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Summary 

Advances in crop improvement are impractical without adequate phenotyping. The major lacuna in plant 

research is phenotyping lags behind modern genotyping. The implementation of various imaging 

technologies for data acquisition has paved way for fast, non-invasive, non-destructive and accurate 

phenotyping. The utilization of sensors to detect different wavelengths of light that are reflected from crop 

enables us to determine morphological and growth parameters. 

Introduction 

Plant breeding often deals with the evaluation of genotypes in different environmental locations and the 

acquisition of data to screen genotypes to determine stability over different locations. Screening of plant 

genotypes for various resistance breeding is requiring accurate genotyping as well as phenotyping. Earlier 

plant breeding selection was based on phenotypic performance. Thus, phenotype is the result of both 

genotype and environmental influence is inevitable in most of the plant breeding procedures. But accurate 

phenotypic data is difficult to obtain during certain conditions viz., polygenic traits, abiotic stress and 

replicated trials over multiple locations etc. Thus, plant phenotyping is one of the most demanding activities 

which require high throughput technologies. Evaluating several or all the traits of a relatively large 

population grown at preferably multiple locations or seasons can be termed phenomics. 

Phenotyping Using Imaging Technologies 

Phenotyping is carried out by employing lights of different wavelengths and capturing the image using 

high-resolution video cameras. Different wavelengths utilized for various phenotyping are given below: 

1. Visible range wavelength (400-750 nm) – The images are captured using RBG cameras for 

morphological and growth parameters such as panicle length, panicle angle, number of tillers, number of 

nodes, growth phases and plant discolorations due to nutrient deficiencies or diseases. 

2. Near-infrared spectrum (900-1700 nm) – The principle of detection using near-infrared is healthy 

plants under normal condition reflects a large amount of near-infrared light whereas an unhealthy plant 

absorbs more near-infrared light. This spectral imaging has an application in root imaging, accounting for 

water distribution in during drought conditions. 

3. Infrared spectrum (8000-14000) – The canopy temperature readings are converted to pseudo-color 

images called thermal imaging. These are mainly utilized to determine stomatal conductance, water use, 

and photosynthesis and to detect disease in the crop before the appearance of symptoms. 

4. Fluorescence (<500nm) – Mainly employed to determine photosynthesis and chlorophyll content and 

also used for identification and quantification of stress conditions. 

5. Magnetic Resonance Imaging – This imaging technique has a role in determining the distribution of 

bound and free water which helps to figure out the special organization of tissues. MRI is also utilized to 

study fruit development, to identify frost-damaged tissues, the effects of environmental conditions on water 

distribution within plants, and to determine water content in plants. 

Advantages of Imaging Technology in Phenotyping 

1. Non-invasive and non-destructive approach and relatively easy to perform and less labor intensive 

2. Image acquisition is possible throughout the life stages of a crop using a high-resolution camera 

3. A large area or population can be evaluated in a single image. Moreover, analysis of a single image can 

provide quantification for numerous traits. 
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4. They can be easily stored in databases and also enable easy reanalysis of the traits. 

5. Apart from quantitative or morphological traits, these approaches are also used to detect symptoms of 

nutrient deficiencies, disease spread etc. 

6. The use of multispectral sensors to capture the image enables us to derive an adequate decision regarding 

crop stress conditions. A decrease in leaf chlorophyll content can be caused either due to nitrogen deficiency 

or water deficit. This decrease in chlorophyll content is detected in fluorescent imaging, if the depletion of 

chlorophyll is due to water deficit can be detected in thermal imaging and if not can be concluded as an 

effect of nitrogen deficiency. Thereby use of a combination of sensors appropriately determines the symptom 

as well as its cause. 

Disadvantages 

1. Not all traits are measurable by imaging 

2. Need adequate software to store the huge data generated through image analysis 

3. Expensive and practiced for large areas. 

Conclusion 

The application of high-throughput phenotyping using imaging technologies helps in the accurate and 

accelerated acquisition of data. This also helps to overcome the problem that phenotyping is lagging behind 

modern genotyping and thus benefits the plant breeders in field phenotyping. 

References 
1. Singh, B. D., & Singh, A. K. (2015). Marker-assisted plant breeding: principles and practices. 

2. Fasoula, D. A., Ioannides, I. M., & Omirou, M. (2020). Phenotyping and plant breeding: overcoming the barriers. Frontiers in 

plant science, 10, 1713. 

