabar neem tree is likely to emerge 

nearly 40 ft after 3 years. If any major change, consider expert consultancy. 

Irrigation for Melia Dubia Cultivation 

During the summer days, the need of irrigating the crop land is crucial. As per necessary, 3-4 irritation 

once in 7-10 days interval is ideal. Unless the rainfall is found erratic during the rainy period, there is no 

need of irrigation. Nevertheless, downpour may lead to water logging in the field that needs pumped out 

or drained pass up decayed root. In dry lands or plains, regular watering and protecting plants from 

extreme heat or frosty environment are some pre conditions. 

Weeding in Melia Dubia Plantation 

With scheduled weeding sessions to get rid of unwanted shrub growths in plant adjoining areas in the 

rising stage and elimination of decayed/ deceased tree branches, planters can keep the trees vivacious and 

fast growing. 

Agroforestry Option 

For cultivators interested to incorporate agroforestry model with Melia dubia plantation, it offers a great 

scope of earning throughout its farming period. Some of the most matching species that can be cultivated 
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with needed space include Groundnut, Turmeric, Chili, Papaya, Banana, Watermelon, Sugarcane and 

more. 

Pest Control for Melia Dubia Plants 

While Melia dubia trees are found resistant to common termites, needed care should be taken especially in 

the nursery period. Mites like red spider may found under the leaves which destroy its soft tissues causing 

dying of seedlings. Similarly, during the rainy reason, polyphagous defoliator, mealy bugs, or leaf miners 

may invade growing stumps. Application of pesticide of Methyl parathion 0.2 ml in one liter water and 

spaying on the sprouting shrub can produce fast results. Water stagnation at the base of plants can cause 

infestation with diseases and pests like leaf miners, wood borders, sap-sucking pests etc apart from rotten 

roots. Depending on the type of pest attack, consider the use of suitable pest control solutions. 

Yield/ Revenue from Melia Dubia or Malabar Neem Plantation 

Proper plantation management can give high Melia dubia profit per acre and can start earning from 5th 

year onward. After 5-6 years, a lively tree is potential to fetch 12-15 Cu. Ft. timber and every CFT will 

increase by 20-25 cm. from next year onward with effective management up to 15 to 20 years. So as farmers 

can get faster revenue and high profitability, it can be a constant earning source. Depending on the quality 

of timber and its market demand, one can earn around Rs. 7000 per tree as per current market price (this 

depends). 

Uses of Malabar Neem or Melia Dubia 

Aside from having very high demand in plywood and paper making industry, lumber collected from Melia 

dubia is greatly praised for its consistency to use as a secondary timber unlike teak wood. These are 

extensively used to produce building materials, match boxes, pencils, musical instruments, tea containers, 

and box packing. Perhaps one of the most appealing features of Malai vembu is that the timber is absolutely 

resistive to aggression of termite and mold issues. 
  

https://www.farmingindia.in/turmeric-cultivation/
https://www.farmingindia.in/chilli-cultivation/
https://www.farmingindia.in/papaya-cultivation/
https://www.farmingindia.in/banana-cultivation/
https://www.farmingindia.in/watermelon-cultivation/
https://www.farmingindia.in/teak-wood-plantation/
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Artocarpus heterophyllus Lam is the scientific name of the jack fruit and it is belonged to Moraceae 

(mulberry) family. It is originated from India (Western Ghats), Asia, Africa, and some regions in South 

America. It is called Katahal in Hindi, Panasa in Telugu, Pala-pazham in Tamil, Phanas in Marathi and 

Gujarati, Halasu in Karnatak, Nangka in Indonesian, Fenesi in Kiswahili, and Ka-noon in Thailand. It is 

the largest fruit of all trees, 55 kg in weight, 90 cm (35 inches) in length, and 50 cm (20 inches) in diameter. 

A mature jack tree produces some 200 fruits per year, with older trees bearing up to 500 fruits in a year. 

The plant and its parts i.e., fruits, leaves, roots and barks have therapeutic properties and being used in 

many medicines. It is a multiple fruit (pulp and seed). The ripe fruit is sweet, often used for desserts, and 

tender, canned green fruit had mild taste, meat like texture, used as vegetable and being called “vegetable 

meat”. The seeds are eaten cooked, roasted, or fried. It is also called as poorman’s food as it is cheap and 

available throughout the year (unseasonal fruit). There is also a belief that excessive consumption of 

jackfruit flakes can lead to certain digestive disorders (Ranasinghe. et al.2019). The leaves and fruit waste 

used as fodder for goats. It is a rich source of antioxidants, protein and carbohydrates. Jackfruit is also 

known to be beneficial to fight against asthma, ulcers, indigestion, tension, nervousness, and constipation. 

It can slow down aging and cell degeneration (Naik, 1949, Goswami, 2016). 

Jack Fruit Nutritive Values Per 100g 

Nutrients Nutritive values 

 Jack fruit ripe  Raw fruit Jack fruit seed, mature 

Energy (KJ) 302-3 110-15 322-10 

Carbohydrates (g) 14.01-0.56 3.48-0.70 11.81-0.74 

Protein (g) 2.74-0.47 1.98-0.16 5.79-0.14 

Fat (g) 0.15-0.02 0.35-0.05 0.44-0.03 

Iron (mg) 0.36-0.16 0.31-0.04 0.37-0.15 

Vitamin C (mg) 6.73-1.59 17.51-6.00 9.68-6.44 

Calcium (mg) 35.03-4.50 45.74-7.19 37.56-3.36 

Magnesium (mg) 31.84-5.19 26.60-9.13 37.04-15.48 

Potassium (mg) 279-58.8 327-18.1 376-70.1 

Vitamin B1 (mg) 0.05-0.004 0.05-0.014 0.06-0.010 

Vitamin B2 (mg) 0.01-0.004 0.05-0.010 0.03-0.008 

Vitamin B3 (mg) 0.42-0.08 0.19-0.02 0.19-0.02 

Vitamin B5 (mg) 0.16-0.01 0.37-0.02 0.36-0.01 

Vitamin B7 (mg) 4.00-0.37 4.37-0.14 4.10-0.31 

Vitamin B9 (μg) 32.15-2.27 35.73-5.62 54.58-12.31 

Source: NIN, Hyderabad   KJ: Kilo joules, g: grams, mg: milli grams, μg: micro grams. 

Health Benefits of Jack Fruit 

The nutrients in jackfruit helps to lower the risk for some health issues. 

Constipation: Jackfruit is a good source of fiber, so it helps to regulate bowel movements and problems 

like constipation. 

Ulcers: The natural chemicals in jackfruit help prevent sores from forming inside the stomach. 
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High blood pressure: The potassium in this tropical fruit could help lower blood pressure, which can help 

stave off heart disease, stroke, and bone loss. 

Cancer: Phytonutrients, like those found in jackfruit, are natural compounds that might have cancer-

fighting benefits, such as preventing cancer cells from forming in the body. 

Strengthening the Bones: Jackfruit has a high magnesium content. Magnesium may be suitable for bone 

health. This mineral is vital for calcium absorption and may help strengthen the bones. It may also help 

manage bone disorders like osteoporosis (Swami et al. 2012). 

Skin problems: The high amounts of vitamin C in jackfruit may help protect skin from sun damage. 

Vitamin C in jackfruit is vital for the skin as it may boost collagen production. Collagen is the protein that 

provides firmness, structure, and strength to the skin. 

Putative Use of Jackfruit in Local Medicine 

Plant part  Use 

Roots An extract of roots is used in treating skin diseases, asthma and diarrhea. 

Leaves An extract from leaves and latex cures asthma, prevents ringworm infestation and 

heals cracking of feet. Leaf extract is given to diabetics as a control measure. Heated 

leaves are reported to cure wounds, abscesses and ear problems and to relieve pain. 

An infusion of mature leaves and bark is used to treat gallstones. A tea made with 

dried and powdered leaves is taken to relieve asthma. The ash of jackfruit leaves 

burned with maize and coconut shells is used alone or mixed with coconut oil to heal 

ulcers. 

Flowers Crushed inflorescences are used to stop bleeding in open wounds. 

Fruits Ripe fruits are laxative 

Pulp The jackfruit pulp and seeds are nutritious tonic and useful in overcoming the 

influence of alcohol on the system 

Seed The seed starch is given to relieve biliousness. Roasted seeds are regarded as an 

aphrodisiac. Increased consumption of ripe jackfruit kernels alleviates vitamin A 

deficiency. Extract from fresh seeds cures diarrhea and dysentery. Extract from seeds 

(or bark) helps digestion. 

Bark An extract from bark and rags (nonedible portion of ripe fruits) or roots helps cure 

dysentery. The bark is made into poultices. Ash produced by burning bark can cure 

abscesses and ear problems. 

Latex Mixed with vinegar, the latex promotes healing of abscesses, snakebites and 

glandular swellings. 

Wood The wood has a sedative property; its pith is said to aid abortion. 

Source: Haq (2006), Swami et al. (2012) 

Different Value-Added Products from Jackfruit 

 
Source: Swami et al. (2012) 
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There are various products that have been developed from jack fruit. They are jack fruit pickle, jam & jelly, 

chips, candies, fruit bars, bulbs, fruit leather, juice, wine, flakes, cookies, cakes, etc. 

Risk Factors of Jack Fruit 

Though it has high nutritional benefits, it can cause side effects and allergic reactions, especially for those 

who are allergic to birch pollen (Bolhaar et al. 2004). The fruit is not recommended for patients with blood-

related disorders; it can increase coagulation. Although it is good for diabetic patients, they need to have 

their medication dosages changed if they eat this fruit on a regular basis. Diabetic patients should consume 

a limited amount of jack fruit to maintain their blood glucose levels. 

Conclusion 

Jack fruit is often called poorman’s food, vegetable meat. It is a rich source of antioxidants, protein and 

carbohydrates. It can be consumed as raw, ripe, unripe, cooked, pickles, juice etc. Several studies have 

reported that the fruit has anticarcinogenic, antimicrobial, antifungal, anti-inflammatory, wound healing, 

and hypoglycemic properties. However, it is considered an underutilised fruit due to a lack of knowledge 

about proper postharvest practices. Hence, there is a need to encourage people to consume and 

commercialize value-added products. 
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Introduction 

The Foxnut or Gorgon nut or black diamond is botanically known as Euryle ferox Salisb and belongs to the 

family Euryalaceae (Nymphaeceae). It a monotypic genus that is having only one species. Locally called as 

“Thangjing” in Manipuri and “Makhana” in Hindi is an important annual aquatic vegetable cash crop. 

Commonly associated with fasting, fox nuts are popular as ‘Makhana’. Used for centuries as a snack food, 

fox nuts have myriad benefits. Indian cuisine makes ample use of this nut and can be had roasted with a 

sprinkling of spices and condiments to provide a tasty treat. Superfood makhana is rich in proteins and 

fibre and low in fat. 100g of makhana gives around 347 calories of energy. There are around 9.7 grams of 

proteins and 14.5 grams of fibre in makhana. Makhana has ample amounts of carbs as well as other 

minerals like calcium and iron. Calcium is vital for healthy bones and teeth, while the iron is essential for 

healthy blood. Overall, fox nuts nutrition brings a lot to your diet especially if you are lacking in minerals 

and fibre. 

   
Foxnut/Thangjing Roasted Foxnut Foxnut chutney 

Eromba (Manipuri dish) 

Both leaf petiole and fruits after removing the spiny cover are eaten raw or cooked and is regarded as a 

delicacy in the traditional cuisine and is highly preferred. In North Bihar region, makhana is an essential 

component of the religious culture. 

Makhana starch is applied to cloths to provide a glaze. Bihar accounts for over 85% of the makhana 

production of the country which resulted into thrust area for taking up the task and identifying the 

constraints in the export of makhana from the state. As per a report nearly 50,000 tonnes of makhana 

worth nearly Rs. 550 crores in market are produced annually in India. 

In Manipur, foxnut has traditionally been cultivated as cash crop since long time back in private ponds 

mainly in the four valley districts namely, Imphal West, Imphal East, Thoubal and Bishnupur. The fruits 

and leaf petioles are edible and regarded as delicacy and sold in local markets thereby earning livelihood 

for a section of local people. The fruits are used in diabetes and fresh leaf petiole paste applied on burns 

and boils. However, there is a need for undertaking extensive research for its economical cultivation, 

harvesting and processing for large scale commercialization. 

Distribution 

The plant is considered as a native of South-East Asia and China but distributed to every part of the world. 

It is mainly distributed in East Asia to China to North and North East India. In general, its distribution is 

extremely limited to tropical and sub-tropical region of South-East and East Asia and known to exist in 

Japan, Korea, Russia, North America, Nepal, Bangladesh and some states of India. In India, it grows 

abundantly in some districts of Bihar, West Bengal, Assam and Manipur. 
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Morphological Structure 

It is a spiny aquatic plant with circular floating leaves and tough fibrous roots. It has thick fibrous root 

comprising of 4-6 clusters, each consisting of about 15 rootlets. It is a perennial and growing from a short, 

thick erect rhizome. Leaves show heterophylous growth. Leaves are about four different types appearing 

in the chronological order of sinuate, hastate, sagittate and orbicular types. The first three sets of leaves 

are not prickly but the last set of leaves is prickly. The orbicular leaves by their perpetual growth attained 

larger heavy orbicular, corrugated structure with spines (Singh, 2003). The number of days to initiate 

flowering ranges from 145-156 days, number of effective fruits per plant ranges from 8-15; fruit diameter 

ranges from 4-8 inches; number of seeds per fruit ranges from 20- 200; seed yield per fruit ranges from 15-

150g; diameter of seed ranges from 0.4-1.5 cm; weight of 100 seeds ranges from 40-130g; seed yield per 

plant ranges from 150-1600g (Mishra et al, 2003). The fresh seeds are lumpy and surrounded by streaked 

bright red arils. The arils are taken raw along with eromba (chutney). After 3-4 days, the aril of fresh seeds 

gets decomposed and they turned into black colour. Seeds are bold enough and having a hard outer 

covering. The diameter varies from 0.5 to 1.5 cm. The edible part of the seed is its periderm which is white 

and starchy in nature. 

Cultivation 

It is known as a cash crop of Ox-bow lakes, depressed land, swamps, paddy fields, ponds, etc. The seedlings 

are raised naturally from the seeds. If the cultivation in deep water paddy field sites, 2/3 times loosening 

of soil are required followed by water filling then left for one month. Naturally raised seedlings having 4-5 

leaves are ready for transplantation to the sites already earmarked for the plantation. The transplanted 

plants are inserted in straight line at a distance of 6 ft. Just before plantation, mud from the earmarked 

ditches is removed about 6 inches. New leaves appeared from the 20 days old transplanted plants. After 

65-70 days of plantation, the fruits are ready for first harvest. Subsequent harvest could be made after 

every 10-12 days of harvest. 

Health Benefits of Fox Nuts 

1. Fox nuts have really high protein content. This is why they make such an important part of fasting food 

because a handful can provide you with energy to last the entire day. 

2. Fox nuts make for great anti-ageing food as they have an abundance of anti-oxidants. Gallic acid and 

chlorogenic acid as well as epicatechin are some of the beneficial antioxidant substances found in the nuts. 

These may play a role in reducing the risk of heart disease, cancer and chronic conditions like diabetes. 

3. Fox nuts are great snack food for diabetics and heart patients as they contain good fat and have a low 

quantity of saturated fats. These properties make makhanas good weight-loss food. 

4. Fox nuts are high in fibre. The digestive process gets sorted with them as they prevent constipation and 

add bulk to the stool. 

5. Fox nuts are great detoxifying agents. They aid in flushing out toxins from the body. They are really 

beneficial to the spleen which is like a graveyard for cells in the body. It recycles the red blood cells. 

6. Fox nuts have a low glycemic index which means that they release glucose slowly in the blood. This keeps 

you feeling full for longer. 

7. Those suffering from wheat allergies can gorge on fox nuts as they are gluten-free but still high in protein 

and carbohydrate content. 

8. They are high in calcium, magnesium and potassium and low in sodium. High potassium and low sodium 

are a great combination for patients suffering from hypertension. The potassium brings down the blood 

pressure and sodium try to bring it up. 

9. Fox nuts have a natural compound, kaempferol that reduces inflammation in the body. Inflammation is 

responsible for most modern diseases like diabetes, arthritis, rheumatism. Also, fox nuts have antibacterial 

properties. 

10. It is also high in thiamine content which help in aiding cognitive function as well. The consumption of 

foxnuts helps the body to produce acetylcholine and thus contributes to the process of neurotransmission. 

This process of neurotransmission is key to maintaining the good functioning of the nerves. 

11. Fox nuts are naturally bestowed with astringent properties which means people with weak kidneys can 

easily snack on fox nuts. Fox nuts have anti-inflammatory and antioxidant properties which help to reduce 

inflammation and the effects of oxidative stress. 
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Side Effects 

Excess consumption may lead to side effects like: 

1. Digestive issues like constipation, gas and feeling bloated. 

2. A spike in insulin levels may lower blood sugar levels tremendously in patients with diabetes. So excess 

intake must be avoided. 

3. They can cause allergies in some people. 
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Introduction 

Genome editing or gene editing is a group of technologies by which one can bring a change in an organism’s 

DNA. To be precise, the genome editing technologies allows genetic material to be added, deleted or altered 

at a specific locus in a genome. Intentional release and spread of edited traits through wild insect 

populations could be used to tackle various problems including biocide resistance, ill effects associated with 

invasive species, and insect-borne diseases. Insecticide resistance in major insect pests has been evolving 

as a major challenge in pest management. Removing the gene responsible for insecticide resistance and/or 

replacing it with a susceptible gene will restore the vulnerability of the insect pest to the insecticide. 

Similarly, altering the gene which is responsible for carrying disease causing pathogen in the vector can 

tackle the long-lasting problem of vector-borne disease control. The application of genome editing is taking 

form from technical genomics to functional genomics in recent year with advancement of modern 

technologies (Gantz and Akbari, 2018). 

Genome Editing Technologies 

In earlier days, genome editing or alterations were done by using chemical mutagens and radiation 

mutagenesis. Later on, transgenesis and transposable elements-based techniques showed up as genome 

editing tools. More recently, site-directed mutagenesis and transgenesis approaches utilizing sequence-

specific nucleases enabled accurate genome editing. These techniques have paved ways to create random 

or planned modifications, within the genomes to investigate the function of genes and their regulatory 

sequences, and to engineer synthetic genetic elements with novel functions.  A number of genomes editing 

technologies have emerged in recent years, including zinc-finger nucleases (ZFNs), transcription activator–

like effector nucleases (TALENs) and the RNA-guided CRISPR-Cas nuclease system. Among all the 

techniques, the RNA-guided Cas9 nuclease from the microbial clustered regularly interspaced short 

palindromic repeats (CRISPR) adaptive immune system can be used to facilitate efficient genome 

engineering in eukaryotic cells by simply specifying a 20-nt targeting sequence within its guide RNA. 

Genome editing technologies uses sequence-specific nucleases to generate double-stranded DNA breaks (or 

nicks) in regions of interest, this allows for targeted DNA modifications by taking advantage of endogenous 

mechanisms to repair broken DNA. 

Application of CRISPR / Cas9 in Improving Beneficial Insects 

Gene editing tools can be used to generate new economic insect strains more rapidly with high efficiency. 

Silkworm strain with resistance to Nuclear Polyhedrosis Virus was developed with transgenic 

CRISPR/Cas9 mediated Knock-out of Nuclear polyhedrosis virus genes. Silkworm fibroin heavy chain gene 

(FibH) was replaced with the major ampullate spidroin-1 gene (MaSp1) from the spider Nephila clavipes, 

which improved the silk quality. This also yielded a male-only strain, which in turn could be very much 
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useful as male silkworm produces higher quality and quantity of silk than female silkworm (Xu et al., 

2019). 

Application of CRISPR / Cas9 in Control of Harmful Insects 

Resistance development to Bt insecticidal proteins is a major problem faced in recent years leading to 

collapse of transgenic crop with resistance to insect pest pests. Knockdown of cadherin receptors that are 

genetically linked to Cry1Ac toxin resistance has been proved to be a successful genome editing in H. 

armigera to wade off the resistance to Bt insecticidal proteins.  Genome editing in insects could disrupt the 

chemical communication and mating partner identification which are responsible for successful plant–

insect interactions. In insects, olfactory receptors (ORs) are important for the recognition of host plant as 

well as mating partner. Mutation in Or83b gene in Drosophila disrupted the selection of the egg-laying site 

(host) and impaired olfactory detection capacity.  Knock-out of the Orco (olfactory receptor coreceptor) gene 

in Spodoptera litura through CRISPR/Cas9 demonstrated distraction in the mating partner selection and 

loss of identity toward host plants leaving them anosmia. knocking out developmental genes such as abd-

A (Abdominal-A) gene showed developmental problems and deformities in body segments of Plutella 

xylostella.  Insertion of new genes from Crop Wild Relatives (CWRs) is a successful replacement for 

transgenics in which a foreign gene especially from a different organism is inserted (Tyagi et al., 2020). 

Conclusion 

Genome editing is emerging as a promising tool for elucidation of gene function as well as its translational 

utility. It is being widely explored to mitigate biotic as well as abiotic stresses. The editing strategies have 

evolved as beneficial tools because of their high specificity, efficiency, cost, and time effectiveness. Despite 

success in economically important crops to combat pathogens, their use in insect management has not been 

exploited to the fullest. 
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Introduction 

The herbaceous perennial climbing cactus known as dragon fruit (Hylocereus spp.), also referred to as "Red 

Pitaya," has recently attracted a lot of interest from Indian growers due to its high antioxidant potential, 

vitamins, and minerals content, as well as its attractive red or pink colour and economic value as a fruit. 

Dragon fruit is a native of Southern Mexico, Guatemala, and Costa Rica. It was brought to India in the late 

1990s, and its production is currently steadily expanding. Farmers in the Indian states of Karnataka, 

Kerala, Tamil Nadu, Maharashtra, Gujarat, Orissa, West Bengal, Andhra Pradesh, and the Andaman & 

Nicobar Islands have already started growing the fruit; it is possible that less than 400 ha of land in these 

states is currently being used for this purpose. Dragon fruits are currently primarily imported from 

Vietnam, Thailand, Malaysia, and Sri Lanka and sold in Indian marketplaces. Dragon fruit production is 

ideally suited in the dry, frost-free agro-climatic zones of Southern, Western, and North Eastern India 

because it is a member of the cactus family and needs lengthy days for flowering. Due to the significant 

demand for dragon fruit on both the local and international markets, growing them might be a profitable 

side business for both small-scale home gardeners and business owners of medium- and large-scale 

plantations. It is a perennial fruit crop that yields quickly, beginning to produce profitably the first year 

after planting and reaching its maximum potential in three to five years. Additionally, it was found to 

produce in its first few years of living there, provided that good cultural management techniques are used. 

Despite the relatively hefty initial investment, there is a sizable profit after four to five years. H. 

costaricensis, a species with red flesh, is also abundant in betalains, which satisfies the growing need in 

the market for antioxidant products and natural food colouring. Fruits may easily be kept fresh in a room 

environment. 

Nutritive Value of Dragon Fruit 

Due to its nutritious density, dragon fruit is regarded as one of the tropical superfoods. It has a lot of 

different nutrients and few calories. According to reports, it is thought to improve gastrointestinal health, 

lower the risk of developing chronic diseases, and increase immunity in humans. Additionally, it has a lot 

of vitamins, minerals, and dietary fiber. There are two varieties of dragon fruit; one has white pulp and the 

other has crimson or pink pulp. It is low in calories and high in phenolics, flavonoids, and antioxidant 

potential, as was already mentioned. The main biochemical components of both white and red pulped 

dragon fruit were the subject of a study. According to the biochemical examination of 100 g of fresh fruit, 

the fruit's moisture content is between 83 and 88%. Additionally, they have a significant impact on the 

organoleptic qualities like flavor, colour, and scent as well as fruity taste. They also play a vital role in the 

post-harvest management of fruits since they increase the shelf life, stability and microbial safety (Al-Farsi 

et al., 2005; Nour et al., 2010). The total soluble solids (TSS) varied between 8-12°Brix. One of the best 

sources of vitamin C is dragon fruit, which has a vitamin C level of 4 to 10 mg per 100 g. One of the most 

significant water-soluble vitamins, vitamin C is found naturally in fruits and vegetables and is utilized 

extensively as an antioxidant and food additive. Since humans, unlike the majority of animals, cannot 

generate vitamin C on their own, it is a crucial nutritional component (Li and Schellhorn, 2007). 80 mg per 

day is the recommended dietary allowance (RDA) for vitamin C. The amount of vitamin C in 100g of fresh 

dragon fruit, or 8–14% of the RDA, is consumed. 

Climatic Requirement 

Given their favorable climates, the Indian states of Karnataka, Kerala, Tamil Nadu, Maharashtra, Gujarat, 

Orissa, West Bengal, and Andhra Pradesh as well as the Andaman and Nicobar Islands may be the best 

locations for the cultivation of dragon fruit. According to reports, dragon fruit needs between 1145 and 2540 
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mm of rainfall every year. Coorg, Karnataka, undertook evaluation studies on dragon fruit in relation to 

adaptation and production issues. The dragon fruit plant prefers a dry tropical climate with temperatures 

averaging 20–29 °C, yet it can survive brief spells of 38–40 °C and 0 °C. 

Soil Requirement 

As long as the soil is well-drained, dragon fruit can be cultivated in a variety of soil types. The best type of 

soil is, however, one that is high in organic matter and slightly acidic. Since the land is sub-marginal, 

organic fertilizer will be employed to make up for the soil's deficiency in organic matter. Dragon fruit plants 

do well in sandy loam that has a high organic content and do well in well-drained soil. 

Method of Propagation 

Cutting the stems of dragon fruit plants makes them quickly proliferate. For planting, stem cuttings that 

are 20 to 25 cm long are typically used. One to two days before planting, the cutting should be prepared, 

and the latex that is leaking out of the cut should be allowed to dry. After the fruiting season, the cutting 

should be picked from superior mother plants. To stop diseases, the cutting needs to be treated with 

fungicides. These cuttings are planted in polyethylene bags measuring 12 x 30 cm that are filled with soil, 

farmyard manure, and sand in a 1:1:1 ratio. For roots, the bags are maintained in a shaded area. Avoiding 

too much dampness will help keep your cuttings from decaying. These cutting roots profusely and become 

ready for planting with 5-6 months (Tripathi, et.al.,2014) The seed propagation studies carried out that 

seedlings remain smaller with thin stem even after one year of planting. Further the plants produced from 

seeds are not true to type and there is their lot of variability among the plants. Thus, seed are generally 

not used for commercial multiplication of dragon fruit (Tripathi, et.al., 2014). 

Method of Planting 

Full sunlight is preferred for dragon fruit cultivation, therefore wide space is ideal for planting. It is not 

advisable to plant dragon fruit in shady places. Planting typically takes place at a distance of 3x3 meters 

in single post systems. The 1.5 to 2 m vertical height of a single post is the height at which they are 

permitted to branch and hang down. To make it easier for the dragon fruit to climb, place them close to the 

poles. The number of plants per pole can range from 2 to 4 plants, depending on the weather. Only a few 

primary stems may develop, and lateral shoots must be kept to a minimum. Because lateral branches 

occasionally need to be eliminated. To maintain a balanced shrub, it is crucial to arrange a spherical metal 

or concrete structure. 

Method of Training 

The dragon fruit plants are quick-growing vines that initially generate more thick, dense branches. To grow 

toward stands, the lateral buds and branches should be clipped. The branches are then allowed to flourish 

until the vines have climbed to the top of the stands. The main stem's tip is cut off to provide room for new 

shoots to grow laterally and ascend at the ring to create a vine structure resembling an umbrella from 

which flowers will emerge and develop into fruits that will cause lateral branching. The trellis was made 

into a structure during this pruning, also known as structural pruning. A healthy vine may develop between 

30 and 50 branches in a year and up to 100 branches in-four years. 

Nutrients Requirement 

An experiment conducted in BCKV, Kolkatta, India for different combinations of N, P, and K fertilizer 

doses revealed that the dose of N 450: P2O5 350: K2O 300 performs best for yield and quality. Mineral and 

organic nutrition is particularly helpful when they are combined. Each pillar of four plants received four 

split doses of nutrients according to the treatment schedule: 10, 10, and 30% of the total nutrients before 

blooming; 20, 40, and 25% at fruit set; 30, 20, and 30% at harvest; and finally, 40, 30, and 15% of the total 

N P2O5 K2O after two months after harvest (Anon, 2017). Every three to four months, 100g of full 

fertilizers (19-19-19) and 100g of organic manure with neem cake are applied. Regularly prune the plants 

to obtain an open and manageable umbrella shape canopy which will induce new shoots for the next 

cropping season (Karunakaran, et.al.,2014). Weed control is an important operation in dragon fruit 

cultivation and the use of weed mat efficiently reduced the weeds growth and also aids in soil moisture 

conservation (www.icar.org.in). 

http://www.icar.org.in/
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Diseases and Pests 

Important diseases that affect dragon fruit crop are anthracnose, brown spots and stem rots (fungal and 

bacterial pathogens). Heavy rainfall and overwatering or waterlogged conditions predispose the crop for 

these diseases. Anthracnose that has been reported in other countries has been reported in India also from 

Andaman Islands (Abirami et al. (2019). In India, Coletotrichum siamense is the culprit. concentric lesions 

that are reddish or orangish brown and have ascervuli (black-coloured pin heads) begins at the ribs of the 

vine, usually where the edge's spines first appear. Also attack fruits Sprays for prevention and treatment 

should contain 2g/L of Chlorothalonil/Mancozeb and 1g/L of carbendazim, respectively. We have noted the 

wilt disease brought on by the fungus Fusarium species. One of the signs is a drying or decrease of turgidity 

(Unpublished data). Different Alternaria, Bipolaris, Rhizopus, and Dothirella species are responsible for 

rotting diseases. 

Harvesting and Processing 

After 12 to 15 months from the date of planting, the plant begins to produce, and the fruit maturity can be 

improved by turning the green fruit epicarp into red. After seven days of colour transformation, the ideal 

time for harvesting was identified. The fruits are produced by the plants between June and September, 

and they may be harvested three or four times every month. The fruit weight varied from 300 to 800g, and 

the three-year-old planting produced an average yield from a single post of 30 to 35 kg. Prepared products 

can be stored for the period of more than three months at ambient storage condition without microbial 

spoilage or any considerable loss in quality (Sharma, 2016). 

Conclusion 

Due to a lack of commercial producers and high demand, dragon fruit is predicted to have a very high 

marketability in the area in the near future. In India, there is a chance for off-season production of dragon 

fruit, and the market price is still high, ranging from INR 200.00 to 250.00 per kg. Production is anticipated 

to increase in the near future; as a result, marketing strategies need to be carefully considered. In the event 

of a market glut, it is imperative to look for ways to add value through processing so that production can 

continue to rise and excess supply can be used for processing. 
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Makhana is a member of the Euryalaceae family and is known botanically as Euryale ferox. The tropical 

and subtropical areas of Southeast and East Asia are home to a diverse range of makhana species. Fox nut, 

gorgon nut, and thangzing are some of the other names for makhana. Makhana is a valuable aquatic cash 

crop that grows well in shallow water basins. This is the reason makhana is so well-liked in the northern 

regions of Bihar, North Bengal, Assam, and other north-eastern Indian states. Makhana may be 

successfully grown in bodies of water with moderate currents and water speeds. Ponds, lakes, tanks, and 

other bodies of water are used for its cultivation. Makhana have potential to be a very profitable crop for 

farmers and increase the income of the people where it is grown. 

Botany of Makhana 

Makhana is a perennial, stem less, prickly, aquatics herb with short and thick rootstock. The leaves are 

large, round, submerged, oblong, orbicular corrugated about 6-100 cm in diameter. The above portion of 

the leaves is reddish-green in colour whereas it is purple below. The leaves are densely spinous.  

Flowers are borne singly and develop underwater. It is epigynous in the ovary. There are several petals 

contained between four hard, thorny sepals. The majority of the time, flowers are cleistogamic (Shankar 

et. al., 2010). 

The ovary is inferior in nature which develops into a spongy berry like fruit. The fruit is densely prickly. 

The fruit is of a size of an orange and contains 30-40 pea sized seeds. The seeds are surrounded by a tough 

blackish coloured seed coat. Inside the seed coat, mucilaginous substances are present. The pulpy aril helps 

the seeds to float in water. 

 
Fig 1: Makhana growing in stagnant pond 

 
Fig 2: Pure Makhana seeds 
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Fig 3: Puffed makhana 

Climate Preferred 

Makhana grows and produces fruit best in tropical and subtropical climates. For makhana to grow, develop, 

blossom, and bear fruit, a temperature range of 20–35°C and a humidity range of 50%–90% is ideal. It's 

always reasonable to have high yearly rainfall of between 100 and 300 cm (Dutta, 1984). Flowering and 

Fruiting: Solitary flowers are pinkish in colour. Mid-March to April sees the beginning of flowering, 

followed by a bountiful fruiting. After fruit ripens, the fruit coat raptures, causing the seeds to disperse at 

the water's bottom. The maturation takes place at the end of October. 

Makhana Products 

Makhana seeds are consumed after proper processing and removal of peel and mucilage. Makhana seeds 

are not only nutritious but also very delicious in nature. Makhana seeds are that’s why called as “Black 

diamond” (Sundaramet. al., 2014). Food items made of makhana are used in religious purpose in Bihar, 

Assam and Manipur. Popped makhanais used in preparation of several delicious and rich sweet dishes and 

milk-based sweets. Makhana is eaten in puffed form or mixed with vegetables. Makhana have a high amino 

acid index (89%-90%). Makhana is rich in amino acids like arginine and lysine. Calorific value of makhana 

is also high i,e., 3.62 Kcal/g (Jhaet. al., 1991). 

Medicinal Properties of Makhana 

Makhana also have nutritional and medicinal significance. Makhana have wide application in ayurveda as 

well. In Ayurveda disease like Raktapitta, Daha and low quality of semen are cured by makhana 

consumption. In Chinese medicine treatment of diabetes mellitus Makhana have wide applications. 

 
Health benefits of makhana consumption [ Health benefits of makhana    consumption 

[(Puriet. al., 2000); (Ho et. al., 1953); (Song et. al., 2011)] 
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Citrus Leaf Miner, Phyllocnistis citrella 

Eggs are laid singly usually on the underside of leaves near the midrib and look like tiny water droplets.  

Full grown larva measures 5.1 mm in length and is pale yellow or pale green with light-brown well-

developed mandibles. They settle down in galleries near the leaf margin for pupation. Adult is a tiny 

silvery-white moth about 2 mm long with fringed wings. Fore wings have brown stripes and a prominent 

black spot near the apical margin while hind wings are pure white with a wing spread of 4-5mm. 

 

Damage symptoms: The characteristic symptom of leaf miner is presence of silvery serpentine mines 

usually on the under surface of the leaf. In general, each leaf has only a single mine, but in case of heavy 

infestation there may be several mines per leaf. Mining of the leaves causes them to curl up, distorted and 

thereby reducing the photosynthetic area of the young foliage. In case of severe infestation, mines can also 

be seen on the upper side of the leaves as well as on shoot portion of new twigs. x Damage by this pest 

predisposes the acid lime plants for development of canker disease.  

Biology: The eggs hatch within 3-5 days. The young pale-yellow larvae immediately start feeding between 

epidermal layers of the leaf. They pupate, when full grown, near the margin of the mined leaf. The total 

life cycle is about 2 - 3 weeks.  

Management practices: 

a. Avoid pruning during active growth periods as it may induce further new flush and thereby allow 

the pest to have more number of generations. If necessary, prune only the infested shoots during 

winter from the inner canopy.  

b. Remove the water shoots from the tree canopy as they are the preferred sites of attack.  

c. Spray application of NSKE 5%.  

d. Foliar application of neem oil 50 ml or imidacloprid17.8 SL @ 5ml or fenvalerate 20EC @ 10ml or 

spinosad 45 SC @ 3.4ml or novaluron 10EC @ 8.7 ml/10lit. of water or horticultural mineral oil @ 

1.5% in flushing season by directing at the new flush checks the pest.  

e. Conserve the bio-agents (Coccinellids, Chrysopids predators and eulophid parasitoids) by avoiding 

application of insecticides during late winter to early spring. 

Lemon Butterfly, Papilio demolious, P. Polytes and P.helenus 

Biology: Yellowish white, round, smooth eggs are laid singly on tender leaves and shoots by P. demoleus. 

Egg hatches in about 3 – 8 days. Freshly hatched caterpillars are dark brown and soon develop irregular 

white markings on their body resembling bird’s drop. The caterpillars feed voraciously on tender leaves 

right up to the mid ribs and defoliate the entire seedlings or the tree leaving behind only the midribs. Pupa 

The caterpillars attach themselves to branches with silk, transforming into pupae. They remain in the 

pupal form for 2–3 weeks before emerging as adults. P. demoleus is a big beautiful butterfly with yellow 

and black markings on all the four wings, having wing expanse of about 50-60 mm. Its hind wings have a 

brick red oval patch near the anal margin and there is no tail like extension behind though common in 

Papilionidae. 

Damage symptoms: Caterpillars prefers on light green tender leaves. Feeding voraciously and leaving 

only the mid-ribs. Severe infestation the entire tree gets defoliated. 



 

 
Volume 04 - Issue 09 - September 2022       322 | P a g e  
 

 

 

Favourable conditions: 

a. The larval population density will be high during October to December months and July to 

December is the most favourable period of its activity in general. 

b. Citrus butterfly was able to survive during the winter even though temperatures dropped below 

0°C. 

Management practices: 

a. Hand picking and destruction of the larvae. 

b. Spray entomogenous fungus, Bacillus thuringiensis 10 g /10lit. water or neem seed extract 3%. 

c. Field release of parasitoids Trichogramme evanescens and Telenomus sp. on eggs of Brachymeria 

sp. on larvae and Pterolus sp. on pupae. 

Citrus Psylla, Diaphorina citri 
Eggs are bright yellow and deposited on unopened leaf buds. Early instar nymphs are green or dull orange 

and late instar nymphs are bright yellowish orange. Adult is 3-4 mm long, mottled brown in color, with 

transparent wings.  

Biology: Eggs are laid on tips of growing shoots and between unfurling leaves. Females lay more than 800 

eggs during their lives. Nymphs pass through five instars. Total life cycle requires 15 to 47 days depending 

upon the season. Adults may live for several months. There is no diapause, but population are low in peak 

winter and summer seasons. There are 9 to 10 generations a year; however, maximum of 16 have been 

reported. 

 

Damage symptoms: The damage is caused by both nymphs and adults by sucking the cell sap from the 

leaves, tender shoots and flowers causing curling of leaves, defoliation and drying of twigs. Nymphs secrete 

whitish crystalline honey dew which attracts the growth of fungus, adversely affecting the photosynthesis. 

Late instar nymphs and adults also transmit the citrus greening disease. In case of severe attack, the leaf 

buds, flower buds and leaves may wilt and die.  