3. White, J. W., Andrade-Sanchez, P., Gore, M. A., Bronson, K. F., Coffelt, T. A., Conley, M. M., ... & Wang, G. (2012). Field-based 

phenomics for plant genetics research. Field Crops Research, 133, 101-112. 
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An international hazard to public health is antibiotic resistance. Farm animals are significant suppliers of 

microorganisms with genes for antibiotic resistance (ARGs). Antimicrobials are still frequently used in 

animal production and help ARGs develop and propagate among bacteria even if their use in aquaculture 

and livestock has decreased in many nations. Following contact with other resistant germs, bacteria in 

water, soil, and the air can gain resistance. Transmission of AMR can occur both horizontally and vertically 

even in the absence of any antibiotic substance. Additionally, due to the selective pressures of antibiotics, 

fungicides, antiviral agents, parasiticides, some disinfectants (such as quaternary ammonium, triclosan, 

and chlorine), and other co-selecting substances (such as metals like zinc and copper), which are released 

into the environment by human activity due to subpar sanitation, contaminated land, and water, resistance 

can also develop. Humans contract ARGs primarily via consuming foods and beverages with animal origin 

(PAO). Bacteria may exhibit inherent resistance, and when antimicrobials are used, this resistance may be 

picked up and spread by the bacteria.  

Another way for bacteria to acquire resistance is through the exchange of genetic material. Antimicrobial 

resistance can also develop when there are insufficient containment or barriers for pollutants, such as when 

there are no barriers around toilets, when wastewater is used to irrigate farms, or when crops are fertilised 

with untreated human or animal waste. Such releases propagate antimicrobial resistant organisms and 

genes (ARGs), which can enhance and accelerate the development of AMR in the environment (Larsson 

2018). Pharmaceuticals, some metals, biocides, and other substances that have antimicrobial properties 

may cause pollution, which may increase the mobilisation of ARGs in some microorganisms and/or the rate 

of AMR in environmental microbes (Murray et al. 2021). 

References 
1. LARSSON, D.J., ANDREMONT, A., BENGTSSON-PALME, J., BRANDT, K.K., DE RODA HUSMAN, A.M., FAGERSTEDT, 

P., FICK, J., FLACH, C.F., GAZE, W.H., KURODA, M. AND KVINT, K., 2018, Critical knowledge gaps and research needs 

related to the environmental dimensions of antibiotic resistance. Environment international, 117: 132-138. 

2. MURRAY, A.K., STANTON, I., GAZE, W.H. AND SNAPE, J., 2021, Dawning of a new ERA: Environmental Risk Assessment 

of antibiotics and their potential to select for antimicrobial resistance. Water Research 200(117233): 1-11. 
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Introduction 

The senile and unproductive orchards attributed a declining trend of production because of unsuitable site 

and climate, cultivation of inter crops, inadequate nutrition’s, improper planting, undesirable planting 

materials, incidence of insect pest and disease and other biotic and a biotic stress. To address the issue of 

unproductive orchards, research was begun to standardize a technology for recovering the production 

potential of existing plants using a technique known as Rejuvenation. The term 'rejuvenation' refers to the 

process of reviving the fruit's productive ability, which includes the removal of old twigs. Rejuvenation is 

the process of restoring the production capacity of aged, unproductive orchards by trimming branches at 

various intervals and severity levels (Kallo et al., 2005). 

Rejuvenation Strategies 

1. Mark trees and their undesired branches for pruning. 

2. Pruning of marked branches should be done in the recommended month. 

3. Pruning should be done in alternate row. 

4. Pruning should be initiated from lower surface of the branch and alter from upper surfaceto avoid 

cracking of branch and bark splitting. 

5. Immediate after heading back, apply copper oxychloride paste on the trunk, branches aswell as cut 

surfaces to avoid infestation of diseases. 

6. Care should be taken to control pests and disease.  

7. After pruning a greater number of shoots will emerge, for proper growth of newly emerged shoots 

thinning out of undesired shoots is essential. 

Objectives of Rejuvenation of an Old Orchard 

1. To increase the plant's production and economic age.  

2. To transform low-yielding and inferior trees into superior and high-yielding trees.  

3. To take advantage of a plant's superior root system in order to help it survive in harsh soil and climatic 

circumstances. 

4. To shorten the plant's gestation cycle.  

5. To lessen the incidence of diseases and pests. 

Methodology of Rejuvenating the Existing Orchards 

1. Old orchards must be identified. 

2. Top and framing by petrol operated Saw.  

3. Procurement of bud wood and scion from genuine source. 

4. Frame working with latest available varieties. 

5. Expert supervision of operations. 

Rejuvenation of Aonla 

1. Not all traits are measurable by imaging 

2. Need adequate software to store the huge data generated through image analysis 

3. Expensive and practiced for large areas. 

Rejuvenation of Guava 

During May, declined guava plants should be cut down to a height of 1.0 to 1.5 metres above ground level 

to allow for the establishment of a new canopy of healthy shoots. Irrigate as soon as you get back. 50 kg 
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FYM and 6 kg neem cake / plant should be applied shortly after returning home. There will be new shoots. 

These newly developed shoots are allowed to grow to roughly 40 to 50 cm in length (Singh et al., 2007). In 

October, these branches were further pruned to around half their original length to encourage the 

formation of multiple shoots. Six months after rejuvenation, manures 40 kg FYM + 4 kg neem cake + 1300 

g urea +500 g muriate of potash and 1800 g single super phosphate plant-1 year-1 to be given.  

It is desired to promote fruit load in winter season. As a result, shoot pruning (50 percent) was done again 

in May to prevent the emergence of the rainy season crop. The appearance of fresh shoots is aided. The new 

shoots that emerge after the May pruning have a lot of flowering and fruiting potential for the winter 

harvest. Every year, this technique of sequential and periodic pruning was carried out to ensure optimal 

tree canopy shaping and increased production of high-quality fruits during the winter season. Adopt 

suggested pest and disease management measures to keep pests and diseases at bay (Singh et al., 2005). 

Conclusion 

Because orchard establishment is a long-term process that cannot be completed in a matter of days, 

rejuvenation is stated to be necessary if the yield has been lowered to the point where orcharding is no 

longer profitable. Large-scale uprooting and replacement with new plants will be a long-term and expensive 

method to address the problem of abundant unproductive and unprofitable orchards. The development of 

rejuvenation technology for old thick and uneconomical orchards through topping and hedging has been 

found to be cost effective and helpful to farmers because the old orchard is given a new lease on life for 

many years. On the other side, replacing the orchard is not ideal because it is inconvenient, requires a 

longer gestation period, and results in a loss of revenue for the farmers. As a result, in this strategy, 

rejuvenation is a better option; the farmer is amply paid by the wood obtained after the pruning. 

Rejuvenation, more than any other technology, helps to restore the production capacity of ageing, 

unproductive, and diseased orchards in the quickest time feasible. 

References 
1. Kalloo, G., Reddy, B.M.C., Singh, G. and Lal, B. 2005. Rejuvenation of old and senile orchards. Pub. CISH, Lucknow, 40p.  

2. Mishra, D., Pandey, D., Mishra, R. and Pathak, R.K. 2007. Performance of improved aonla cultivars during topworking of 

senile trees. Indian Journal of Horticulture, 64(4): 396- 398.  

3. Singh, G., Mishra, R. and Singh, G.P. 2005. Guava rejuvenation. Central institute of Subtropical horticulture, Lucknow. p 1-

20.  

4. Singh, V.K and Singh, G. 2007. Photosynthetic efficiency, canopy microclimate and yield of rejuvenated guava trees. Acta 

Horticulturae, 735: 249-25. 

  



 

 
Volume 04 - Issue 10 - October 2022       6 | P a g e  
 

Chemical Mutagens 
Article ID: 38203 
Gita R. Chaudhari1 

1Assistant Professor, College of Horticulture, Anand Agricultural University, Anand, Gujarat- 388110, 

India. 

 

 
 

Introduction 

The discovery of mutagenic effects produced by the various types of radiation furnished, for the first, an 

experimental probe into methods of changing gene structure and function. Irradiation. However, was a 

coarse instrument for this purpose since it was difficult to distinguish between direct and indirect effects 

of irradiation and to analyze the exact nature of the biochemical compounds produced. More promising 

seemed the search for chemical mutagenic agents which could perhaps lead to a more precise 

characterization of the change involve d in mutation. After many attempts this search finally met with 

success during World War 2, when a number of chemicals were found to mutagenic in both plants and 

animals. Thom and Steinberg, for example, found that nitrous acid was effective in causing mutations in 

aspergillus. In drosophila auerbach and robson found that mutation could be induced by nitrogen and 

sulphur mustards. Rapoport and others discovered mutagenic activity in formaldehyde, diethlsulfate, and 

other compounds. Most of these chemicals also caused severe skin irritations in mammals and many were 

cancer producing as well. In fact, chemicals were first tested for mutagenic activity in variety of organisms 

and important new methods have been devised for discovering such activity. 

In general, however prediction of mutagenic activity cannot be made on the basis of chemical structure 

alone. Some compounds, for example, effect certain organisms but not others, while some are restricted in 

action to specific development stages or to a specific sex (e.g., formaldehyde). The search for genes that 

respond differently to mutagenic agents had some success, but no mutagen was found that confined its 

effect to only one particular gene on a chromosome and affected no others at all. Thus, the wide array of 

possible chemical reactions caused by compounds that cause mutations made it difficult for a long period 

to assign any specific reaction in the cell to a particular mutagen.  

In the 1950s, however, when DNA was firmly identified as the genetic material, search began for agents or 

mechanisms that directly affect nucleotide structures. Watson and crick were perhaps the first to suggest 

such a mechanism, proposing that mutation could occurbas result of occasional changes in the hydrogen 

bonding of nucleotide bases. There is long list of chemicals which are used as mutagenes. Detailed 

treatment of such chemicals is beyond the scope of this discussion. 

Classification 

The chemical mutagenes can be divided into four groups, viz. (1) alkylating agents, (2) base analogues (3) 

acridine dyes, (4) nitrous acid and (5) others. 