Management strategies: 

a. Collect and destroy the damaged plant parts. 

b. Management of psylla during Ambia (March-April) and Mrig (June-July) flush is must as the pest 

causes severe damage.  

c. Collateral host like curry leaf, Murraya koenigii Linn. should not be grown in the vicinity of citrus 

orchards as it is the most preferred host plant of psylla.  
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d. Foliar application of novaluron 10 EC @ 6 ml or thiamethoxam 25WG @ 3.2g/10 lit. of water at 

bud burst stage. If required, second spray of any of the above insecticides should be given after 15 

days.  

e. Conserve the bio-agents like Coccinellids, Chrysopids, Eulophids by avoiding application of 

insecticides from winter to early spring. Two releases of Chrysopid predator, Mallada desjardensi 

@ 30 larvae/tree in each flushing season reduces the citrus psylla incidence. 

Citrus Blackfly, Aleurocanthus woglumi 

Eggs are yellowish brown oval laid in whorls of lower side of the leaves. The nymphs are scale like, shiny 

black and spiny with marginal fringes. Pseudo-pupa is oval, black in colour and its dorsum is arched with 

long black spines, the margins have rounded black teeth. Adults are ashy coloured with brick red abdomen, 

smoky wings. Females are about 1.2 mm long and the males are 0.8 mm in length.  

Biology: The adults emerge in flushing seasons and the females lay yellowish brown oval shaped eggs 

which are arranged in a spiral manner on underside of leaves with 15-22 eggs in a cluster. The eggs hatch 

in 7-14 days and the nymphs on emergence start feeding on cell sap and settle on the lower side of the leaf. 

There are two distinct broods in a year. The first brood adults emerge in March-April and those of the 

second brood emerge in July-October. 

 

 

Damage symptoms: Both nymphs and adults suck the plant sap resulting in the curling of leaves and 

also the premature fall of flower buds and the developing fruits thereby, reducing the vitality of the tree. 

Moreover, honey dew secretion favours rapid development of black sooty mould that covers entire plant 

surface. The process of photosynthesis is hampered greatly resulting in stunted growth of plants, low 

intensity of flowering and scarce fruiting.  

Management strategies: 

a. Collect and destroy the damaged plant parts along with nymphs, pupa and adults. 

b. Close planting, water logging should be avoided.  

c. Excessive irrigation and nitrogen fertilization should be avoided.  

d. Avoid growing collateral hosts of the pest, guava, sapota and pomegranate.  

e. Encourage activity of parasitoids, Encarsia sp., Eretomocerus serius and Chlysoperla sp. 

f. Foliar application of imidacloprid 17.8 SL @ 5 ml or acephate 75 WP @ 12.5 g or chlorpyriphos 

20EC @ 20ml or novaluron 10 EC @ 8ml/10lit. of water on the lower sides of leaves covering the 

entire tree canopy at 50% egg hatching stage. Second spray should be given after 15 days with any 

of the above insecticides or neem oil @10 ml/l of water. 

Citrus Whitefly, Dialeurodes citri 
Oval and pale-yellow eggs are laid singly on the underside of soft young leaves. The nymphs are oval in 

shape, scale like, blackish with marginal bristle like fringes and are stationary. Pseudo-pupa is oval, pale 

yellow, with an orange or yellow band in the middle of the body. Adult is 1.5 mm long with white or greyish 

wings, pale yellow body and red constricted eyes. 
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Damage symptoms: Both nymphs and adults suck the plant sap and secrete honeydew due to which sooty 

mould develops on the leaves. Severe infestation results in black fungal layer manifestation, covering entire 

plant parts including fruits due to which photosynthesis is affected.  

Biology: Female lays about 150 eggs on the lower surface of leaves which hatches in about 10 days. The 

crawlers settle on the under surface of the leaves and suck the sap. Nymphal life averages 23 to 30 days. 

Pseudo -pupal development requires 13 to 30 days. Adult lives an average of about 10 days, but has been 

known to live for as long as 27 days. The entire life cycle from egg to adult requires from 41 to 333 days. 

Management strategies: Same as given for blackfly. 

Citrus Aphid, Toxoptera aurantii, Myzus persicae Sulzer and Aphis spp. 
Aphids also act as the active vectors of Citrus Tristeza Virus. The nymphs are dark reddish brown and 

approximately less than 0.1 mm in length. Adults are soft-bodied, pear-shaped, tiny sucking insects, 

measuring less than 2 mm in length and are pale yellowish green to black in colour. They have a pair of 

cornicles arising from fifth abdominal segment. 

 

Biology: Each aphid produces about 5 young nymphs/day for a period of 1-3 weeks parthenogenetically. 

Single life-cycle normally takes 6 to 8 days.  

Management strategies: Foliar application of acephate 75WP @10g or imidacloprid 17.8SL @ 4 ml /10lit. 

water on identified infested trees during winter season reduces the infestation levels. If needed, second and 

third sprays should follow at 10 days intervals. 

Fruit sucking moth, Eudocima maternal: Eggs are round, translucent, measuring about 1 mm in 

diameter. Full grown caterpillars are 50 - 60 mm long, stout, velvety-blue with yellow colour. Adults have 

pale orange brown body with forewings dark greyish and the hind wings orange red with two black curved 

patches. 

 

Damage symptoms: Adult moths are active during dusk and suck the juice from the ripening yellow 

colour fruits during September -November. The punctures produced during feeding by the moths lead to 

fruit rot due to invasion by secondary pathogens. Only moths are destructive to citrus fruits. They are 

distinguished by having particularly well-developed proboscis with dentate tips with which they are able 

to pierce the ripening fruits.  
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Biology: Female moth lays eggs on weeds like Tinospora cardifolia, T. semilacina, Cocculus hirsutus, 

Convolvulus arvensis etc. where the caterpillar develops after hatching. Egg period is 8 - 10 days. The 

caterpillar is a semilooper, dark brown with yellow and red spots. Full grown caterpillars are 50 - 60 mm 

long, stout, velvety-blue with yellow patterns on dorsal and lateral sides. Larval period is 28 - 35 days. 

Pupation takes place in a transparent pale whitish silken cover enclosed in leaf fold. Pupal period is 14 - 

18 days. 

Management strategies: 

a. Destroy the weed hosts like Tinospora cardifolia and Coccules pendules. 

b. Destroy fallen fruits by burrying in the ground.  

c. Clean cultivation of the orchard is must to avoid the pest development. 

d. Use light trap or food lure to attract moths 

e. Trap crop – growing tomato crop in orchards to attract the adult moth. 

f. Generation of smoke in the late evening hours in orchards repels the pest.  

g. Systematic destruction of larval host plants during rainy season in the vicinity and surrounding 

the orchards in a mass campaign mode.  

h. Bagging of fruits is effective but very laborious and expensive.  

i. Poison baiting with malathion 50 EC @ 10 ml + 100 g jaggary +100 ml mandarin juice + 900 ml of 

water (two bottles containing poison bait per 25-30 trees).  

j. Foliar application of neem oil 1% or malathion 50 EC @ 2 ml at 10 -15 days interval during fruit 

maturity till harvest reduces the infestation levels. 

Bark Eating Caterpillar, Indarbela quadrinotata 

Female lays eggs in group of 15 to 25 during May-June which remain attached to bark. Caterpillars are 

50-60 mm and have pale brown bodies with dark brown heads. Adults are pale brown or grey in colour. 

They are 35 - 40 mm in size. Fore wings are pale rufous with numerous dark rufous bands, whereas, their 

hind wings are fuscous. 

 

Damage symptoms: Caterpillars feed on the bark and bore at stem joints Larva remains hidden inside 

the tunnel during day time and becomes active in the night. Several caterpillars may attack the same tree 

at different locations which can cause serious injury to the bark and the death of small branches. The holes 

left on the trunk may lead to infestation by other insects or plant pathogens. Affected branches break at 

the points of attack. A severe infestation may arrest the growth of the tree and die within 2-3 years if 

untreated. 

Biology: Eggs hatch in 8-10 days. The larvae have the habit of making webs along the feeding galleries. 

The larvae take as many as 9-11 months to complete development. When full-grown, they make a hole into 

the wood and pupate inside. The pupal stage lasts 3-4 weeks. Moths emerge with the onset of monsoon and 

are short lived. Only one generation is completed in a year.  

Management strategies: 

a. Clear the affected branches of the fross and faeces.  

b. Inject 5-10 ml of dichlorvos 76 EC @ 4 ml/l into the tunnel and cover with cotton wad is quite 

effective due to its contact and fumigant action. 

Citrus Rust Mite, Phyllocoptruta oleivora Ashmead 

Eggs are smooth, spherical, semi-translucent and are laid in groups in indentations on fruits and on ventral 

surfaces of leaves. Newly hatched larva resembles the adult, changing in color from clear to lemon yellow. 

Adults are very small (150 -165 μm), fusiform, dorsally flattened and yellow. 



 

 
Volume 04 - Issue 09 - September 2022       326 | P a g e  
 

 

Damage symptoms: Citrus mite attack is known as ‘Rusting’ on Grapefruit, ‘Lalya’ on Nagpur mandarin, 

Mangu on Sathdudi sweet orange and rind disorder in Kinnow. Rust mite infestation produces a multitude 

of brown–reddish black spots on the fruit surface. The rust mite attacks the berry size fruits of both Ambia 

in March-April and Mrig in October-November inflicting undesirable brown irregular patches on them that 

fetches low market price to the fruits.  

Biology: Egg period is 3 days and nymphal development completes in 2-11 days. The life cycle is completed 

in 7-10 days and 14 days during summer and winter, respectively. A female lays 20 to 30 eggs during a life 

span of 20 days. The pest has a number of generations.  

Management strategies: 

a. Water stress often aggravates mite problem. Make sure that trees are well irrigated, particularly 

during the stress in peak summer and winter.  

b. Foliar application of wettable sulfur 85DP @ 30g or dicofol 18.5EC @ 20 ml or propargite 57EC @ 

10ml/10lit. of water and make all season HMO (2%) immediately after fruit set and during active 

period of mites checks the pest effectively. 
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Cassava (Manihot esculenta Crantz) is the most widely cultivated tuber crop in the tropics. Worldwide, it 

is the sixth most important crop in terms of production and is a major staple food crop to over 800 million 

population in the world. It contains 98 per cent carbohydrate and appreciable amount of calcium and 

vitamin C. Tolerance to extreme environments, such as drought and poor soils has earned its name as a 

“Famine reserve crop”.  

World production of cassava in 2013-14 was estimated at over 277 million tones. In cassava cultivation, 

India ranks 25th in area, 11th in production and 1st in productivity (34.95 ton/ha). India exports several 

forms of cassava product like raw cassava tuber, starch and sago. Tamil Nadu and Kerala together account 

for 98 per cent of the total cassava growing area in India. However, in Tamil Nadu, it is grown mainly for 

industrial purpose (pro@tnau.ac.in). 

The maximum amount of raw material in Tamil Nadu is available only during November to February 

during which the starch content of the tuber is at its peak. Cassava tuber market price is fixed based on 

the starch content. However, the short shelf life of the tuber (one day) limits cassava’s economic and 

industrial potential. So, during the period of higher demand/supply to the market, storage becomes the 

major problem. This storage limitation is due to Postharvest Physiological Deterioration (PPD). 

PPD in cassava is rapid, begins within 24 to 48 hrs after harvest and can result in losses in the range of 40 

– 60 per cent of the total expected economic value of the crop. PPD in cassava produces cyanogenic 

glycosides, which break down to release cyanide (HCN) when cells are mechanically damaged (Flow chart 

1) and which also inhibit mitochondrial respiration which leads to oxidative burst of Reactive Oxygen 

Species (ROS) production and causes PPD (Beeching et. al.,).  The deterioration starts from the central 

vascular bundles of root, spreads to the adjacent storage parenchyma and subsequent stored starch 

undergoes structural changes. The visible signs of deterioration are vascular streaking with a blue or black 

discoloration that renders the tubers unpalatable and unmarketable.  

The major constraint facing the large - scale production and marketing of fresh cassava roots (tubers) is 

the rapid postharvest deterioration. PPD is the challenging factor for cassava growers, processors and 

consumers. However, this more studes pave the way for understanding the mechanisms behind this and 

gives practical solution for farmers to lengthen the shelf life of the tubers by delaying the onset of PPD. 

 
Flow chart 1. Cyanogenic glycosides metabolic pathways of PPD 
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Tuber Colour Scale Chart (PPD %) 

 

Based on the PPD screening characters viz., HCN content and PPD colour chart, highly tolerant and 

susceptible genotypes were identified. 

Cross Section of Cassava Tubers with Postharvest Physiological Deterioration (PPD)% 

   
0% PPD 10% PPD 60% PPD 

 

  



 

 
Volume 04 - Issue 09 - September 2022       329 | P a g e  
 

Ground Penetrating Radar Based Soil Water Content and 

Ground Water Level Estimation 

Article ID: 38109 
Ayushi Jha1, Simranpreet Kaur2, Manojit Chowdhury3 
1Punjab Agricultural University, Ludhiana, Punjab-141004. 

2ICAR-Indian Agricultural Research Institute, New Delhi- 110012. 

 

 
 

Introduction 

Water is a source of survival for every living thing on earth. Out of the available resources of freshwater, 

groundwater resources have turned out to be the most promising one. It is challenging to locate 

groundwater sources in hard rock terrain because the hard rock lacks primary porosity (Dhakate R et al). 

Identifying and defining freshwater pockets is yet again challenging because salt water, clay, and silt have 

comparable properties as that of geophysical traces. There are several potential and non-potential 

geophysical methods for identifying underground water sources. It has always been necessary to quickly 

and affordably acquire high resolution near-surface ground anomalies that produce more beneficial 

outcomes. However, until recent years, there were no techniques that complied with the aforementioned 

standards. Ground-penetrating radar (GPR) techniques have been used to handle a variety of issues 

involving high-resolution mapping of the ground surface at depths ranging from a few centimetres to 50 

metres. 

Ground Penetrating Radar (GPR) and its Component 

Ground penetrating radar is an instrument used under geophysical method to image the subsurface 

features. It is a high-resolution electromagnetic technology made primarily to look at the surface of the 

ground below. Without drilling, probing, or digging, it creates a continuous cross-sectional profile or record 

of sub-surface features. It calculates time that how long electromagnetic impulses take to travel through 

subterranean materials. The lithological features, geometry, and associated hydrogeological parameters of 

an aquifer are crucially revealed by near-surface geophysical study for hydrogeological investigations 

utilising GPR. 

 
Fig. 1: Components of GPR 

There are mainly five components of GPR viz. Transmitting unit and receiving unit which is the part of 

antenna; display unit; control unit. Transmitter Antenna radiates short duration, high-power RF pulses of 

energy into the ground from the GPR transmitter. Receiver antenna receives RF pulses that have been 

reflected or backscattered by objects that are buried in the ground. The depth of penetration and resolution 

are typically determined by the antenna's frequency; the higher the frequency, the better the resolution, 
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but at the expense of the depth of penetration. The Control unit, which serves as the brain of the GPR 

system, is in charge of coordinating the operation of the supporting parts. Display unit show the operator 

a continuous cross-sectional profile or a record of subsurface features. Power units supply energy for all 

GPR systems to operate (Fig. 1). RADAN GPRmax GPRslice software is used with the GPR functioning. 

Working Principal of GPR 

An antenna-transmitter and an antenna-receiver are used in ground penetrating radar to broadcast and 

receive electromagnetic waves, respectively. In general, there are two main types of GPR units and 

antennas: air coupled horn antennas, which are designed to acquire data from a distance of a few tens of 

centimetres to more than 1m above the surface, and ground-coupled shielded antennas, which are in direct 

contact with or up to several centimetres above the studied surface during data acquisition. GPR devices 

can also be separated into those with detachable antennas for the transmitter and receiver and those in 

which the antennas are fixed at a predetermined distance known as a "fixed" or "common offset." 

Traditional surveys use electromagnetic wave reflections from surroundings with various electromagnetic 

characteristics (Fig. 2) (Annan, 2009). 

Ground Penetrating Radar Image 

The GPR image depicts a buried object as a hyperbolic shape, with the object's precise location indicated at 

the top of the hyperbola. Regular radar image interpreters use direct distance measurements from the top 

of the hyperbola to determine the precise location and depth of targets (Fig. 3). 

Different Studies Related to GPR Technique 

Hengari G M et al (2013) observed that GPR is an effective method for locating subsurface characteristics, 

such as the depth of the water table.  For the purpose of comparison depth to the water table was manually 

determined in the shallow monitoring wells using pressure sensitive data loggers, and the water table 

depth calculated using the soil auger. It was the observed that water table depth using GPR had a high 

correlation with the manually determined and soil auger data. The estimation of the depth of the water 

table was more precise. 

 
Fig. 2: Working of GPR 

 
Fig. 3: GPR image interpretation 
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Dhakate R et al (2014) performed GPR based investigation in order to locate a best site for drilling at Vizag 

Steel Plant (VSP),Vishakapatnam, Andhra Pradesh, India. Good yield wells were observed at the 

recommended locations for drilling bore wells based on GPR investigations. The observed drilling lithologs 

and GPR pictures had good correlation. The drilled bore well's yield varies from 1,300 to 4,900 lph. 

Li W et al (2018) proposed a new method in order to expand the application of GPR. The suggested approach 

automatically located coarse root reflections in the radargram and determined the wave velocity between 

two roots that were spread at various depths or from the ground surface to a root reflector. Results from 

comprehensive simulation experiments and field measurements were in conformity with the proposed 

method and showed the effectiveness in measuring the root zone soil moisture. 

Limitation of Using GPR’s 

1. GPR has poor penetration ability into electrically conductive material such as silt/clay deposits and saline 

saturated medium. 

2. Performance is limited due to signal scattering in heterogeneous conditions. 

3. Interpretation of radagram is complex process. 

4. Higher frequencies do not penetrate as far as lower ferquency. 

5. Highly expensive survey method, price range varies from 12 lakh to 28 lakh. 

Conclusion 

1. GPRs can assist with estimates of soil moisture, detecting soil stratigraphy, high resolution mapping of 

ground surface from few centimetres to 50-meter depth. 

2. However, there is still much work to be done in the GPR technique that will enhance the performance of 

GPR system in terms of penetration depth, better interpretation of radargram images and good 

understanding of relationship between soil and water. 

3. Research should emphasise on the cost reduction without affecting the performance much. 

References 
1. Annan, A.P., (2009) Ground Penetrating Radar Theory and Applications, Electromagnetic Principles of Ground Penetrating 

Radar, 1–40.  

2. Dhakate, R., Amarender, B., Kumar, V., Satish, K. V., Sankaran, S., Rao, V. V. S. G., (2015). Application of ground-penetrating 

radar for identification of groundwater resources in a coastal terrain. Arabian Journal of Geosciences, 8(7), 4703–4715. 

3. Liu, X., Cui, X., Guo, L., Chen, J., Li, W., Yang, D., & Lin, H. (2019). Non-invasive estimation of root zone soil moisture from 

coarse root reflections in ground-penetrating radar images. Plant and Soil, 436(1), 623-639. 

4. Hengari, G. M., Hall, C. R., Kozusko, T. J., & Bostater, C. R. (2013). Use of ground penetrating radar for determination of 

water table depth and subsurface soil characteristics at Kennedy Space Center. In Earth Resources and Environmental 

Remote Sensing/GIS Applications IV, 8893, 301-312. 
  



 

 
Volume 04 - Issue 09 - September 2022       332 | P a g e  
 

Enhancing the Fruit Crop Production in Changing 

Climatic Conditions 

Article ID: 38110 
D. Kannan1, Nirmal Bharathi2, J. M. Rajalakshmi3, Karibasappa C S4, J. M. Samraj5 

1Assistant Professor, Department of Horticulture (Vegetable Science), Palar Agriculture College, 

Kothamarikuppam, Tamil Nadu, India-635805. 
2Assistant Professor, Department of Agricultural Biotechnology, Palar Agriculture College, 

Kothamarikuppam, Tamil Nadu, India-635805. 
3Assistant Professor, Department of Plant Breeding and Genetics, Palar Agriculture College, 

Kothamarikuppam, Tamil Nadu, India-635805. 
4Assistant Professor, Department of Plant Pathology, Palar Agriculture College, Kothamarikuppam, 

Tamil Nadu, India-635805. 
5Assistant Professor, Department of Entomology, Palar Agriculture College, Kothamarikuppam, Tamil 

Nadu, India-635805. 

 

 
 

Introduction 

Climate change refers to any significant change in the measures of climate lasting for an extended period 

of time. In other words, climate change includes major changes in temperature, precipitation, or wind 

patterns, among other effects, that occur over several decades or longer. Recent day’s climate changes one 

of the main drawbacks for horticultural production due to rising of temperature, carbon dioxide 

concentration, ozone, floods and drought are major parameters associated with climate changes. Those 

kinds of problems reduce the production and degrease the quality, size of fruits and vegetables. The 

establishing of commercial agriculture varieties performed poorly in an unpredictable behaviour due to 

abnormality of climate that influence plant growth, flowering, fruit setting, ripening and product quality. 

High level of greenhouses gases in atmosphere has directly or indirectly effects on postharvest quality and 

causes different physiological disorders agriculture products. The main impact of climate change in 

horticulture crops are changing the cropping seasons, reduce the flowering, fruit setting percentages, 

irregular fruit size and shapes, increasing temperature, prolong drought, abnormal increasing the pest and 

disease. To control or reduce the climate change uses of drought tolerant varieties, heat tolerant varieties, 

grow the multiple disease resistant varieties, use of greenhouse technology for vegetable production, use of 

anti-transpiring growth regulators, water saving irrigation techniques and hi-tech horticulture. 

Keywords: Climate, enhancing, changing, horticulture crops and temperature. 

Climate Change in Fruit Crops 

India is the second largest producer of fruits after China. A large variety of fruits are grown in India, of 

which mango, banana, citrus, guava, grape, pineapple and apple are the major ones. Due to rise in 

temperature, crops will develop more rapidly and mature earlier. For example, Citrus, grapes, melons etc. 

will mature earlier by about 15 days. Strawberries will produce more runners at the expense of fruits. 

Specific chilling requirements of pome and stone fruits will be affected hence dormancy breaking will be 

earlier. Delay in monsoon, dry spells of rains, and untimely rains during water stress period, supra-optimal 

temperatures during flowering and fruit growth, hailstorms are some of the most commonly encountered 

climatic conditions experienced by the citrus growers over the past decade or So. Similarly, in arid region 

date palm like fruit crops need heat summation units. Due to pre-monsoon and rains at flowering time are 

some most common. The climate change increases the atmospheric temperature and change of rainfall 

pattern, as a result, banana cultivation may suffer from high temperature, soil moisture stress or flooding 

/ water logging. High temperature and moisture stress also increase sunburn and cracking in apples, 

apricot and cherries and increase in temperature at maturity will lead to fruit cracking and burning in 

litchi. Air pollution also significantly reduced the yield of several horticultural crops and increases the 

intensity of certain physiological disorders like black tip of mango which is induced by coal fume gases, 

sulphur dioxide, ethylene, carbon mono-oxide and fluoride. Leaf production increases by one leaf per month 
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for every 3.3 to 3.7oC rise in minimum or mean temperature from 10-20oC or 13.5 to 25oC respectively. 

Higher temperature (31-32oC), in general, increases the rate of plant maturity in annual species, thus 

shortening the growth stages, during which developing fruits and suckers absorb photosynthetic products. 

The temperature below 10oC leads to impedance of inflorescence and malformations of bunches. Chilling 

symptoms on leaves are not seen immediately but it may take 2 to 4 days to appear. The production of 

apple has gradually increased but the productivity has fallen from 10.8 to 5.8 t/ha. The reasons attributed 

to it are climate variability, soil, crop improvement etc. Among all the productivity reducing factors, climate 

is difficult to manage. The changes in climate in the form of erratic precipitation, increase in temperature, 

lesser days serving as the chilling period have started affecting the mountain agricultural production 

systems and ultimately the food security of the people reported insufficient chilling greatly influences 

flower initiation fruit coloration with deteriorating in fruit texture and taste. Further, high temperature 

and moisture stress is increasing the sunburn and cracking in apple, apricot and cherries in higher 

altitudes. Immediately after the frost period, the survey was conducted in the Bikaner and adjoining areas 

in order to assess the effect of frost on the survival and severity of damage on arid fruit crops. Study 

revealed that the crops could be classified on the basis of severity of damage into four groups viz. severely 

affected which included crops such as aonla, gonad, phalsa, moringa, ber, Ficus sp. etc. It was also observed 

that few crops such as pomegranate was moderately affected, sapota and bael less affected and crops such 

as date palm was unaffected by the frost. 

Conclusion 

In view of these problems, horticulturists will have to play a significant role in the climate change scenario 

and proper strategies have to be envisaged for saving horticulture The most effective way is to adopt 

conservation agriculture, using renewable energy, forest and water conservation, reforestation etc. to 

sustain the productivity modification of present horticultural practices and greater use of greenhouse 

technology are some of the solutions to minimize the effect of climate change. Development of new cultivars 

of horticultural crops tolerant to high temperature, resistant to pests and diseases, short duration and 

producing good yield under stress conditions, as well as adoption of hi –tech horticulture and judicious 

management of land use resources will be the main strategies to meet this challenge. 
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In biology, a type is a particular specimen (or in some cases a group of specimens) of an organism to which 

the scientific name of that organism is formally attached. In other words, a type is an example that serves 

to anchor or centralize the defining features of that particular taxon. In older usage (pre-1900 in botany), 

a type was a tax on rather than a specimen 

According to a precise set of rules laid down in the International Code of Zoological Nomenclature (ICZN) 

and the International Code of Nomenclature for algae, fungi, and plants (ICN), the scientific name of every 

taxon is almost always based on one particular specimen, or in some cases specimens. Types are of great 

significance to biologists, especially to taxonomists. Types are usually physical specimens that are kept in 

a museum or herbarium research collection, but failing that, an image of an individual of that taxon has 

sometimes been designated as a type. Describing species and appointing type specimens is part of 

scientific nomenclature and alpha taxonomy. 

In zoological nomenclature, the type of a species or subspecies is a specimen, or series of specimens. 

The type of a genus or subgenus is a species. The type of a family is a genus. Names higher than 

superfamily rank do not have types. A "name-bearing type" is a specimen or image that "provides the 

objective standard of reference whereby the application of the name of a nominal taxon can be determined." 

A type specimen is a vernacular term (not a formally defined term) typically used for an individual or fossil 

that is any of the various name-bearing types for a species. There may be more than one type specimen, 

but there is (at least in modern times) only one holotype. 

1. A type species is the nominal species that is the name-bearing type of a nominal genus or 

subgenus. 

2. A type genus is the nominal genus that is the name-bearing type of a nominal family-group 

taxon. 

Holotype 

Description of a species based on one specimen. Single specimen selected by author to describe a species. 

When a single specimen is clearly designated in the original description, this specimen is known as the 

holotype of that species. 

Paratype 

Remaining specimen after selecting holotype. This is not a name bearing type. 

Allotype 

A term designating the opposite sex to holotype, selected from paratype. It was also formerly used for a 

specimen that shows features not seen in the holotype of a fossil. The term is not regulated by the ICZN. 

Neotype 

A neotype is a specimen later selected to serve as the single type specimen when an original holotype has 

been lost or destroyed or where the original author never cited a specimen. 

Syntype 

Description of a species based on two or more specimens. A syntype is any one of two or more specimens 

that is listed in a species description where no holotype was designated. 

Lectotype 

A lectotype is a specimen later selected to serve as the single type specimen for species originally described 

from a set of syntypes. In zoology, a lectotype is a kind of name-bearing type. When a species was originally 
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described on the basis of a name-bearing type consisting of multiple specimens, one of those may be 

designated as the lectotype. Having a single name-bearing type reduces the potential for confusion, 

especially considering that it is not uncommon for a series of syntypes to contain specimens of more than 

one species.  

A notable example is that Carl Linnaeus is the lectotype for the species Homo sapiens. 

Paralectotype 

A paralectotype is any additional specimen from among a set of syntypes, after a lectotype has been 

designated from among them. These are not name-bearing types. 

Ergatotype 

An ergatotype is a specimen selected to represent a worker member in hymenopterans which have 

polymorphic caste. 

Topotype 

Specimen of a species collected at the locality at which the original type was obtained. 
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Abstract 

The new research looked at the management of Heterorhabditis indica in crop fields, storage methods and 

chemical pesticides. The use of chemical pesticides is becoming less and less appealing to farmers because 

they can have damaging effects on humans and the environment while causing resistance in insects. To 

combat this problem, scientists have discovered that entomopathogenic nematodes are a good candidate for 

a long-lasting solution. The current study looked at the case study and mass rearing of Heterorhabditis 

indica, as well as storage methods. For the management of significant insect pests in agricultural yields, a 

wide range of chemical pesticides has been broadly applied up until recently. The long-term effects of 

chemical residues on non-target organisms, the spread of insect resistance to chemical pesticides, and their 

damaging effects on humans and the environment piqued scientists' interest in using bio-control methods 

to eliminate insect pests and increase agricultural productivity. Entomopathogenic nematodes have long 

been regarded as one of the most promising and effective bio-control agents with non-polluting qualities 

among insect pathogens. For the control of major insect pests which cause serious damage to food and fibre 

crops of agricultural land.  

Heterorhabditis indica is a species of Heterorhabditis that has shown to be a viable biological control over 

a variety of agronomically important crop pests. The biological process is one that they may utilise to control 

pests, and it is also economically significant when it comes to flora and fauna conservation. 

Introduction 

Biological control is defined as pest management through the intentional use of living organisms (natural 

or applied) to keep pest population density at a lower level than would occur in the absence of the biological 

agent (DeBach 1964). Biological control can be classified into three types: classical, inundative (or 

augmentative), and conservational biological control (Vincent et al. 2007). Aldrovandus mentioned the first 

record of invertebrate-parasitic nematode activity in his 'De Animalibus Insectis' in 1623. He observed 

worms, later identified as nematodes, emerging from the bodies of dead grasshoppers. 

Biological control is defined as pest management through the intentional use of living organisms (natural 

or applied) to keep pest population density at a lower level than would occur in the absence of the biological 

agent (DeBach 1964). Biological control can be classified into three types: classical, inundative (or 

augmentative), and conservational biological control (Vincent et al. 2007). Aldrovandus mentioned the first 

record of invertebrate-parasitic nematode activity in his 'De Animalibus Insectis' in 1623. He observed 

worms, later identified as nematodes, emerging from the bodies of dead grasshoppers. 

In 1747, Gould described the effects of EPNs on ants, and in 1758, Linnaeus listed eight Vermes genera 

associated with both vertebrate and invertebrate hosts in 'Systema Naturae' (Glaser 1932; Glaser & Farrell 

1935). More than 30 nematode families have been linked to invertebrates. Rhabditina, Tylenchina, 

Myolaimina, Spirurina, and Mermithina are the five major groups of these nematode families. The most 

primitive group, Rhabditina, contains three entomopathogenic nematode families, Oxyuridae, 

Heterorhabditidae, and Steinernematidae, the latter two of which are the most virulent families and specific 

species of which are commercially produced on a global scale as biological pesticides (Stock 2005). S. 

carpocapsae was the first species used to successfully control an insect pest by the Commonwealth Scientific 
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and Industrial Research Organization (CSIRO) in Australia 33 years ago (Divya & Sankar 2009). It was 

commercially used to control the black vine weevil, Otiorhynchus sulcatus (Fabricius), and the currant 

borer moth, Synanthedon tipuliformis (Clerk), in ornamentals and blackcurrants (Bedding & Miller 1981). 

Several EPN species, including S. carpocapsae Weiser, 1955; S. feltiae Filipjev, 1934; S. scapterisci Nguyen 

and Smart, 1990; S. glaseri Steiner, 1929; S. riobrave Cabanillas, Poinar, and Raulston, 1994; and H. 

bacteriophora, are now mass-reared and used to control insect pests worldwide (Ehlers 1996). More than 

30 different varieties of nematodes parasitize invertebrates. Rhabditina, Tylenchina, Myolaimina, 

Spirurina and Mermithina are the five major types of these nematode families. Parasitic Oxyuridae, 

Heterorhabditidae, and Steinernematidae are the most diverse groups, now mass-reared to control insect 

pests. S. carpocapsae was originally used by CSIRO to control the black vein weevil in Australia in the 

1980s and is now commercially used to control a variety of other insects. 

Role in Management 

Humans have relied heavily on the use of synthetic, chemical pesticides to control these pests. Although 

chemical pesticides have been effective in controlling economically important pests of agricultural and 

horticultural crops, their use has also resulted in pesticide resistance in target pests, secondary pest 

outbreaks, pesticide residues on crops, contamination of natural resources (soil, water, air), and health 

risks to animals and humans. Pesticide availability is becoming increasingly limited as a result of more 

stringent safety requirements, which have resulted in the ban of many products from global markets 

(Moazami 2002). The use of pesticides has led to the problem of pesticide resistance. As a result, the use of 

pesticides is becoming more limited. 

Characters 

EPNs are non-segmented, colourless, elongated, insect-parasitic roundworms that range in length from 0.4 

mm to 1.1 mm. Under laboratory conditions, the nematodes can infect more than 200 insect hosts and live 

in a variety of soil types (Hazir et al.2003). 

 
Sources: Table no.1 R Sharmila et al. (2018) 
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EPNs are found naturally in the soil environment, where they are most effective against soil-borne insect 

pests. One to two days after infection, these nematodes have the ability to suppress the population levels 

of their insect hosts. They are also capable of lasting two to three weeks in the field (Gaugler 1988; Kaya 

et al. 1993; Burnell & Stock 2000). Non-segmented roundworms, related to parasitic nematodes, can be 

found in soil and affect insect populations. 

Material and Methods 

Biology and life cycle: Whereas, entomon means insect and pathogenic means disease-causing, the term 

entomopathogenic translates as disease-causing to insects (Gordh & Headrick 2001). The invasive stage in 

the life cycle of EPNs, the free-living, non-feeding infective juvenile 3 infective juvenile, is used for insect 

control (Moazami 2002). An Infective Juveline's body length can range between 418 m and 1283 m. (Nguyen 

& Hunt 2007). When the infective juvenile comes into contact with the host, it enters through natural 

openings (mouth, anus, spiracles) or the body wall, as with Heterorhabditis species. The infective juvenile 

of this genus has a dorsal tooth that allows for abrasion penetration through intersegmental membranes 

(Popiel & Hominick 1992). Terms that refer to the insect's pathogen are entomopathogenic and entomon. 

Entomopathogenic can refer to disease-causing to insects, which means a free-living non-feeding stage in 

the life cycle of an entomopathogenic nematode. This invasive juvenile stage's body length can range from 

418 millimeters and 1283 millimeters. The Infective Juvenile enters through natural openings or the body 

wall and possesses a dorsal tooth for abrasion penetration through intersegmental membranes. 

The presence of Gram-negative symbiotic bacteria cells in special vesicles of Steinernema and the intestine 

of Heterorhabditis species distinguishes EPNs (Poinar & Thomas 1966; Bird & Akhurst 1983). Steinernema 

and Heterorhabditis have symbiotic bacterial partners called Xenorhabdus and Photorhabdus, respectively. 

The infective third-stage (dauer) juvenile, unsheathed by the second-stage cuticle, transports Xenorhabdus 

bacterial cells in its intestinal tract. Once a suitable host has been identified, the infective juvenile enters 

the host through natural openings (mouth, anus, or spiracles) or possibly wounds and penetrates the 

hemocoel. Although cuticular penetration appears to be rare, the infective juvenile of heterorhabditids has 

a dorsal tooth that may aid in direct penetration through the host's integument, particularly around the 

thin intersegmental areas. Bacterial cells pass from the nematode's intestine into the haemolymph, 

multiply, and kill the host within 48 hours due to septicaemia. The nematodes feed on the bacterial cells 

and host tissues, produce two or three generations, and emerge from the host as infective juveniles to search 

for new hosts. Mutualism exists between nematodes and bacteria. Each nematode species is associated 

with a single Xenorhabdus species, though a Xenorhabdus species may be associated with multiple 

nematode species. In this association, the nematode relies on the bacterium (symbiont) to kill its insect 

host by producing antibiotics that suppress competing secondary microorganisms, break down host tissues 

into usable nutrients, and serve as a food source. The nematode is required by the bacterium for 

environmental protection, penetration into the host's hemocoel, and possibly inhibition of the host's 

antibacterial proteins. The infective juvenile third-stage (2nd stage) from a heterorhabditid species 

transports Xenorhabdus bacterial cells in the gut. When suitable hosts are found, the nematode enters 

through natural openings or wounds to enter the hemocoel. Once bacteria have entered the hemolymph, 

they cause septicaemia and then kill the host within 48 hours. The infective juvenile feeds on the bacterial 

cells, emerging as an infective juvenile after feeding for 2-3 generations. Mutualism exists between 

nematodes and bacteria. 

Lab Bioassay of Heterorhabditis indica on Greater Wax Moth: (Case Study) 
Heterorhabditis indica, an entomopathogenic nematode, was cultivated on Galleria mellonella larvae as 

described by Kaya and Stock (1997). Infectious juveniles developing within the first two weeks were 

collected and preserved at 100°C in modified White traps (Kaya and Stock, 1997). In the effectiveness test, 

only fresh cultures were used. Infested brinjal shoots/fruits, okra fruits, cabbage leaves, chickpea field, and 

upper soil layer (up to 30 cm depth) of sugarcane fields yielded larvae of Leucinodes orbonalis (shoot and 

fruit borer), Earias vittella (spotted bollworm), Spodoptera litura (tobacco cutworm), Plutella xylostella 

(Diamondback moth), Pieris brassicae (cabbage butterfly), Spilosoma obliqua (Bihar hairy caterpilar) and 

Helicoverpa armigera (cotton bollworm). Galleria mellonella (larger wax moth), Corcyra cephalonica, and 

(rice meal moth) larvae, on the other hand, were raised in a laboratory and employed in a laboratory efficacy 
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experiment (Table 1). Using the filter paper impregnation approach, host insects were exposed to filter 

paper at the bottom of a petri dish. The nematode concentrations were spread over the filter paper at a rate 

of 0, 10, 25, 50, 75, 100, 200, 300, 400, and 500 IJs/larva, and 10 healthy larvae were placed into each petri 

plate, covered with a lid, and kept at room temperature (30+oC). The effect of nematode concentration on 

larval mortality was tested, and percent larval mortality was recorded every 24 hours for 3 to 7 days. In a 

specimen tube, Helicoverpa armigera larvae were treated individually. When Pieris brassicae larvae were 

placed on larger petri dishes, cannibalism was seen, thus efficacy was tested in a tiny petridish (diameter 

40 mm) in which a single larva of Pieris brassicae was confined and treated with a predetermined nematode 

concentration. In addition, deceased cadavers were placed on customised surfaces. Within two weeks of 

infection, the progeny of white traps was gathered. 

Discussion 

When insects were exposed to varying nematode concentrations using the filter paper bioassay, their 

susceptibility to H. indica differed significantly. H. indica larvae were shown to be extremely sensitive to 

Plutella xylostella, Leucinodes orbonalis, Corcyra cephalonica, Galleria mellonella, and Helicoverpa 

armigera, with mortality rates ranging from 73.3 to 100% after 48 hours of exposure. For example, 

Spodoptera litura, Spilosoma obliqua, Pieris brassicae, and Earias vittella were less susceptible (3.3 to 73.5 

per cent mortality). 

H. indica was highly effective in the current investigation, causing absolute mortality of Corcyra 

cephalonica at a dose of 100 IJs/ larva after 48 hours, whereas Karunakar, et al., 1999 and Zaki, et al., 

2000 reached the same degree of kill after 37.6 and 96 hours, respectively. At dosages greater than 50 

IJs/larva, 100 percent mortality of Galleria mellonella larvae was obtained after 48 hours, although 

Cannayane, et al., 2007 reported mortality by H. indica after 38.3 hours. Within 48 to 72 hours of exposure 

to H. indica, Hussaini et al., 2002 reported maximum mortality of Leucinodes orbonalis at an inoculum 

dose of 50 IJs/larva (PDBC EN 13.3 isolate). 

However, with doses of 75 IJs/larva and higher, more than 95 percent of the participants died in the current 

study. However, absolute mortality was seen within 48 hours of exposure at a dose of 25 IJs/larva in the 

current investigation. Final instar larvae of Plutella xylostella were reported as the most sensitive stage by 

Singh and Shinde, 2002, and Saravanapriya and Subramanian, 2007, with LC50 values of 9 and 2 Infective 

stage/larva, respectively. LC50 values were not computed in this example, however we attained 60% 

mortality at a level of 25 IJs/larva inoculums. 

Conclusion 

With the proper quality control measures in place, high-quality endemic EPN nematodes can be produced 

on a small scale for research laboratories, niche markets, and organic grower cooperatives. The current 

agricultural environment, which encourages the adoption of environmentally benign insect pest 

management approaches, is ideal for the use and development of EPNs. The rising use of nematodes as bio-

insecticides has primarily focused on soil treatments, while research suggests that foliar pest applications 

may be possible in some cases. For successful use, the target's ecology must be matched to the activity of 

infective juveniles; in practise, targets are protected from environmental extremes, applications are timed 

to coincide with susceptible host stages and favourable weather conditions, and nematodes can quickly 

locate susceptible hosts. 

For the time being, woodboring Lepidoptera species appear to be the most promising targets for above-

ground nematode applications, but foliar nematode sprays have shown potential against pests including 

tortricids, leaf miners, and stemborers in a range of settings. Due to challenges such as pesticide resistance 

and restrictions, as well as a lack of effective biological control alternatives, the use of nematodes against 

a wide range of foliar pests of tree fruit, nursery, and vegetable crops is desirable. 
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Introduction 

Rice (Oryza sativa L.) is the staple food for more than half of the world’s population and is grown in at least 

95 countries. It is a nutritious cereal crop, provided 20% of the total calories and 15% of protein 

requirements of world population. Rice ranks second among food grains, next to wheat. Drought is the 

major obstacle for cereals production and becoming a serious constraint for crop productivity worldwide. 

Reduction of plant growth is the most typical symptom of drought stress. The reaction of plants to dry 

season pressure is complex and being the most significant natural pressure, dry spell leads to changes in 

their morphology, physiology and metabolism that seriously influenced plant development and 

advancement more than some other ecological components. Exposing to drought leads to oxidative stress 

resulting from closing of stomata which causes the over-reduction of photosynthetic electron chain and 

formation of reactive oxygen species (ROS) in chloroplasts and mitochondria. Accumulation of reactive 

oxygen species in larger amount leads to loss in the function of cellular membrane under moisture stress 

conditions. Therefore, the major challenge for this world is to produce more food with reduced water 

resources. Cakmak (2005) reported that potassium nitrate enhanced drought tolerance in plants by 

mitigating harmful effects by increasing translocation and by maintaining water balance. Crop can more 

easily take nutrients when applied foliarly and in return crop yield increased reported that the negative 

effect of drought on growth of rice can be decreased by spraying potassium, plants translocate this 

potassium to all its parts, in turn yield per plant increased. Potassium has the major role in osmoregulation, 

photosynthesis, transpiration, stomatal opening and closing and synthesis of protein etc. Foliar 

applications of potassium may be used to supplement soil applications to maximize yields of crops. 

Impact of Foliar Application of Potassium Nitrate on Growth Parameters of Rice 

Plant height was decreased under water deficit condition due to dehydration of protoplast. Drought affected 

growth parameters due to hormonal imbalance (cytokinin, abscisic acid) that affected growth due to 

changes in cell wall extensibility. The adverse effect of water stress may be decreased by increasing the 

availability of water to the plant due to reduction in transpiration by partial closure of stomata. 

It is reported that foliar application of different concentrations of KNO3 (2 and 3%) applied at 30 DAT and 

at 60 DAT as well as their combination on rice increased chlorophyll, proline content in leaves. Increased 

proline accumulation with foliar treatments during drought provides resistance against reactive oxygen 

species and protected the quaternary structure of proteins thus prevented oxidative damage to membranes 

and enhanced antioxidative defense system under osmotic stress and ultimately improves growth 

parameters and yield as compared to control with distilled water treatment when exposed to drought. Jothi 

et al. (2019) reported that significantly taller plants (120.2cm), a greater number of tillers per hill (26), 

higher LAI (6.6) and dry matter production (14149 kg/ha) were recorded with soil application of potassium 

at 50 kg/ha than other treatments. 

However, it was comparable with foliar spray of 2% KNO3 which registered plant height of 118.3 cm, tillers 

per hill (25), LAI (6.1) and dry matter production of 13668 kg/ha. Increase in growth attributes of rice due 

to foliar spray of KNO3 at critical stages could be credited to the overall improvement in plant growth, 

vigour and production of photosynthates owing to increased availability, absorption and translocation of 

nutrients in plant. The increased in plant height might be due to enhancement of cell elongation, cell 

division and enlargement by foliar application of potassium. Increased in leaf area index with foliar 

application may be due to enhancement of physiological activities which provide food reserve and improved 

the performance of growing plants. 
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Impact of Foliar Application of Potassium Nitrate on Yield Parameters of Rice 

Spikelet’s length, number of spikelets per panicle, number of grains per panicle, 1000-grain weight and 

grain yield were severely affected under drought stress at any growth stage (tillering, flowering and grain 

filling). Drought stress at flowering or grain filling stage adversely affected the plant production by causing 

drastic decrease in number of grains per spike.  Khan et al. (2012) observed that foliar KNO3 sprays at 1.5% 

and 2.0% enhance paddy yield, so increased net returns in comparison to other treatments (Table 1). The 

increase in yield with foliar sprays is credited to the increase in the number of tillers, panicle length, grains 

per panicle and 1000-grain weight. Foliar spray of KNO3 enhance grain yield by improving the synthesis 

of protein and nucleic acid bound water content, improved photo assimilation and its translocation and 

partitioning from source to sink, enhance germination and growth of seedling that leads to increase in 

uptake of nutrients and capability of treated plants to withstand soil moisture stress more efficiently. More 

number of productive tillers per plant which might be due increase mobilization of nutrient and moisture 

supply from foliar KNO3 treated plants and hence results in enhanced fertilization, which lower number of 

sterile spikelets. Increased in filled grains is due to improvement in growth parameters like leaf area, leaf 

area index and leaves number due to priming treatment. Enhancement in seed weight may also be due to 

the increased mobilization of nutrient towards the panicle which resulted in minimum number of unfilled 

seeds and increase in seed might be due uniform distribution of photo assimilates within the seeds. 

Table No.1: Economic analysis of foliar KNO3 application at different concentration: 

Treatments  Paddy yield (MT/ha) Net Income (Rs/ha) 

0.5% KNO3 3.81 27.791 

1% KNO3 3.76 25.459 

1.5% KNO3 4.97 60.927 

2% KNO3 5.21 67.295 

Conclusion 

Water deficit at any critical crop growth stage severely affected the growth and yield of rice. Foliar 

application of KNO3 at all critical stages improved all the yield components; grain filling stage being more 

responsive. Foliar application of KNO3 enhanced the plant growth characteristics, yield and economics 

under moisture stress condition. These could be effectively used in rice cultivation for the mitigation of 

drought under rainfed environment. 
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In 1882, Millardet in France accidently observed the efficacy of the copper sulphate against the downy 

mildew of grapes caused by Plasmopara viticola. When copper sulphate was mixed with lime suspension, 

it effectively checked the disease incidence. The mixture of copper sulphate and lime was named as “Bouillie 

Bordelaise” (Bordeaux Mixture). The original formula developed by Millardet contains 5 lbs of CuSO4 + 

5lbs of lime + 50 gallons of water. The chemistry of Bordeaux mixture is complex and the suggested reaction 

is: 

CuSO4 + Ca (OH)2 Cu(OH)2 + CaSO4 

The ultimate mixture contains a gelatinous precipitate of copper hydroxide and calcium sulphate, which is 

usually sky blue in colour. Cupric hrdroxide is the active principle and is toxic to fungal spores. 

In Metric System, to Prepare One Percent Bordeaux Mixture the Following Procedure 

is Adopted 

One kg of copper sulphate is powdered and dissolved in 50 litres of water. Similarly, 1 kg of lime is powdered 

and dissolved in another 50 litres of water. Then copper sulphate solution is slowly added to lime solution 

with constant stirring or alternatively, both the solutions may be poured simultaneously to a third 

contained and mixed well. 

The ratio of copper sulphate to lime solution determines the pH of the mixture. The mixture prepared in 

the above said ratio gives neutral or alkaline mixture. If the quality of the used is inferior, the mixture may 

become acidic. If the mixture is acidic, it contains free copper which is highly phytotoxic resulting in 

scorching of the plants. Therefore, it is highly essential to test the presence of free copper in the mixture 

before applied. 

Methods to Test the Neutrality of the Mixture are Indicated Below 

1. Field Test:  Dip polished knife or a sickle in the mixture for few minutes. If reddish deposit appears on 

the knife/sickle, it indicates the acidic nature of the mixture.  

2. Litmus paper test: The colour of blue litmus paper must not change when dipped in the mixture. 

3. pH paper test: If the paper is dipped in the mixture, it should show neutral pH. 

4. Chemical test: Acid a few drops of the mixture into a test tube containing 

5 ml of 10% potassium ferrocyanide. If red precipitate appears, it indicates the acidic nature of the mixture. 

If the prepared mixture is in the acidic range, it can be brought to neutral or near alkaline condition by 

adding some more lime solution into the mixture. 

Precautions Needed During Preparation and Application 

1. The solution should be prepared in earthen or wooden or plastic vessels. Avoid using metal containers 

for the preparation, as it is corrosive to metallic vessels. 

2. Always copper sulphate solution should be added to the lime solution, reverse the addition leads to 

precipitation of copper and resulted suspension is least toxic. 

3. Bordeaux mixture should be prepared fresh every time before spraying.  In case, the mixture has to be 

stored for a short time or a day, jaggery can be added at the rate of 100kg/100 litres of the mixture. 

4. Bordeaux mixture is sometimes phytotoxic to apples, peaches. 
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Orobanche Parasite 

1. It is a total root parasite. It is an annual, fleshy flowering plant with a short, stout stem, 10-15 inches 

long.  

2. The stem is pale yellow or brownish red in colour and covered by small, thin, brown scaly leaves and the 

base of the stem is thickened.  

3. White-coloured flowers appear in the leaf axils. The floral parts are well developed with a lobed calyx, 

tubular corolla, superior ovary with numerous ovules and a large four-lobed stigma.  

4. The fruits are capsules containing small, black, reticulate and ovoid seeds. 

 

Symptoms 

1. The affected tobacco plants are stunted and show withering and drooping of leaves.  

2. Plants show wilting symptoms during day time which usually recover at nights. These indicates 

underground parasitism of the tobacco roots by the parasite.  

3. The young shoot of the parasite emerges from the soil at the base of the plants 5-6 weeks after 

transplanting. Normally, it appears as clusters of 50 shoots around the base of a single tobacco plant. The 

plants which are attacked very late exhibit no external symptoms but the quality and yield of leaves are 

reduced. 

Disease Cycle 

The seeds of the parasite remain dormant in the soil for several years. Primary infection occurs from the 

seeds in the soil. The seeds spread from field to field by irrigation water, animals, human beings and 

implements. The dormant seeds in the soil are stimulated to germinate by the root exudates of tobacco. The 

germinated seeds of the parasite attach to the roots of tobacco by forming haustoria. Later, it grows rapidly 

to produce shoot and flowers. Orobanche also attacks the crops like brinjal, tomato, cauliflower, turnip and 

other cruciferous crops. 
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Management 

1. Rogue out the tender shoots of the parasite before flowering and seed set. 

2. Deep ploughing in the off-season helps in burying the seeds of the parasite deep into the soil 

3. Spray 0.1 per cent Allyl alcohol or 25 per cent Copper sulphate. 

4. Grow decoy or trap crops like chilli, mothbean, sorghum or cowpea to stimulate seed germination and 

kill the parasite. 
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Introduction 

Rice (Oryza sativa L.) is the staple food for more than half of the world’s population and is grown in at least 

95 countries. It is a nutritious cereal crop, provided 20% of the total calories and 15% of protein 

requirements of world population. Rice ranks second among food grains, next to wheat. Drought is the 

major obstacle for cereals production and becoming a serious constraint for crop productivity worldwide. 

Reduction of plant growth is the most typical symptom of drought stress. The reaction of plants to dry 

season pressure is complex and being the most significant natural pressure, dry spell leads to changes in 

their morphology, physiology and metabolism that seriously influenced plant development and 

advancement more than some other ecological components. Exposing to drought leads to oxidative stress 

resulting from closing of stomata which causes the over-reduction of photosynthetic electron chain and 

formation of reactive oxygen species (ROS) in chloroplasts and mitochondria. Accumulation of reactive 

oxygen species in larger amount leads to loss in the function of cellular membrane under moisture stress 

conditions. Therefore, the major challenge for this world is to produce more food with reduced water 

resources. Cakmak (2005) reported that potassium nitrate enhanced drought tolerance in plants by 

mitigating harmful effects by increasing translocation and by maintaining water balance. Crop can more 

easily take nutrients when applied foliarly and in return crop yield increased reported that the negative 

effect of drought on growth of rice can be decreased by spraying potassium, plants translocate this 

potassium to all its parts, in turn yield per plant increased. Potassium has the major role in osmoregulation, 

photosynthesis, transpiration, stomatal opening and closing and synthesis of protein etc. Foliar 

applications of potassium may be used to supplement soil applications to maximize yields of crops. 

Impact of Foliar Application of Potassium Nitrate on Growth Parameters of Rice 

Plant height was decreased under water deficit condition due to dehydration of protoplast. Drought affected 

growth parameters due to hormonal imbalance (cytokinin, abscisic acid) that affected growth due to 

changes in cell wall extensibility. The adverse effect of water stress may be decreased by increasing the 

availability of water to the plant due to reduction in transpiration by partial closure of stomata. It is 

reported that foliar application of different concentrations of KNO3 (2 and 3%) applied at 30 DAT and at 60 

DAT as well as their combination on rice increased chlorophyll, proline content in leaves. 

Increased proline accumulation with foliar treatments during drought provides resistance against reactive 

oxygen species and protected the quaternary structure of proteins thus prevented oxidative damage to 

membranes and enhanced antioxidative defense system under osmotic stress and ultimately improves 

growth parameters and yield as compared to control with distilled water treatment when exposed to 

drought. Jothi et al. (2019) reported that significantly taller plants (120.2cm), a greater number of tillers 

per hill (26), higher LAI (6.6) and dry matter production (14149 kg/ha) were recorded with soil application 

of potassium at 50 kg/ha than other treatments. 

However, it was comparable with foliar spray of 2% KNO3 which registered plant height of 118.3 cm, tillers 

per hill (25), LAI (6.1) and dry matter production of 13668 kg/ha. Increase in growth attributes of rice due 

to foliar spray of KNO3 at critical stages could be credited to the overall improvement in plant growth, 

vigour and production of photosynthates owing to increased availability, absorption and translocation of 

nutrients in plant. The increased in plant height might be due to enhancement of cell elongation, cell 

division and enlargement by foliar application of potassium. Increased in leaf area index with foliar 

application may be due to enhancement of physiological activities which provide food reserve and improved 

the performance of growing plants. 



 

 
Volume 04 - Issue 09 - September 2022       347 | P a g e  
 

Impact of Foliar Application of Potassium Nitrate on Yield Parameters of Rice 

Spikelet’s length, number of spikelets per panicle, number of grains per panicle, 1000-grain weight and 

grain yield were severely affected under drought stress at any growth stage (tillering, flowering and grain 

filling). Drought stress at flowering or grain filling stage adversely affected the plant production by causing 

drastic decrease in number of grains per spike.  Khan et al. (2012) observed that foliar KNO3 sprays at 1.5% 

and 2.0% enhance paddy yield, so increased net returns in comparison to other treatments (Table 1). The 

increase in yield with foliar sprays is credited to the increase in the number of tillers, panicle length, grains 

per panicle and 1000-grain weight. Foliar spray of KNO3 enhance grain yield by improving the synthesis 

of protein and nucleic acid bound water content, improved photo assimilation and its translocation and 

partitioning from source to sink, enhance germination and growth of seedling that leads to increase in 

uptake of nutrients and capability of treated plants to withstand soil moisture stress more efficiently. More 

number of productive tillers per plant which might be due increase mobilization of nutrient and moisture 

supply from foliar KNO3 treated plants and hence results in enhanced fertilization, which lower number of 

sterile spikelets. Increased in filled grains is due to improvement in growth parameters like leaf area, leaf 

area index and leaves number due to priming treatment. Enhancement in seed weight may also be due to 

the increased mobilization of nutrient towards the panicle which resulted in minimum number of unfilled 

seeds and increase in seed might be due uniform distribution of photo assimilates within the seeds. 

Table No.1: Economic analysis of foliar KNO3 application at different concentration: 

Treatments  Paddy yield (MT/ha) Net Income (Rs/ha) 

0.5% KNO3 3.81 27.791 

1% KNO3 3.76 25.459 

1.5% KNO3 4.97 60.927 

2% KNO3 5.21 67.295 

Conclusion 

Water deficit at any critical crop growth stage severely affected the growth and yield of rice. Foliar 

application of KNO3 at all critical stages improved all the yield components; grain filling stage being more 

responsive. Foliar application of KNO3 enhanced the plant growth characteristics, yield and economics 

under moisture stress condition. These could be effectively used in rice cultivation for the mitigation of 

drought under rainfed environment. 
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Introduction 

West Indian cherry, also known as Barbados cherry or acerola is the richest source of vitamin C. 

Botanically, West Indian cherry is called Malpighia glabra and it belongs family Malpighiaceae. It is a 

medium sized shrub, which thrives well in tropical climate. Diploid chromosome number of West Indian 

cherry is 2n = 20. The generic name of Barbados cherry was derived in honours of Marcello Malpighi, an 

Italian physician and botanist in the 17th century. About 40 years ago, there was confusion about the 

taxonomic of this crop with the cultivated crop tree M. emarginata, which have small insipid fruit and 

flower structure. Generally, the cultivated and improved plants is known as M. punicifolia while the wild 

one as M. glabra. However, according to Morton (1987) that M. punicifolia or M. glabra is the general 

approved botanical name for the Barbados cherry.  Later, it is the widely accepted that both the taxa belong 

to M. glabra. The pulp is juicy, sweet and sour in taste with a delicate flavour and apple notes. 

 
West Indian cherry fruits 

Composition 

The fruits are small; weigh 4-5 g / fruit, contain high percentage of vitamin C (4515 mg / 100 g). The daily 

requirement of vitamin C is 28-70 mg / person from child to adult. Therefore, a single fruit of West Indian 

cherry can satisfy daily requirement of vitamin C of an adult living in this state. The ripe fruit contains: 

moisture, 92.17; crude protein, 8.75; crude fibre, 15.45; ash, 4.45; insoluble ash, 0.10; calcium, 0.50; and 

phosphorous, 0.168% on dry matter (7.82%) basis. The length of the fruit was recorded 1.70 cm specific 

gravity (wt/volume) 1.96. The recovery of the juice was, 36.11; pulp, 82.56; and seed, 17.44%. TSS (fruit) 

5.44° Brix and acidity 1.18 per cent. The vitamin C content of the fruit varied from 3097 to 4515 mg / 100 

g at ripe stage. Because of the high C content, it can also be blended other fruit juices, which are low in 

vitamin C. The vitamin C content in West Indian cherry fruits was much higher than other major fruits 

like aonla (600-700 mg / 100 g), guava (200-300 mg / 100 g), citrus (50-100 mg / 100 g) and Jamun (290 mg 

/ g). Calcium and phosphorous contents were also higher than many other major fruits like grapes, mango, 

papaya and guava. 

Uses 

The fresh ripe fruits are used for making jams, preserves as murabbas, jellies, candies, syrups, juices and 

pickles. The fruit has also been used in baby food and many recipes as a supplement source of vitamin C. 

A concentrate prepared from these fruits is considered useful for the liver, blood circulation, gall bladder 

and in case of viral hepatitis. 
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Origin and Distribution 

West Indian cherry is native of West Indies and Northern South America to Southern Texas. It further 

introduced in tropical and subtropical areas like India. In India, it is grown in Tamil Nadu and Kerala. 

Climate and Soil Requirements 

The plant prefers full sun for fruit development. Fruit yield severely reduced under shade. Due to its 

smaller and shallow root system, West Indian Cherry can be interplanted with other crops more closely 

than many trees. The plant grows well on limestone, clay and other heavy soils as long as it drains well but 

water logging will cause plant death. Soil pH should be 6.5-7.5, as acid soils do not promote vigorous growth. 

Varieties 

Two distinct types are seen. 

1. Pink flower type: Flowers are pink and are born in clusters in leaf axils. Fruits are large in size (about 6 

g). 

2. White flower type: Flowers are white and are born in clusters in leaf axils. Fruits are small (about 1 g) 

and orange coloured when fully ripe. 

The varieties of Barbados cherry are grouped as sweet and sour varieties based on ascorbic acid content. 

The ascorbic acid content of sour type was higher than that of sweet type. In addition, sour type is more 

preferred for processing such as juices and purees. 

Propagation 

West Indian cherry is usually raised from seedlings. Seeds are sown in well-prepared beds and when the 

seedlings are about 2-4 months old, they are ready for planting. Vegetative propagation by means of 

hardwood cuttings along with leaves is feasible, though the percentage of rooting is very low. Air layering 

is highly successful when treated with IBA. Layers strike roots within 3-4 weeks. When the roots peep out 

though the ball of moss or coir pith, the stem may be severed in stages. The rooted shoot is potted after 

removing the polythene film and kept in shade till new flushes appear. Plants may be hardened in full 

sunlight prior to transplanting. Chip budding, shield budding, side grafting and veneer grafting are also 

successful to a limited extent. 

Spacing and Planting Patterns 

For planting, pits of size 0.5 m x 0.5 m x 0.5 m are made, 6 m apart. Fill the pit with topsoil and 10 kg cow 

dung. After planting, mulching may be done with dry leaves to conserve moisture. July to December is 

considered to be the best time for planting. Irrigation once in four days during early stages of growth up to 

one year of planting and later on, once in 7-10 days is necessary. 

Management of Nutrients 

A fully grown, bearing plant should be top dressed with fertilizers @ 100 g N, 160 g P2O5 and 260 g K2O. 

These may be applied in two splits, in June-July and again in January, when there is sufficient moisture 

in the soil. 

Management of Water 

Heavy rainfall ranging from 1000 to 3000 mm can be tolerated by these plants. It is drought tolerant also. 

Irrigation can be used to induce flowering and regulate flower cycles. Under irrigated conditions plant can 

achieve one to five flowering peaks in a year. 

Flowering 

Flowering can occur throughout the year, but is typically in cycles associated with rain. Rooted cuttings 

and layers flower in six months. Flowering commences in the middle of May and extends up to August. 

Pruning 

Pruning is done once in a year to maintain regular shape. Pruning consists of removal of dried and diseased 

wood and also the drooping branches. 
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Harvest and Yield 

Flowering commences in the middle of May and extends up to August. The harvest of fruit commences from 

August and continues up to November. Rarely, flowering is noticed in March and the crop comes to harvest 

in April / May. The harvest of fruits commences from August and continues up to November. Rarely, 

flowering is noticed in March and the crop comes to harvest in April / May. The fruits can be harvested 

after years of planting, though, plants attain its peak bearing stage in 7-8 years of planting. Productivity 

increases up to 15 to 20 years and then stabilizes or declines but the plants can yield up to 40 years. 

Harvesting of fruits depends upon its use. Fruits should be harvested at green stage for pickle purpose, for 

murabba (preserve) light green mature and for candy purpose fruits should be harvested when fruits are 

red in colour. The fruits deteriorate rapidly once removed from the tree. Sensory difference can be noted 

within 4 hours. The fruits under rapid fermentation is unusable within 3-5 days and unrefrigerated fruits 

develop mould quickly. Well managed plant starts yielding fruits after 3 years of planting and yield about 

1.5 to 2 kg fruits/plant and after 5th year 4-5 kg fruits/plant. 

Post-Harvest Handling 

Sorting: Diseased and insect damaged fruits should be discarded while sorting the fruits.  

Processing: The fruits may be consumed fresh or its pulp can be used for preparation of juice, jam, jelly, 

preserve, syrup, etc. The juice or pulp may also be used to fortify ascorbic acid contents of various other 

products. Its juice can be used to blend with other fruit juices to give delicious mixed fruit cocktails and 

also to improve their nutritive value. As the richest natural source of vitamin C, the fruits have 

considerable scope to be developed on a commercial basis, for the production of vitamin C. 

Conclusion 

The species being hardy can be grown on a wide range of soil. The nutritive value and applicability of West 

Indian cherry in the preparation of various products and condiments suggests its commercial cultivation 

even in dry land area. 
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COVID-19 pandemic has disrupted the Indian agricultural marketing system. A huge economic crisis 

occurs in post-covid situation. The recent quarterly GDP estimates post-COVID scenario dependability in 

India, the only agriculture sector registered a positive growth of 3.4% during the financial year 2020–21 

(Quarter 1: April 2020 to June 2020). The share in India’s total food is only approx. 8.6% which is 

surprisingly low. The farmers basically auction their agricultural produce physically at approx. 6,900 

Agricultural Produce & Livestock Market Committees spread over India where consumer-buyers are 

basically local traders. The structure in Agricultural Produce & Livestock Market Committees has not only 

been unable to provide fair prices to the farmers. It has led to divergent inflationary trends. Our aim to 

synthesize the early evidence of the COVID-19 impact on the Indian agricultural system viz., production, 

marketing and consumption followed by a different strategy to recover post-covid situations. Survey 

findings indicate that the pandemic has affected production and marketing through labour and logistical 

constraints. 

The constraints encountered by the farmers of agricultural goods in marketing in post-covid situations are 

explained below: 

1. Low marketable surplus of agricultural products: Most of the farmers is India are small and 

marginal. These Small and marginal farmers hardly produce agricultural goods and commodities for the 

market. The market depends more on large farmers. The output of these few large farmers will have to 

reach different markets. The net result is that the quantity of agricultural goods available will be 

inadequate in relation to the demand in post-covid situations. 

2. Producer does not determine the price: In the case of consumer-buyer and agricultural produce, the 

producer of agricultural goods does not know the price at which his produce would be sold to the ultimate 

consumer. It is not something decided by the farmer. It is only the intermediaries who determine the final 

price in marketing agricultural goods. The producer is not sure of his revenue also in this crisis situations. 

3. Lack of inadequate storage: Agricultural goods are easily perishable and seasonal in nature. But they 

are demanded throughout the year. This means that agricultural goods need to be stored in warehouses so 

that they can be made available at the right time in the market. After covid situations, the farmers may 

not have their own storage facilities due to huge economic crisis. Absence of storage forces the farmers to 

sell their produce at the earliest. Sometimes, they sell at a very low price in the market. Thus, the farmers 

get a very low price or even no profit. 

4. Constraints in transportation: Most of the villages in India do not have adequate roads. The farmers 

have to rely mainly on bullock carts and such other conventional mode to transport their agricultural 

products. This leads to delay in the produce reaching the market. Although trucks are increasingly used in 

transporting perishables, the cost of transportation is generally very high. But post-covid situation the 

proper transportation systems are disrupted. As a result, the farmers get a very low return on their output. 

5. Inadequate market information: The producers get inadequate information from various sources 

both from within and outside the organization due to lack of communication after pandemic. The poor and 

illiterate farmers have no access to such methods of gathering information about the market for their 

agricultural goods. 

6. Long marketing chain: The longest marketing chain involving large number of intermediaries (like 

the wholesalers, brokers, commission agents, retailers and so on) increase the inequality in marketing 

system. The agricultural goods pass through each individual, the price increases. So, it is only the consumer 
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who is finally made to bear the burden. In post-covid situation, unemployment increases. As a result of it, 

the high price paid by the consumer does not reach the producer. It is pocketed only by the market 

intermediaries. 

7. Intermediaries indulge malpractices in the market: The intermediaries indulge in a number of 

undesirable practices to make quick money at the cost of the producer and the consumer. The following are 

some such activities like use of false weights and measurements, adulteration, black-marketing and 

hoarding and so on.  

8. Inelastic demand: In post-covid situation, an imbalanced state occurs between demand and supply of 

agricultural products. Food is a basic necessity; the level of food demand should be affected less by the crisis 

than the demand for other goods and services. The demand for agricultural goods is not influenced by a fall 

or rise in their price. As a result, the producer will suffer on account of fall in the price during bumper 

harvest time. 

9. Lack of Grading: Standardization enables the producer to get the right price for his products. 

Agricultural products can be graded according to their size, shape and so on. But in the market, little 

importance is given for grading the produce and as a result the producer gets the same price for different 

varieties of goods. 

10. Bulky nature: The bulky nature of agricultural goods necessitates packing. Otherwise, they cannot be 

taken to various market centres. This job has to be done manually and it involves labour. Gunny bags, 

bamboo baskets etc., are the materials used for packing. 

Conclusion 

The COVID-19 pandemic affects the availability of key intermediate inputs for farmers. As a result of it, 

farmers may face extra difficulties in sourcing inputs due to additional restrictions on the movement of 

people and goods. Limits on the mobility of people across borders and lockdowns are contributing to labour 

shortages for agricultural sectors in many countries. It affects the periods of peak seasonal labour demand 

or labour-intensive production. In post-covid situation, the available workforce reduced for the fruit and 

vegetable sector in many places in India. The production of pesticides declined sharply and only resumed 

gradually after production plants were shut down following the outbreak. Low availability and/or high 

prices of inputs such as pesticides could weigh on yields and crop production in 2020 and 2021, particularly 

in developing countries. Closing borders or slowing down the transboundary movement of seeds could 

potentially hamper seed supply chains and on-time delivery of seed with negative impacts on agriculture, 

feed and food production over the next season and further into the future. To overcome these constraints, 

we will introduce a strong and flexible supply chains that can respond to shifts in consumer demand. It 

adjusts in response to supply constraints arising from measures implemented in response to COVID-19. 
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Sunlight has been fuelling the diversification of life since the beginning of organismal evolution. Light 

serves surface organisms in two elementary ways: as energy source for photosynthetic plants and as 

information medium for vision of surface organisms. Weaning off this primary energy resource during the 

retreat into the permanent darkness of subterranean spaces like caves, thus constitutes one of the most 

extreme adaptive feats an organismal lineage can accomplish.  

Caves are seen as natural openings large enough to allow entrance of humans. Caves are formed in many 

types of rock most common caves are those formed in limestone, dolomite and solidified lava. Caves are 

natural underground voids, and passable caves (that are accessible to humans) are just fragments of the 

hydrogeological network. 

Caves exist in a variety of geological materials, but they share many common characteristics with respect 

to environmental factors: total darkness except in entrance zones, relatively constant temperature and 

humidity and a compartmental geometry over a wide range of dimensions. 

Cavernicoles are organisms that live inside a cave and are adapted to dark surroundings.  They can be 

divided into three ecological categories: (a) Troglobites, obligate cave species that are unable to survive 

outside of the hypogean environment; (b) Troglophiles, facultative species that live and reproduce in caves 

but that are also found in similar dark, humid microhabitats on the surface and (c) Trogloxenes, species 

that regularly inhabit caves for refuge but normally return to the surface environment to feed (Howarth, 

1983). 

Cave is divided in to three zones viz., entrance zone, twilight zone and dark zone. Entrance Zone Explain 

to the students that the entrance zone is the area that most resembles the environment above ground. It 

receives sunlight and has a variable temperature. Green plants may grow in the entrance zone which may 

provide food and shelter for animals. Many animals may eat, sleep or nest here. Twilight Zone Explain to 

the students that the twilight zone is just beyond the entrance of the cave. There is much less light in the 

twilight zone with little or no vegetation. The temperature is fairly constant but fluctuates some according 

to the weather outside of the cave. Many trogloxenes, like bats, live here. The animals found in the twilight 

zone usually enter and exit the cave when it is necessary. Dark Zone Explain to the students that the dark 

zone is the deepest part of the cave. There is no natural light that enters into this part of the cave and it is 

one of the few places to experience total darkness (the other is the bottom of the ocean). No vegetation is 

able to grow in this area and the temperature is constant. The dark zone is where many troglobites live. 

Caves are lightless habitat devoid of photo autotrophic primary producers, so all food within them must be 

of external origin. The main food habit of cave adopted animals is organic matter and guano. Generally 

food availability is less compared to epigean environment which exerts strong selection pressure on cave 

inhabiting organisms (so they have to find a way to obtain more food or they lower their need for food) 

which can be achieved   by morphological, physiological, behavioural and as well as life history changes. 

Food is brought by abiotic and biotic factors from surface to caves. Abiotic factors like, seasonal flooding 

from surface to subsurface will bring some plant debris, percolating water from ceiling will have some 

dissolved nutrient and sprouting roots from ceiling will directly act as a food source for root feeding insects. 

The guano (droppings from cave crickets and bats) was major food source from the biotic factors. As these 

animals will move out of the caves for feeding and droppings were rich in nutrition and organic matter. 

Cave Environment 

Caves are characterized by complete darkness, constant temperature, higher relative humidity and lower 

oxygen level with increased carbon dioxide. Apart from these constraints the major hurdle is scarcity of 

food. So, to overcome these difficulties organism living cave environment will evolve different 

morphological, physiological and behavioural adaptations. 
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Food Chain in Caves 

The primary consumers of organic material deposited in caves (guano deposits, rotten wood, etc.) are 

microorganisms, such as Bacteria, Archaea and Fungi. Microbivores (some Acari and most Collembola) are 

attracted by colonies of such decomposers. Invertebrate detritivores (e.g. Oligochaeta, Isopoda, Diplopoda, 

some Coleoptera) consume decomposing organic material, enhance the transfer of nutrients through 

fragmentation and foster microbial activity, which in turn increases the rate of organic matter 

decomposition. Detritivorous and microbivorous invertebrates are preyed upon by several predators. In 

caves, predators are mostly represented by Chilopoda, Araneae, Pseudoscorpiones, carnivorous Acarina 

and some Coleoptera. Trophic linkages in subterranean food webs indicate a trend toward generalist 

strategies, similarly as in soil food webs. Thus, subterranean food webs are often truncated with few or no 

strict predators at the top. 

Troglobites have evolved from colonies of troglophiles which became isolated in caves through the extinction 

of surface populations of the troglophiles. The adaptations in troglobite evolution include hypertrophy of 

sensory structures other than eyes, metabolic economy, increase in egg size and decrease in egg number, 

population regulation via longer life span and in some cases infrequent reproduction. Therefore, many of 

the behavioral adaptations have not been solved till date and it represent opportunities to study the fitness 

significance of physiological biorhythms. 

References 
Howarth, F. G., 1983, Ecology of cave arthropods. Annu. Rev. Entomol., 28(1): 365-389. 

  



 

 
Volume 04 - Issue 09 - September 2022       355 | P a g e  
 

Zebra Stripes and Biting Flies: An Evolutionary 

Perspective 

Article ID: 38120 
Mallikarjuna S. 

 

 
 

Introduction 

Zebras are several species of African equids united by their distinctive black-and-white striped coats. Their 

stripes come in different patterns, unique to each individual. They are generally social animals that live in 

small harems to large herds. Unlike their closest relatives, horses and donkeys, zebras have never been 

truly domesticated. 

There are three species of zebras: the plains zebra, the mountain zebra and the Grevy's zebra. The plains 

zebra and the mountain zebra belong to the subgenus Hippotigris, while Grevy's zebra is the sole species 

of subgenus Dolichohippus. The latter resembles an ass, to which zebras are closely related, while the 

former two look more horse-like. All three belong to the genus Equus, along with other living equids. 

The unique stripes of zebras make them one of the animals most familiar to people. They occur in a variety 

of habitats, such as grasslands, savannas, woodlands, thorny scrublands, mountains, and coastal hills. 

Various anthropogenic factors have had a severe impact on zebra populations, in particular hunting for 

skins and habitat destruction. Grevy's zebra and the mountain zebra are endangered. While plains zebras 

are much more plentiful, one subspecies, the quagga, became extinct in the late 19th century – though 

there is currently a plan, called the Quagga Project, that aims to breed zebras that 

are phenotypically similar to the quagga in a process called breeding back. 

Taxonomy and Evolution 

Zebras evolved among the Old-World horses within the last 4 million years. It has been suggested that 

zebras are paraphyletic and that striped equid evolved more than once. Extensive stripes are posited to 

have been of little use to equids that live in low densities in deserts (like asses and some horses) or ones 

that live in colder climates with shaggy coats and annual shading (like some horses). However, molecular 

evidence supports zebras as a monophyletic lineage. The zebra has between 32 and 46 chromosomes, 

depending on the species. 

How Zebras Got Stripes?  
Wallace suggested that zebras evolved striped coats as camouflage against carnivores in tall grass. Darwin 

criticized this hypothesis as an explanation, as zebras do not occur in areas with dense vegetation but 

rather prefer open savannah habitats with short grass. Camouflage, Predator avoidance, Heat 

management, Social interaction Avoiding ectoparasite attack are major reason. 

The enigmatic role of the striking black and white stripe pattern of zebras has been the subject of vigorous 

discussions among researchers since Wallace and Darwin. Until now, as many as 18 different explanations 

have been proposed for the possible functions of zebra stripes which can be combined into the following four 

major groups: 

1. Anti-predation, including camouflage and various aspects of visual confusion 

2. Facilitating social interactions 

3. Thwarting the attack of biting flies 

4. Regulating body temperature 

Hypothesis 3 has been experimentally tested and corroborated by field observations and experiments. 

Zebra-striped horse model attracts for fewer horseflies (tabanids) than either homogeneous black, brown, 

grey or white equivalents has been demonstrated by Egri et al. (2012). Further they opined that other than 

the brightness, one of the likely mechanisms underlying this protection is the polarization of reflected light 

from the host animal. The light and dark stripes of a zebraʼs coat reflect different polarizations of light in 

a way that disrupts the attraction of tabanids. The results of this experiment suggest that the attraction 
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of tabanids varies with variation in stripe width. Also gives strong evidence of the selective advantage of a 

black-and-white striped coat pattern. 