A brief description of some commonly used chemicals of these groups is presented below: 

1. Alkylating agents: This is the most powerful group of mutagenes. They induce mutations especially 

transitions and tranversions by adding an alkyl group (either ethyl or methyl) at various positions in DNA 

alkylation produce mutation by changing hydrogen bonding in various ways. The alkylating agents include, 

ethyl methane sulphonate (EMS), methyl methane sulphonate (MMS), ethylene imines (EI), sulphur 

mustard nitrogen mustard etc. Out of these, the first three are in common use since the effect of alkylating 

agents resembles those of ionizing radiations. They are also known as radiomimetic chemicals. Alkulating 

agents can cause various large and small deformations of base structure resulting in base pair transitions 

and transversions. Transversions can occur either because apurine has been so reduced in size that it can 

accept another purine for its complement because a pyrimidine has been so increased in size that it can 

accept another pyrimidine for its complement. In both the cases, diameter of the mutant base pair is close 

to that of normal base pair. 

Alkylating agents such as nitrogen mustard and ethyl methanesulfonete may produce mutations in at least 

three ways: 
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a. Addition of methyl or ethyl groups to guanine, causing it to behave as a base analogue of adenine 

and thereby produce pairing errors. 

b. Loss of alkylated guanine bases (depurination), producing gaps in the DNA chain which may 

interfere with DNA replication leading to chromosome breakage and 

c. Cross linkage between the strands of the same or different DNA molecules causing the loss or 

excision of nucleotides. 

2. Base analogues: Base analogues refer to chemical compounds which are very similar to DNA base. 

Such chemicals sometimes are incorporated in DNA in place of nomal base during replication. Thus, they 

can cause mutation by wrong base pairing. An incorrect base pairing results in transition or transversoins 

after DNA replication. The most commonly used base analogues are 5 bromo uracil (5BU) and 2 amino 

purines (2AP). 

5 bromo uracil is similar to thymine, but it has bromine at the C5 position. Whereas thyamine has CH3 

group at C5 position. The presence of bromine in 5BU enhances its tauaomeric shift from keto form to the 

enol form. The keto form is a usual and more stable form. While enol form is a rare and less stable or short 

–lived form. Tautomeric change takes place in all the four DNA bases but at a very low frequency. The 

change or shift of hydrogen atoms form one position to another either in a purine or in a pyrimidine base 

in known as tautomeric shift and such process is known as tautomerization. The base which is produced as 

a result of tautomerization is known as tautomeric from or tautomer. As a result of tautomeization.the 

amino group (-NH2) of cytosine and adenine is converted into imino group (-NH). Similarly keto group (c=o) 

of thymine and guanine is changed to enol group (-OH). 5BU is similar to thymine; therefore, it pairs with 

adenine (in place of thymine). A tautomer of 5BU will pair with guanine rather than with adenine. Since 

the tautomeric form is short lived, it will change to keto form at the time of DNA replication which will pair 

adenine in place of guanine in this way. It results in AT→GC and GC→AT transitions. The mutagene 2AP 

acts in a similar way and causes AT→GC transitions. This is an analogue of adenine. 

3. Acridine dyes: Acridine dyes are very effective mutagenes. Acridine dyes include proflavin, acridine 

orange, acridine yellow, acriflavin and ethidium bromide. Out if these proflavin and acriflavin are in 

common and lead to addition or deletion of single of few base pairs when DNA replicates thus they cause 

frameshift mutations and for this reason acridine dyes are also known as frameshift mutagenes. Proflavin 

is generally used for induction of mutation in bacteriophages and acriflavin in bacteria and higher 

organisms. Acridine dyes such as proflavin and acridine orange are other mutagene that seem to produce 

direct effects on the DNA molecule. According to lerman, acridine dyes act by inserting themselves between 

two neighboring purine bases in a singal DNA strand. The con sequence of such incorporation, according 

to Brenner and co-workers, is to cause either insertion or deletion of asingle nucleotide.thus acridine 

mutations would not be expected to cause transitions as do base analogues, nitrous acid, hydroxylamine, 

and alkylating agents. 

4. Nitrous acid (HNO2): Is a potent mutagen that acts on either replicating or non-replicating DNA. 

Nitrous acid cause oxidative deamination of the amino groups in adenine, guanine, and cytosine. This 

reaction converts the amino groups to keto groups and changes the hydrogen bonding potential of the 

modified bases; adenine is deaminated to hypoxanthine, which base pairs with cytosine rather than 

thymine. Cytosine is converted to uracil. Which base pairs with adenine instead of guanine. Deamination 

of guanine produces xanthine just like guanine base pairs with cytosine. Thus the deamination of guanine 

is not mutagenic.because the deamination of adenine results in A:T→G:C transitions, and the deamination  

of cytosine produces G:C→A:T  transitions, nitrous acid induces transitions in both directions. A:T↔G:C. 

As a result, nitrous acid–induced mutations also are induced to mutate back to wild type by nitrous acid. 