How and Zanker (2013) investigated how the motion of the zebra’s high contrast stripes creates visual 

effects that may act as a form of motion camouflage. They simulated a biologically-motivated motion 

detection algorithm to analyse motion signals generated by different areas on a zebra’s body during 

displacements of their retinal images. Their results indicated that these striping patterns will lead to 

optical illusions such as wagon-wheel effect (perceived motion inversion due to spatiotemporal aliasing) 

and the barber-pole illusion (misperceived direction of motion due to the aperture effect). Finally, they 

speculated that these two illusory effects act together to confuse biting insects approaching from the air 

towards the zebra. 

Among the possible functional hypotheses of zebra stripes viz. camouflage, predatory avoidance, reducing 

thermal load and social function are presently unconvinced and suffer from lack of supporting experimental 

evidence except avoiding ectoparasite attack. The evolution of stripes with brightness and polarization 

modulations disrupting the homogeneous pattern of reflected light might be a selective advantage in 

avoiding an attack from polarotactic biting flies. Hence, zebras have evolved with a coat pattern in which 

the stripes are narrow enough to ensure minimum attractiveness to biting flies. 
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Summary 

Organic farming is a production management system excluding of all synthetic off-farm inputs but rely 

upon on-farm agronomic, biological and mechanical methods like crop rotations, crop residues, animal 

manures, off-farm organic waste, mineral grade rock additives and biological system of nutrient 

mobilization and plant protection, etc which promotes and enhances biodiversity, biological cycles and agro-

ecosystem health. 

Introduction 

Organic Farming Organic Farming As per the definition of the USDA study team on organic farming 

“organic farming is a system which avoids or largely excludes the use of synthetic inputs (such as fertilizers, 

pesticides, hormones, feed additives etc) and to the maximum extent feasible rely upon crop rotations, crop 

residues, animal manures, off-farm organic waste, mineral grade rock additives and biological system of 

nutrient mobilization and plant protection”. In another definition FAO suggested that “Organic agriculture 

is a unique production management system which promotes and enhances agro-ecosystem health, 

including biodiversity, biological cycles and soil biological activity, and this is accomplished by using on 

farm agronomic, biological and mechanical methods in exclusion of all synthetic off-farm inputs. 

Basic Steps and Components of Organic Farming  
1. Conversion of land from conventional management to organic management, 

2. Management of the entire surrounding system to ensure biodiversity and sustainability of the system 

3. Crop production with the use of alternative sources of nutrients such as crop rotation, residue 

management, organic manures and biological inputs 

4. Management of weeds and pests by better management practices, physical and cultural means and by 

biological control system 

5. Maintenance of livestock in tandem with organic concept and make them an integral part of the entire 

system. 

Principles of Organic Farming 

These are the four principles of organic farming are mentioned below: 

Principle of health: Organic agriculture should sustain and enhance the health of soil, plant, animal, 

human and planet as one and indivisible. Healthy soils produce healthy crops that foster the health of 

animals and people. Health is the wholeness and integrity of living systems. The role of organic agriculture, 

whether in farming, processing, distribution, or consumption, is to sustain and enhance the health of 

ecosystems and organisms from the smallest in the soil to human beings. 

Principle of ecology:  Organic agriculture should be based on living ecological systems and cycles, work 

with them, emulate them and help sustain them. This Principle roots organic agriculture within living 

ecological systems. It states that production is to be based on ecological processes, and recycling. Inputs 

should be reduced by reuse, recycling and efficient management of materials and energy in order to 

maintain and improve environmental quality and conserve resources. It should attain ecological balance 

through the design of farming systems, establishment of habitats and maintenance of genetic and 

agricultural diversity. 

Principle of fairness: Organic Agriculture should build on relationships that ensure fairness with regard 

to the common environment and life opportunities. This principle emphasizes that those involved in organic 
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agriculture should conduct human in relationship in manner that ensures fairness at all levels and to all 

parties’ traders and consumers. It aims to produce a sufficient supply of good quality food and other 

products. Natural and environmental resources that are used for production and consumption should be 

managed in a way that is socially and ecologically just and should be held in trust for future generations. 

Fairness requires systems of production, distribution and trade that are open and equitable and account 

for real environmental and social costs. 

Principle of care: Organic Agriculture should be managed in a precautionary and responsible manner to 

protect the health and well- being of current and future generations and the environment. Organic 

agriculture is a living and dynamic system that responds to internal and external demands and conditions. 

This principle states that precaution and responsibility are the key concerns in management, development 

and technology choices in organic agriculture. 

The Important Goals of Organic Farming are 

1. A sufficiently high level of productivity  

2. Compatibility of cultivation with the natural cycles of the production system as a whole  

3. Maintaining and increasing the long-term fertility and biological activity of the soil Maintaining and 

increasing natural diversity and agro-biodiversity  

4. Maximum possible use of renewable resources creation of a harmonic balance between crops and animal 

husbandry  

5. Creation of conditions in which animals are kept that correspond to their natural behaviour  

6. Protection of, and learning from, indigenous knowledge and traditional management systems. 

Advantages of Organic Farming 

Nutrition, poison-free and tasty food:  The nutritional value of food is largely a function of its vitamin 

and mineral content. In this regard, organically grown food is dramatically superior in mineral content to 

that grown by modern conventional methods. A major benefit to consumers of organic food is that it is free 

of contamination with health harming chemicals such as pesticides, fungicides and herbicides. In crops, 

vitamin C ranges 5-90 percent more and secondary metabolites 10-50 percent more in organic. Also, less 

residues of pesticides and antibiotics are present their studies indicate that the most systematic differences 

between organic and conventional crops are the contents of secondary metabolites. 

Lower growing cost: The economics of organic farming is characterized by increasing profits via reduced 

water use, lower expenditure on fertilizer and energy, and increased retention of topsoil. To add to this the 

increased demand for organic produce makes organic farming a profitable option for farmers. 

Enhances soil nourishment: Organic farming effectively addresses soil management. Even damaged 

soil, subject to erosion and salinity, are able to feed on micro-nutrients via crop rotation, inter-cropping 

techniques and the extensive use of green manure. Biodynamic farms had better soil quality: greater in 

organic matter, content and microbial activity, more earthworms, better soil structure, lower bulk density, 

easier penetrability, and thicker topsoil, agricultural productivity doubled with soil fertility techniques: 

compost application and introduction of leguminous plants into the crop sequence. 

More energy efficiency: Growing organic rice was four times more energy efficient than the conventional 

method. Organic agriculture reduces energy requirements for production systems by 25 to 50 percent 

compared to conventional chemical-based agriculture. 

Less water pollution: In conventional farms, 60 percent more nitrate are leached into groundwater over 

a 5-year period. 

Environment- friendly practices: The use of green pesticides such as neem, compost tea and spinosad 

is environment-friendly and non-toxic. These pesticides help in identifying and removing diseased and 

dying plants in time and subsequently, increasing crop defense systems. Organic farms’ biodiversity 

increases resilience to climate change and weather unpredictability Organic agriculture reduces erosion 

caused by wind and water as well as by overgrazing at a rate of 10 million hectare annually. 

Organic farming is a source for productive labour: Organic farming is a source for productive labour: 

Agriculture is the main employer in rural areas and wage labour provides an important source of income 

for the poor. Thus, by being labour intensive, organic agriculture creates not only employment but improves 
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returns on labour, including also fair wages and non-exploitive working conditions. New sources of 

livelihoods, especially once market opportunities are exploited, in turn revitalize rural economies and 

facilitate their integration into national economies. 

Disadvantages of Organic Farming 

Lower productivity: An organic farm cannot produce as much yield as a conventional or industrialized 

farm. A 2008 survey and study conducted by the UN Environmental Program concluded that organic 

methods of farming result in small yields even in developing areas, compared to conventional farming 

techniques. Though this point is debatable as the productivity and soil quality of an industrialized farm 

decreases rapidly over the years. 

Requires s Requires skill: An organic farmer requires greater understanding of his crop and needs to 

keep a close watch on his crops as there are no quick fixes involved, like pesticides or chemical fertilizers. 

Sometimes it can be hard to meet all the strenuous requirements and the experience to carry out organic 

farming. 

Time-consuming: Significant amounts of time and energy are required to execute the detailed methods 

and techniques that are required for a farm to be called an organic farm. Failure to comply with any of 

these requirements could result in loss of certification, which the farmer will not be able to regain in up to 

three years. And it can be more time-consuming. Organic farming increases soil fertility by way of compost, 

and organic fertilizers and mulch. Organic fertilizers tend to be slow-release. As with control by botanicals, 

horticultural oils, and insecticidal soaps, organic fertilizers may need several applications before the 

desired results are brought about.  

Future prospects: The movement started with developed world is gradually picking up in developing 

countries. But demand is still concentrated in developed and most affluent countries. Local demand for 

organic food is growing. India is poised for faster growth with growing domestic market. Success of organic 

movement in India depends upon the growth of its own domestic markets. India has traditionally been a 

country of organic agriculture, but the growth of modern scientific, input intensive agriculture has pushed 

it to wall. But with the increasing awareness about the safety and quality of foods, long term sustainability 

of the system and accumulating evidences of being equally productive, the organic farming has emerged as 

an alternative system of farming which not only address the quality and sustainability concerns, but also 

ensures a debt free, profitable livelihood option. 

Conclusion 

Organic farming works in harmony with nature rather than against it. This involves using techniques to 

achieve good crop yields without harming the natural environment or the people who live and work in it. 

An organic farmer produces vegetables, fruit, cereal crops, or livestock without the use of chemical 

fertilizers, pesticides, or herbicides. In another way organic farming is kind of agricultural that provide the 

consumers, with fresh, tasty and reliable food while regarding natural life cycle systems. In addition to 

health benefits of organic products for consumers, there are vital environmental benefits for the earth. An 

organic farming keeps biodiversity and reduce environmental pollutions such air, water and soil. Organic 

agriculture has grown out of the conscious efforts by inspired people to create the best possible relationship 

between the earth and men. 
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Introduction 

Agriculture is quickly becoming an exciting high-tech industry, drawing new professionals, new companies 

and new investors. As we know, the technology is developing rapidly, not only advancing the production 

capabilities of farmers but also advancing robotics and automation technology. The United Nations 

estimates the rise of world population from 7.3 billion today to 9.7 billion in 2050. So, the world will need 

a lot more food, and farmers will face serious pressure to keep up with demand in near future. 

In the past decades, farmers have relied on hired, low-wage workers, especially during the harvest periods. 

As a result of socioeconomic, structural and political factors, local and migrant farm labor supply cannot 

keep up with demand in many parts of the world as per recent studies. Due to increasing industrialization 

and urbanization, large countries like China are already moving towards the Lewis turning point, where 

surplus rural labour reaches a financial zero. Agricultural robots hold the potential to remedy farm labour 

shortages by increasing worker efficiency and safety acting as co-bots interacting with workers (e.g., 

harvest-aids), or by replacing workers in low-skill, labour- intensive tasks, like manual weeding or fruit 

and vegetable harvesting.  

Agribots (Agricultural Robots) 
Agricultural robots have been developed to perform precision farming operations and replace or augment 

humans in certain tasks. These robots come in two main types: I) self-propelled mobile robots, and II) 

robotic “smart” implements that are carried by a vehicle. Type-I robots have wide ranges of sizes and 

designs. 

Conventional agricultural self-propelled machines such as tractors, sprayers, and combine harvesters have 

been “robotized” over the last decade through the introduction of GPS/GNSS auto-guidance systems. These 

machines are commercially available today and constitute the large majority of “agricultural robots”. 

Types of Robots  
1. Weed control robots – weed identification is mainly based on color difference. 

2. Demeter Robots – Demeter has cameras which detect the crop which has been cut and hasn’t. Can be 

used in wheat and alfalfa crops 

3. Fruit picking Robots – these pick ripe fruits without damaging the leaves. They are able to access all 

areas of tree 

4. Forester Robots – special type of robot for cutting wood, pruning trees. It contains special jaws and axes 

for chopping the branches 

Difference Between Conventional and Automized Techniques 

Conventional techniques Automized techniques 

Depends on human power and not able to work in 

hazardous environments 

Robots can work in any environment 

Humans need rest as they can’t work continuously Robots doesn’t need rest and they work 

continuously 

In muddy soils, large sized wheels are required Small sized wheels of robots also perform well 

Large machinery will make soil compact Robots are having light weight and they don’t 

compact the soil 

Low work capacity High work capacity 
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Applications of Robotics in Agriculture 

1. Crop scouting at different stage of crop growth 

2. Intercultural operation 

3. Fertiliser spraying 

4. Irrigation 

5. Harvesting. 

Advantages 

1. Robots are accurate compared to humans which inturn increases the product quality 

2. Robots work even in unfavourable conditions like high temperature, rainfall, wind etc. 

3. Wage expenses can be saved. 

Disadvantages 

1. People getting unemployed because of robots 

2. Cost of robots are very expensive as every farmer can’t afford them. 

3. Robots will change the culture/ emotional appeal of agriculture. 

Conclusion 

Agricultural robots reduce the cost of cultivation by controlling high labor cost, efficient use of fertilisers 

and pesticides. Opportunities for agribots enhanced productivity are immense. Crop production may be 

done better and cheaper with lot of small machines than large ones. Higher quality products like colour, 

firmness, weight, ripeness, size and shape can be sensed accurately. 
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Summary 

Insect create the biological foundation for all terrestrial ecosystem. They cycle nutrients, pollinate plants, 

disperse seeds, maintain soil structure and fertility, control population of other organism and provide a 

major food source for other taxa. 

Introduction 

Sufficient food production for a growing human population has become an issue of global concern. The 

challenges we face are to produce food and ensure food security in an environment where insect and disease 

damage and climate change are major constraints. The use of land for agricultural food production affects 

large parts of terrestrial area, whose contribution to biodiversity is essential for successful future 

conservation. Almost all of the world’s fertile land is currently in use and arable land areas cannot be 

expanded significantly. In addition to using large quantities of land, agriculture threatens the stability and 

survival of natural biodiversity more than any human activity in the world. The clearing of natural 

ecosystems to increase food crops and livestock production, use of large quantities of water and application 

of agricultural chemicals are contributing to significant changes in ecological systems. To reach this goal 

we will have to reconsider the role of insects in our agricultural ecosystems. Insects, as drivers of ecosystem 

functions, play a major role in agro-ecology, the management of agricultural systems in an ecologically 

sound and sustainable way by encouraging ecosystem services (ES) provided by beneficial organisms. In 

terrestrial ecosystems insects play key ecological roles in diverse ecological processes such as nutrient 

cycling, seed dispersal, bioturbation, pollination, and pest control. Agricultural systems cannot survive 

major disturbances because of a lack of diversity in these systems. Understanding the function of insects 

in ecosystems will enable us to recognize their importance in the sustainable functioning of our agricultural 

systems and their role in future food security. 

Contribution of Insect to Biodiversity  
Arthropods have existed for more than 400 million years and survived the Permian and Cretaceous mass 

extinctions. Insects have been hugely successful in terms of both species’ richness and abundance and 

insects and terrestrial arthropods are seen to be the largest contributors to species richness. Insects account 

for approximately 66% of all known species, constituting more than three-quarters of today’s global 

biodiversity. There are about 1 million species of known insects, but only around 7% - 10% of insects are 

scientifically described. Since many insect species are not yet identified, it is estimated that there could be 

around eight million species of insects on earth.  

There are 39 insect orders, with the most speciose group represented by the Beetles (Order: Coleoptera). 

Beetles alone account for around 40% of all described arthropod species, with an estimate of 1.5 million 

beetle species. The reason why there are so many species of beetles is reflected in the Jurassic origin of 

numerous modern lineages, high lineage survival, and diversification into a wide range of niches, including 

the utilization of all parts of plants. 

Role of Insects in Ecosystem 

Biotic communities are vital for providing ecological functions and ecosystem services. As a dominant form 

of animal biomass and life on earth, insects represent many different trophic niches and a wide range of 

ecological functions in their natural ecosystems, including herbivory, carnivory, and detritus feeding. 

Insects are abundant in all terrestrial ecosystems and display a wide variation among species in almost 

any aspect of their biology. Because of the large numbers of insects and great intra and interspecific variety 
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the functional significance of insects is enormous and the ecosystem services provided by insects vital. 

Insects are the key components in diverse ecosystems as major role players in functioning of ecosystem 

processes. Since insects are mostly perceived as pests or potential pests, this ecological importance of 

insects often goes unnoticed. The main ecological functions of insects in ecosystems are ecosystem cycling, 

pollination, predation/parasitism, and decomposition: 

Pollination: Over three quarters of wild flowering plant species in temperate regions need insects for 

pollination and about two thirds of all plant species rely on insects for pollination. The most important 

pollinators are bees, beetles, butterflies and flies. Insects therefore contribute to plant diversity and affects 

animal biodiversity through pollination indirectly. 

Predation/ Parasitism: Occupying the higher trophic levels as secondary or tertiary consumers, 

predators and parasites help control the population increase of primary consumers or phytophagous 

organisms below a threshold. Herbivorous insects with the potential of becoming pests are under natural 

control by insect predators and parasitoids. 

In the insect orders Odonata (dragon flies) and Neuroptera (lacewings and ant lions) all the insect species 

are predators, while a large percentage of species in the orders Hemiptera (bugs), Coleoptera (beetles), 

Diptera (flies) and Hymenoptera (wasps, bees and ants) are predators, either as larvae or in both larval 

and adult stages. 

There are various parasitoids in the order Hymenoptera that parasitizes either adults, larvae or eggs of 

other insects. For instance, Aphytis lingnanensis parasitizes scale insects, Aphelinus asychis, Aphelinus 

varipes, Diaeretiella rapae, Aphidius colemani, Aphidius, matricariae and Aphidius ervi parasitizes cereal 

aphids and Trichogramma parasitic wasps attack Lepidopteran eggs. 

Decompatition: The decomposition of organic waste, such as dung and carrion is an important ecosystem 

process which is largely provided by insects. There are about 4000 documented dung beetle species which 

play an important role in the decomposition of manure. Dung beetles are principally important in the 

maintenance of pasture health by burying dung, which has the effect of removing surface wastes and 

recycling nutrients that can be used by plants. 

Negative environmental effects, such as loss of grass cover, growth of unpalatable grass, leaching of 

nutrients in surface rainwater runoff, and the build-up of large populations of dung-breeding flies, that 

resulted from a lack of dung beetles contributing the needed ecosystem function were seen in Australia 

before the introduction of dung beetles adapted to cattle dung. 

Dung beetles contribute to soil health by increasing nitrogen, phosphorous, potassium, calcium and 

magnesium or total proteins content. Dung beetles also contribute to the carbon cycle reducing GHG 

emissions by between 7% and 12%. Beetle larvae, flies, ants and termites clean up dead plant matter and 

break it down for further decomposition by microbes. Ants and termites, the soil macrofauna in dry and 

hot regions, play an important role in the increase of mineral nitrogen in the soil. 

Carrion provides food to a diverse community of insects with major roles for insect detritivores such as flies 

and beetles. Calliphorid flies are the first to exploit cadavers and this is the start of a dynamic succession 

of arthropod species colonizing the cad`2aver, which can comprise 100 species from tens of insect families. 

It is, however, the function contributed by a specific species that determines the efficiency of the 

decomposition. 

The Value of Non-Native Insect Species in Ecosystem 

Introduced species have the potential of becoming invasive and may prey on or outcompete indigenous 

species. Many non-native species, however, can also provide valuable ecosystem services. With a constantly 

changing environment ecosystems need to change and adapt to survive. Non-native species can be seen as 

the pioneers and colonists in this constant renewal. 

These species could come to fill important ecosystem functions, particularly in places where native species 

cannot survive as a result of environmental changes. Non-native species may contribute to ecosystem 

resilience by providing habitat, food, or trophic subsidies for native species, serving as catalysts for the 

restoration of native species, serving as substitutes for extinct ecosystem engineers, and providing 

important ecosystem services. 
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There are many success stories of non-native insect species providing vital ecosystem functions when 

introduced to new ecosystems. As far back as 1887 the cottony cushion scale, Icerya purchase, was 

successfully controlled by the release of the introduced coccinellid beetle Rodolia cardinalis. Since then a 

total of 2627 introductions have resulted in satisfactory control against 172 pest species, the majority of 

which having a long lasting effect. 

Insects in Agriculture 

For as long as humans practiced crop agriculture, pests have occurred on their crops and insects have been 

predominantly perceived as competitors in the race for survival. The insect-plant relationship is the 

dominant biotic interaction and approximately 50% of insect species are herbivorous, with most 

herbivorous species feeding on plants in one or a few related plant families. 

Herbivorous insects damage 18% of world agricultural production and this is mainly controlled by chemical 

methods. Despite these damages, less than 0.5% of the total number of the known insect species are 

considered pests. Aside from anthropocentric perception and societal prejudice, insects are not pests in an 

ecological or evolutionary context. 

Insects are vital for human survival, because crops cannot be produced without the ecosystem functions 

provided by insects. Around 72% of the world’s crops are dependent on insects for pollination. Pollinating 

insects improve or stabilize the yield of three-quarters of all crop types globally―one-third of global crop 

production by volume. 

A variety of insect taxa have been linked with increasing seed set. Insect pollinators includes hundreds of 

species of solitary bees, bumblebees, flies, beetles and butterflies, and in several crops, wild bee species are 

more important for pollination than the honeybee, Apis mellifera. Globally pollination services by insects 

are estimated to contribute 9.5% to yield of crop production. 

Pest control is an inevitability in agriculture. Predatory insects contribute significant ecosystem functions 

by controlling pest insects in cultivated crops. It was indicated in 75% of field studies that generalist 

predators reduce pest populations in arable farmland significantly, with ground beetles being dominant 

generalist predators in arable crops and effectively reducing population sizes of economically significant 

agricultural pests such as aphids, slugs, root feeding flies and phytophagous beetles. 

Insects are also important in improving agricultural soil. Through their activity in the soil, dung beetles 

increase nitrogen, phosphorous, potassium, calcium and magnesium or total proteins content which 

significantly elevate the yield of wheat plants relative to chemical fertilizers. 

Conclusion 

With most of the world’s fertile land being used for agriculture and arable land areas that cannot be 

expanded further we are running out of options to ensure food security for a growing population. The only 

option left is to use the existing land more sustainably. In this regard insects can provide the necessary 

solutions. 

Insects, as major contributors to ecosystem function on all levels, perform critical functions in any 

ecosystem. We need to manage agricultural systems in such a way that insects performing valuable 

ecosystem services form a fundamental part of the system. Diversity in terms of species is just one of many 

possible ways of describing communities and there are other aspects when considering a community such 

as the size and ecological role of the most abundant species, as well as the interaction between different 

groups and the structure of the community. 

Biodiversity should not be viewed as only an add-on, but it should be viewed as an integral part in our 

agricultural ecosystems and of paramount importance for our future food security. Future research in 

sustainable agriculture should therefore focus on the role of insects in ecosystems. By understanding the 

important functions of insects in natural ecosystems their value in agricultural systems can be realized.  

With a knowledge of ecosystem functions provided by insects we can then accommodate these insects in 

agricultural systems by changing the management practices to increase the functional diversity in these 

systems. 
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Introduction 

Cotton is a major cash crop of Gossypium spp and commonly grown in warmer areas of the world. In India, 

Maharashtra, Punjab, Haryana, Gujarat, Madhya Pradesh, Karnataka and Andhra Pradesh are the major 

producing states of Cotton. It is grown as Kharif crop in Northern and Southern India whereas commonly 

found in northern part of country, Gujarat and Tamil Nadu. 

In Northern cotton-growing areas, the root-knot nematode (Meloidogyne incognita) is an important pest of 

cotton crop. M. incognita is widespread in cotton growing regions of Punjab and Haryana on G. hirsutum 

(American) and G. arboreum (Desi) cottons, with a distinctive appearance of like galls on the roots. Cotton 

fields showing characteristic patchy growth and poorly growing plants can be seen in areas around Sirsa, 

Fatehabad and Hisar district of Haryana. M. incognita is responsible for 20.5 per cent total yield losses, 

estimated as Rs. 4717.05 million losses proving to be the economically most important pest in cotton 

(Kumar et al., 2020). In India, only race 3 and race 4 of M. incognita parasitize the cotton crop causing yield 

losses, with galling being most extensive on G. hirsutum. 

Symptomatology 

Basically, root-knot nematodes are parasites of roots, above-ground parts of the diseased plants exhibit 

symptoms typical of mineral deficiency or drought injury due to the slow debility of affected roots to function 

properly for nutrient, water uptake and translocation even when adequate fertilizers and moisture are 

present in the fields. 
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The other symptoms may include dieback, yellowing, wilting and premature shedding of the foliage with 

severe stunting. 

1. Poorly developed tap root system and shallow lateral roots of infected plants are due to the parasitisation 

of root-knot nematode.  

2. The below-ground symptoms include galls or knots on the roots. Galls on cotton roots not enlarge as 

much as in succulent roots being woodier.  

3. Less number of bolls set and small in size is the common above ground symptom manifested due to 

misfunctioning of water and nutrient uptake and translocation.  

4. The early season crop may suffer more, wilting of infected plants and slow rate of stress recovering. 

During cropping season, the nematode population grows rapidly and poor growth of infected plants in 

patches reflects the common symptom of nematode infection.  

In North India, the population declines rapidly as crop maturity coincides with onset of winter. Majority of 

over wintering population consist of eggs and juveniles, a small proportion of which can survive for one 

year or more without a host. Temperature developmental threshold for the juveniles is about 100C. 

However, temperature above 15.50C is required for penetration. About 3-4 weeks are required for 

completion of one generation from egg to adult. Favourable conditions for nematode development closely 

resemble conditions in the field at the time of cotton planting. In a conducive crop season, nematode 

population build-up increases rapidly and reaches as high as 10, 000 eggs/ juveniles per 500cc soil. Galls, 

the characteristic symptom, results from hypertrophy i.e., Enlargement in size of the individual plant cell 

and hyperplasia i.e., Multiplication of the host plant cells due to nematode feeding. Except for second stage 

of nematode and males, all other life stages remain in the root. 

Management  

Nematode management of cotton based on to prevent the yield losses and quality of the crop.to keep the 

nematode population below ETL continuous monitoring of the crop and necessary measures can be taken 

these measures include: 

1. Hot summer months in northern India can be utilized profitably for deep summer ploughing as it is 

known to be a very effective farm operation in reducing nematode population.  

2. Cropping sequence involving Mustard, Methi, Mung, Wheat and Barley reduced root knot populations.  

3. Crops as Mustard, Sesamum, Sunnhemp , Asparagus and African marigold have antagonistic effect 

which suppresses root-knot nematodes. 

4. Seed treatment of cotton with Gluconacetobacter diazotrophicus strain 35-47 (biotica) @50ml/5kg seed 

against Meloidogyne incognita. 
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Summary 

To control the complex activities of a eukaryotic cell there exist a well-integrated cellular signaling 

mechanism. Apart from the nucleus, two other organelles of the eukaryotic cell contain DNA are plastids 

including chloroplast and mitochondria. Since these organelles are responsible for crucial redox reactions 

that are essential for eukaryotic life, there need for a coordinated expression of the organellar genome with 

the nuclear genome. There are anterograde (signals from the nucleus gene controlling the organellar genes) 

and retrograde (signals from organelle regulating expression of a nuclear gene) regulatory mechanisms in 

the eukaryotic cell. There exist different classes of retrograde signals which come into action during 

different stages or conditions in the organelles, which inform the nucleus about the internal and external 

stimuli and thereby trigger appropriate adjustments for cellular homeostasis. These retrograde signals can 

be calcium ions, reactive oxygen species (ROS) or other oxidized materials, dual localized proteins, etc. 

which act as a sensor of various internal and external stimuli. Retrograde signaling has several roles in 

ensuring proper development and homeostasis in an organism. Retrograde signals control programmed cell 

death, autophagy, etc. 

Introduction 

The complex eukaryotic cell functions upon a highly integrated cellular signaling mechanism. The nucleus 

being the control unit of the cell contains DNA the genetic material which is the blueprint for the entire 

metabolism of the cell or organism. Apart from the nucleus the two endosymbiotic organelles; mitochondria 

and chloroplast also possess their DNA. The essential gene for oxidative phosphorylation (respiration) and 

photosynthesis is also present in mitochondria and chloroplast respectively. Therefore, these organelles are 

also highly integrated into cellular signaling to establish an extensive organelle–nucleus communication 

for their coordinated expression of their genome with the nuclear genome. 

Anterograde and Retrograde Signaling Mechanism  
Anterograde signaling: The nucleus-encoded signals or molecules that transmit information to the 

organelles (chloroplast or mitochondria) and regulate the expression of particular genes that are encoded 

within the organelles. Thus coordinates the gene expression in chloroplast and mitochondria concerning 

the internal and external stimuli perceived by the nucleus. Retrograde signaling: Signaling molecules from 

chloroplast and mitochondria act on the nucleus and regulate the nuclear gene expression. 

Classes of Retrograde Signals from Organelles 

1. Biogenic signals: Signals originated from plastids that are undergoing biogenesis (ie., chloroplast 

development) to adjust nuclear gene expression for novel organelles within growing or multiplying cells. 

2. Operational signals: Signals from fully developed functional organelle in response to the change in 

internal or external stimuli. For example, signals are emitted under energetic stress in mitochondria which 

trigger an appropriate cellular response for rebalancing organelle and cell metabolism. 

3. Degradational signals: Signals emitted from organelles destroyed in response to internal and external 

stresses, helps to regulate the controlled degradation of the organelle (autophagy) and reallocation of 

resources (amino acids, lipids) from the degrading organelle. 

Nature of Retrograde Signals 

1. Calcium ions: In response to various stresses Ca2+ ions are released from organelles into the cytoplasm 

which affects the cytosolic Ca2+ concentration, in turn, activating the expression enzymes responsible for 

the re-establishment of Ca2+ balance thereby cell homeostasis. 
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2. ROS and oxidized metabolites: During imbalance or dysfunction of organelles there originates 

reactive oxygen species or any other oxidized metabolites which act as retrograde signals to establish redox 

homeostasis. 

3. Organelle-specific metabolites: Exchange of molecules between the membranes initiates natural 

retrograde signals. 

4. Dual localized proteins: Act as a direct signal for retrograde mechanism, these nuclear-encoded 

proteins target organelles and are redirected to the nucleus under specific conditions. 

Requirement for Organelle-To-Nucleus Communication 

The endosymbiotic organelles ie., chloroplast and mitochondria carry their genome and can express it. 

These also carry genes for vital metabolic reactions such as oxidative phosphorylation, photosynthesis, etc. 

These organelles retaining their genome over evolution has been explained by two hypotheses: 

1. There need to have rapid control of redox signals from the respective electron transport chain which is 

more easily controlled by the organellar genome compared to the nuclear genome located far from the site 

of action. 

2. Since the crucial redox reactions occur inside these double-membrane organelles, the hydrophobicity of 

the membrane would create trouble for effective targeting of these reactions when encode from the nucleus. 

Conclusion 

Understanding the organellar retrograde signaling provides the information of alteration of nuclear gene 

expression in response to several external and internal stimuli. Moreover, chloroplast and mitochondria 

hold an important role in the energy biology of any eukaryotic cell, thereby studying the signals originating 

from these organelles helps to understand the coordination and expression of these genes with the nuclear 

gene in regulating the vital metabolic reactions. 
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Introduction 

Chia (Salvia hispanica L.) is native of Mexico and Guatemala and has been used as food for 5500 years. It 

is categorized as a pseudocereal. These seeds have excellent nutritional and therapeutic value offering a 

great future potential ingredient for feed, food, medical, pharmaceutical and nutraceutical sectors. Chia is 

an oilseed and is a powerhouse of fats, carbohydrates, dietary fiber, proteins, vitamins (A, B, K, E, D), 

minerals and antioxidants. These seeds are free from mycotoxins and also can be a good replacer for gluten-

free products. These seeds can be used in many forms in the food industry like flour, gel and oil also. Right 

now, chia oil is the most valued oil in the market. The presence of flavonoids, dietary fiber and antioxidants 

make these seeds anti-carcinogenic in nature. Chia seeds are used for treating diabetes, Alzheimer’s, 

Parkinson’s disease, heart disease, weight loss, chronic diseases and cancers, etc. 

Nutritional Information 

Nutrients Composition/Quantity 

Energy (100 g) 486 

Protein (%) 16.54 

Fat (%) 30.47 

Fibre (%) 37.7 

Vitamin C (mg) 1.6 

Thiamine (mg) 0.62 

Riboflavin (mg) 0.17 

Niacin (mg) 883 

Folate (µg) 49 

Calcium (mg) 631 

Potassium (mg) 407 

Magnesium (mg) 335 

Phosphorus (mg) 860 

Selenium (µg) 55.2 

Iron (mg) 7.72 

Source: USDA National Nutrient Database for Standard Reference, Release 24 (2011) 

Nutritional Benefits  
Anterograde signaling: The nucleus-encoded signals or molecules that transmit information to the 

organelles (chloroplast or mitochondria) and regulate the expression of particular genes that are encoded 

within the organelles. Thus coordinates the gene expression in chloroplast and mitochondria concerning 

the internal and external stimuli perceived by the nucleus. Retrograde signaling: Signaling molecules from 

chloroplast and mitochondria act on the nucleus and regulate the nuclear gene expression. 

Classes of Retrograde Signals from Organelles 

Protein: Chia seeds contain around 17% of protein which can be used widely in protein-enriched foods. 

Another advantage is being used as a gluten-free food and can be effectively consumed by people with celiac 

disease. The amount of protein chia seeds have is more than all cereals. Chia seeds contain exogenous 

amino acids - arginine, leucine, phenylalanine, valine, and lysine and some endogenous amino acids like 

glutamic and aspartic acid, alanine, serine, and glycine. 
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Fiber: The fiber content in chia seeds is around 35 – 40% which is higher than many pseudocereals. This 

can be equivalent to 100 % of the recommended dietary allowances for the reference adult. Out of total 

fibre, 5–10 % of which is soluble and forms part of the mucilage. 

Fat: Chia seed oil has a higher concentration of polyunsaturated fatty acids. These have ω-3 alpha-linolenic 

acid (ALA) and ω-6 linoleic acid predominantly. The seed is said to be a powerhouse of omega-fatty acids. 

Eicosapentaenoic acid and docosahexaenoic acid in these seeds have cardio-protective effects. 

Antioxidants: Chia seeds serves as a powerhouse of antioxidants. They contain tocopherols, sterols 

(approx. 50% β-sitosterol), and polyphenolic compounds, such as protocatechuic acid, gallic and p-coumaric 

acids, caffeic acid, chlorogenic acid as well as epicatechin, quercetin, kaempferol, rutin and apigenin. 

Therapeutic Benefits 

There are massive therapeutic benefits of chia seeds, particularly because of their dense fibre and 

antioxidant content 

Helps in preventing diseases: The presence of Eicosapentaenoic acid and docosahexaenoic acid in seeds 

has a cardioprotective function. Chia seeds help in the reduction of cholesterol, inhibition of blood clotting, 

prevent stress and epilepsy and are also proven to improve immunity. Being the powerhouse of 

antioxidants, they are proven anti-inflammatory and anti-carcinogenic. Antioxidants present reduces the 

risk of cancer, diabetes, Alzheimer’s, and Parkinson’s disease. 

Helps in weight Management: Consumption of chia seeds led to lower blood concentrations of 

triglycerides (TG), total cholesterol (TC), low-density lipoproteins (LDL) and very low-density lipoproteins 

(VLDL) and increase the concentration of high-density lipoproteins (HDL). High fibre content also aids 

with weight loss. Chia seeds consumption increases the gut transit time and they keep fuller longer thus 

helping prevent overeating. 

Aids in bone health: Chia seeds are a great source of calcium so, it’s clear that calcium supports strong 

bones and teeth and supports healthy metabolic function. 

Lowers Blood pressure: Chia seeds contain an antioxidant called quercetin which has the capacity to 

reduce the risk of developing several health conditions, including heart disease. The seeds are also high in 

fiber, which can help to lower high blood pressure. 

Promotes healthy digestion: Since chia seeds are abundant in their fiber content, they help in the 

prevention of constipation and promote healthier bowel movements. These also serve as a prebiotic that 

fuels beneficial bacteria in the gut. They absorb the right amount of water and make feel full for an 

extended period of time.  

Improves oral and dental health: Chia seeds are abundant sources of calcium, phosphorus and zinc, 

which help in the improvement of oral and dental health. Calcium is the building block of teeth while zinc 

helps in the prevention of tartar and mineralization of teeth due to plaque. 

Conclusion 

In conclusion, chia seeds are the powerhouse of many macros and micronutrients with health-promoting 

properties having therapeutic benefits. These are valuable raw materials whose technological properties 

and health-promoting properties can be widely used in the food industry. 
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Abstract 

The Indian agriculture is a revolving practice of new and advanced ideas. Nowadays Zero Budget Natural 

Farming is an emerging farming method adopted in India. It uses the minimum input application to the 

soil and make the soil having the inherent capacity to provide nutrients to the plant. The farming method 

is slightly different from organic farming. Even though with minimum input higher yield production 

obtained for many farmers, it is still in controversy betting the pros and cons of this farming practice. So, 

further research work is required to quantify the source of nitrogen, ensuring the availability of higher 

level of nutrients to available crops and understand the impacts of ZBNF on soil organic matter. 

Keywords: ZBNF, Organic farming, Soil. 

Introduction 

Zero budget natural farming promotes the growing of crop in harmony with nature which is an 

agroecological farming approach. The idea of ZBNF was first initiated by Subhash Palekar in 1990s. The 

main aim of ZBNF is to improve the inherent property of soil fertility by adopting nutrient recycling, crop 

diversification, following agroecological principles, and increasing the interaction of beneficial biological 

organisms (Palekar 2006). The use of external inputs or fertilizers is fully restricted in ZBNF. Thus, the 

practices of ZBNF are to delink the farmers from using external inputs and also to create autonomy by not 

depending on external source and corporations for farming their crop (Khadse et al., 2019). 

ZBNF although started from Karnataka in 2002, now has influenced to other parts of the world (Khadse et 

al., 2017)  Based on citation of FAO, over 100,000 farming households are already following ZBNF practices 

in Karnataka when it was originated (Bruinsma et al., 2003)  And in August 2019, its neighbouring state 

Andhra Pradesh has 523,000 farmers converted their farming to ZBNF across a land area of 504,000 acres 

across 3,015 villages which is almost 13% of the total agricultural land available in India . Nowadays the 

number of farmers converting to ZBNF is in millions in India and the Prime Minister Narendra Modi on 

his speech in UN conference also mentioned the conversion of farming to ZBNF as the main focus of Indian 

agriculture. Also, the Minister of Finance, Nirmala Sitharaman called for an approach called ‘back to basics’ 

with an emphasis on ZBNF. 

The Four Wheels of ZBNF  
The approach of zero budget natural farming is based on four wheels. Those are: 

1. To make better nutrient available to the plant, stimulation of the microbial activity is needed and also 

to protect the plants against pathogens by using microbial inoculum which is known as ‘jiwamrita’. 

2. To protect the young roots from soil-borne disease and fungal disease by using another microbial culture 

known as ‘beejamrita’ 

3. To conserve the top soil by live mulching and to produce stabilized soil organic matter (‘acchadana’) 

4. To improve soil aeration by reducing tillage and improving soil structure. 

The dung and urine from one cow can provide farming of 30 acres of land as claimed by Palekar. He also 

claimed that the indigenous cow breed has the best microme and are most preferable. In places where Cow 

is limited in number, buffalo can be used. Separate sheds are prepared for keeping dungs and urines and 
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they can take support from government under ZBNF. By focusing on soil microorganisms and fauna, and 

by mulching to increase soil organic matter, it is proposed that ZBNF has the potential to greatly improve 

soil health and so increase efficiency of nutrient and water use, contributing to improved efficiency of crop 

production. Live mulching can be done either with mix of monocot plants like millets or by using dicot 

leguminous plants like beans. The use of monocot plants helps the soil to get nutrients like phosphate and 

potash while the dicots help in fixing more amount of nitrogen (Palekar 2006). The dry crop residues can 

also be used as straw mulching. Palekar also claimed that the plant roots absorb water in the form of water 

vapour so creating a microclimate condition around the roots with a mix of air and water molecules by 

rejecting overwatering promotes the soil health. Palekar also claimed that through ZBNF, the use of water 

can be reduced to 90% making it ideal for rain-fed farming (Palekar 2006). He also emphasized the use of 

natural pesticides and fungicides from locally available source like tobacco, chillies, sour buttermilk, neem 

leaves, garlic etc. Addition of external sources are completely avoided in ZBNF even with the addition of 

vermicompost with preference given to the growth of earthworm in situ.  

There is controversy present with the concept of ZBNF and organic farming. The idea of ZBNF differed 

from organic farming in not using the nutrients for crop growth by external addition of animal manure or 

vermicompost instead it aims to focus the proper functioning of the soil so that it can provide nutrients to 

the crop without any external input. It totally avoids using chemical fertilizers with low input of animal 

manure. There is presence of low availability of manure due to which organic farming practices makes 

costly and about 50% of nitrogen required by crop has to be applied from manure. But in case of ZBNF, 

only about 18-21% of cows used for organic farming would be required. With less application of nutrients, 

88% of farmers were seen with higher crop productivity through ZBNF. But problems can rise for ZBNF 

because in this farming practices, the nitrogen required by the crop is only applied through the nitrogen 

available in the top soil so if we keep on using the top soil continuously for 20 or more years, the soil would 

be more prone to natural calamities like those of increase rate of erosion, reduced resilience to droughts, 

reduced crop yield and thus causing a substantial decline to crop production in India. So, there is still 

concern and controversy with the use of ZBNF on the food security and farmers income in India. 

Conclusion 

Improved understanding of the practices used by the farmers of ZBNF and its impact on yields, farm 

income, nutrients and soil carbon, the influence of soil inoculum, the impacts on the activities of soil fauna, 

mulching technique and seed treatment needs to understand more. ZBNF should first be encouraged to use 

only on low-income farms to avoid yield penalties. Before increasing the adoption of ZBNF to high-income 

farmers, further research work is required to quantify the source of nitrogen, ensuring the availability of 

higher level of nutrients to available crops and understand the impacts of ZBNF on soil organic matter. So, 

ZBNF has a substantial role in improving productivity and viability for low-income farms if it is being 

promoted strongly for high-income farmers. 
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Introduction 

Morel and Martin (1952) developed the technique of meristem culture for in vivo virus eradication of 

Dahlia. A meristem is a localized group of actively dividing cells, from which permanent tissue systems, 

i.e., root, shoot leaf and flower are derived. 

Meristem Culture 

Invitro culture of a generally shiny, dome-like structure measuring less than 0.1 mm in length when 

excised, most often excised from the shoot apex. The reasons proposed meristem for the escape of the 

meristem from virus invasion are viruses readily move in plant body through the vascular system which is 

absent in meristem. The alternate method of cell-to-cell movement of the virus through plasmodesmata is 

rather too slow to keep pace with the actively growing tip. High metabolic activity in the actively dividing 

meristem cells does not allow virus replication. The virus in activating systems in the plant body has higher 

activity in the meristem than in any other region. High endogenous toxin levels in the shoot spices may 

inhibit virus multiplication. 

Procedure of Tapioca Meristem Culture  
Meristem tips are carefully dissected away from the apical or lateral shoot buds under a stereo microscope 

under aseptic conditions. After this, though most meristem can be directly inoculated on a suitable culture 

medium without surface sterilization. 

1. Select the donor plant following temperature pre-treatment and excise stem segments from the donor 

plant. 

2. Remove mature and expanding foliage to expose the terminal and axillary buds. Cut stem segments to 

4cm length and sterilize in 70% ethanol for 30sec. 

3. Sterilize the explants in the 2% sodium hypochlorite solution, for 8 minutes. 

4. Rinse the tissues three times in sterile distilled water. 

5. Mount the stem segment on the stage of the dissection microscope, and use the tips of hypodermic needles 

to excise the apical meristem of the bud, with few young leaf primordia. 

6. Transfer the explant directly to the initiation medium (MS+BAP+AGAR+SUCROSE) and incubate in 

the growth room.  

7. If the explant is viable, the enlargement, development of chlorophyll, and elongation will be visible within 

7 – 14 days. 

8. Maintain the developing plantlets in vitro until the internodes are sufficiently elongated to allow 

dissection into nodal explants. 

9. To prepare nodal explants, remove the plantlets from the culture vessels under sterile conditions, and 

separate them into nodal segments. 

10. Each of these is transferred directly to the multiplication medium to allow axillary bid growth. 

11. Extension of this bud should be evident within 7 – 14 days. 

After a period of 2-6 months, the plants are transferred to the greenhouse, and sample plants are tested 

for the presence of virus by ELISA (enzyme-linked sorbet assay) and PAGE techniques. 
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Sometimes meristem tip cultures have failed to eliminate virus infection because the explant contains shoot 

spices with vascular tissue instead of the true meristem. Meristem tip culture combined with heat 

treatment (thermotherapy) or chemical treatment (chemotherapy) has to be used with exposure for 4 to 30 

days. 

 
Murashige and Skoog’s (MS) medium 

 
Shoot Tips 

 
Culturing of Meristems on Nutrient Medium 

Conclusion 

Meristem is the top of the infected plant which when cultivated in appropriate media develops into a new, 

complete, and virus-free plant. Such virus-free plants can be formed by meristem culture because the 

viruses usually spread systematically in the whole plant except the meristem when they colonize a new 

plant host through phloem vascular element. The meristem culture method uses the proven fact that the 

virus which is localized within an infected plant body does not affect the apical meristem system whether 

the virus concentration is high or low in any area of the plant. Thus, a small area of the apical meristem is 

cut and cultivated into virus-free plants being carried out in an agar medium and a healthy virus-free plant 

is obtained from the infected plant. 
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India is an agrarian country with over 50% of the population depending on agriculture for their livelihood. 

The farmers use various sources to get timely information related to their crops. Slowly, they are shifting 

from conventional methods towards the advanced technologies. In the last few decades, agriculture has 

progressed by leveraging technology, transforming the genetics of crops and mechanizing farm operations. 

Even the use of mobiles, computers, internet and others are being increased in the rural areas. But whether 

that would be enough?  

Despite all the technological improvements, agriculture is the least digitized sector in India. In September 

2021, the Union Minister of Agriculture & Farmers Welfare, announced the initiation of the Digital 

Agriculture Mission 2021–2025, while signing five memorandums of understandings (MoUs) to move ahead 

digital agriculture through pilot projects. The Digital Agriculture Mission 2021–2025 aims to support and 

accelerate projects based on new technologies, like artificial intelligence (AI), block chain, remote sensing 

and GIS technology and use of drones and robots. 

The digital technologies are transforming different sectors like communications, banking, travel, health 

and others in various ways. In a recent report the world bank suggested that agriculture can adopt digital 

technologies. “The digital revolution and the data it generates are key to building an agriculture and food 

system that is efficient, environmentally sustainable, equitable, and able to link the farms with 

consumers”. 

Need for Ecosystem Thinking 

Agriculture sector is a large, diverse, heterogeneous, complex, and sensitive ecosystem. Any attempt to 

transform the sector needs to imbibe an ecosystem thinking and a digital ecosystem. “A digital ecosystem 

is a distributed, adaptive, and open socio-technical system with properties of self-organization, scalability, 

and sustainability”. 

To establish a digital ecosystem of agriculture may take a long-term view of segments like interoperability, 

data governance, data quality, data standards, security and privacy, besides promoting open innovation. 

An important prerequisite can be the adoption of a decentralized, federated architecture that assures self-

sufficiency to the service providers and all other actors and ensures interoperability at the same time. 

Idea  
The Department of Agriculture, Cooperation and Farmer Welfare (DoAC&FW), Government of India (GoI) 

formed a Task Force (TF) and a Working Group (WG) involving domain experts and technology experts to 

design an outline for digital agriculture. It may be understood that an ecosystem approach can be an 

advanced way to deal with the agriculture sector holistically. The initiative was named IDEA (‘InDEA 

Digital Ecosystem of Agriculture’). 

Benefits of Digital Agriculture 

By implementing these technological solutions, the farmers can be enabled with reliable management and 

monitoring of the farmers. The farmers can get a complete digital analysis of farms in real-time and can 

take appropriate decisions accordingly in terms of pesticide and fertilizer application, water consumption 

and others. 

Other Benefits are 

1. Increase in agricultural productivity and lowers production cost 

2. Inhibits soil degradation 
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3. Lessens chemical application in crop production 

4. Promotes effective and efficient use of water resources 

5. Uplifts socio-economic statuses of farmers 

6. Reduces environmental and ecological impacts. 

7. Augments worker safety. 

Enforcement of Digital Agriculture in India 

The slow acceptance of digital agriculture in India can be due to the segregated small land holdings of the 

farms that can make difficulty for data gatherings. The measures that can help for successful digital 

agriculture in the country are low-cost technology, portable hardware, renting and sharing platforms for 

agriculture equipment and machinery and the academic support. 

Conclusion 

As the Agriculture and Allied sectors are in approach towards embracing the modern technologies like IoT, 

AI/ML and agri-drones for aerial surveying, Indian and foreign agritech players can play an important role 

in providing these innovative technologies to the farmers. By assuming a holistic ecosystem approach, the 

challenges confronted by the agriculture sector can be dealt and the objectives like doubling farmers’ income 

and sustainable development can be achieved. Thus, a multi-stakeholder approach may be needed for the 

wide-scale adoption of digital agriculture in India, with the government playing a key enabler’s role in the 

ecosystem. 
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Introduction 

In terms of dollar value, the tomato (Lycopersicon esculentum) is the world’s second largest vegetable crop, 

with world production exceeding 70 million tonnes in 1993.Tomatoes may be consumed fresh or, because 

of their perishable nature, processed to give canned whole peeled tomatoes. Tomatoes may also be processed 

to give tomato juice and concentrated tomato juice, tomato puree, and tomato paste. Tomato puree and 

paste may be marketed directly to the consumer or it may be an ingredient in other products, for example, 

tomato ketchup, soup, and sauces. The U.S. is not only the world’s largest producer of tomatoes but is also 

the world’s largest processor, accounting for about 50% of world production of tomatoes for processing in 

1990.The U.K. imports tomato puree and tomato paste mainly from southern Europe, the eastern 

Mediterranean, and north Africa. At one time most of the tomato paste imported for manufacture was 

‘double concentrate, which contains 28 to 30% total solids, but nowadays ‘triple concentrate’, which contains 

38 to 40% total solids, is used more widely. 

Definition  
Various products that can be made through tomato puree are listed as: 

1. Tomato pulp refers to the crushed tomatoes either before or after the removal of skins and seeds. 

2. Tomato juice refers to the juice from whole crushed tomatoes from which the skins and seeds have been 

removed and which has been subject to fine screening, and is intended for consumption without dilution or 

concentration 

3. Tomato paste is the product resulting from the concentration of tomato pulp, after the removal of skins 

and seeds, and contains 24% or more natural tomato soluble solids (NTSS). Tomato paste which is marketed 

to the consumer in small packs and sold as a condiment may also be described as tomato puree.  

4. Tomato puree is the term applied to lower concentrations of tomato paste (containing 8% to less than 

24% NTSS). Rather unfortunately, tomato puree in the U.S. can also be called ‘tomato pulp’. A further 

complication in the U.S. is that if the tomato puree satisfies certain legislative criteria it can also be called 

‘concentrated tomato juice’. 

5. Tomato serum is tomato juice which has been filtered or centrifuged to completely remove suspended 

solid material. 

6. Pulp refers to the suspended solid material in tomato juice, puree or paste which can be separated by 

centrifugation. 

7. Tomato syrup is tomato serum which has been concentrated. 

The Problem of Defining Quality 

The principal quality parameters for tomato paste are color, consistency and flavor and in addition there 

are compositional standards. A problem that has not been resolved and that has been the main cause of 

disputes among companies dealing with tomato products is the absence of a world-wide standardization of 

methods and instruments to define tomato paste quality and composition. While most of the major tomato-

processing firms have quality control procedures, the techniques and methods applied are not always 

reliable. Moreover, methods of analysis may vary from country to country, and in some countries, there are 

no official methods of analysis. 

Growth, Ripening and Composition of Tomatoes 

Growth and Ripening It takes about 6 to 7 weeks for tomatoes to reach their full size from flowering followed 

by about 12 days to ripen. During ripening, the tomato changes from green to red as chlorophyll is destroyed 

and lycopene is synthesized. There is also increased production of the volatile compounds which generate 
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aroma. During growth, the plant forms insoluble protopectin that firmly binds cell walls together. Pectin 

is also associated with cellulose to form plant cell walls. During ripening, protopectin is converted to soluble 

pectin by the enzyme protopectinase, and the pectin so formed binds the cells together but less firmly. If 

the fruit is allowed to grow past maturity, the pectin itself is broken down into soluble compounds by the 

pectinolytic enzymes polygalacturonase (PG) and pectin methyl-esterase (PME), and the fruit becomes soft 

and mushy. The enzyme endopoly-galacturonase (PG) is synthesized during ripening, but in the whole fruit 

the action of PG is limited by a number of factors. These include the amount of calcium bound to pectin, 

the distribution of PG in the cell walls, and the extent of methyl esterification of polygalacturonate. During 

the comminution of tomatoes to pulp for paste and puree manufacture, the enzymatic depolymerization of 

pectin by PG and PME can bring about a large reduction in the viscosity of the product unless action is 

taken to heat denature the PG and PME enzymes by ‘hot breaking’. The enzymes have a high optimum 

temperature of 60 to 66°C and only become inactivated at a temperature of about 82°C.23 Thus, ‘hot 

breaking’ requires that the tomato pulp be heated as quickly as possible to 82°C or above to denature PG 

and PME, retain pectic substances. 

Tomato Puree Production 

The basic sequence of operations in the production of canned tomato puree from raw tomatoes, based on an 

economic study of a typical, medium-sized Italian plant. 

1. Washing, Sorting, and Trimming: In modern plants, tomatoes are washed in water tanks agitated 

with compressed air, followed by rinsing with high-pressure water sprays to remove spray residues, 

microorganisms, dirt, mold, Drosophila (fruit fly) eggs, and larvae adhering to the fruit.The wash water is 

chlorinated to 5 to 10 ppm to maintain sterility. Unfit whole fruit is picked out and discarded, while partly 

defective fruit is trimmed by hand. Sorters and trimmers remove off-color fruit or parts. They also trim 

rotten areas, mold portions, insect damage and sunscald.This is the final control point for ensuring a low 

mold count in the final product (see Howard Mould Count). 

2. Breaking: The washed tomatoes are chopped into small pieces by a rotary comb chopper, and the 

chopped tomatoes are pumped into a heat exchanger and preheated to either 60°C for a ‘cold break’ or 

preheated to 90 to 95°C and held for 1 to 2 min for a ‘hot break’. A ‘hot break’ juice has a high consistency 

due to better extraction of pectic substances, and due to retention of pectin by denaturation of the enzymes 

that would have caused its breakdown. A ‘cold break’ juice has a low consistency due to the activity of 

pectolytic enzymes and gives greater serum separation.60 The advantages of cold breaking over hot 

breaking may be summarized as: 

a. The juice is less likely to foul heat exchangers and evaporators 

b. The juice is easier to pump 

c. Higher final concentrations of tomato paste are possible 

d. The final paste has a more natural color and a fresher tomato flavor  

If the final paste is required to have a high viscosity for use in products such as pizza sauce and ketchup, 

and a ‘cold break’ process is suited to paste that is intended to be diluted for tomato juice and vegetable 

cocktails. Vitamin C losses due to oxidation during crushing and breaking can be partly overcome by 

deaerating the tomatoes immediately after crushing, or, better still, the tomatoes can be sliced and subject 

to breaking under vacuum to prevent oxidation. 

3. Juice Extraction: The heated tomato pulp is passed through two (or three) juice extractors to remove 

the skin and seeds, and to squeeze the juice out of the remaining pulp. Juice extractors may be either of 

the screw type or paddle type; a screw-type extractor uses an expanding helical screw to subject the pulp 

to increasing pressure against a screen, whereas a paddle type extractor beats the pulp against a screen. 

In the terminology of the tomato processor the first juice extractor is known as a ‘pulper’ and the second 

juice extractor is known as a ‘finisher’. A further screw press may be added to extract more juice from the 

residue leaving the juice extractors. 

Blending of the juice from this dewatering stage with that leaving the juice extraction stage raised the 

overall yield to 96.3%. In addition, seeds in the residue may be recovered from the residue for planting or 

oil extraction, and the peel may be recovered for animal feed or fuel, although such treatment of the residue 

may be uneconomic. Suggests that considerably lower extraction rates may be appropriate in tomato juice 
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manufacture. The percentage of juice extracted for concentration affects flavor and, where the end-product 

is intended for sale as tomato juice, the pulper and finisher are set to give an approximate 70% yield. At 

this extraction rate, the juice will have relatively more soluble solids, which improve flavor, and a lower 

proportion of insoluble solids, which may adversely affect quality. Juice yield is increased by increasing 

either the pulper/ finisher blade speed or the screen size. 

In general, the finisher screen size is selected to control the ‘texture’ of the final tomato paste so that, for 

example, for a pizza sauce a coarse texture paste is required, while a finer screen size is used to produce 

paste intended for dilution to tomato juice. Both the diameter of the apertures in the finisher screen and 

the finisher blade speed determine the particle size distribution of suspended particles, and this in turn 

significantly affects the viscosity of tomato juices and concentrates. 

However, contradictory evidence regarding the effect of the size of suspended particles on viscosity has 

been reported, suggest that competing mechanisms result in the selection of an intermediate screen size 

for maximum apparent viscosity. These workers found that a finisher screen size of 0.686 mm gave a higher 

apparent viscosity (at a fixed shear rate), for both tomato juices and concentrates, than either smaller 

(0.508 mm) or larger (0.838 and 1.143 mm) screens. In a similar experiment,at a fixed blade speed, a screen 

size of 1.0 mm was reported to give juices and purees of higher consistency (i.e., increased viscosity) than 

did smaller (0.5 mm) and larger (1.5 mm) screens. 

4. Concentration: Tomato juice is concentrated by evaporation under partial vacuum either in a batch or 

continuous process. In the traditional batch process, the evaporation may be entirely carried out in steam-

jacketed vacuum pans (known as ‘boules’) fitted with agitators, or the juice may be preconcentrated in a 

tubular evaporator to about 12% solids before transfer to the boules. 

Evaporation at low pressure reduces the boiling point of the juice so that the resulting paste retains most 

of its color and flavor. Continuous processes tend to produce a more consistent paste than batch processes. 

Multiple-effect evaporators with backward feed are used to obtain improved steam economy because energy 

consumption for evaporation is the second highest production cost after raw materials. The concentration 

of tomato juice for paste results in a large increase in viscosity. Consequently, early continuous double 

effect evaporators, such as the Manzini ‘Titano’ and the large Rossi and Catelli.’ series, used a rotary steam 

coil or forced circulation in the first effect (which experiences the highest temperature and deals with the 

most concentrated juice) to ensure adequate circulation of the concentrate. 

Such circulation prevents burn-on fouling and improves heat transfer. More recent evaporators use up to 

four effects with forced circulation. An alternative method for improving energy efficiency is the use of a 

single forced circulation evaporator with mechanical vapor recompression (MVR), in which all the vapor 

produced in the evaporator is compressed and returned to the steam side of the calandria, at an increased 

enthalpy, to heat the feed. A single stage MVR system is generally more energy efficient than a triple-effect 

evaporator. 

5. Pasteurization: Continuous pasteurization of tomato paste at 90 to 92°C, before it is canned, prevents 

subsequent spoilage by lactobacilli. A gear pump transfers viscous tomato paste from the evaporator to a 

filler. The filler usually comprises a receiving tank for the tomato paste, a tubular heat exchanger for 

pasteurization, and a recirculation tube. The recirculation tube returns the hot paste to the receiving tank 

if flow through the filling nozzles is restricted, to prevent ‘burnon’ fouling of the heat exchanger and loss of 

product quality. 

6. Filling, Closing, and Cooling: The pasteurized paste is automatically hot-filled into lacquered tin cans 

that have been presterilized with steam. The cans are immediately seamed, inverted to sterilize the lids, 

and held for about 3 min prior to cooling. Canned tomato paste may be described as a conduction pack and 

unless the cans are cooled as quickly as possible the retention of heat leads to deterioration of flavor and 

color. Cans may be air cooled or water cooled. Air cooling simply requires that the cans be stacked in rows 

with air spaces in between to allow the passage of an air current. Water cooling involves agitating the cans 

for about 2 h under a spray of atomized water that has been chlorinated to 15 ppm residual chlorine. 

Microbiological Aspects 

The microorganisms of concern in tomato puree and paste are lactobacilli, Bacillus coagulans, and 

Clostridium pasteurianum, which can cause spoilage, and Clostridium botulinum, which is a pathogen. 
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Pasteurization destroys nonsporing spoilage microorganisms such as lactobacilli, but has little effect on the 

heat-resistant spores of Bacillus coagulans, which are known to cause flat-sour spoilage of tomato juice, 

especially when the pH is 4.35 or higher.23 Spoilage of tomato juice may also be caused by the heat-

resistant spores of Clostridium pasteurianum, which is a gas-forming butyric anaerobe. The effectiveness 

of pasteurization in preventing spoilage of tomato concentrates has been attributed to lowered water 

activity as a result of the concentration process and the presence of hydroxymethyl furfural. 

Nonsporing bacteria and yeasts should be absent from canned tomato puree and paste unless there has 

been underprocessing, defective can seaming, post-process seam leakage, or can damage. The pH of canned 

tomato paste or puree normally falls within the range 4.0 to 4.4, which places it in the acid category30 for 

canned foods (pH 3.7 to 4.0 to 4.6). 

While this pH is below the critical value of 4.5 for the outgrowth of the endospores of Clostridium botulinum 

and other pathogens, there has been a tendency in recent years with Italian tomatoes toward higher pH 

values, which may place the puree and paste made from such tomatoes at risk. Because a pH below 4.5 is 

the only assurance that the puree is safe, it is unusual not to find specifications for pH, for example, in 

FMF Trade Specification. The standard pack for pasteurized industrial tomato paste was once the ‘5-kilo’ 

can,22 but nowadays tomato paste for industrial use is subject to high-temperature short time (HTST) 

treatment, cooled and pack. 

Sensory Analysis 

In tomato paste and puree there should be an absence of foreign and abnormal flavors and odors. Off-flavors 

may typicadescribed as ‘bitter’, ‘caramelized’, ‘cardboardy’, or ‘metallic’.Flavor is best judged against an 

approved standard and the paste or puree should have a ‘clean’ flavor, characteristic of concentrated ripe 

tomatoes.The USDA Standard (1977) for grades of tomato paste allocates 50 score points each to the factors 

of ‘color’ and ‘defects’, giving a total of 100 points, but does not allocate points to samples for the attribute 

of ‘flavor and odor’. Rather, there are three classifications of ‘flavor and odor’, and these are ‘good’, ‘fairly 

good’, and ‘off’ based on sensory assessment of both undiluted samples and samples diluted to 8 to 9% 

NTSS.The three classifications of ‘flavor and odor’ are defined. 

1. ‘Good flavor and odor’ means a distinct tomato paste flavor characteristof ripe, good-quality tomatoes 

and inclusive of any optional ingredient that may have been added. Such flavor and odor may be no more 

than slightly affected, by any one or combination of the following: stems, sepals, leaves, crushed seeds, 

cores; by immature, soured, or overripe tomatoes; from the effects of unsatisfactory preparation, processing, 

or storage; or from any other factor not specifically mentioned. 

2. ‘Fairly good flavor and odor’ means a characteristic tomato paste flavor and inclusive of any optional 

ingredient that may have been added. Such flavor and odor may be affected, but not to any serious degree, 

by any one or combination of the following: stems, sepals, leaves, crushed seeds, cores; by immature, soured, 

or overripe tomatoes; from the effects of unsatisfactory preparation, processing, or storage; or from any 

other factor not specifically mentioned.  

3. ‘Off flavor and odor’ means tomato paste flavor that fails to meet the requirements of ‘fairly good flavor 

and odor’ or that possesses a flavor and/or odor that is seriously objectionable. Flavor and odor can be 

evaluated by taste panel using one or more of the following types of test.Test is useful for determining small 

flavor differences between samples. The dilution test may be used to determine the impact on flavor of 

compounds, such as flavorings and pesticides, provided these compounds are at levels exceeding their 

threshold values. The ranking test requires that judges rank samples in order of a specified attribute, such 

as flavor intensity, and is useful for routine quality control purposes. The flavor profile method is based on 

the recognition, description, and comparison of aroma and flavor by a trained panel of 4 to 6 judges,but 

little use has been made of this method in tomato processing.The numerical scoring test is used most 

frequently used in commercial practice and requires a trained panel of judges. Attempted to develop an 

objective method based on physical and chemical parameters for the quality evaluation of tomato pulp as 

a substitute for sensory assessment.  

This involved a search for the most significant correlations among some general sensory attributes and 

physical/ chemical properties. The general sensory attributes were numerically scored as follows:  

a. Acidity (1 = not sour at all; 9 = sour)  



 

 
Volume 04 - Issue 09 - September 2022       383 | P a g e  
 

b. Natural taste (1 = taste very similar to the fresh one; 9 = taste very different from the fresh one) 

c. Color (homogeneity of redness) (1 = very heterogeneous; 9 = fully homogeneous) 

d. Viscosity (1 = solid phase completely separated from the liquid phase; 9 = very consistent product). 

A significant correlation between pH and ‘naturalness’ emerged from this work. Unusually, a significant 

correlation was also found between the sensory attributes of ‘naturalness’ and ‘acidity’ that suggests that 

care should be exercised in the choice of sensory attributes when carrying out panel evaluations. 
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Introduction 

Sustainable agriculture, which emphasises producing commercially while avoiding environmental harm, 

is challenging to implement. "conventional" agriculture is frequently thought to involve methods that could 

harm the environment. 

Sources and Types of Organic Amendments  
Compost and animal manure are currently the most often used organic soil additions, but peat moss, wood 

chips, straw, sewage sludge, and sawdust are also utilised. The various materials can generally be divided 

into the aforementioned groups. 

Manure and Composts 

Manure, low analysis organic fertiliser is made up of animal bedding, faeces, and urine that have been 

churned and stacked to a certain level of composting. (Goss et al., 2013).  Manures are broadly classified 

as:  

1. Bulky organic manures: These are bulky or voluminous in nature and contain small concentrations 

of plant nutrients and large quantities of organic matter e.g., farmyard manure (FYM), compost, green 

manure (GM) and crop residues, etc.  

2. Concentrated organic manures: These contain relatively higher percentage of plant nutrients than 

bulky organic manures and can be of plant (e.g., oil cakes) or animal origin (e.g., blood meal, fish meal, 

meat meal, hoof meal).  

Table 1: Dung and urine produced by animals per day: 

Animal Urine (ml / kg live wt) Quantity of dung (Kg) per day 

Horse 3-18 9-18 

Cattle 17-45 18-30 

Buffaloes 20-45 25-40 

Sheep and goats 10-40 1-2.5 

Pigs 5-30 3-5 

Poultry - 2.5-3.5 

Source: Reddy, S.R.2005. Principles of Agronomy. Kalyani Publisher, Ludhiana 

Table 2: Nutritive value of animal solid and liquid excreta: 

Animal  Dung (mg/g) Urine (%) 

N P K N P K 

Cattle 20-45 4-10 7-25 1.21 0.01 1.35 

Sheep and goat 20-45 4-11 20-29 1.47 0.05 1.96 

Pig 20-45 6-12 15-48 0.38 0.1 0.99 

Poultry 28-62 9-26 8-29 - - - 

Source: Reddy, S.R.2005. Principles of Agronomy. Kalyani Publisher, Ludhiana 

Farmyard Manure (FYM) 

It is the degraded product of the cattle's leftover fodder, urine, manure, and litter. The quality of the food 

supplied to the animal, the source of the excrement (cow, bullock, or horse), the type of litter, and the 

storage method all affect the amount of nutrients in FYM. It is prepared either in pits, trenches, or piles 

with optimal dimensions of 6 metres in length, 2 metres in width, and 1 metre in height (height). The cattle 

shed's litter, which has been saturated in dung and pee, is dumped every morning. until the pile is 0.5 
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metres above the ground and shaped into a dome and covered with a mud and cow dung slurry. The FYM 

has an average composition of 0.5% N, 0.2% P2O5, and 0.5% K2O and is ready for usage in 4-6 months. 

Sheep Goat and Poultry Manure 

The droppings of sheep and goats contain higher nutrients than farmyard manure and compost. On an 

average, the manure contains 3 per cent N, 1 per cent P2O5 and 2 per cent K2O.It is applied to the field in 

two ways. The excreta of birds ferment very quickly. If left exposed, 50 percent of its nitrogen is lost within 

30 days. Poultry manure contains higher nitrogen and phosphorus compared to other bulky organic 

manures. The average nutrient content is 3.03 per cent N; 2.63 per cent P2O5 and 1.4 per cent K2O. 

Compost 

Composting is the breakdown of organic wastes of both plant and animal origin into organic manure that 

is rich in humus and plant nutrients by a variety of microorganisms operating in a warm, moist, aerobic or 

anaerobic environment. Composting is basically an aerobic and anaerobic biological process that lowers the 

C/N ratio of the substrate by decomposing organic waste. The ultimate product is compost, an amorphous, 

humified substance that is brown to dark brown in colour. It is more stable and nutrient-rich than FYM. 

The difference between FYM and compost is in the substrate. In contrast to compost, FYM uses a variety 

of waste organic materials as its substrates, including dung, urine, and litter. (straw, stalk, stubble, husk, 

weeds, biodegradable household and factory waste, etc). 

To dissolve the rock phosphate, bacteria like Bacillus polymyxa, Pseudomonas striata, and fungi like 

Aspergillus awamori can be added to the composting material. Similar to this, waste mica can be dissolved 

using microorganisms that dissolve potassium, such as Bacillus mucilaginosus. Compost accelerators are 

cellulolytic and lignolytic microbes that are employed to speed up the composting process. Examples include 

Trichoderma viride, Trichurus spiralis, Paeciliomyces fusisporus, and Phaenerocheate crysosporium. 

Vermicompost 

Vermicompost is made with the help of earthworms. Earthworms eat all kinds of organic material, keeping 

5–10% for growth, and excreting vermicast, which has been physically and chemically broken down by the 

activity of the muscular gizzard that is located in their intestine. Recycling non-toxic animal, agricultural, 

and industrial wastes is a practical and affordable procedure. N, P, K, Ca, Mg, vitamins, enzymes, and 

growth-stimulating compounds are abundant in vermicasts. Earthworms of the species Eisenia foetida, 

Pheritima elongata, Eudrilus eugeniae, and Perionyx excavatus are the most effective. 

Table 3: Nutritive value of vermicompost: 

Nutrient  Content 

Organic carbon  9.5 – 17.98% 

Nitrogen  0.5 – 1.50% 

Phosphorous 0.1 – 0.30% 

Potassium  0.15 – 0.56% 

Sodium  0.06 – 0.30% 

Calcium and Magnesium  22.67 to 47.60 meq/100g 

Copper  2 – 9.50 mg kg-1   

Iron         2 – 9.30 mg kg-1 

Zinc 5.70 – 11.50 mg kg-1 

Sulphur      128 – 548 mg kg-1 

Source: Reddy, S.R.2005. Principles of Agronomy. Kalyani Publisher, Ludhiana 

Green Manure, Crop Residue and Cover Crops 

Green manuring is the practice of enriching soil by growing of a crop and ploughing insitu or turning it into 

the soil as undecomposed green plant materials for the purpose of improving physical properties as well as 

fertility of the soil (Goss et al., 2013). Green manuring can be of two types:  

1. In-situ green manuring: When the green manure crop is grown and buried in the same field, it is 

called in-situ green manuring. Most important in-situ green manuring crops are sunnhemp (Crotalaria 
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juncea), dhaincha (Sesbania aculeata), cowpea (Vigna sinensis), berseem (Trifolium alexandrinum) and 

lucerne (Medicago sativa).  

2. Green leaf manuring: These are the plants grown elsewhere and green leaves and tender twigs are 

brought to the field for incorporation. Popular green leaf manuring plants are Leucaena leucocephala 

(Subabul), Glyricidia maculata, Sesbania speciosa, Pongamia pinnata (Karanj), Pongamia glabra, and 

Cassia tora.  

Table 4: Biomass production and N accumulation of green manure crops: 

Crop Age (Days) Dry matter (t/ha) N accumulated 

Sesbania aculeata 60 23.2 133 

Sunnhemp 60 30.6 134 

Cow pea 60 23.2 74 

Pillipesara 60 25.0 102 

Cluster bean 50 3.2 91 

Sesbania rostrata 50 5.0 96 

Source: Reddy, S.R.2005. Principles of Agronomy. Kalyani Publisher, Ludhiana 

Table 5: Nutrient content of green manure crops: 

Plant Scientific name Nutrient content (%) on air dry basis 

N P2O5 K 

Sunhemp Crotalaria juncea 2.30 0.50 1.80 

Dhaincha Sesbania aculeata 3.50 0.60 1.20 

Sesbania Sesbania speciosa 2.71 0.53 2.21 

Source: Reddy, S.R.2005. Principles of Agronomy. Kalyani Publisher, Ludhiana 

The major advantages of green manure and cover crops are the nutrient and organic matter addition to the 

soil as well as the improvement of microbial activity and water retention capacity. A cover crop is any crop 

cultivated to cover the soil and stop wind and water erosion, regardless of whether it is incorporated into 

the soil (Sullivan, 2003) 

Table 6: Nutrient content of green leaf manure: 

Plant Scientific name Nutrient content (%) on air dry 

basis 

N P2O5 K 

Gliricidia Gliricidia sepium 2.76 0.28 4.60 

Pongania Pongamia glabra 3.31 0.44 2.39 

Neem Azadirachta indica 2.83 0.28 0.35 

Gulmohur Delonix regia 2.76 0.46 0.50 

Peltophorum Peltophorum ferrugenum 2.63 0.37 0.50 

Weeds 

Parthenium Parthenium hysterophorus 2.68 0.68 1.45 

Water hyacinth Eichhornia crassipes 3.01 0.90 0.15 

Trianthema Trianthema portulacastrum 2.64 0.43 1.30 

Ipomoea Ipomoea 2.01 0.33 0.40 

Calotrophis Calotropis gigantea 2.06 0.54 0.31 

Cassia Cassia fistula 1.60 0.24 1.20 

Source: Reddy, S.R.2005. Principles of Agronomy. Kalyani Publisher, Ludhiana. 
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Introduction 

FPO is a Farmer Producer Organization, which is a group of farmers, where they work in agricultural 

production and carry out business activities related to agriculture. For this scheme, the beneficiary has to 

be registered in the Companies Act by forming a group, only then he can take advantage of this scheme. 

After that it becomes easy for the farmers to buy fertilizers, seeds, medicines and farm equipment etc. Due 

to which services are available cheap and they get good price of the product and this will also enable the 

buyers to get the product at a reasonable price. Apart from this, the person who goes alone to sell his 

product, his profit goes to the middlemen. For this scheme, 10,000 new FPOs will be created from 2019-20 

to 2023-24 which will be registered under the Companies Act. According to this scheme, financial assistance 

of Rs 15 lakh will be provided by the central government after seeing the work of the organization. Farmers 

organizations will be given through the central government. Farmers organizations will be given through 

the central government. These organizations of farmers of the country will be given the same benefits that 

a company gets. This will boost the collective power of the farmers. This scheme will directly benefit 30 

lakh farmers. Due to which the income of the farmers will increase. Before this scheme, the farmer was a 

producer, but now he will also do business with this scheme. This scheme will also prove to be very effective 

for small, marginal and landless farmers. The number of farmers in India is about 86%, with an average 

cultivable land holding of less than 1.1 hectares. Due to which those farmers had to face huge challenges 

at the time of cultivation. But now they will get profit and not loss from FPO scheme. Their livelihood will 

also increase rapidly with this scheme. The Government of India has announced the launch of Farmer 

Producer Organization Scheme to ensure technical, financial support and market access to the farmers. 

Under this scheme, a plan has been started to create ten thousand Farmer Producer Organizations to 

increase the income and empower the farmers of the country. In this, Rs 5000 crore will be spent for the 

next five years to advance farmers and agriculture. Through this scheme, farmers will be made prosperous 

by giving them financial assistance. The farmer was a producer till now and now he will also do business 

through FPO. If farmers want to make FPO, then you can contact by visiting the office of National Bank 

for Agriculture and Rural Development, Small Farmers Agribusiness Association and National Cooperative 

Development Corporation. 

How Farmer Producer Organization Works  
Farmers doing agriculture and farmers having similar ideas in carrying out business activities, farmers of 

one or more villages together can form such a group themselves. If the farmer producer organization is 

working in the plain area, then at least 300 farmers should be associated with it. That is, at least 30 people 

will be normal members on a board member, then only the beneficiary will get the benefit of this scheme. 

Whereas in hilly areas, it is necessary to connect 100 farmers with one company. Producer organization 

will also need NABARD consultancy rating to avail the benefits of FPO scheme. NABARD Consultancy 

Services will give rating to the beneficiary after seeing the work of your company, on the basis of which 

approval is given. 

From this plan, the business plan will be seen that which farmers are getting benefits by the company, and 

whether they are able to provide the market for the farmers' produce or not. It will also be seen from this 

plan that how is the governance of the company. Boards of directors are on paper whether they are 

functioning or not and whether work is being done to make farmers easier to access the market. 
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If a company is making a collective purchase of items like seeds, fertilizers and medicines, etc., needed by 

the farmers associated with it, then its rating can be good. Because by doing this the farmer will get cheaper 

goods. 