5. Others mutagenes: Other important chemical mutagens are nitrous acid and hydroxylamine, their role 

in induction of mutation is briefly discussed here. Nitrous acid is a powerful mutagene which reacts with 

C6 amino groups of cytosine and thymine. It replace the amino group with oxygene (+H to–H bond).as a 

result, cytosine acts like thymine and adenine like guanine.thus transversions from GC→AT and AT→GC 

are induced. Hydroxylamine is a very useful mutagen because it appers to be very specific and produces 

only one kind of change, namely GC→AT transition. All the chemical mutagens except base analogues are 

known as DNA modifiers. 
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If we consider lysogenic viruses as cellular genetic factors ,these too can show to exercise mutator activity, 

especially  when  they are inserted into host choromosome sites other than the one usually used thus a 

deletion of the λ attachement site in E.coli leads to the intergration of λinto other sites which may provide 

opportunity for pairing and insertion. About 1 percent of such “abnormal” lysogens haveben shown to 

produce mutant bacterial phenotypes as long as λ is present. As is also true of transposons such as the 

lysogenic bacteriophage Mu that occupies different position on the bacterial chromosome. The activity of λ 

as a mutagen appears to be confined to those bacterial genes in the immediate vicinity of the prophage. 

Once the λ prophage is excised, the bacterial reverts to wild type. 

Viral mutagenesis can also extend to visible chromosome damage such as breaks and deletions. These are 

known to be caused in animals by a wide variety of viruses including herpes simplex, SV40, rubella and 

chicken pox. The breaks and deletions may either be minute or extensive, or probably arise from the release 

of nucleases that attack host DNA or from the inhibition of DNA repair mechanisms. Should such breaks 

occur early in the development of an organism, as in fetuses carried by pregenent human females afficted 

with rubella, serious abnormalities may ensure. 
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Summary 

Legume plants have a probably important role to play in growing indigenous nitrogen production besides 

meeting human demands for protein and energy. Some legumes have the capability to solubilize in any 

other case unavailable phosphate by excreting organic acids from their roots, in addition to improving soil 

fertility. Legumes also assist to restoration of soil natural matter and limit pest and disease issues when 

used in rotation with non-leguminous crops. For the fixation technique to occur, legume vegetation must 

enter into a “symbiotic” or collectively beneficial partnership with sure microorganism known as rhizobia. 

Soon after legume seeds germinate, rhizobia current in the soil or delivered as seed inoculum invade the 

root hairs and go through an infection thread toward the root. The bacteria multiply rapidly in the root, 

causing the swelling of root cells to structure nodules. 

Introduction 

Legumes have a probably substantial position to play in enhancing soil carbon sequestration. They can also 

have considerable additional advantages beyond their significance involving nitrogen fixation and 

excessive protein feeds. These consist of advantageous impacts on biodiversity and soil quality. There is a 

great need for a strong focus on creating the role of legumes and their contribution to each the sustainable 

intensification of manufacturing and the livelihoods of small holder farmers in many components of the 

world. Apart from their makes use of as food and fodder they have a very necessary position in retaining 

soil fertility by fixing atmospheric nitrogen and enhancing soil structures and adding organic matters. 

Moreover, it is generally used as an intercrop and covers plants, and sometimes, it is cultivated as 

emergency vegetation due to its brief life cycle. Since it requires low fertilizer and other inputs this crop is 

relatively profitable in a most economical point of view. It also improves environmental quality by 

sequestrating carbon and mitigating other pollutants. Legumes are additionally a potential plant team in 

which some of the species having a capacity of remediating poisonous metals and organic pollutants. 

Nitrogen Fixation 

Legume plant and seed tissue is distinctly high in protein. This can be without delay attributed to a 

legume’s capability to supply most of its personal nitrogen wants with the assist of symbiotic rhizobia 

microorganism residing in their roots. Inoculated with the applicable stress of rhizobia bacteria, legumes 

can furnish up to 90% of their own nitrogen (N). 

Shortly after a legume seed germinates in the presence of rhizobia microorganism in the soil, the bacteria 

penetrate the root hairs and cross into the root itself. The bacteria multiply, inflicting a swelling of the root 

to shape pale pink nodules. Nitrogen gasoline present in the soil air is then sure by the microorganism 

which feed on carbohydrates manufactured by the above-ground plant in the course of photosynthesis. The 

bacteria produce ammonia (NH3) from the hydrogen obtained from the plant’s carbohydrates and nitrogen 

from the air. 

The ammonia then provides a supply of nitrogen for the plant to grow. This symbiotic relationship between 

bacteria and legume lets in them both to flourish and produce a high-protein seed or forage crop. Even 

although legumes can repair nitrogen from the atmosphere, they can take up large quantities of soil 

nitrogen if it is available. 

Nitrogen release from a legume crop occurs as the above-ground plant residues, roots and nodules step by 

step decompose. Soil microorganisms decompose the highly nitrogen-rich organic cloth and launch the 

nitrogen to the soil when they die. Usually about two-thirds of the nitrogen fixed through a legume crop 

becomes handy the subsequent growing season after a legume in a rotation. 
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Advantages of Legumes in Soil Quality 

Soil quality advantages of legumes include increasing soil natural matter, improving soil porosity, recycling 

nutrients, improving soil structure, decreasing soil pH, diversifying the microscopic lifestyles in the soil, 

and breaking disease build-up and weed problems of grass-type crops. 