The Main Objective of the Farmer Producer Organization Scheme 

The main objective of the Farmer Producer Organization (FPO) scheme is to increase the income of the 

farmers. FPOs will help in mobilization of small, marginal and landless farmers so as to increase the 

collective power of farmers to deal with these issues. The members of the FPO will be able to manage their 

activities under the organization so as to have better access to technology, investment, finance and markets 

and their livelihoods can be increased rapidly.  

Eligibility for Farmer Producer Organization Scheme 

1. Permanent residents of the country 

2. Peasant class. 

Important Documents of Farmer Producer Organization Scheme 

1. Voter ID 

2. Aadhar Card 

3. Permanent Residence Certificate 

4. Land Documents 

5. Bank account 

6. Passport size photo 

7. Mobile number. 

Benefits of Farmer Producer Organization Scheme 

1. Farmers Producer Organization FPO scheme will benefit all the farmers of the country. 

2. 10000 Farmer Producer Organizations will be started in the country with this scheme. 

3. Farmers can avail benefits only after getting registered in this scheme. 

4. After getting registered, they will be provided facilities by the company. 

5. This scheme will improve the income of the farmers. 

6. It will become easier for the farmers to buy fertilizers, seeds, agricultural equipment etc. 

7. With this scheme, farmers will get good prices of their produce. 

8. With this scheme, farmers will be linked with one company in plain and hilly area. 

9. In which more than 100 to 300 farmers will be associated with the company. 

10. 5000 crores will be spent from this scheme to improve the level of agriculture and the condition of 

farmers for the next five years. 

11. With this scheme, farmers will get easy access to the market. 

12. Farmers will get more profit in the market. 

13. Incidents like fraud will also be less. 

14. After preparing the FPO organization group, there will be solidarity among the farmers and they will 

not be exploited in future. 

How to Apply for Farmer Producer Organization FPO Scheme? 

1. To take advantage of the Farmer Producer Organization FPO scheme, the applicant should visit the 

official website. 

2. Now you have to search for the FPO Scheme link. 

3. After that you have to fill the application form of this scheme by clicking on the given link. 

4. You have to fill all the information given in this correctly. 

5. After all the process is done, you have to click on the submit button. 

6. By clicking here, you will be applied for this scheme. 
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Blackheart 

It can develop around harvest, in storage and in transit as inside trucks. It is caused by an oxygen deficit 

at the centre of the tuber. Blackheart appears as an internal browning to blacking of centre tissue. Usually, 

there is no cavity. Pattern is irregular but margins are well defined. Affected tissue is firm, not soft as with 

leak, but, when temperature is greater than 65oF, it may turn soft and inky. There is no odour as with leak. 

 

Control Measures: 

a. Good ventilation in storage prevents blackheart. 

b. Avoid poorly drained ground. Avoid flooded areas. 

c. Avoid closed bins, deep piles and poor ventilation. 

d. Avoid poorly aerated trucks and storage. 

e. Avoid temperature extremes, inhibit diffusion of oxygen through tuber. 

Chilling Injury  
It can occur in the field, in storage or in transit due to exposure to low, NON-freezing temperatures. A net 

necrosis, brown specks, in the vascular ring at the stem end is common. In severe cases, the specks enlarge 

and are blackened. Brown streaks into tuber may appear. 

 
Control Measures: Avoid exposure to temperatures below 380F. There are varietal differences in tolerance 

to level of coolness and its duration. 

a. Harvest before soil temperature cools to near freezing. 

b. Tarp truckloads. 

c. Store seed and table potatoes at 38-40oF. 

d. Ventilate to dry out chilled tubers and avoid possible rot. 

e. Keep storage insulation dry. 

f. Don't store against an outside wall. 

Freezing 

Freeze injury to tubers can occur in the field, in storage or in transit due to exposure to below freezing 

temperatures, <300F. In storage of seed and table stock tubers, freezing is usually associated with poor 

ventilation and poor insulation. 
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Control Measures: Avoid exposure to temperatures below 30oF. If freeze occurred in the field, discard 

affected tubers; don't store them. Don't mix tubers from fields exposed to a freeze (tend to get soft rot) with 

those that weren't. 

a. Harvest before soil temperature drops to freezing. 

b. Tarp truckloads. 

c. Don't store against an outside wall.  

Brown Centre and Hollow Heart 

These are two facets of the same disorder but can occur independently of each other. Exact causes are not 

known. This disorder is mostly associated with excessively rapid tuber growth after a cool temperature and 

moisture stress. An association of stem-end hollow heart with potassium deficiency has also been reported. 

Hollow heart appears as a lens- or star-shaped, irregular cavity in the centre of round tubers such as 

Atlantic or at either or both stem and bud end of long tubers such as Russet Norkotah. The internal walls 

are white to tan. The cavity is larger with larger tubers and is mostly seen in very large tubers. No rot is 

associated with the disorder. 

 

Control Measures: 

a. Plant closer. 

b. Use larger, less aged seed pieces. 

c. Establish good plant stands. 

d. Avoid plant skips. 

e. Apply potassium. 

f. Apply nitrogen throughout season (10-20 lb/a weekly). 

g. Schedule irrigation for constant and uniform tuber growth. 

Jelly Seed 

The terms jelly, translucent, glassy and sugar end all refer to various characteristics of the same disorder. 

This disorder is most associated with water deficit in plants due to low soil temperature, high air 

temperature, dry winds, and too much top growth with respect to tuber growth. It may occur early in the 

season around tuber initiation or late in the season near harvest. It may be associated with too rapid vine 

desiccation. 

Control Measures: 

a. Irrigate to maintain uniform growth. Use evapotranspiration (ET) or monitor soil moisture to 

schedule irrigation. 

b. Allow gradual vine desiccation. 

c. Irrigate somewhat after vine kill. 

d. Don't plant after sugar beets because of low crop residue and compaction. Planting after corn or 

small grains is preferred with shallow incorporation of residue for good soil aeration and water 

infiltration. 

e. Avoid highly salinated (sodium) fields especially with high levels of residual nitrogen. Avoid over 

fertilization with nitrogen. 

f. Avoid tillage practices that compact soil. Last cultivation should be before emergence and first 

irrigation should be after emergence. 

Vascular Necrosis 

Non-pathogenic vascular discoloration is associated with low soil moisture and rapid, 1-3 days, vine death 

due to acid, frost, or mechanical kill. High temperature stress at vine kill increases the severity of the 
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disorder. Disorder is characterized by a light tan to reddish brown speckling or a dark brown streaking in 

the vascular tissue. 

 

Control Measures: 

a. Irrigate prior to vine desiccation. 

b. Desiccate vines gradually, 1-2 weeks for complete kill. 

Heat Sprouting 

Hair or spindle sprouting may occur in the field or in storage. It is associated with hot and dry conditions 

during late tuber growth. Premature sprouting will cause a breakdown of starch to reducing sugars below 

the sprouted eye. 

 

Control Measures: 

a. Plant deep. 

b. Avoid high setting varieties. 

Internal Heat Necrosis 

It is associated most with high temperatures at harvest, acid soils and low calcium. Low soil moisture may 

have a role. The necrosis appears as light tan, dark yellow to reddish brown flecks or specks; these may be 

dark brown or black in the most severe cases. 

 

Control Measures: 

a. Add lime to acid soils. 

b. Add of calcium to deficient soils. 

c. Establish good vine growth to shade ground (row closure). 

d. Don't store tubers in ground long after vine death. 

e. Schedule irrigation for seasonal growth. 
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Summary 

Insufficient grazing of goats was due to decreasing land area; limited facility for housing of goat, absence 

of preventive practices and first aid at the village level, leading to high mortality and morbidity of goats 

this has an adverse impact on production attributed to our limitations in increasing the goat farming. 

Judicial use of feeding locally available feed resources and feeding Azola decrease the input cost and achieve 

the maximum growth rate as per breed characteristics. Low cost clean and dry housing of goat by locally 

available resources solve the problem of housing for improving the herd size. Regular deworming and timely 

vaccination with first aid treatment by farmers and availability of medicine through Animal health 

advisory centre is successful technique to improve the backyard rearing of goat due to decease in mortality 

of goats. 

Introduction  
The role of goat farming in the upliftment of small, marginal farmers including landless agricultural 

labours in India is well recognized (Kumar et al., 2014). Bihar possesses the third largest goat population 

in the country. Goat husbandry is a source of livelihood and economic sustenance among poor farmers of 

dry plain, mountain and hilly regions of the country. India’s goat husbandry depends largely on the 

monsoon grasses (Shinde and Bhatta, 2002) and changing rainfall pattern would cause scarcity of grazing 

resources. There will be lengthier droughts in dry areas, which will subsequently affect grazing resources, 

water scarcity and hamper goat husbandry activities. Banka has more than 50% barren and rain fed land 

(Annual report 2017-18). Commercial goat farming was not sustainable due to outbreak of PPR and other 

common diseases and feeding cost of goat. Vaccination programme of government was not benefited to this 

farmers because of grazing of goat from 7am to 4pm and vaccinator approach the village after 10 o,clock. 

When the goat became ill the farmer was preferred to sale the goat rather than treatment because of 

unavailability of treatment facility. Due to fear of mortality, they were also sold the female goat hence herd 

size not increased. The goats are mostly housed along with residential housing (Debraj et al 2011). More 

than 5 goats they were not accommodate in house. Managing more than 10 goats is a serious challenge for 

farmers as majority of them being marginal and small holders are unable to cultivate fodder and store it 

leading to shortage during certain periods (Singh et al., 2015). 

Proposed Solution/ Changes Needed 

So, major activities being implemented for goat farmers of Banka district was i) modifying the housing 

pattern for low land and low cost; ii) feeding of straw, azola (as such and dry) and Palas leaf; iii)  Improving 

the community knowledge for scientific management;  iv) reducing mortality rates of goat by establishment 

of a community-led and managed system of preventive vaccination and health care through training of 

women goat farmers, thereby, enabling goat rearing to develop as a sustainable livelihood activity. 

Preparation of low-cost two-tier bamboo house, which will rear large no. of goat in less space. Which is dry 

with proper ventilation and able to prevent from predators. Cultivation of green fodder by extra water 

drainage from house hold which give regular supply of green fodder to goat. Training of farmers for 

scientific goat farming and first aid treatment of goat, so they can prevent and treat the disease of her goat. 

Work Done 

Smt. Mahima Devi, W/o- Sri. Suresh kumar Yadav, Village- Banarpur, Block- Katoriya, Banka, is such a 

successful farm woman. She had goat since more than 15 years but due to some limitations they were not 
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extend goat farming. She had 2 Acre land but due to Rain fed only Kharif crop grown. She had worked as 

labour and in cropping season they were not graze the goat and also in summer due to less rain less grasses 

available so, growth was decreased also body weight was loosed so they were sold her goat in early age. In 

this area, outbreak of PPR was more prone and due to village in interior no medical facility available so 

she sold her goat after ill.  

In 2016, she had got training on scientific goat farming in Krishi Vigyan Kendra, Banka. She extends her 

goat farm from two locally available Black Bengal female goats to 21 female and 36 kids. Cultivate azola 

as green fodder by digging pit nearby house where house drainage collected. Average one household 

maintained 3-4 azola pit. Azola was fed after washing with water and mixing with grains. Excess azola was 

dried in shed and preserved for scarcity periods. Grazing of goat for 8 hrs on Hills and at Night, leaf of wild 

plants was fed. She had fed 25g dry azola with grains 100gm/day to female goat and 200g to male/castrated 

goat in evening. She was castrated the male for achieving the more weight after availability of feeding. 

Low-cost housing facility by locally available materials like Bamboo and Palas. Make double tier house by 

bamboo in which ground floor goat and upper floor used by human beings. The surrounding of goat house 

was covered by bamboo. This type of house provide space and proper ventilation should also provide dry 

area for goat which acts as preventive measures for goat.  

She was trained for first aid treatments and scientific goat farming. Thus, she was able to treat own 

animals and also neighbors. She had dewormed goat twice/year and timely vaccination of Goat for PPR and 

ET vaccine resulting in not outbreak of PPR. Dey et al., (2011) reported that there was no vaccination of 

PPR by backyard goatary farmers. 

Impact/ Evaluation of the Case 

She had double tier bamboo shed in which upper floor used for self and on ground floor rear goat. So, they 

were reared large no. of goats and separate housing facility for kids. One kilo azola saving 2 kg grains. 

Azola have fulfilled the requirement of protein source so achieve the maximum potential growth rate. Thus, 

cultivation of Azola as green fodder has an important role in meeting requirement of various nutrients & 

roughage for goats to produce meat economically.  

She had dewormed goat twice/year and timely vaccination of Goat for PPR and ET vaccine resulting in not 

outbreak of PPR. Major cause of mortality in this area was PPR disease. Also, treatment of goat was done 

for common diseases. The average market size of castrated goat was 25-30kg/ 12 months. It is higher than 

adult weight 15kg reported by Dey et al., (2011). Herd size increased to 21 female and 36 kids and net profit 

reached to 1 lakhs/year in 2019. Holding size is a generally 1-3 goat per family depending on availability of 

surplus labor in the family (Dey et al.,2007). She had made group of women farmers for cultivation of azola 

and rearing 2-3 goats earning 15,000-20,000Rs/annum which will support in emergency and also prevent 

from migration to other village in search of work. Smt. Mahima devi provided vaccination and treatment 

facility to other goat farmers. 

Table 1: Feeding schedule of Goat: 

 Mixed grains*  

Grazing  8 hrs  

Female Goat  100g/day  

Male goat/Castrated  200g/day  

Dry Azola  25g/day  

*Maize+Wheat+ Rice=1:1:1  

Table 2: Gross and net income of dairy animal after feeding green fodder: 

 (Rs/year) 

Feed cost  35,478  

Medicine cost  1,010  

Total cost  36,488  

Gross Profit  1,37,500  

Net Profit  1,01,012  
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Photos of the Farmer and Farming 

   

Azola production Azola production Feeding Dry Azola 

   
Drying of Azola Stored Dry Azola Feeding dry azola to Kid 

Conclusion 

Present study shows that judicial use feeding locally available feed resources and growing azola as green 

fodder decrease the input cost and achieve the maximum growth rate as per breed characteristics. Low cost 

clean and dry housing of goat by locally available resources solve the problem of housing for improving the 

herd size. Regular deworming and timely vaccination with first aid treatment by farmers with help of 

Animal health advisory centre is successful technique to improve the backyard rearing of goat due to 

decease in mortality of goats. Technique of improvement of herd size from only two goats is more 

appreciable which give chance to gain more experience and confidence for rearing the goat, so less chance 

of failure in this entrepreneur. 

Recommendations 

For sustainability in backyard goat farming use of locally available resources like Azola production and 

Palas leaf strategies should followed in lean period and training of scientific goatary with first aid 

treatments with help of Animal Advisory centre in village. AHC module should replicate in villages far 

away from cities. 
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The rural women of India play a major role in agriculture. In India, 30.33% of total cultivators, 40.67% of 

agriculture labour are women, and 13.95% of total operational holdings are operated by women (Annual 

Report 2020-21). Women are facing several health and nutritional issues. Health and nutritional status 

depend on several factors, such as cultural, social, political, economic, and education. Health is a basic need 

and a fundamental right of everyone, and it assumes special significance in the case of women. The World 

Health Organisation defines ‘Health’ as "a state of complete physical, mental and social well-being and not 

merely the absence of disease or infirmity". Nutrition is a critical part of health and development. Nutrition 

is the process of taking food into the body and absorbing the nutrients in those foods. 

An inadequate intake of nutrients could lead to malnutrition and other deficiency diseases such as anemia, 

vitamin A deficiency, iodine deficiency disorders, and other micronutrient deficiencies. Low nutritional 

status makes women prone to certain diseases. Lower health status manifests itself in lower life 

expectancy, higher rates of morbidity and mortality, lower levels of productivity, and a decreased ability to 

earn and support oneself. 

The health and wellbeing of women is an ongoing issue. Women often focus on their family members' health 

and wellness while ignoring their own health. This leads to reduced food and nutrient intake. Women's 

health and nutritional status are influenced by their food and nutrient intake, as well as their ability to 

care for family members and earn a living. The rural female population is also negatively impacted by a 

patriarchal social structure, gender discrimination that begins at birth, malnutrition, illiteracy, unskilled 

labour, physically demanding job, early marriage, numerous pregnancies, repeated pregnancies, and 

poverty. 

 

The health and nutritional status of women is very important for the quality of life and for the survival 

and healthy development of their children. Women have the same right as men to better education and 

health care. Health can be best managed through education. Spreading awareness about health issues and 

their maintenance can be best done through education. Health and nutritional status can be improved by 

the consumption of healthy, nutritious food. Access to good nutrition improves health, stronger immune 
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systems, safer pregnancy and childbirth, lower risk of non-communicable diseases (such as diabetes and 

cardiovascular disease), and longevity. 

Health and Nutritional Status of Rural Women in India  
Indicators % (NFHS-5, 2019-21) 

Literate 65.9 

10 or more years of schooling 33.7 

Women age 20-24 years married before age 18 years  27.0 

Total fertility rate (children per woman) 2.1 

Women age 15-19 years who were already mothers or pregnant at the time 

of the survey 

7.9 

Adolescent fertility rate for women age 15-19 years 49 

Nutritional Status 

Body Mass Index (BMI) is below normal (BMI) 21.2 

overweight or obese (BMI ≥25.0 kg/m2 ) 19.7 

High risk waist-to-hip ratio (≥0.85) (%) 55.2 

Anaemia 

Non-pregnant women age 15-49 years who are anemic  58.7 

Pregnant women age 15-49 years who are anemic  54.3 

All women age 15-49 years who are anemic 58.5 

All women age 15-19 years who are anemic 60.2 

Blood Sugar Level 

Blood sugar level - high (141-160 mg/dl) 5.9 

Blood sugar level - very high (>160 mg/dl) 5.5 

Blood sugar level - high or very high (>140 mg/dl) or taking medicine to 

control blood sugar level 

12.3 

Hypertension 

Mildly elevated blood pressure (Systolic 140-159 mm of Hg and/or Diastolic 

90-99 mm of Hg) 

11.9 

Moderately or severely elevated blood pressure (Systolic ≥160 mm of Hg 

and/or Diastolic ≥100 mm of Hg) 

5.2 

Elevated blood pressure (Systolic ≥140 mm of Hg and/or Diastolic ≥90 mm of 

Hg) or taking medicine to control blood pressure 

20.2 

Screening for Cancer among Adults (age 30-49 years) 

Ever undergone a screening test for cervical cancer 1.7 

Ever undergone a breast examination for breast cancer  0.7 

Ever undergone an oral cavity examination for oral cancer 0.8 

Maternity Care (for last birth in the 5 years before the survey) 

Mothers who had an antenatal check-up in the first trimester 67.9 

Mothers who had at least 4 antenatal care visits 54.2 

Mothers whose last birth was protected against neonatal tetanus 91.7 

Mothers who consumed iron folic acid for 100 days or more when they were 

pregnant 

40.2 

Mothers who consumed iron folic acid for 180 days or more when they were 

pregnant 

22.7 

Registered pregnancies for which the mother received a Mother and Child 

Protection (MCP) card 

96.3 

Mothers who received postnatal care from a 

doctor/nurse/LHV/ANM/midwife/other health personnel within 2 days of 

delivery 

75.4 

Average out-of-pocket expenditure per delivery in a public health facility 

(Rs.) 

2,770 
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Children born at home who were taken to a health facility for a check-up 

within 24 hours of birth 

4.3 

Children who received postnatal care from a 

doctor/nurse/LHV/ANM/midwife/other health personnel within 2 days of 

delivery 

76.5 

Delivery Care (for births in the 5 years before the survey) 

Institutional births 86.7 

Institutional births in public facility 65.3 

Home births that were conducted by skilled health personnel 3.7 

Births attended by skilled health personnel 87.8 

Births delivered by caesarean section 17.6 

Births in a private health facility that were delivered by caesarean section 46.0 

Births in a public health facility that were delivered by caesarean section 11.9 

Source: NHFS-5 Data 
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The worldwide per capita land base for agricultural production has declined dramatically over the past few 

decades and is expected to continue to decrease. For example, it’s estimated that by the year 2025 the land 

in production per person will be 56 percent less than it was in 1965. The world population in 25 years is 

expected to be about 8 billion…2 billion more than the current 6 billion. This trend will require that crop 

yields per unit of land continue to increase. These yield increases will in turn require greater nutrient 

inputs. It’s also reasonable to assume that the impact of agriculture on the environment will be increasingly 

scrutinized since the public’s influence over production is growing. 

In fact, the utilization rate of nutrients could be improved considerably through leaf application, because 

any immobilization or leaching such as occurs in the soil is avoided. However, the disadvantage of foliar 

sprays is that in all cases only rather limited amounts of nutrients can be applied. In practice this makes 

it impossible to economically apply all the necessary nutrients via plant leaves. 

Another possible route of improving nutrient use efficiency is the use of mineral fertilizers, particularly 

nitrogen fertilizers, which release the nutrients contained according to the plants’ requirements, so-called 

‘intelligent fertilizers’, i.e., by application of slow and controlled-release nitrogen fertilizers. 

Shoji and Gandeza (1992) consider that an ideal fertilizer should have at least the following three 

characteristics:  

a. It only needs one single application throughout the entire growing season to supply the necessary 

amount of nutrients for optimum plant growth. 

b. It has a high maximum percentage recovery in order to achieve a higher return to the production 

input. 

c. It has minimum detrimental effects on soil, water and atmospheric environments. Slow, and 

particularly controlled-release as well as ‘stabilized’ fertilizers meet these requirements for an ideal 

fertilizer to a considerable extent. 

Slow-release fertilizers are excellent alternatives to soluble fertilizers. Because nutrients are released at a 

slower rate throughout the season, plants are able to take up most of the nutrients without waste by 

leaching. A slow-release fertilizer is more convenient, since less frequent application is required. Fertilizer 

burn is not a problem with slow-release fertilizers even at high rates of application; however, it is still 

important to follow application recommendations. Slow-release fertilizers may be more expensive than 

soluble types, but their benefits outweigh their disadvantages. 

Though slow-release fertilizer can contribute to improved nutrient efficiency, minimizing negative 

environmental effects, it has to be kept in mind that errors in field and crop management cannot be 

compensated for by the use of these special fertilizer types. 

Advantage of the Slow-Release Fertilizers  
The slow-release fertilizer is an environmental-friendly fertilizer which can slow down or control the 

nutrient release rate, to reduce nutrient loss and increase fertilizer use efficiency. 

1. Increase fertilizer use efficiency. Generally speaking, slow/controlled release fertilizer can increase 

fertilizer, use efficiency by 10-30% compared with instant nitrogen. 
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2. Decrease fertilizer application rate and save labour. Slow/controlled release fertilizer can produce the 

same yield with the rate 10-40% less than conventional fertilizer. Sometimes, only single application is 

required, which can reduce labour cost by 75%. 

Slow-Release Fertilizer  
Slow-release fertilizers are excellent alternatives to soluble fertilizers. Because nutrients are released at a 

slower rate throughout the season, plants are able to take up most of the nutrients without waste by 

leaching. A slow-release fertilizer is more convenient, since less frequent application is required. Fertilizer 

burn is not a problem with slow-release fertilizers even at high rates of application; however, it is still 

important to follow application recommendations. Slow-release fertilizers may be more expensive than 

soluble types, but their benefits outweigh their disadvantages. Slow-release fertilizers are generally 

categorized into one of several groups based on the process by which the nutrients are released. 

1. Pelletized: One type of slow-release fertilizer consists of relatively insoluble nutrients in pelletized form. 

As the pellet size is increased, the time it takes for the fertilizer to breakdown by microbial action is also 

increased. An example of this type is MagAmp, a 7-40-0 fertilizer that is available in a coarse grade lasting 

two years and a medium grade lasting one year. MagAmp is used commercially for container plants, but is 

appropriate for use on turf, tree seedlings, ornamentals, vegetables, and flower borders. 

2. Chemically Altered: A fertilizer may be chemically altered to render a portion of it water insoluble. 

For instance, urea is chemically modified to make Ureaform (urea formaldehyde) -- a fertilizer that is 38 

percent nitrogen, 70 percent of which is water-insoluble. This percentage is often listed on fertilizer labels 

as the Percent W.I.N., or the percent of water-insoluble nitrogen. This form of nitrogen is released gradually 

by microbial activity in the soil. Because microbial activity is greatly affected by soil temperature, pH, 

aeration, and texture, these variables can affect the release of nitrogen from Ureaform. For example, there 

will be less fertilizer breakdown in acid soils with poor aeration -- an environment unfavorable to soil 

microorganisms. Ureaform is used for turfgrass; landscaping; ornamental, horticulture, and greenhouse 

crops. IBDU (isobutylidene diurea) is similar to Ureaform, but contains 32 percent nitrogen, 90 percent of 

which is insoluble. However, IBDU is less dependent on microbial activity than Ureaform. Nitrogen is 

released when soil moisture is adequate. Breakdown is increased in acid soils. IBDU is used most widely 

as a lawn fertilizer. 

a. Urea formaldehyde reaction products Urea formaldehyde (UF) reaction products represent one 

of the oldest controlled-release N technologies, having been first produced in 1936 and 

commercialized in 1955. Urea and formaldehyde are reacted together to various extents to produce 

polymer-chain molecules of varying lengths. The more these products are reacted, the longer the 

chains tend to be. Chain length, in turn, affects release characteristics. Ureaform is the oldest class 

of UF reaction products. It is sparingly soluble, and contains at least 35 percent total N, with at 

least 60 percent of the total N as cold-water insoluble N (CWIN).  

b. Ureaform is composed largely of longer-chained molecules of UF polymers. The unreacted (and, 

therefore, quick-release) urea N content in UF is usually less than 15 percent of the total N. 

Methylene ureas are a class of sparingly soluble products that evolved during the 1960s and 1970s. 

These products predominantly contain intermediate-chain-length polymers. The total N content of 

these polymers is 39 to 40 percent, with between 25 and 60 percent of the N present as CWIN. The 

unreacted urea N content generally is in the range of 15 to 30 percent of the total N. UF solutions 

are clear water solutions. They contain only very-low-molecular weight, water-soluble UF reaction 

products, plus unreacted urea. Various combinations of the UF solutions are produced. They contain 

a maximum of 55 percent unreacted urea with the remainder as one or more of methylolureas, 

methylolurea ethers, MDU, DMTU or triazone.  

c. Isobutylidene diurea (IBDU): Unlike the reaction of urea and formaldehyde, which forms a 

distribution of different UF polymer chain lengths, the reaction of urea with isobutyraldehyde forms 

a single type of molecule. Although similar in chemical structure to methylene diurea (MDU), its 

physical properties are quite different. IBDU is a white crystalline solid available in fine (0.5 to 1.0 

mm), coarse (.7 to 2.5 mm) and chunk (2.0 to 3.0 mm) particle sizes. The product contains a minimum 

of 30 percent N with 90 percent of the N in water-insoluble form. The typical commercialized product 

contains about 31 percent N. Crotonylidene Diurea (CDU): This slow acting nitrogen compound is 
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formed by reaction with crotonaldehyde or acetaldehyde. Powdered CDU containing 30 percent N 

has been directly used as a fertilizer. The microbial decomposition of the chemically bound CDU is 

temperature dependant 

3. Coated fertilisers: Slow-release fertilizers are broadly divided into uncoated and coated products. 

Uncoated products rely on inherent physical characteristics, such as low solubility, for their slow release. 

Coated products mostly consist of quick-release N sources surrounded by a barrier that prevents the N 

from releasing rapidly into the environment. Different mechanisms, but similar (though not identical) end 

results. 

Mechanism of Slow-release fertilizer:  Slow-release fertilizer releases nutrients in two stapes 

first through photodegradation in which the sunlight, soil temperature and cultivation practices 

makes cracks in fertilizer. Then second step starts i.e., Biodegradation in which soil microbes 

degrade the fertilizer means makes available to plant in required form. 

 
Fig. 1. Mechanism of Slow-release fertilizer 
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The worldwide per capita land base for agricultural production has declined dramatically over the past few 

decades and is expected to continue to decrease. For example, it’s estimated that by the year 2025 the land 

in production per person will be 56 percent less than it was in 1965. The world population in 25 years is 

expected to be about 8 billion…2 billion more than the current 6 billion. This trend will require that crop 

yields per unit of land continue to increase. These yield increases will in turn require greater nutrient 

inputs. It’s also reasonable to assume that the impact of agriculture on the environment will be increasingly 

scrutinized since the public’s influence over production is growing. 

The fertilizer industry faces a permanent challenge to improve the efficiency of its products. This is done 

either through improvement of fertilizers already in use or through development of new specific fertilizer 

types (Trenkel et al., 1988). Apart from possible technical problems, this is not an easy task due to the 

mechanisms of plant nutrition. Normally, plants take up nutrients through their roots from the soil and/or 

the soil solution. However, soil and plants are two antagonistic systems competing for the nutrients 

available in the soil or applied. 

Another possible route of improving nutrient use efficiency is the use of mineral fertilizers, particularly 

nitrogen fertilizers, which release the nutrients contained according to the plants’ requirements, so-called 

‘intelligent fertilizers’, i.e., by application of controlled-release nitrogen fertilizers. Controlled release 

fertilizers (CRF’s) are coated fertilizers that release nutrients over an extended period of time at a rate 

driven primarily by temperature and moisture of the root zone. 

Advantage of the Controlled Release Fertilizers  
1. Increase fertilizer use efficiency. Generally speaking, slow/controlled release fertilizer can increase 

fertilizer, use efficiency by 10-30% compared with instant nitrogen. 

2. Decrease fertilizer application rate and save labour. Slow/controlled release fertilizer can produce the 

same yield with the rate 10-40% less than conventional fertilizer. Sometimes, only single application is 

required, which can reduce labour cost by 75%.  

3. Reduce environmental pollution caused by fertilizer. To increase fertilizer use efficiency with 

slow/controlled release technology equals to the increase in fertilizer production. The current urea 

production in China is approximately 20 million tonnes, if coated with sulphur, the nitrogen use efficiency 

can be improved by 20%, which means the urea production is increased by 4 million tonnes.  

4. Each element contained in controlled release fertilizer has an effect to give a very high increase in the 

fertility of the soil; each nutrient of CRF is not water-soluble yet easily soluble in weak acidic content in 

the soil or generated by plant roots. 

5. The CRF neutralize toxic acids in the soil and from other fertilizers.  

6. Controlled release fertilizer is very convenient for use and can be store for a long time because it does 

not absorb moisture, does not disintegrate even in damp. 

7. Reduction of plant toxicity 

8. Reduction in ground water pollution and water bodies 

9. Flexibility of release periods from 40 to 360 days at 25º C. 

10. Improved storage and handling properties of fertilizer materials. 

11. More uniform growth response. 
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Table 1. Coating materials for controlled release fertilizer: 

Sulphur-

Based 

Mineral-based Synthetic 

polymer-based 

Biodegradable 

Synthetic 

Polymer-based 

Natural 

Polymer-

Based 

Other 

Organic 

Materials 

Gypsum 

Phospho-

gypsum 

Hydroxyapatite 

      (HA) 

Zeolite 

Bentonite 

Attapulgite (APT) 

Polystyrene 

Polyurethane  

                   (PU) 

 

Polyether- 

sulfone 

Aliphatic 

Polyester 

Polyvinyl 

Alcohol (PVA) 

Natural 

Rubber 

Starch 

Cellulose 

Lignin 

Chitosan 

Biochar 

Rosin 

Adduct 

Table 2. Different coating techniques for controlled release fertilizer: 

Techniques Advantages 

Physical Method 

Rotary Drum Can be a continuous process, low operating cost, easily scaled 

Pan Coating Can be a continuous process, low operating cost, easily scaled 

Fluidized Bed Can achieve a more uniform coating 

A more extensive selection of materials 

Melting and Extrusion Solvent-free 

Simple and cheap 

Chemical Method 

Solution Polymerization/ 

crosslinking 

Solvent reduces viscosity which makes it easier to process 

Inverse Suspension 

Polymerization 

Higher efficiency due to high reaction rate 

The solvent can be recovered which reduces the cost 

Microwave Irradiation Simple and low energy consumption 

Mechanism of Controlled Release Fertilizer  
In a recent assessment of polymer-coated materials, multiple mechanisms of release, including diffusion, 

osmotic pumping (apparently caused by changes in hydrostatic pressure and an osmotic gradient) and 

convective release by coating disruption. Release occurs mainly by diffusion when the water potential is at 

steady state and the coating material is permeable to the solutes within. Release by diffusion yields a 

relatively steady release, subject mainly to changes in coating permeability and temperature. The osmotic 

pumping (mass flow) and diffusion of solutes is likely when the coating is semi-permeable to at least some 

solutes and cracks of limited volume are formed in the coating by the build-up of hydrostatic pressure. If 

the coating is completely impermeable to the internal solutes, there is no solute release until cracks are 

formed. Impermeability to fertilizer salts may be associated with swelling of the prill, although swelling 

may not be easily detectable. Finally, convective solute transfer by coating disruption would occur when 

the build-up of hydrostatic pressure causes coating rupture. This is the release mechanism for sulphur-

coated urea, likely happens in most polymer coated fertilizers only due to coating failure. 

 
Fig. 1. Mechanism of controlled release fertilizer 
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Introduction  
The tissue culture method is the growth of tissues or cells separate from the organism. This is often helped 

by the use of a liquid, semi-solid, or solid growth medium in vitro under sterile growing conditions, such as 

broth or agar. Since bananas are vegetatively propagated, tissue culture as a propagation method offers a 

reliable way to create disease-free planting materials that can serve as the first line of defence in creating 

an integrated disease-management programme for bananas. Banana tissue may be cultured using 

techniques such shoot and meristem culture, callus culture, somatic embryogenesis, cell suspension, and 

protoplast culture. However, it's not always easy to get commercially produced, tissue-cultured banana 

seedlings. To guarantee the availability of disease-free seedlings for replanting together with a practice of 

rouging (killing) damaged banana plants, larger-scale banana producers may choose to set up a banana 

tissue-culture facility on-farm. Bananas are rich in fibre and can aid in maintaining regularity. 10% of the 

daily recommended amount of fibre may be found in one banana. According to Flores, vitamin B6 can help 

prevent Type 2 diabetes and promote weight loss. The tissue culture method provides a quick way to 

multiply high-quality, consistent, pest- and disease-free planting materials for bananas in huge quantities. 

The growing of tissue culture plants is the primary method for increasing banana yield. 

Grand Naine bananas are banana cultivars of Musa acuminata and it is commonly known as G-9. Grand 

Naine is one of the most commonly cultivated bananas and a member of the commercial Cavendish banana 

cultivar group. The term "Tissue Culture" refers to the highly regulated and sanitary process of propagating 

a plant utilising a plant component, a single cell, or a group of cells in a test tube. The water-loving plant 

banana needs a lot of water to produce at its highest level. But roots do a lousy job of drawing water out. 

An effective irrigation system, such as a drip irrigation system, should thus be used to sustain banana 

production in India. 

 
100 days plant of G-9 tissue culture banana at Farmers Anil Kr. Singh, Semapur, Katihar, 

Bihar 

The genus Musa acuminata includes the Grand Naine banana or G9 banana plant. Through the use of 

tissue culture, bananas are grown in India of high quality. While they may thrive on dry terrain, G9 

requires appropriate irrigation. Although the majority of plant tissue culture biotech businesses in India 



 

 
Volume 04 - Issue 09 - September 2022       406 | P a g e  
 

are involved in the manufacture of several banana seedling types, the variety Grande Naine or Grand 

Naine holds a majority share. Of all the plant kinds that have been brought to India, these plantains have 

the highest yield. It is a solid green fruit with a high export value and good economic profitability, producing 

16 hands and 16 fingers with 225–250 fruits per plant. This plant type has good landscaping potential and 

high wind resistance. 

Characters of G-9 Banana Variety  
1. High yield (Avg. 35 kg per plant) 

2. The attractive yellowish-green colour at maturity. 

3. Long cylindrical fruits with less curvature. 

4. Good keeping quality. 

5. Internationally acceptable as fresh fruit and in processed form. 

The traditional banana growing have a number of issues, including a lack of consistent, disease-free 

suckers, significant field mortality during establishing due to overly excellent irrigation, extended gestation 

periods, and low yields. The lack of high-quality, disease-free planting material and the producers' lack of 

knowledge about hi-tech farming might be cited as the causes of this. The only option for banana farms is 

mass tissue culture farming of high yielding, disease-free clones that generate dependably uniform and 

true-to-type plants. 

Main Steps in the Banana Tissue Culturing Process Include  
1. Introduction of aseptic cultures from shoot-tips obtain from disease-free plants. 

2. Multiplication of the shoots to the desired scale. 

3. Root introduction to individual shoots. 

4. Primary and secondary hardening of the moderate plantlets in the poly-house. 

5. Field-transfer of the hardened tissue culture plants. 

Grand Naine banana is gaining popularity and may soon be the most preferred variety due to its tolerance 

to biotic stresses and good quality bunches. Though, bunches have well-spaced hands with the straight 

orientation of gures, bigger. Fruit develops an attractive uniform yellow color with better shelf-life and 

quality than other cultivars. G9 is a high yielding Cavendish variety. The Plant grows to a height of about 

6.5 to 7.5 Feet.  

The bunches can be harvested within 11 to 12 months from the date of planting the tissue culture plants. 

The fruits of the Grand Naine Banana variety are delicious to eat and then keeping quality of the fruit is 

high compared to our native varieties. It is recommended to plant 1200 plants/acre with a spacing of about 

6 x 6 ft. Sword suckers weighing about 500-1000 gm are commonly used as propagating material. They are 

disease-free, healthy, uniform, and authentic. Properly hardened secondary seedlings are recommended for 

planting. Planting the tissue culture plants in the main field adopting the improved horticultural practices 

like drip irrigation, fertilizers and manuring, integrated nutrient management and integrated pest and 

disease management. 

Advantages of G-9 Tissue Culture Banana Cultivation  
1. The ‘banana tissue culture propagation’ is now an established and popular method due to the advantages 

it offers such as large-scale production of disease-free planting materials, comparatively uniform plant-

stand in the field, early harvesting of superior fruit bunches, and round the year availability of the planting 

materials, etc. 

2. Tissue culture methods allow farmers to select genetics they wish to propagate on a mass scale. This can 

be done with genetic transformation or selection and will involve some type of gene preservation. Genetic 

pro les that have high yields will be able to be mass propagated, and the healthy plant growth and 

development in the initial culturing stages will lead to optimal returns. 

3. Grand Naine tissue culture banana is a high market value, free from all diseases at the time of supply, 

throughout the year plantation possible, early maturity, and uniform growth of fruits. 
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4. The tissue culture method allows a plant to carry the exact genetic lineage of its mother plant. A well-

managed tissue culture operation must have little to no crop variation, allowing genetic lineages to be 

preserved. 

5. The tissue culture saplings tend to have a smoother transition into the field. This can be attributed to 

the healthy root systems they have developed through accelerated plant growth and nutrition intake. 

6. Optimal crop yield is ensured following proper cultural practices. Shorter harvesting crop period (Earlier 

maturity of a crop) enables flexibility by planting season and marketing demand. Because of the shorter 

crop duration of crop, two successive ratoons are possible with the reduced cost of cultivation and increased 

crop profits. 

7. Large quantities of healthy and uniform banana plants can be supplied at a time round the year. 
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DNA Barcode Origin  
Dr. Paul D.N. Hebert was the founder of barcoding in DNA. He first started the use of barcoding with 

sequence of DNA using ribosomal RNA. Ribosomal RNA is smaller subunit have 18s for eukaryotes and16s 

RNA of prokaryotes. He also used CO1 (Cytochrome c oxidase 1) gene identification purpose of a particular 

species. CO1 gene is present in different insect’s cells functioning key part in electron transport chain. He 

used CO1 gene for barcoding purpose. In 2003 Hebert published his paper “Biological identification through 

DNA barcode” in that he prepared DNA code by mitochondrial gene CO1. From then onwards DNA was 

used for barcoding purposes and barcoding for insect’s life has originated. 

Folmer Region  
Folmer region of CO1 gene is a standard barcode region as it contains 658 base pair. The region contains 

658 base pair at 5′ in CO1 is folmer region. The primer is exposed very effective in the intensification of the 

fragments of CO1 mitochondrial gene.  

Table 1. Types of primers used in DNA barcoding: 

Table 2. Difference between genomes used in DNA Barcoding: 

Characterises Mitochondrial genome Nuclear genome Chloroplast genome 

Structure Circular, double standard Linear, double helix Circular, double 

standard 

Chromosomal pair Haploid Diploid  Haploid 

Mutation rate 10x more than nuclear 

genome 

Low Lower than 

mitochondrial genome 

Size of genome 16,569 bp 3.2 billion bp 15,000 bp 

Copy 1 copy each cell 100 – 1000 copies each 

cell 

60 copies each cell 

Intron Absent Present Present 

Non coding 

sequence 

Many (98%) Few (7%) Few 

Reference Library for DNA Barcoding  
1. CBOL: A global initiative called COBL (Consortium for the Barcode of Life) involved for documentation 

as international standard to supporting the advancement in DNA barcoding.  

2. BOLD: A network stage called BOLD (Barcode of Life Data System) is especially for DNA barcoding. It 

is an electronic files room for storing and platform for analyse which is established at the Centre for 

Biodiversity Genomics in Canada. These COBL and BOLD act reference collection for different barcodes of 

DNA to allocate identity of identified sequence. 

DNA Barcoding Organism Genome for barcoding 

Insect Mitochondria (CO1 primer) 

Fungi Nucleus (ITS primer) 

Plant Chloroplast (rbcl primer) 

Algae TufA primer 
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3. NCBI: NCBI (National Centre for Biotechnology Information) offers a web-based “Barcode Submission 

Tool” (BarSTool) in India. BarSTool gathers supplementary data for supporting to categorise the species 

contain sequence's base and to provision the precision of the sequence. 
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Introduction  
A major challenge of agriculture is to increase food production to meet the needs of the exploiting population 

in a waning of agricultural land and natural resources, where as it is also our responsibility to maintain 

environment, sustainability and human health. Excessive use of synthetic agrochemicals used in 

agriculture to increase productivity results not only endangers human civilization but also pollutes the 

environment to a great extent. Intensive exploitation of synthetic pesticides pollutes the environment by 

contaminating soil, water, air and food. In view of preventing imminent danger for human being and 

natural resources, attention must be given towards judicious and need based pesticide which should be 

biodegradable and ecofriendly to maintain the sustainability.  

Neem (Azadirachta indica) "the wonder tree" (Family: Meliaceae), an evergreen perennial crop is used 

widely by our ancestors since time immemorial as a botanical insecticide. On the contrary, neem as a 

botanical insecticide proves its excellence from the viewpoint of reducing cost of cultivation, income and 

employment generation and above all its eco-friendly nature.  These days all the concern has been provided 

towards the organic, safe, and non-toxic pesticides that could replace the synthetic ones (Acharya et al., 

2017). The repellent and antifeedent property of neem have play a vital role against a wide range of insect 

pests. 

Major Component of Neem  
All parts of the tree possess insecticidal activity but neem extract such as neem oil, leaf extracts, bark 

extracts, and root extracts as well as the by-product of neem i.e., neem cake contain pesticidal properties 

and are used as bio-pesticide, fungicide and organic manure (Acharya et al., 2017). The chemical from neem, 

limonoids attributes its insecticidal properties. Azadirachtin, salanin, meliantriol, and nimbin are the most 

important limonoids discovered in neem that have the property to inhibit insect growth, metamorphosis, 

and reproduction. Among all mentioned chemical, Azadirachtin, the most essential compound showing 

anti-feedant activities, blocks the formation of hormone "ecdysteroid" which is important for carrying out 

molting in insects (Berxolli & Shahini, 2017).  

Neem has proven use as a fertilizer, with the organic and inorganic compounds present in the plant 

material acting to improve soil quality and enhance the quality and quantity of crops.The waste remaining 

after extraction of the oil from neem seeds (neem seed cake) can be used as a biofertilizer, providing the 

macronutrients essential for plant growth (Lokanadhan et al.,2012). Neem has demonstrated activity as a 

nitrification inhibitor, helping to slow the bacterial activity that is responsible for denitrification, hence 

decreasing the loss of urea from the soil (Mohanty et al.,2008).  

Bio-Pesticidal Activity of Neem Oil 
Neem oil extracted fron seed kernels is highly effective against soft-bodied insects and mites. It is non-toxic 

to mammals, birds and fishes and exhibits fewer chances of resistance, due to its multiple mode of action 

on insects. Hirose and co-workers evaluated the fungitoxic effect of neem oil, along with three other 

biofertilizers Supermagro, E.M-4 and MultibionTM against two entomopathogenic fungi, Metarhizium 

anisopliae and Beauveria bassiana. Among the major insect groups, neem oil has shown antifeeding effect 

and increased larvae mortality in Lepidopterian pest; early death of nymphs is due to inhibition of 

development and ecdysis defects in Hemiptera; food intake decrease, reduced larval and pupal 

development, larvae death during the molting process in Hymenoptera and in Neuropterian pest, it cause 

severe damage in the midgut cells of larvae, injury and cell death during the replacement of midgut 
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epithelium, and changes in cocoons, with increased porosity and decreased wall thickness affecting 

pupation. 

Conclusion 
Among the botanical insecticides currently marketed, neem oil is one of the least toxic to humans and shows 

very low toxicity to beneficial organisms, so it is, therefore, very promising for the control of many pests. 

One of the main problems facing the commercial development of neem is a lack of industrial interest. 

Given the importance of neem oil and its worldwide use for combating numerous pests in different crops, 

Serious efforts are to be taken by public and private agencies to motivate farming community in favour of 

using neem-based pesticide. 
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Introduction  
As one of India's major agricultural producers, Bihar is at the forefront of the fight against climate change. 

Increased drought, harsh weather, and wildfires are among ways that our state is directly affected by 

climate change. Action must be taken immediately more than ever. 

A few significant sustainable methods that farmers may contribute to the battle against climate change 

are given below. Many of the farms in our farmers markets, like Miss Bandana Kumari as dairy 

entrepreneur in Merha village of Banka or Mr. Bhola Kumar's farm in Samastipur or Mr. Sashikant 

Yadav's farm in Madhubani, are working to address climate change while providing us with excellent food 

by employing organic and regenerative methods and pushing for legislation and change. Moving us toward 

a more optimistic climate future will need all hands-on deck. 

As we prepare for the difficulties ahead, these strategies will also increase resilience on our farms and in 

our food supply. 

Well-Organized Irrigation  
Any farm must practice water conservation, especially during dry spells. Irrigation efficiency is essential 

for cutting back on fossil fuel use and greenhouse gas (GHG) emissions, though, as the vast bulk of energy 

used on farms is for pumping groundwater. Farmers that are environmentally and climatically conscious 

can employ a variety of techniques to conserve water and cut back on energy usage, including drip 

irrigation, cover crop planting, and dry farming.  

Use of Renewable Energy 
Increased energy efficiency and a move away from fossil fuels are two crucial actions that farms may take 

to lessen their impact on the environment. This can involve generating renewable energy on-site using 

solar panels and tiny wind turbines, using less petroleum-based insecticides and fertilizers, and using less 

fossil fuel for food production, storage, and transportation. 

Organic Farming 
The industrialization of agriculture has increased traditional farming's reliance on petroleum-based 

pesticides, herbicides, and fertilisers since the middle of the 20th century. Since most synthetic inputs are 

forbidden in organic farming, there are fewer greenhouse gas emissions and better soil, water, and food 

quality. Additionally, using organic and sustainable methods has advantages for farmers, such as improved 

soil fertility and health, which has advantages for the environment. 

Improve Soil Health 
Carbon farming is a significant set of sustainable practises that has the potential to significantly reduce 

the consequences of climate change and potentially assist in their reversal. Plants remove CO2 from the 

atmosphere by utilising photosynthesis as a carbon sink. In the soil, where it nourishes bacteria, fungus, 

protozoa, and worms, about 40% of that carbon is then deposited. 

These animals provide the plants with mineral nutrients in exchange, acting as a natural fertiliser. 

Through techniques like compost application, cover crop planting, and low or no-till farming, farms can 

help this process of carbon sequestration by increasing plant matter and enhancing soil fertility. 
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Green Agriculture 
Reforestation of rangelands, restoration of riparian zones, planting of hedgerows and other perennial 

plants, and other land management techniques have many advantages, including the provision of habitat 

for wildlife, the aesthetic enhancement of farms, and the attraction of beneficial insects for pollination and 

natural pest control. Trees, shrubs, and other woody plants all play a role in reducing global warming by 

storing carbon in their biomass, preventing soil erosion, and using less water. 

Reduce Livestock Emissions 
Methane emissions from dairy animals are one of the main causes of agriculture's dominance in Bihar's 

GHG emissions, which outnumber many other sources. Industrial dairy and livestock farms use manure 

lagoons, which anaerobically decompose the waste, to produce hazardous pollutants and contaminate our 

water supply. Since grasses provide high-quality feed that is healthier for cattle's digestion and their hooves 

break up soil as they walk over fields, holistic pasture-based livestock management techniques like 

rotational grazing may help to reduce this impact. 

  
Dairy entrepreneur Miss Bandana Kumari Berseem fodder 

Pasture Based Agriculture 
Since a very substantial amount of the land in Bihar is used for agriculture, producing fodder in field bunds 

or agroforestry systems could be a great choice with a lot of potential for carbon sequestration. All of this 

promotes soil health and microbial activity, supports the development of perennial grasses, and helps the 

soil retain water. 

Save Farmland 
Due to development pressures, Bihar loses a lot of farmlands every year. Given the potential for sustainably 

managed farm and rangeland to absorb carbon and reduce GHG emissions, this is bad news not only for 

the climate but also for our food security. Other climate-friendly effects of farmland conservation include 

the preservation of local food supplies, the preservation of wildlife habitat, and the promotion of 

biodiversity. 

Support Local Producers and Market 
Did you know that the average distance travelled by food in India before it reaches your plate is several 

hundred miles? All of this shipping creates greenhouse gas emissions by using fossil fuels and other natural 

resources. Food is transported over shorter distances and uses fewer resources when farmers sell directly 

at the farmers market or through other regional distribution methods. By assisting local farmers at the 

farmers market, we can ensure that farming is a viable industry, allowing farmers to remain on their 

properties and successfully produce food that feeds people and the environment. 

Introduction of Climate Friendly Policies 
On-the-ground initiatives to assist climate-friendly farming abound, but significant policy adjustments will 

be necessary to lessen the effects of climate change and increase climate resilience. Farmer producer 

organizations (FPO) are actively working to advance climate-smart agriculture policy, including incentives, 

technical support, and research to support farmland conservation, wholesome soils, water stewardship, 

renewable energy, and other measures. By pressing our legislators to act right away, we citizens can unite 

alongside climate-conscious farmers to safeguard our future. 
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Introduction  
Small millets make up the majority of Nutri-cereals, Ministry of Agriculture and Farmers Welfare. It 

comprises finger millet, kodo millet, little millet, foxtail millet, barnyard millet, browntop millet and proso 

millet. They are renowned for their hardiness, ability to withstand drought and relative resistance to 

serious pests and diseases. 

Millets are significant crops throughout Asia and Africa, particularly in India, Nigeria, and Niger. 

According to McDonough et al., (2000), developing nations produce 97% of the world's millet. This makes 

these millets dominant in form of staple food in areas of Asia and Africa where major cereals grain yield 

and quality proves to be insignificant. 

For the nutritional security of undernourished populations in underdeveloped nations, millets might be a 

good alternative (Maitra and Shankar, 2019). Despite these properties, small millets are neglected in terms 

of research and advancement, thus often referred as orphan crops. However, this opens them for a vast 

amount of study being done to assess the nutritional benefits of these value-added goods. 

Benefits of Small Millets  
1. Small millets are referred to as functional food as they are a good source of proteins, carbohydrates, 

micronutrients (minerals and vitamins), fibres, fat and antioxidants (phytochemicals).  

2. They can provide the majority of the nutrients needed for human body to function normally. 

3. The antioxidants (phenols, phytates, tannins, anthocyanins, etc.) found in small millets possess the 

power to counteract the effects of free radicals, which are potentially detrimental byproducts of a variety 

of physiological processes.  

4. Small millets are anti-acidic and do not contain gluten.  

5. These biochemical components found in minor millets, in the form of natural resources, provide 

tremendous health benefits. 

6. It helps in lowering the risks of chronic illnesses such as cardiovascular diseases, high blood pressure, 

certain malignancies, and obesity. It also plays a crucial role in combating gastro-intestinal problems 

(inflammatory bowel disease, ulcer cancer).  

Table 1: Nutritional value of small millets (all values are per 100 g of edible portion): 

Millets Moisture 

(g) 

Protein 

(g) 

Fat 

(g) 

Mineral 

(g) 

Dietary 

Fibre (g) 

Carbohydrate 

(g) 

Energy 

(g) 

Finger millet 13.1 7.3 1.3 2.7 11.5 72.0 328 

Proso millet 11.9 12.5 1.1 1.9 - 70.4 341 

Foxtail millet 11.2 12.3 4.3 3.3 2.4 60.9 331 

Little millet 11.5 7.7 4.7 1.5 2.53 67.0 341 

Kodo millet 12.8 8.3 1.4 2.6 2.47 65.9 309 

Barnyard 

millet 

11.9 6.2 2.2 4.4 1.98 65.5 307 

Brown-top 

millet 

11.3 9.0 1.9 3.9 - 71.3 338 

Source: Banerjee et al., 2020 (Indian Journal of Natural Sciences) 
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Source: Muthamilarasan and Prasad, 2021 (Trends in Plant Science) 

Finger Millet 
The testa, which is typically high in dietary fibre and micronutrients, is milled with the finger millet to 

create flour, and the entire meal is used to make traditional meals like roti, ambali, and mudde. Consuming 

whole grain finger millet and its products regularly can lower your chance of developing heart disease, type 

II diabetes, gastrointestinal cancer, and other illnesses. 

Barnyard Millet 
Barnyard millet is a versatile crop that is used for both food and fodder. It is a good source of highly 

digestible protein (11.6%) and dietary fibre (13.5 g/100 g), with a good balance of soluble and insoluble 

components. 

Little Millet 
Little millet is rich in cholesterol, when consumed increases good cholesterol in the body, suitable for 

growing kids and strengthens the body. Its complex carbohydrate digests slowly which is very helpful for 

diabetic patients. 

Proso Millet 
For thousands of years, proso millet has been a mainstay diet. The most typical protein content is from 

11.5 to 13 percent, with a high of roughly 17 percent. Protein levels rise under dry circumstances, but the 

protein's quality deteriorates. Proso millet's dietary protein is crucial for the metabolism of 

cholesterol. Potassium, iron, and manganese are all abundant in proso millet. 

Kodo Millet 
Kodo millet is a wholesome grain that works well in place of wheat and rice. Compared to popular cereals 

like rice, the protein, fibre, and mineral levels are significantly higher. 8.3% of the protein in kodo millet is 

protein. Gluten makes up the majority of the protein in kodo millet. Compared to rice (12.9%) and wheat 

(5.2%), kodo millet is a superior source of fibre (15%). 

Conclusion 
Since a very substantial amount of the land in Bihar is used for agriculture, producing fodder in field bunds 

or agroforestry systems could be a great choice with a lot of potential for carbon sequestration. All of this 
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promotes soil health and microbial activity, supports the development of perennial grasses, and helps the 

soil retain water. 
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Abstract  
India has a vast potential for Microbial Pesticides. As our economy is Agriculture based. However, its 

adoption needs education for their maximum gains. The Scientists should also explore all the possibilities 

for popularization and constraints in the emerging field. Extensive and inappropriate pesticides use have 

caused pest resistance to major groups of pesticides. Microbial Bio- pesticide include several 

microorganisms like Bacteria, Fungi, and   Nematode associated bacteria acting against invertebrate pests 

in Agro-ecosystem. The Bio-pesticide sector is experiencing a significant growth and many discoveries are 

being developed into new Bio-Pesticidal products that are fuelling a growing global market offer. Following 

a new decade of successful use of the Entomo-pathogenic bacterium Bacillus thuringiensis and a few 

other microbial species.  An eco- friendly alternative to chemical pesticide is bio-pesticides, which falls into 

three classes. These include microbial pesticide, plant- incorporated protectants and biochemical pesticides. 

Through this study we came across how the use of bio-pesticides will reduce the environmental hazards 

and make the agriculture sustainable. 

Keywords: Bio-pesticide, Bacteria, Fungi, Microbial pesticide, Nematodes, Bacillus thuringiensis, 

Trichoderma, Pest management. 

Introduction  
As we know in the field of Agriculture, there are numerous problems of pests like insects, fungi, and weeds 

from the ancient period resulting in decrease in yield as well as productivity of crops. Pest are being 

introduced / shifted continuously to the new areas either naturally or accidently or introduced with new 

crops or Global warming. Global trade has caused an increased number of invasive species requires an 

unparalleled challenge the world over. Bio-pesticides, represents a range of bio-based substances acting 

against invertebrate pests with different mechanisms of action. Based on a 45technical definition provided 

by the United States Environmental Protection Agency (EPA), they can be classified into three main 

classes:  

a. Naturally-occurring bio-chemicals that act through non-toxic mechanisms. 

b. Microbial entomopathogens and 

c. Plant-incorporated protectants deriving from genetically engineered plants.  

The basic concept of employing living organisms and natural products leverages the properties of natural 

ecosystem components to counteract the biotic and reproductive potential of pests. In agricultural 

ecosystems, the growth of harmful insect and other invertebrate populations is, in fact, favoured by an 

oversimplification of living communities so that biological control methods based on the use of natural 

enemies (i.e., predators and parasitoids) and pest disease agents may restore a lost ecological balance. For 

this reason, the challenges are to secure high -quality yield and to make Agriculture profitable and 

environmentally compatible. Chemical means of plant protection occupy an important place as regards to 

their quantity of application in integrated pest and disease management of plants, due to their residual 

effects they cause toxicity to human and other animals.  

Discussion: (Benefits and Role) 
Microbial Bio-pesticides are the product obtained from Microorganism which are beneficial and can be 

applied against plant diseases and insect pest responsible to cause damage to Agricultural crops year after 

year. The Bio-pesticides are certain types of pesticides derived from natural materials such as 
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Microorganism, Plants, animals and certain minerals. For example- Canola oil, Neem oil and baking soda 

have pesticidal applications and are considered Bio-pesticide. Which are naturally occurring substances for 

control pests by non-toxic mechanisms. They are living organism or their products or by products, which 

can be used for the management of pests that are injurious to crop plants. Bio-pesticides have a vital role 

in crop protection, although most commonly in combination with other tools including chemical pesticides 

as part of bio- intensive integrated pest management. They are biological pesticides based on pathogenic 

microorganism, which are specific to a target pest. They offer an ecological beneficial and effective control 

to pest problems. They are safer to the environment and to human health, as they are degradable, and 

there are no residue effects on human beings. 

Role of Bio-Pesticides in Sustainable Agriculture 
The green revolution is characterized by the introduction of high-yielding varieties, chemical fertilizers and 

pesticides which resulted in impressive crop production but consequently degraded the sustainability of 

the farming system by affecting both biotic and abiotic components of the environment. The present pest 

management practices depend heavily on the usage of chemical pesticides which in turn have resulted in 

consequences like pesticide residue in food, soil and water resources, adverse effect on non-target organism, 

resistance development in various pest species, environmental pollutions and serious health issues in 

human beings. These potential adverse effects of the synthetic chemical insecticides have raised the public 

concerns which has triggered the use of products based on biological processes for pest control. The use of 

bio-pesticides has considerable benefits on agriculture and human health. Bio-pesticides resolve the 

problem of residues on fruits and vegetables which is a significant public concern. The bio-pesticides can 

be prepared by using local and natural resources which reduces the cost of crop protection. Bio-pesticides 

are biodegradable, have multiple modes of action, are less costly, and have little toxicity to humans and 

non- target animals. Bio-pesticide are safe for employ. They were also target-specific, which means they 

don’t harm beneficial creatures such as natural enemies. They work in very small dosages, and their use 

aids in long term pest management and natural pesticides do not build resistance to pests. Their raw 

ingredients are inexpensive to obtain because they are found in the natural environment and some of them 

are used for other purpose such as food and feed. Bio-pesticide exhibit different modes of action against 

pathogens such as Hyperparasitism competition, lysis and predation. Plant growth promoting 

rhizobacteria protect plants from biotic and abiotic stresses and they also enhance plant growth and 

enhance formation of root hairs. 

Production and Consumption 
According to Directorate of Plant Protection Quarantine and Storage (DPPQS) a total of 361 biocontrol 

laboratories and unit are working in India. However, data suggest that in India the consumption of bio-

pesticides has increased in the last few decades. For example: Consumption of Neem which is one of the 

most common Bio-pesticides used in India has increased from 83 metric tons during 1994- 1995 to 686 MT 

in 1999- 2000 and in case of Bacillus thuringiensis (BT) it has risen from 40 to 71 MT during the same 

period. 

The committee stated that the use of bio-pesticides had increased beyond the expectations from 123 metric 

tons in 1994- 95 to 8110 MT in 2011-12. Data obtained from DPPQS suggested that the all-India 

consumption of bio-pesticides has increased by 40% from 2014-15 to 2018-19. Statistics also show that 

Maharashtra, West Bengal and Karnataka have utilised maximum of bio-pesticides i.e, 5549, 4416 and 

3478 MT respectively, while Himachal Pradesh and Goa have used least about 36 and 38 MT respectively. 

Government Agencies 
Central and State Agricultural Universities and various ICAR Institutes are major Government agencies 

involved in commercial production of different Bio-pesticides. Assam Agricultural University and Central 

Agricultural University, Manipur are producing bio- pesticides against invasive pests. Several Krishi 

Vigyan Kendra (KVK) and state biocontrol labs have also been developed, which are producing bio- 

pesticides for managing the local demand. National Agricultural Cooperative Marketing Federation of 

India (NAFED) has also started to promote the use of bio- pesticides. Other funding agencies such as the 

Department of Science & Technology, New Delhi & ICAR have also raised several schemes with a major 

focus on judicious use of pesticides in Agriculture and Sponsoring research on Bio-pesticides. However, the 
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Government agencies are also very much concerned about gathering toxicological data of using bio-

pesticides in various Agro- climatic zones. 

Recent Report of Various Substances with Pest- Control Properties 
Strain of the fungus Talaromyces flavus 

SAY -Y-94- 01- Anthracnose caused by Glomerella cingulata and Colletotrichum acutatum: 

a. Extract of the species Clitoria ternatea (butterfly pea)- Helicoverpa spp. 

b. Product of fungus (Trichoderma harzianum)- Fusarium root rot 

c. Bacillus thuringiensis variety tenebrionis strain Xd3- Alder leaf beetle Agelastica alni 

d. Alkanoid compound oxymatrine- Spodoptera litura, Helicoverpa armigera. 

Market Overview 
Microbial pesticide is the most rapidly growing market segment in the bio-pesticides market. 

Microorganism such as Bacteria, Fungi, Virus or Protozoans, from the active ingredient, has its own specific 

target pest. Among application areas for Microbial pesticides, fruits and vegetables occupy the largest share 

by application. Microbial pesticides have a relatively lower residue level and are a perfect fit for the 

treatment of fruits and vegetables and hence fruits and vegetables form the largest application area for the 

microbial pesticides. 

Conclusion 
The growing concerns in the public as well as Government on the negative consequences of use of chemical 

insecticides have triggered the emergence of Bio-pesticides for the control of insect pest. Microbial 

pesticides can be an alternative to the chemical pesticides as indiscriminate pesticide use is detrimental to 

the environment and human health and also increases insect resistance to pesticides. The bio-pesticides 

are being used as alternative pest management strategy: Several constraints such as developing stable 

formulation, Standardizing appropriate delivery methods, lack of registration procedures etc. The demand 

for microbial pesticide is rising steadily in all parts of the world. When used in integrated pest management 

system, microbial pesticides efficacy can be equal to or better than conventional products. Bio-pesticides 

perform efficaciously with minimum application restrictions along with human and environmental safety 

benefits. It is likely that in the future, their role will be more fruitful in Agriculture and Horticulture. 

Hence, it is High time to shift towards bio-pesticides is realized quickly so as to make our Agro- ecosystem 

sustainable for food security in the future. 
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Now-a-days the concept of sustainable agriculture has received a lot of attention due to the numerous 

problems created by the overuse of chemicals in agriculture. Sustainable agriculture preserves the 

environment while producing safe and sufficient food for all people. On the other hand, as population 

demand on land resources increases, global food security is deteriorating as a consequence of declining soil 

resource base quality and/or quantity. One of the fundamental root causes for decreasing per capita food 

grain production is thought to be the soil resource degradation resulting from depletion of nutrient reserves, 

declining soil organic carbon stocks, heavy metal contamination etc. The utilization efficiency of applied 

nutrients still remains poor in the majority of tropical agro-ecosystems because of nutrient losses caused 

by diverse loss mechanisms. In this context, the use of zeolites in agriculture/soil fertility management 

assumes greater significance. 

 
Fig. 1 Natural Clinoptilolite mineral (Slavko et al., 2004) 

Zeolites are crystalline, porous alumino-silicate materials that include alkali and alkaline earth cations, 

such as Na and Ca. They are one among the most prevalent minerals in sedimentary rocks, and it has been 

noted that they are particularly prevalent in tuffaceous rocks. Zeolite was found in nature by Swedish 

mineralogist Axel Fredrik Cronstedt in 1756. According to a source, of the 40 naturally occurring zeolites 

that research teams have looked at, clinoptilolite, erionite, chabazite, heulandite, mordenite, stilbite, and 

philipsite are the most well-known. The main features of zeolite materials are pores and voids. The unique 

physical and chemical properties of natural zeolites, based on their ion exchange, catalytic and molecular 

sieve properties, make them suitable for variety of agricultural and horticultural applications as well as 

for other environmental uses (Majid et al., 2018). 

Classification of Zeolites  
This mineral group has more than 50 distinct species, and there are yet more to be discovered. Zeolites 

have been categorized on the basis of their morphological characteristics, crystal structure, chemical 

composition, effective pore diameter, natural occurrence, etc. One crucial aspect of zeolites is the Si/Al ratio. 

According to their silica:alumina ratio, zeolites are categorised as follows 

Low-silica zeolites: Low-Silica zeolites or zeolites rich in aluminium are virtually saturated with 

aluminium with a molar ratio of Si/Al ≈1with the highest amount of aluminium content in the tetrahedral 

framework (eg: zeolite A and X). As a result, they have the most cationic exchange sites. They have an 

extremely strong hydrophilic surface selectivity as a result of this property. Since their pore volumes are 
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the greatest of all other zeolites that are known to exist, they have a clear economic advantage in bulk 

separation and purifying processes that require for high capacity. 

Intermediate-silica zeolites: Scientists at Union Carbide Laboratories created intermediate-silica 

zeolites for the first time in the early 1950s with enhanced thermal, hydrothermal, and acid stability. When 

they were initially developed, they quickly found a sizable commercial demand as both an adsorbent and a 

catalyst for hydrocarbon conversion. These zeolites nevertheless have a heterogeneous surface and have a 

strong selectivity for polar molecules like water. The natural zeolites mordenite, erionite, clinoptilolite, and 

chabazite as well as the synthetic zeolites omega, mordenite are within the range of 2 < Si/Al <5. These 

materials still retain hydrophilic property in this Si/Al range. 

High-silica zeolites: High-silica zeolites are with higher Si/Al ratio and are more hydrophobic and 

organophilic in nature. By adding organic components to alumino-silicate and silicate gels during the 

synthesis process, high silica zeolites may be produced directly. They can also be modified after the 

occurrence, using techniques such as hydrothermal steaming, with the use of aqueous (NH4)2SiF6, SiCl4 or 

F2 gases. Better catalytic characteristics and increased thermal stability are obtained by dealuminating 

the aluminium from the framework.  

Application of Zeolites in Agriculture 
Zeolites are known to have several potential uses in agriculture: 

Fertilizer use efficiency: Because only a small portion of chemical fertilizers are actually absorbed by 

the soil, their widespread usage poses major environmental risks. The excess fertilizer is washed away, 

and as a result, eutrophication or groundwater nitrates occur. These problems can be overcome by 

employing slow-release fertilizers (SRFs). Zeolites improve the slower release of these nutrients for crop 

absorption, which increases the soils' capacity to retain nutrients. Hexadecyltrimethylammonium bromide, 

a cationic surfactant, was used to positively modify the surface of zeolite-A, enhancing its ability to hold 

anion phosphate (PO43). The use of inorganic fertilizers combined with zeolites significantly boosted N, P, 

and K absorption and their utilization efficiency in roots, leaves, and stems of maize (Zea mays L.) (Ahmed 

et al., 2010). 

Soil amendment: Zeolites, in contrast to other soil conditioners like lime, do not degrade over time but 

instead stay in the soil to enhance nutrient retention. By keeping essential nutrients in the root zone, its 

addition to soil will greatly save water and fertiliser expenses. Due to its slight alkalinity, zeolite can help 

to stabilise soil pH levels when used with fertilisers. The porous structure of natural zeolites aids in 

maintaining the soil's aeration, moisture, and activity over an extended period of time. The yields of lettuce, 

tomato, rice, and andropogon grass are greatly increased by using Brazilian zeolitic sedimentary rocks as 

a soil conditioner (Bernardi et al., 2013). 

Slow release of herbicides: Zeolites have been demonstrated to provide the active ingredient of 

herbicides for a longer length of efficacy at the needed rate for weed control. They also lower the 

environmental pollution and leaching potential of herbicides by requiring less of the chemical in general. 

Furthermore, it was discovered that zeolites were slow-release carriers for the herbicide 2,4-

dichlorophenoxyacetic acid (2,4-D) (Shirvani et al., 2014). 

Heavy metal traps: One of the most important problems in modern agriculture is soil contamination 

caused by heavy metals including lead, cadmium, zinc, nickel, manganese, chrome, copper, and iron. The 

rise in heavy metal pollution is greatly driven by industry growth and the overuse of fertilisers. The 

phytoavailability of heavy metals is associated with their concentrations in soil solution. Zeolites are 

frequently utilised for the sequestration of cationic pollutants, such as heavy metals (Cd, Pb, Cr, Zn, Cu, 

etc), since they have a high cation-exchange capacity and attract positively charged ions.  

Water absorption: Zeolites have a very porous crystalline structure that allows them to hold onto water 

molecules up to 60% of their weight. By altering the bulk density and porosity, zeolites can change the 

amount of water in the soil. A physical characteristic of soils called bulk density can affect top soil stability 

and overall porosity. Zeolites can result in greater water-holding capacity in sandy soils. Under comparison 

to untreated soil, the treated soil's capacity to store water in drought and other situations increased by 0.4–

1.8 and 5–15%, respectively (Xiubin et al., 2001). 
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Improvement of photosynthesis in crops: Zeolites have the ability to take up carbon dioxide molecules 

and slowly release them into the biosphere. Zeolites can be sprayed on plant leaves to increase carbon 

dioxide levels close to stomata. For C3 plants, such as vines, tomato plants, apple trees, and orange trees, 

this phenomenon may result in a greater rate of photosynthesis with an improvement in the efficiency of 

net carbon CO2 (velocity of carboxylation) intake and a decrease in carbon dioxide loss through the photo 

respiratory system. This results in faster growth, an increase in the rate at which the leaf surface is 

produced, and a decrease in the rate at which transpiration occurs. 

Animal feed supplement: Dietary supplementation with zeolites is a helpful and effective method for 

advancing animal health and preventing a number of ailments. Numerous studies in various animals, 

including pigs, calves, and lambs, have shown the advantages of include them in the diet. 

Conclusions 
Nowadays zeolite use in agriculture is gaining more and more attention. There are several potential 

applications for zeolite in agriculture, especially in soil management. Zeolites can be a useful tool to 

conserve water content, lower canopy temperature, improve fertilizer usage efficiency, and assure 

production by being applied to the soil or in greenhouses. In recent years, the approach to sustainable 

agriculture cannot be separated from the usage of sustainable products, and in this context, zeolites will 

be able to achieve fertilizer savings, better management of water resources, soil and groundwater 

decontamination. 
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Abstract  
The farmer producer companies are mixed form of private Limited companies and cooperatives. It carries 

the cooperative values and professional style of corporate function. The data taken from NABARD, SFAC 

and the latest report taken from NAFPO. There is a drawback in APMC model that’s why the new concept 

is evolued but in these also some technological problems are seen. During corona period the only sector in 

india it created positive impact to GDP, in these periods large number of agritech startups are newly enter 

into the market. Large number of startups mainly focus on the problem-solving opportunity in the farmer 

producer companies. In 2020 centre also announced the “formation and promotion of 10,000 more FPOs” 

by 2022 in india. There are various schemes for farmer producer organisations (equity grant scheme, credit 

guarantee fund scheme, e-NAM, venture capital assistance, agriculture infrastructure fund, scheme for 

creation of backward and forward linkages, agro processing cluster scheme, some of the NABARD Schemes 

like NABKISAN finance Limited, ISAM, dairy entrepreneurship development scheme etc…). The 

government promoting and supporting the FPOs to enhance the ecosystem but some technological problems 

evolued to mitigate this the large number of agritech companies are came forward to work with the farmers, 

FPOs and companies also. In this article we are focus on the agriculture technological solutions by taking 

different companies. 

Keywords: farmer producer organization, cooperative, agritech solutions.  

Introduction 
Farmer producer organizations are the solution, what are the problems? since independence regulated 

agriculture markets are the main platform for farmers in India. agricultural marketing regulation (APMC 

model) is mainly focused on the empowering farmers, with information and knowledge to undertake market 

driven production and provide multiple options for marketing channels. APMC creates amneties in the 

market yard between farmers and traders. the middle man concept in the mandi reduces the bargaining 

power of the farmers. thus, the new concept is evolued in the agriculture marketing system. Farmer 

producer organization (FPO) is a model of aggregation of produce for producers and strengthen the small 

farmers negotiation power to enhancing profitability and productivity. PO model is different than other 

existing models to focus on entire agriculture supply chain. 

A producer organization can be a producer company, a cooperative society or any other legal form which 

provides for sharing of profits/Benefits among the members.It can be registrated under any of the following 

legal provisions: 

a. The Cooperative societies Act /Autonomous or mutually aided cooperative societies Act of the 

respective state. 

b. The Public trust registrated under Indian trusts Act,1882. 

c. Producer company under section 581(C) of Indian companies Act,1956, as amended in 2013. 

d. Section 25 company of Indian companies Act, 1956, as amended as section 8 in 2013. 

e. Societies registrated under society registration Act, `1860. 

f. The Multi state cooperative society Act, 2002. 

The recommendations of the Alag committee (1999), farmers producer companies (FPCs) are emerged as 

the alternate to state-sponsored or state-led cooperatives since 2003.In the union budget 2019-20, 

government of india launched a central sector scheme titled “formation and promotion of 10,000 farmer 

produce organization” to increase productivity and create easily market linkages for small and marginal 
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farmers. According to the azim pemji university, there are over 15,984 regristered FPOs in the country 

(latest 2022). 

 

Apart from this evolution of the farmer producer organisations in the country, Maharashtra has highest 

number of FPOs and followed by Uttar Pradesh, Tamil Nadu, Madhya Pradesh. The NABARD, SFAC, state 

government and other agencies providing fund to enhanced FPOs ecosystem in the country. 

 

Discussion 
The agriculture technological innovations are the best one to mitigate the situation in the FPO and outside 

of the FPO. Some companies mainly focused on the key challenges relating to markets, insurance, soil 

testing, water stress, post-harvest, credit and insurance, soil health, and Data. There are more 1000 

companies in the India to mainly working on the Agritech innovative solutions. In India digital technology 

awareness of farmers is very less and only 15 -20% of the farmers has the knowledge about Agritech 

solutions. 

In corona period, many companies and farmers are faced many problems regarding harvesting, insurance 

and in market linkage. It creates digital revolution to many Agritech companies in the India. The large 

number of companies evolued to taking a opportunity for solving the solutions in farmer producer 

organisations. 

Sammunati, mangodairies, reshamandi, bigbasket, Agrowave, Dehaat, milklane, aquaconnect, easylokal, 

Aquaconnect, agribolo, superzop, maalexi, number8, Ninjacart, Krishisahyog, vegrow, SMP agro, agrigator 

etc…  are focusing on branding, aggregation of the produce for FPOs. 

Raav tech, Occipital, Borlaug web services, Tracex, Source trace etc. these companies are providing services 

for quality assaying of agriculture commodities. 

Agri baazar, Star agri, S4S technologies, star agri, our food etc... these companies are providing ware house 

and processing unit facilities for FPOs. 
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Gramophone, Unnati, big haat, Behtaar zindagi, Plantix, Freshokartz, Hesa, Agrostar etc... these 

companies creating access to quality agri inputs to FPOs. 

Kamal kisan, Mera tractor, Agri rain, Tractor junction, Khetibadi, Distinct horizon, Toolsvilla etc... these 

companies providing mechanization solution to FPOs. 

Skymet, Fasal, satSure, crop In, poultrymon, Agrisk etc... these companies are providing services like data 

monitoring and advisory solutions to FPOs. 

Grey matter technologies, payagri, Agrifi, sammunati etc... these companies are mainly focus on the fintech 

solutions. 