1. Soil natural rely: Legumes are high in protein, and therefore, nitrogen rich. Because most crop residues 

incorporate a lot extra carbon than nitrogen, and microorganism in the soil need both, the nitrogen provided 

by legumes allows the decomposition of crop residues in the soil and their conversion to soil constructing 

natural matter. 

2. Soil porosity: Several legumes have aggressive taproots reaching 6–8 feet deep and a half inch in 

diameter that open pathways deep into the soil. Nitrogen-rich legume residues inspire earthworms and the 

burrows they create. The root channels and earthworm burrows make bigger soil porosity, promotion air 

movement and water percolation deep into the soil. 

3. Recycle vitamins: Because perennial and biennial legumes root deeply in the soil, they have the 

capability to recycle crop nutrients that are deep in the soil profile. This effects in a more environment 

friendly use of utilized fertilizer and prevents nutrients (particularly nitrate nitrogen) from being lost due 

to leaching under the root region of shallower-rooted crops in the rotation. 

 
Figure: Biological Nitrogen - fixation 

Improve Soil Structure 

The improvements are attributed to increases in more stable soil aggregates. The protein, glomalin, 

symbiotically along the roots of legumes and other plants, serves as a “glue” that binds soil together into 

stable aggregates. This aggregate stability increases pore space and tilth, reducing both soil erodibility and 

crusting. 

Lower Soil pH 

Because inoculated, modulated legumes acquire their N from the air as diatomic N rather than from the 

soil as nitrate, their net effect is to lower the pH of the soil. In greenhouse studies, alfalfa and soybeans 

lowered the pH in a clay loam soil by one whole pH unit. Legumes could lower the pH and promote increased 

plant-soil-microbial activity on soils with a pH above the range for optimum crop growth and development. 

Role of Legume Crops on Improving Soil Chemical Properties 

Soil chemical properties for sustainability are connected with the capability to provide vitamins for crop 

and retaining/denaturing hazardous chemical compounds or factors to the agroecosystem. Soil cation 

alternate capability (CEC), pH, nutrient levels, and soil organic carbon concentration are the primary 

chemical elements used toward the evaluation of soil fertility. Soil chemical properties have been associated 

with leguminous crops, and thus, the particulars of a soil property are easily interpreted and permit a rapid 

enhancement of the soil chemical properties through N-fixation and root biomass. Legume-based rotation 

induces modifications in the pH of the rhizosphere sector of soil. Root exudation of legumes and change or 

release of organic acids on the epidermal cell of root surfaces can also enhance P availability. 
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Role of Legume Vegetation on Enhancing Soil Microbial Biomass 

Soil microorganisms have a necessary link between plant productiveness and soil nutrient availability as 

they are indirectly directly engaged in the nutrients cycling through the conversion of inorganic and organic 

types of nutrients. Legumes are one of the necessary components to increase soil microbial biomass in soils. 

Legumes play a necessary function in SMB and energetic key strategies such as nutrient cycling and soil 

organic matter decomposition and, thus, improve crop productiveness and soil sustainability. Some 

microorganisms which interact physically with leguminous vegetation in the rhizospheric zone can also 

enhance crop productivity positively by enhancing plant increase and development. 

Conclusion 

Legumes have positive effects on soil processes such as benefitting agro ecosystem, agricultural 

productivity, soil conservation, soil biology, SOC and N stocks, soil chemical and bodily properties, 

biological nitrogen-fixation nitrous oxide emission and nitrate leaching by means of lowering the need for 

chemical fertilizers. 
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As it is difficult to create new colours for the food industry because colorants must be compatible with food 

flavours, safety, and nutritional content, and they must also have a negligible effect on a product's pricing. 

Additionally, natural substances rather than artificial ones should be used as food colorants (Joshi, 2003). 

Natural colorants like carotenoids and anthocyanin, which are helpful in industry, are already produced 

by microorganisms. Microbial food colourings may be manufactured on a large scale at relatively cheap 

prices. Microorganisms can produce a wide variety of pigments. The pigments come in a variety of colours, 

including red, yellow, orange, and purple, and they are essential for photosynthesis, UV protection, 

pathogenesis, and other processes. Microbial pigments possess a variety of advantageous traits, including 

those that are anticancer, antiproliferative, immunosuppressive, antimicrobial, and biodegradable. 

Because of their wide range of activities, ease of propagation and wide range of strain selection, high 

versatility and productivity compared to other sources, fermentation is inherently faster and more 

productive production when compared to any other chemical process, simple and fast culturing methods 

allowing continuous bioreactor operation, quite easy to manipulate genes, and structural complexity suits 

for industrial requirements, microbial pigments are becoming increasingly attractive to science. For mass 

production, inexpensive substrates are used, and their pigments are removed using a straightforward 

liquid-liquid extraction process to save operational costs (Sen, 2019). 

Some significant uses for bacterial pigments with commercial potential include the usage of riboflavin, a 

vitamin added to milk products and energy drinks, which is produced by the bacterium Bacillus subtilis. 