Conclusions 
In coming years, government promote large number of farmer producer organizations because this concept 

is useful to farmers as well as companies. Digital solutions are providing by the new Agritech startups to 

enhance the profitability of the farmers. For capacity building and training ,the NABARD, SFAC,KVK and 

state government are helping to farmers for providing insurance and grants to FPOs. Some companies are 

providing one platform solution to farmers like FARMERS BYTE new startup. I hope in future large 

number of agritech companies are evolued to simply the problems in the FPOs. 
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Abstract  
e-NAM is a single platform for all Agriculture Produce Market Committee APMC related information and 

services. This includes arrivals and prices, selling, trade etc, these promotes transparency between farmer 

and the buyer. The farmers can also get to know their commodities price according to demand. These 

schemes also have an eNAM application for android where farmers can register their own account. They 

can sell their produce to other trade locations also.  

Introduction 
What is eNAM: National agriculture market(e-NAM) is pan-india online trading platform for agricultural 

commodities, launched on April 14,2016& developed by Nagarjuna Fertilizers and Chemicals Limited 

(NFCL). It is managed by small farmers agribusiness consortium (SFAC) under the department of 

agriculture, cooperation and farmer’s welfare. In states agricultural marketing is administrated as per 

agri-marketing regulations, under which the state is devided into several market areas each of which 

administrared by separate Agriculture produce marketing comitee APMC which have their own marketing 

regulations. 

Discussion 
Here we are going to discuss about challenges and opportunities of eNAM 

Challenges: 

a. Lack of awareness about the scheme to the farmers. 

b. Lack of knowledge to use electronic gadgets by farmers.   

c. Government facing problem convincing all stakeholders (farmers, traders etc,) move to online 

platform. 

d. Shortage of computers, internet facilities and staff members. 

e. The major drawback of these scheme is that for a trader who bid from another location cannot be 

assured on the quality of produce. 

f. Traders are afraid for immediate payment without ensuring the quantity, quality and accurate 

delivery time of produce. 

Opportunities: 

a. It creates better opportunity in FPO to reduce gaps between farmers and markets. 

b. It provides better opportunities for companies involving and offering storage facilities and 

warehouses. 

c. It provides better opportunity Agri Tech start-up companies 

d. Reduces book keeping and reports as they generated automatically. 

e. eNAM is a complete transparent system which eliminates scope of intentional/unintentional 

manipulation of tendering/auctioning process. 
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Conclusions 
eNAM helps in increasing farmers income by avoiding middle men. It follows transparency farmers can 

know the exact market value of their commodities. farmers can also sell their products to traders through 

e-services without any transportation charges. 
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Summary  
Food items are high in nutrients that microbes require and can contaminate. The biggest problems of food 

items are chemical, microbiological, and physical contamination. Food contamination is described as food 

that has ruined due to the presence of microorganisms, such as parasites or bacteria, or toxic compounds 

that render it unfit for consumption. 

The contaminants can invade the supply chain (from farm to fork) and make the product unsuitable for 

consumption. Food contamination has been acknowledged as a global concern by W H O standards. The 

use of poisoned foods causes illnesses in millions of individuals, and many of them die as a result.  

Contamination can be mitigated by proper housekeeping and sanitation, storage, trash disposal, and 

avoidance of contact with hazardous substances and by integrating food safety into policies at international 

and national levels or programmes, advocating food safety as an important component of health security.  

Introduction 
Interactions between microbes, plants, and animals are a common occurrence. Microorganisms have an 

important ecological role in all geochemical processes. Since human food supplies are primarily composed 

of plant and animal products, it's indeed very common for microorganisms to interact with food. As a result 

of, the increasing quantity, feeding on nutrients, enzymatic changes, and contributing off-flavors through 

the breakdown of a product or the synthesis of new chemicals, food spoiling happens. 

This is a natural result of microbe activity, since one of their responsibilities in nature is to convert the 

reduced forms of carbon, nitrogen, and sulphur in dead plants and animals to the oxidised form required 

by plants, which are then devoured by animals (Frazier et. al., 2014). Food contamination, according to 

Hussain, (2016), is "foods that are ruined or tainted since they include microorganisms like, bacteria or 

parasites and certain harmful compounds that create food unsuitable for consumption." 

Food contamination happens in three stages: Preliminary contamination i.e., Harvesting, slaughtering; 

Direct contamination is the most ubiquitous type of food contamination, for example, when a person sneezes 

over a meal and Cross contamination is defined as the transmission of a food hazard to a safe food via 

surfaces or utensils that come into touch with both, without the requisite washing and disinfection (Nerin 

et. al., 2016). 

Routes of Microbial Food Contamination 
1. Physical contamination: Associated with the presence of foreign stuff in meals, such as glass or wood 

fragments; non-edible food portions, such as bones or fruit stones. 

2. Chemical contamination: Associated with the chemicals found in food at levels that are hazardous to 

humans and be able to reach all through the food chain. Toxic compounds present in nature (e.g., marine 

biotoxins and mycotoxins); environmental or industrial pollutants (e.g., mercury, lead, polychlorinated 

biphenyls); agricultural chemical residues; other toxicological concerns caused by pesticide residues include 

asthma and endocrine diseases. 

3. Biological contamination: Microorganisms are alive, microscopic entities that may be found 

everywhere (in water, in air, in soil). They are categorised as bacteria, yeasts, moulds, viruses, and 

parasites based on their size, form, and mode of life. Moulds and bacterial organisms have the biggest 

influence on food safety in general. Under ideal conditions, bacteria such as Zoonotic agents entering the 

food chain (i.e. Brucella, Salmonella spp, and prions); food transmitted pathogens (i.e. Listeria 
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monocytogenes, Trichinella, C. jejuni); pathogens resistant to anti-microbial agents (i.e. Salmonella 

Typhimurium DT 104); and pathogens resistant to anti-microbial agents (i.e. Salmonella Typhimurium 

DT; Other examples include Staphylococcus aureus, E. coli 0157:H7, Clostridium botulinum, Bacillus 

cereus, Shigella, the Hepatitis A virus, and parasites such as Taenia solium. 

4. Food borne parasite: Organisms that are devoid of inflexible cell wall but having a well-organized 

nucleus. These organisms derive their nutrition and shelter from other living species called hosts. They 

seldom replicate outside of their hosts and instead live on the parts of infected human and animal hosts 

(Koutsoumanis et. al., 2018). Most parasites have an environmental resting stage (egg or cyst), for example. 

Toxoplasma gondii, Trichinella spiralis, and Cyclospora cayetanensis (Bintis, 2017; Newell et. al., 2010). 

Major Food Borne Parasites 
S.No. 1 2 3 

Micr-

organisms 

Trichinella spp. Swine Taenia (T. solinum), 

Bovine Taenia (T. saginata), 

Asian Taenia (T. asiatica) 

Anisakis simplex 

Mode of 

Tansmission 

Live in skeletal 

muscles of animal’s 

and infect humans 

Enters body through mouth 

and move to intestine, eggs 

transferred to environment 

and ingested by cattle 

Ingested alive in raw or lightly 

cooked fish, affect stomach and 

intestine 

Incubation 7-30 days - 24 hours to 2 weeks 

Food involved Pork and wild boar Raw and uncooked pork and 

beef 

Fish, calamari, octopus, ink 

fish 

Symptoms Diarrhea, nausea, on 

reaching to intestine 

produces larva causes 

muscle pain, fever, 

weakness 

Loss of appetite, diarrhea, 

nausea pain, may reach upto 

brain or other vital organs 

Worm slide through the throat 

and may stick to 

stomachcauses stomach ache, 

nausea, diarrhea. 

Control Thoroughly cook and 

consume only that 

food that has 

originated from 

authorised sources 

Heat the pork and beef for at 

least three minutes at a 

minimum temperature of 

63°C (145.4°F); properly 

wash hands before eating 

Fish should be cooked till the 

temperature reaches 63°C 

(145.4°F) for at least 15 

seconds, 74°C (165,2°F) for 

filled fish in order to prevent 

infection. 

Challenges in Food Contamination 
The WHO has validated the statement "food contamination occurring in one location might influence the 

strength of people who is living on the other end of planet." •• Contaminated food causes over 200 different 

ailments, ranging from diarrhoea to cancer. •• 

Every year, about one in ten individuals become ill because of contaminated food, and 4,20,2000 people die, 

resulting in a loss of 33 million healthy life years (Rather et. al., 2017). 

Conclusion 
World Health Organization, has recognized the micro-bial food-contamination as a global confront resulting 

in death of millions of people around the world. Food contamination can be reduced by integrating food 

safety into national as well as international policies and programmes, advocating food safety as an 

important component of health security, promoting safe food handling, following the recommendation 

known as ‘codex alimentarius’ and by providing independent scientific assessments on hazard basis of 

international food standards. 
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Introduction  
Probiotics, specific health-promoting microbes, have multifactorial benefits to human health and some may 

have been part of daily diet for centuries in the form of traditional fermented foods or beverages. Yet, for 

health or food applications, probiotic microorganisms should be well characterized and must have proven 

efficacy. Among all studied probiotic microorganisms, several Lactobacillus spp. and Bifidobacteria spp. 

have been extensively used for their health benefits. 

The term probiotic is derived from Greek and literally means “for life.” It was first coined in 1965 by Lilley 

and Stillwell to describe substances secreted by one microorganism that stimulate the growth of another. 

In 1974, Parker modified this definition to “organisms and substances which contribute to intestinal 

microbial balance”. The probiotic means simply life for originating from the Greek words “pro” and 

“bios.”The most commonly quote meaning was made by Fuller (1989) the current definition of probiotics by 

Food and Agriculture Organization of the United Nations (FAO) and the World Health Organization (WHO) 

is “live microorganisms which when administered in adequate amounts confer a health benefit to the host”.  

Probiotic organisms require certain characteristics to enable them to exert maximum therapeutic effects, 

including gastric acid and bile salt stability, ability to adhere to the intestinal mucosa, and ability to 

colonize the intestinal tract.  

Health benefits have mainly been demonstrated for specific probiotic strains of the following genera: 

Lactobacillus, Bifidobacterium, Saccharomyces, Enterococcus, Streptococcus, Pediococcus, Leuconostoc, 

Bacillus, Escherichia coli 

Many types of Lactobailli and Bifidobateria produce bacteriocins and or other antimicrobial compounds. 

Bacterioins are defined as “compounds produced by bacteria that have a biologically active protein moiety 

and a bactericidal action.” Other biologically active compounds produced by lactic acid bacteria include 

hydrogen peroxide, diacetyle and short-chain fatty acids.   

The probiotics are live microbial feed supplement which beneficially affects the host animal by improving 

its intestinal balance. Today, probiotics are quite every day in health-promoting “functional foods” for 

humans, as well as therapeutic, prophylactic growth supplements in animal production human health. 

Other commonly studied probiotics include the spore-forming Bacillus spp. Yeasts.  

Bacillus spp. have been shown to possess adhesion abilities, produce bio activated molecules provide 

immunostimulation, hold an added interest in probiotics as they can be kept in the spore form and therefore 

stored indefinitely on the shelf and replicate to high numbers, produce antimicrobial substances, and it 

withstands the acidic environment of the GIT. 

 
Fig.1:  Pathogenetic Mechanism of Probiotics 
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Applications of Probiotics 
1. The use of probiotics as beneficial bacteria, which control pathogens through a variety of mechanisms, 

is increasingly viewed as an alternative to use antibiotics. 

2. The use of probiotics in the human animal for the nutritional purpose. 

3. Probiotic used in cancer therapeutic. 

4. Control of serum cholesterol levels. 

5. Some benefits linked to the administration of probiotics are as competitive exclusion of pathogenic 

bacteria 

6. As source of nutrients enzymatic contribution to digestion as direct uptake of dissolved organic material 

mediated by the bacteria.  

7. Probiotics also act as enhancement of the immune response against pathogenic microorganisms 

8. Hypertension (Blood pressure control) 

9. Treating of the diarrheal disorder. 

10. Managing lactose intolerance. 

11. Treating and preventing eczema. 

12. Reducing inflammation. 

Commercial Forms of Probiotics 
There are two main forms in which probiotic organisms can be ingested—fermented foods and supplements. 

Fermented foods can be of both dairy and vegetable origin, with the most commonly known of each being 

yogurt and sauerkraut, respectively. Probiotic supplements consist of freeze-dried (lyophilized) bacteria in 

powder, capsule, or tablet form. Regardless of the form in which the microorganisms are consumed, for 

clinical efficacy, products containing probiotic organisms must provide live organisms in sufficient numbers 

to exert therapeutic effects. 

 
Fig: 2 Commercial forms of Probiotics 

Conclusion 
Probiotics are most commonly used in many ways such as foods and drugs scientific research etc. and main 

important role of the probiotics is the development of the human and animal health. Now, a days probiotics 

are classified to uses of human health; the world health organization approved to uses of probiotics in 

human and animals. These are generally recognized as safe. The future will show increasing interest in 

Probiotics, the promising microbes. 
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Abstract  
To increase quality qualities and shelf life, hydrocolloids are frequently employed in food formulations. The 

two main applications are as gelling and thickening agents. They are utilized in soups, gravies, salad 

dressings, sauces, and toppings as thickening agents, and as gelling agents, they are widely employed in 

jams, jellies, marmalade, restructured meals, and low-calorie gels. Review of the role of several 

hydrocolloids in thickening and gel formation with emphasis on particular uses in food formulations and 

product development. 

Introduction 
Hydrocolloids are a heterogeneous group of long chain polymers (polysaccharides and proteins) 

characterized by their property of forming viscous dispersions and/or gels when dispersed in water. 

Presence of a large number of hydroxyl groups markedly increases their affinity for binding water 

molecules rendering them hydrophilic compounds. The prime reason behind the plenty use of hydrocolloids 

in foods is their ability to modify the rheology of food structure. This includes two basic properties of food 

system that is, flow behaviour (viscosity) and mechanical textural property. The modification of texture 

and viscosity of food system help to modify food sensory properties, and hence, hydrocolloids are used as 

important food additives to perform specific purposes. Hydrocolloids belong to the class of permitted food 

additive in many countries throughout the world. Various food formulations like soups, gravies, sauces and 

toppings use hydrocolloids as additives to attain the desired viscosity and mouthfeel. In order to provide 

the desired texture, they are also employed in a variety of food products, including ice cream, jams, jellies, 

gelled desserts, cakes, and sweets. Numerous research in various food systems using various hydrocolloids, 

separately or in combination, have been done in light of their significance in the regulation of viscosity and 

texture of food compositions. In meals, hydrocolloids can serve a variety of purposes. These include 

stabilising, emulsifying, thickening, gelling, and regulating the formation of sugar and ice crystals. 

However, thickening and gelling are the fundamental functions for which hydrocolloids are primarily used. 

Starch, xanthan, guar gum, locust bean gum, gum tragacanth, gum arabic, and cellulose derivatives are 

hydrocolloids that are frequently employed as thickeners. The hydrocolloids of the gelling type include 

alginate, pectin, carrageenan, gelatin, gellan and agar. 

Thickening Agents 
Many different meals regularly employ hydrocolloids to thicken them. Thickening is fundamentally a 

polymer-solvent interaction that involves the nonspecific entanglement of conformationally disordered 

polymer chains. Above a certain concentration known as the overlap concentration, thickening happens. 

The behaviour of polymer dispersions is Newtonian below this concentration but non-Newtonian above it. 

The hydrocolloids starch, modified starch, xanthan, galactomannans like guar gum and locust bean gum 

(LBG), gum Arabic or acacia gum, gum karaya, gum tragacanth, and carboxymethyl cellulose have all been 

utilised as thickening agents in different food systems (CMC). The type of hydrocolloid utilised, its 

concentration, the food system in which it is employed, as well as the pH and temperature of the food 

system, all affect the thickening effect produced by hydrocolloids. The most widely used hydrocolloid 

thickener is starch since it is readily available, inexpensive, and may not taste bad when used in low 

concentrations of 2 to 5 percent. 

Gels and Gelling Agents 
Gels are a type of substance that fall somewhere between a solid and a liquid and exhibit mechanical 

stiffness. They are made up of polymer molecules that have been crosslinked to produce a tangled, 

interconnected molecular network submerged in a liquid medium, in this case water, which is used in food 
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systems. High moisture meals that largely hold their shape after being freed from their container are 

referred to as "gel" by food technologists. However, a rheological definition of gel that was determined via 

dynamic viscometry is the one that is most frequently employed. According to this definition, a gel is a 

viscoelastic system with a ‘storage modulus’ (G′) larger than the ‘loss modulus’ (G″). Hydrocolloids form gels 

by physical association of their polymer chains through hydrogen bonding, hydrophobic association and 

cation mediated cross-linking and differ from synthetic polymer gels, which normally consist of covalently 

cross-linked polymer chains. Hence, hydrocolloid gels are often referred to as “physical gels”. The important 

gums that find application in food as gelling agents include alginate, pectin, carrageenan, gellan, gelatin, 

agar, modified starch, methyl cellulose and hydroxypropylmethyl cellulose. 

Applications of Hydrocolloids as Gelling Agents 
The selection of a particular hydrocolloid to be used in a specific food product depends on the characteristics 

of gelling agent. For example, alginate can form gels without prior heating because sodium alginate is cold 

water soluble and these cold-formed gels are heat stable. This makes alginate a preferred gelling agent for 

re-structured foods and for cold-prepared instant bakery custard that is bakes table. Carrageenan is a 

hydrocolloid that finds maximum application in dairy desserts like puddings, milk shakes, ice cream and 

chocolate milk because of its ability to form gels in milk at much lower concentrations compared to any 

other gelling agent. Commercial pectin finds maximum applications in jams and jellies. This is because 

pectins, especially high methoxyl pectins require >55% sugar solids for gelling. Pectins are the most 

preferred gelling agents for acidic fruit gels because of being acid stable. Gelatin exhibits a wide range of 

functional properties. It can be used as a gelling agent in jellied confectionery. Gelatin gels melt at 

relatively low temperature, and they are slow-setting; all these features make gelatin the preferred gelling 

agent in yoghurt products, low fat spreads and sugar confectionery. The food applications of agar are in the 

areas like bakery products, confectionery, Japanese desserts and confections, meat, fish and poultry 

products, dairy products, ice cream, peanut butter and beverages. 

Conclusions 
As an important food additive, hydrocolloids are finding increasing applications in several food products as 

thickening and gelling agents. The thickening effects are mainly provided by carboxymethyl cellulose, 

methyl cellulose and hydroxypropylmethyl cellulose, guar gum, locust bean gum, tara gum, konjac maanan, 

gum tragacanth, gum ghatti and gum Arabic. The frequently used gelling agents include modified starch, 

agar, carrageenans, pectins, gellan gum, alginates and methyl and hydroxypropylmethyl celluloses. The 

role of each hydrocolloid in food formulations and product development has been discussed along with 

examples and methods of characterisation to indicate the increasing use of hydrocolloids as an important 

food additive. 
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Introduction  
Cow, is a most valuable domestic animal from Vedic times and considered to be the mother of all human 

population. Cow urine has been placed as an important source of Indian tradition. Gomutra is represented 

as ‘Sanjivani’ (Beverages of immortality), Amrita (Water of life) in Ayurveda. Cow urine is great elixir, 

proper diet, pleasing to heart; the giver of mental and physical strength enhances longevity. It removes all 

blood disorders. Persons who drink gomutra regularly are said to live a healthy life and the remaining are 

unaffected even at the age of 90. Cow urine/gomutra has been elaborately explained in Ayurveda and 

described in “Sushruta Samhita”. Cow urine is as pious as Gangajal, sacred water for Hindus that is used 

in all the auspicious festivals. The benefits of cow have been innumerable in agriculture, environment, 

health, economy and spiritual progress. 

Biochemical Analysis of Cow Urine 
Cow urine is a liquid consisting of nontoxic waste material filtered in kidney from blood. The estimation of 

biochemical of cow urine has shown that it contains nitrogen, sulphur, sodium, minerals, Vitamin A, B, C, 

D, E, manganese, iron, silicon, chlorine, magnesium, citric, succinic, calcium salts, phosphate, lactose, 

carbolic acid, enzymes, creatinine and hormones and uric acid. The volume of healthy cow urine is 17-45 

ml/Kg/day, with a basic gravity of 1.025-1.045. Its pH varies from 7.4 to 8.4 depending on the season. 

Therapeutic Uses of Cow Urine 
1. Enhance Immunity: Gomutra shows the property of modulating various bodily functions, including 

immunity. It augments B- and T-lymphocyte blastogenesis; and IgG, IgA and IgM antibody titers in mice. 

It also increases secretion of interleukin-1 and interleukin-2, phagocytic activity of macrophages, and is 

thus helpful in the prevention and control of infections. 

2. Improve cardiac health: Maintenance of cardiovascular system is due kallikrein that acts as a 

vasodilator, and ammonia that maintains the structural integrity of blood corpuscles, nitrogen, sulfur, 

sodium and the enzyme urokinase has a fibrinolyte and calcium components act as blood purifiers, whereas 

iron and erythropoietin stimulating factor maintain hemoglobin levels and involves in hematopoiesis. 

3. Antidiabetic activity: The anti-diabetic of cow urine distillate contains glibenclamide, a popular anti 

diabetic drug. However, cow urine distillate produces significant lowering of the blood sugar level. There 

are many mechanisms by which the increased blood sugar level is lowered. Among the probable 

mechanisms, increase in the glucose transport across plasma membrane resulting in increased peripheral 

glucose utilization, decreased glycogenolysis in liver, increased glycogen synthesis from glucose, increase 

sensitivity of insulin receptors, decreased insulin resistance.  

4. Anti-urolithiatic activity: Cow urine ark exhibits a potential effect against calculi in the kidneys, 

bladder, ureter and refurbishment of normal renal function. This type of action of cow urine might be due 

to its reduced excretion of calcium oxalate and inhibits the process of crystallization. 

5. Anti-aging factor:  Cow urine is considered as the resourceful anti-aging factor, since it eliminates the 

free radical’s formation, which could help progression of reactive oxygen species and thus, preventing 

cancers incidences of the human population. 

6. Anticancer activity: Cow urine concentrate protects DNA and repairs it. It also protects chromosomal 

aberrations by mitocycin in human leukocyte. It also has DNA repairing potency, Apoptosis inhibitor 

activity. 
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7. As natural antiseptic and disinfectant: Cow urine is found to be more effective antiseptic and 

disinfectant when compared to the synthetic chemicals that are currently available to the consumers with 

an approximated shelf life of five years. It has also been used traditionally for bathing and as disinfectant. 

In Indian rural areas cow urine is being used since centuries as an effective antiseptic for wounds, skin 

diseases, for bathing, etc. In villages people uses it as a natural disinfectant to purify their premises alone 

or by diluting it with water. It also strengthens the fact that cow urine is a no-toxic effluent. 

Cow Urine Uses in Agriculture 
Cow urine is reported as a growth enhancer of plants and widely used as a bio fertilizer for different crop 

plants. Foliar application of cow urine is considered to be the best way of supplying nutrients. Cow urine 

uses is proved to enhance the resistance of plants against a wide range of plant pathogens like mycoplasma, 

viruses, bacteria, fungi, nematodes and insects causing diseases and damages to cultivated plants. The 

nurturing effect of these products on useful soil bacteria enhances their activity resulting in better growth 

of plants and higher crop yield. Urine has applications in gardening and agriculture as a fertilizer. 

 

Conclusion 
Wide applications of Cowpathy are a new version of ancient science. Utilization of the valuable and 

miraculous properties of cow urine may not be far away to eradicate the incurable diseases and syndromes 

like diabetes, cancer, AIDS. Cow urine traditionally is being used in many illnesses which include various 

allergies (especially psoriasis, eczema), asthma, blood pressure, cold, flu, fits, hepatitis, leucorrhoea, 

leprosy, ulcer, acidity, constipation, rheumatoid arthritis, piles, prostitis, headache, arthritis, various types 

of bacterial and viral infections, tuberculosis and in chemical intoxication. Indigenous cows and breeding 

them healthily to increase their population release the organic cowpathy as strong multidimensional drug.  

Therefore, considering its tons of health benefits and agricultural boon, cow urine will definitely make a 

future prospect with effective, environment friendly, cost effective, organic treatment against various 

diseases. 
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Abstract  
Study of chemical compounds which is required for optimum plant growth as well as metabolism is known 

as Plant Nutrition. The nutrition of green plant is therefore, solely inorganic, commonly called mineral 

nutrition. Thus, elements absorbed from the soil by roots are called as plant nutrients or mineral nutrients. 

The plant requires 17 essential nutrients which is required for their growth and optimum development. It 

is called insufficient whether the amount of essential plant nutrient is below which required for optimum 

yields. It is called toxic when the concentration of essential elements is sufficiently high which may inhibit 

plant growth to a greater extent. It is called excessive if the concentration of the essential nutrient is 

sufficiently high. 

Keywords: Plant Nutrition, Mineral Nutrition, Elements, Concentration. 

Introduction 
Plants require food for their growth and development. The plant food is composed of certain elements which 

are often referred to as plant nutrients or plant food elements. Plants absorb a large number of elements 

from soil, air and water during growth and development. But only seventeen elements are found to be 

essential in plant nutrition. The criteria to judge essentiality of an element to plants have been worked out.  

They are as under:  

a. Deficiency of the nutrient makes it difficult for the plant to complete the vegetative or 

reproductive stage of its growth.  

b. The deficiency is specific to the nutrient in question and as such can be prevented or corrected 

only by supplying that particular element to the plant. 

c. The nutrient must have direct influence on the plant. It must be directly involved in the 

metabolism of the plant. 

Macronutrients 
Out of the 17 essential plant nutrients six elements are used by plants in large quantities. These are N, P, 

K, Ca, Mg and S. Since these elements are used in relatively large amount they are designated as 

“Macronutrients”. The first three nutrients namely NPK are utilized by plants in considerable quantities. 

Majority of soils of the world are consequently found deficient in these nutrients, hence N, P, and K are 

often called as Primary Nutrients. Ca, Mg and S are called secondary nutrients due to their secondary 

importance to the manufacturers of NPK fertilizers. 

Micronutrients 
The other seven nutrients namely Fe, Mn, B, Zn, Ca, Mo, Cl and Ni are used by plants in very small 

quantity hence these are called Micronutrients. These nutrients are also called Trace, Minor or Rare 

elements. They are however essential to plant growth. 

Macronutrients Deficiency Symptoms in Plants 
Nitrogen  Yellow or pale green colour of leaves. Drying of bottom leaves and short plant height. 

Phosphorous  Leaves developing red and purple color. Slow growth and late maturity are observed. 

Lower leaves dry and develop purple colours between veins.  

Potassium  Bottom leaves are scorched or burned on margins and tips. Leaves thicken and curl. 

Deficiency first develops in the wet portion of field. 
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Calcium  Yong leaves of the terminal buds develop wrinkled appearance and dieback at the tips 

and margins. Stalk finally dies at the terminal bud. 

Magnesium  There is general loss of green color starting with the bottom leaves and moving 

upward. Veins of the leaves remain green.  

Sulphur  The veins and the tissue between them become light green in colour in young leaves. 

The growth of the plant is slow. 

Micronutrients Deficiency Symptoms in Plants 

Iron  Young leaves turn chlorotic. The main veins remain green. The stalk is short and 

slender. There is dieback of young growing tissues. 

Manganese  Spots of dead tissue scattered over young leaves and smallest veins tend to remain 

green. 

Zinc  There is yellow stripping of the leaves between the veins. Older leaves die, and plant 

is severally dwarfed. 

Boron  Yong leaves of the terminal bud becoming light green at the base, with final 

breakdown. In later growth, leaves become twisted; stalk finally dies at terminal bud. 

Copper  Yong leaves permanently wilted without spotting or marked chlorosis. Yellowing and 

chlorosis of normally green leaves.   

Molybdenum  Lower leaves showing mottling, necrosis and curling of leaf edges. 

Chlorine  Leaves display the symptom of wilting of leaf blade tips. Chlorosis, bronzing and 

necrosis are also observed in areas proximal to wilting.  

Nickel   Visual deficiency symptoms of nickel have not yet been found adequately.  

Role and Functions of Essential Nutrients 
1. Nitrogen: Nitrogen is a very basic constituent of plant life. It is an essential constituent of proteins and 

chlorophyll and is present in many other compounds in plant metabolism, such as nucleotides 

phosphatides, alkaloids, enzymes, hormones, vitamins etc. It promotes vegetative growth and imparts dark 

green colour to plants. 

2. Phosphorous: Phosphorous early in plant life is important for the development of the reproductive 

parts of the plant. It is a constituent of nucleic acid, phytin and phospholipids. It is closely related to cell 

division and development. Stimulates early root development and growth, thereby helping to establish 

seedling quickly. When applied to legumes it enhances the activity of Rhizobium and increases the 

formation of root nodules. Thus, it helps in fixing more atmospheric nitrogen in root nodules. With 

Phosphorous deficiency, legumes plants may simultaneously suffer from nitrogen as well as potassium 

deficiency. The excess of Phosphorous in soil may cause deficiencies of some nutrients particularly iron and 

zinc. 

3. Potassium: It occurs in as state of solution in the cell sap. Being soluble it can be removed with solution 

in water from the plant tissue. It imparts increased vigor and disease resistance to plants. It also imparts 

winter hardiness to legumes and other crops. It regulates water conditions within the plant cell and water 

loss from the plant by maintaining the balance between anabolism, respiration and transpiration. It 

reduces tendency to wilt and helps in better utilizations of available water. It is essential in the formation 

and transfer of starches and sugar. It helps in formation of proteins and chlorophyll and counteracts the 

injurious effects of excess nitrogen in plants. Hence, a balanced ratio of N and K is important in plant 

nutrition.  

4. Calcium: It is a constituent of cell wall; as such it increases stiffness of straw and promotes early root 

development and growth. It is essential to activate growing points, especially root tips. At the same time it 

does not move freely from the older to the younger parts of plant. This is the main reason why calcium 

deficiency symptoms are first manifested at the tips of shoots and roots. It improves intake of other plant 

nutrients, especially nitrogen and trace elements such as iron, Boron, zinc, copper and manganese by 

correcting soil pH and encourages seed production. 

5. Magnesium: Since it is constituent of chlorophyll, it is essential for all green plants. It helps in 

maintaining the dark green color of leaves. It plays a role in the production of carbohydrates, proteins, fats 
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and vitamins and in certain catalytic reactions in the enzyme systems. It promotes the formation of oils 

and fats. It helps the translocation of starches and regulates the uptake of other nutrients in plants. 

6. Sulphur: It helps in chlorophyll formation and encourages vegetative plant growth. It is an essential 

constituent of many proteins, enzymes and certain volatile compound and helps in the oxidation-reduction 

system in respiration of plants. It Increases root growth, stimulates seed formation and promotes nodule 

formation on roots of legumes.  

7. Boron: The primary role of boron appears to be concerned with calcium metabolism both with its uptake 

by roots and its efficient use in plants. It tends to keep calcium soluble and increases its mobility in the 

plant, helps in absorption in of nitrogen. It is a constituent of cell membrane and is essential for cell 

division. 

8. Manganese: It also supports the movement of iron in the plant and helps chlorophyll formation in 

plants. It acts as a constituent of enzymes it helps in respiration and in protein synthesis in the 

chloroplasts. A good manganese supply sometimes helps in counteracting the bad effect of poor aeration in 

soil.  

9. Iron: Iron is very immobile element within the plant. Iron deficiency is noticeable in younger leaves at 

the growing region. It also helps in absorption of other nutrients. As constituent of enzyme systems which 

bring about oxidation reduction reaction in the plant, it regulates respiration, photosynthesis, reduction of 

nitrates and sulphates and is essential for the synthesis of proteins contained in the chloroplasts. 

10. Zinc: Zinc is a constituent of several enzyme systems which regulate various metabolic reactions in the 

plant. It influences the formation of some growth hormones in the plant and is associated with water uptake 

and water relations in the plant.  

11. Molybdenum: Acts in enzyme system which brings about oxidation reduction reactions, especially the 

reduction of nitrates to ammonia prior to amino acid and protein synthesis in the cells of the plant. It 

increases efficiency of legumes in fixing atmospheric nitrogen. 

12. Copper: Copper forms many compounds with amino acids and proteins in the plant. It acts as electron 

carrier in enzymes which bring about oxidation reduction reaction in plants. It also helps in utilization of 

iron in chlorophyll synthesis. 

13. Chlorine: The need for chlorine for proper plant growth and development. However, the exact role 

which chlorine plays in plant nutrition has not yet been clearly defined.  

14. Nickel: It is essential for hydrogenase, methyl reductase, and ureas activities that regulate Nitrogen 

metabolism. It is needed for seed vitality. 
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Abstract  
Temperature is a primary factor affecting the rate of plant development. Extreme temperature events will 

impact plant productivity. In controlled environment studies, warm temperatures increased the rate of 

phenological development; however, there was no effect on leaf area or vegetative biomass compared to 

normal temperatures. 

The major impact of warmer temperatures was during the reproductive stage of development. Temperature 

effects are increased by water deficits and excess soil water demonstrating that understanding the 

interaction of temperature and water will be needed to develop more effective adaptation strategies to offset 

the impacts of greater temperature extreme events associated with a changing climate. 

Keyword: Temperature, Plant Development, Climate. 

Introduction 
Rate of plant growth and development is dependent upon the temperature surrounding the plant and each 

species has a specific temperature range represented by a minimum, maximum, and optimum. The 

expected changes in temperature over the next 30−50 years are predicted to be in the range of 

2−3 °C Intergovernmental Panel Climate Change (IPCC) (2007). 

Heat waves or extreme temperature events are projected to become more intense, more frequent, and last 

longer than what is being currently been observed in recent years. Extreme temperature events may have 

short-term durations of a few days with temperature increases of over 5 °C above the normal temperatures. 

If these changes in temperature are expected to occur over the next 30 years, then understanding the 

potential impacts on plant growth and development will help develop adaptation strategies to offset these 

impacts. 

Temperature as an Ecological Factor 
The temperature affects growth and reproduction of plants. Little biological activity below 0°c and above 

50°c. (below 0°c due to water immobilization and above 50°c protein denatures). They can grow and 

reproduce only in a narrow range of temperature, optimum temperature. 

They maintain their heat by reradiation, convection, and transpiration. The temperature varies in space, 

time, altitude, latitude, wind, water, and vegetation cover. 

Plants and Thermal Environment 
Plants are fixed at place so they cannot move hence they have to experience wide range of temperature. 

Their roots, crown, stem has to experience different temperature in day. Internal temperature is influenced 

by environment. They maintain their heat by eradiation, convection, and transpiration. 

Importance of Temperature to Plants 
1. Temperature and Metabolism: It affects metabolic processes of plants by influencing the kinetics of 

chemical reactions and effectiveness of enzymes. Transpiration, photosynthesis, respiration is affected by 

temperature, for every 10°c increase in temperature metabolic rate is doubled. 

2. Temperature, Growth and Reproduction: Plants can grow and reproduce within narrow range 

called optimum temperature. Each part of life cycle requires different temperature e.g., temperature 

necessary for germination is lower than the, temperature that favors flower development. Optimum 

temperature varies among species, and among individuals in population. 

https://www.sciencedirect.com/topics/social-sciences/plant-physiology
https://www.sciencedirect.com/science/article/pii/S2212094715300116#bib20
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Temperature and Physiological Processes 
Either hot or cold temperature extremes can quickly reduce the quality of nursery plants during handling 

and shipping. Exposure to improper temperatures can damage stock in several ways. 

1. Heat Stress: Heat affects physiological processes of plants. This is called heat stress and it causes 

photosynthesis declines, shut down normal protein synthesis, plants die at 50°c and high temperature kill 

protoplasm. 

a. Increased Hazard from Storage Molds: Pathogenic fungi, such as Botrytis mold, can survive 

in all types of storage and may grow rapidly during shipping in the humid environment of a storage 

bag or box if the temperatures are too warm. Increased carbon dioxide from plant respiration in 

storage and shipping containers is also thought to stimulate fungal development. There have been 

anecdotal reports of storage mold “blowups” in boxes of freezer stored nursery stock after only a few 

days exposure to ambient conditions. 

b. Loss of Bud Dormancy: Nursery plants that are stored overwinter are harvested at peak 

hardiness, which is ideal for storage, shipping, and handling. When ready for out planting, properly 

stored plants have had their chilling requirements fully satisfied, and cold temperature is the only 

environmental factor that prevents resumption of growth. Once the chilling requirement has been 

met, exposing stored nursery stock to even a short period of warm temperatures will rapidly break 

dormancy. 

c. Moisture Stress: Stagnant air within the storage or shipping bag or box is a poor heat conductor, 

but direct sunlight and wind can rapidly increase plant temperatures and cause serious moisture 

stress.  

d. Heat Stress: Remember that stored nursery plants are alive and respiring. This means, when 

plants are exposed to warm temperatures, their respiration adds heat to their environment and this 

is particularly serious in closed environments such as storage bags or boxes. Maintaining good air 

circulation in storage areas, especially non-refrigerated storage, will minimize heat build-up due to 

plant respiration.  

2. Cold Stress:  When temperatures drop below minimum for the growth of plant. Plant become dormant 

and photosynthesis and respiration slows down called cold stress. Cold stress leads to chlorosis, 

precipitation of proteins, freezing of water, viscosity of water is doubled and cracks in shoots. Hence, 

vulnerable to parasitic fungi into living tissues. 

Freezing Damage: Although not as widely appreciated, freezing temperatures can also damage 

nursery stock. Because they are much less cold-hardy, roots are much more susceptible than shoots 

to freeze damage. Ambient and in-box temperatures should be monitored regularly; temperature 

monitoring equipment is now inexpensive and readily available. Freezing damage has even occurred 

in cooler storage during shipping because of equipment failure. 

This is common because refrigeration units on shipping vans are notoriously fickle and air 

circulation is restricted. Boxes in the front of the van near the refrigeration units will necessarily 

be colder than those in the back. Resist the temptation to overpack trucks and leave adequate space 

for good air circulation (Rose and Haase 2006). Stock that has been cooler stored should be shipped 

at these same temperatures (0.5 to 1 o C [33 to 34°F]), whereas frozen stock can be shipped under 

warmer temperatures to begin the thawing process. 

Plant Physiological Responses and Adaptations to Temperature 
Plants have developed a number of morphological and physiological adaptations during extremes of 

temperature:  

1. Formation of dormant bulbs and tubers. 

2. Sun leaves of oaks are smaller and have deeper lobes than shade plant increasing surface area for cooling.  

3. Desert plants develop small leaves to avoid transpiration.  

4. Plants resist to extreme temp. by forming thick-walled spores.  

5. In some plants osmotic concentration increases that prevent freezing point. Increase in osmotic value 

enhances amount of bound water in colloidal form e.g., in winter rye leaves and stems are flexible at very 

low temperature.  

6. Cacti are succulents have high level of bound water and high cytoplasmic viscosity.  
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7. Removal of water from vacuoles- no water to freeze in cold e.g., dry seeds are able to germinate even 

after exposure with -190°c for three weeks.  

8. Dormancy helps seeds in overwintering. Similarly, aestivation that occurs during summer help to resist 

high temperature. 

9. Certain plants when exposed to rise in temperature, produce heat shock proteins. 

10. Plants obtain resistance to chilling and frost damage by insulation. E.g., the internal temperature of 

rosette plant is 20 °c higher as compared to outer temperature. 

 