Agrobacterium aurantiacum and Flavobacterium typically generate -carotene, which is frequently utilised 

as a human food supplement as well as an animal and fish food additive. Serratia marcescens, 

Pseudomonas, Pseudoalteromonas, Alteromonas denitrificans, Hahella, and Vibrio species produce the 

antibiotic prodigiosin, which has antibacterial, antifungal, antimalarial, and immunosuppressive 

properties. Cyanobacteria's phycocyanin, a nutritional supplement full of proteins and with strong cytotoxic 

effects on U937 and HL60 leukaemia cell lines, violacein from Chromobacterium violaceum and 

Alteromonas luteoviolacea was employed for its antiviral, antibacterial, antiulcerogenic, antileishmanial, 

and anticancer characteristics. 
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In 1996, Sara F. Wright, a soil scientist at the Agricultural Research Service, United States Department of 

Agriculture (USDA), firstly identified a unique fungal glycoprotein secreted by spores of AMF in the taxon 

Glomales, including fungi of the genera Acaulospora, Entrophospora, Gigaspora, Glomus, and 

Scutellospora (Wright and Upadhyaya, 1996). The protein was named as glomalin, because these secreted 

fungi belong to the order Glomales. Glomalin possesses some diverse characteristics, of them its 

hydrophobic nature and stability to heat are most profound. Glomalin forms a protective surface layer 

against loss of water and nutrients from soil aggregates. It serves as a gluing agent that facilitates soil 

aggregate formation and improves soil physical properties. 

Soil aggregation is a complex process that is mainly dependent upon microorganisms which provide glues 

that hold soil particles together. These glues are carbon-containing organic compounds that protect 

microbes from drying out. Arbuscular Mycorrhizal Fungi (AMF) that produce glue in large amounts and 

named as glomalin. Glomalin is an insoluble glycoprotein with asparagine-linked (N-linked) chain of 

carbohydrates and is resistant to acid hydrolysis (Wright et al., 1998).  

Glomalin is measured operationally in soils as glomalin related soil protein (GRSP). Glomalin stabilizes 

soil aggregates, reduces soil erosion, increases water infiltration, water stable aggregates, enhances P 

uptake by plant roots, also enhancement in the acquisition of other nutrients. Glomalin helps to develop 

drought resistance and it improves macro and micronutrients cycling. 

Glomalin is highly positively correlated with soil aggregate stability, because it is a new component of soil 

organic matter. The mycorrhiza-released glomalin has represented potential functioning in soil ecosystems, 

which include promoting the storage of soil organic carbon, improving the structure of soil aggregates, 

enhancing the resistance of plants, and reducing the metal toxicity of plants. 
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Since the industrial revolution, greenhouse gas emissions have increased tremendously, notably from the 

mid- to late-twentieth century onwards. There are many greenhouse gases which causes greenhouse effect 

i.e., carbon dioxide (CO2), Methane (CH4), Nitrous oxide (N2O), Chlorofluorocarbons (CFCs). All these gases 

have different life time (years) and global warming potential (100 years) which decides their contribution 

to changing climatic conditions. The major anthro-pogenic cause for the emission of these gases is burning 

of fossil fuels to generate electricity. 

Deforestation, biomass burning, conversion of natural to agricultural ecosystems, wetlands draining, and 

soil cultivation all contribute to land use change-related greenhouse gas (GHG) emissions. Additionally, 

higher carbon emissions are caused by soil carbon depletion due to land exploitation, increased dependency 

on agrochemicals and soil degradation. Increases in atmospheric CO2 and global temperatures may have a 

range of consequences on soil carbon inputs, including an effect on photosynthetic rates and carbon losses 

through respiration and organic matter breakdown. Increased CO2 concentrations cause plants to fix more 

carbon via photosynthesis, resulting in increased biomass. Carbon loss, on the other hand, may rise as a 

consequence of higher plant respiration as a result of increased root biomass or as a result of increased 

microbial activity. Similarly, rising temperatures may have an effect on the carbon balance by restricting 

the availability of water and so lowering photosynthetic rates. On the other side, when water is plentiful, 

rising temperatures may boost plant productivity, affecting the carbon balance as well. Increased 

temperatures may also result in increased rates of SOM decomposition, leading in increased CO2 

generation and positive feedback effects on climate change. 

The transfer of natural ecosystems to agricultural use has led in the decrease of SOC levels since the 

industrial revolution. This is a result of decreased plant roots and residues returning to the soil, increased 

decomposition caused by soil tillage, and increased soil erosion. The depletion of SOC stores has created a 

soil carbon deficit, presenting an opportunity to store carbon in soil through a variety of land management 

strategies. As a result, the carbon content of soil must be increased. Climate change, particularly growing 

levels of carbon dioxide (CO2), gives a good opportunity for soil carbon sequestration. 

What is Soil Carbon Sequestration? 
Soil carbon sequestration, often known as “carbon farming” or “regenerative agriculture,” is a technique 

that involves extracting CO2 from the atmosphere and storing it in the soil carbon pool. This is mostly 

accomplished by plants through photosynthesis, with carbon stored as SOC. 

Factors Affecting Carbon Sequestration Capacity 
The carbon sequestration capacity of the soil may be influenced by local controls on ecosystem processes.  

Regions: The forest region stored the most carbon (15990 kg C ha-1 yr-1), probably due to the ecosystem's 

greater aptitude for physical and chemical interaction as compared to other locations.  

Rainfall infiltration: Carbon sequestration occurred at a faster pace in wet areas due to increased 

precipitation than in dry ones. Differences in precipitation patterns can have a significant influence on 

community composition, as well as on the structure and function of the ecosystem. Annual grasslands' 

carbon cycle will be less susceptible to variations in rainfall amount and more impacted by changes in 

seasonal rainfall timing, with a longer or later wet season resulting in considerable carbon losses from 

annual grasslands.  
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Soil type: Oxisols trapped the most carbon (2205 kg C ha-1 yr-1). The soil carbon pool is composed of two 

components: the soil organic carbon (SOC) pool and the soil inorganic carbon (SIC) pool. The SIC pool is 

particularly essential in desert soils. SOC concentrations range from very low in desert soils to quite high 

in temperate soils and extremely high in peat soils. Soil temperature: Carbon sequestration occurs at a 

rate that varies with mean yearly temperature. Carbon sequestered rose from less than 150°C to 250°C, at 

which point it decreased. Additionally, the SOC pool varies significantly between ecoregions, being greater 

in cold and wet regions than in warm and dry parts. The key rate determinant of microbial activities is soil 

temperature. As a result, increasing soil temperature accelerates mineralization, resulting in a drop in the 

SOC pool.  

Slope: Slope location has an effect on soil moisture and nutrient levels, which has an effect on plant root 

development and may have an effect on soil carbon. The combined impacts of variations in carbon inputs 

and losses from land use, as well as the effects of land management on carbon input and loss rates, result 

in heterogeneity in the capacity of landscapes to sequester carbon. 

Ways to Soil Carbon Sequestration 
Carbon Sequestration in soil is performed in a variety of methods, including the following: 

1. Reducing soil disturbance through the use of notill or low-till practises or the cultivation of perennial 

crops. 

2. Changing planting dates or rotations, for example, by planting cover crops in place of fallow lands. 

3. Avoid cattle overgrazing. 

4. Frequent application of compost or agricultural leftovers to fields. 

Co-Benefits 
1. Improved soil health  

2. Increased climate resilience 

3. Decreased fertiliser usage 

Concerns 
1. Measurement difficulty: measuring and validating carbon removal by soil carbon sequestration is 

complex and expensive.  

2. Saturation: soils have a restricted capacity to store carbon.  

3. Reversibility. 

Conclusion 
SOC storage occurs as a result of dynamic biological processes such as photosynthesis, break down, and 

soil respiration interacting. Human activities have disrupted these processes over the last 150 years, 

leading in the depletion of SOC and amplification of global climate change. However, these human activities 

now provide a mechanism for soil carbon sequestration. Future warming and increasing CO2, as well as 

previous land use patterns and management practises, together with the physical variety of landscapes, 

are anticipated to result in complex patterns of SOC capacity in soil. Thus, the significance of land 

management techniques in carbon sequestration is being evaluated as a component of acceptable 

mitigation strategies in order to promote sound land management as a means of accomplishing agricultural 

and environmental goals. 
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Abstract 
The genus Salicornia contains "halophytes," or plants that can survive in salty environments. As a 

sustainable crop, this plant has a wide range of additional industrial and ecological uses. It is a crucial 

source for the bioenergy, ecological, medicine, and food industries. To better our understanding of these 

components with relation to scaled production, aspects including morphology, microstructure composition, 

and salt-adaptation mechanisms are examined. Commercial exploitation of these components depends on 

a better understanding of their structure and composition. The yields of its biomass, seeds, oil, and ethanol 

are then listed in order to demonstrate how profitable it is as a sustainable crop. Applications in the food, 

pharmacy, ecology, chemical, and cosmetic sectors are also covered, as well as ecological applications in 

aquaculture and phytoremediation. In this review, Salicornia stands out in the areas of food and pharmacy 

due to its bioactive compounds, which have been reported to have antioxidative, anti-inflammatory, and 

immunomodulatory health benefits. They can also be used as secondary metabolites in pharmaceutics or 

as nutraceuticals in food, with high commercial and culinary value as salt substitutes due to its protective 

effect on vascular dysfunction and hypertension. The second feature that is highlighted is the seed oil 

content, which is 30% edible oil that is high in linoleic, oleic, palmitic, and stearic acids as well as protein. 

Salicornia seed oil and biomass are also considered as potential sources of biofuel and bioethanol. 

Keywords- halophytes, bioethanol. 

Salicornia is a halophyte and a member of the Amaranthaceae family. It is also known by a number of other 

names, including pickleweed, glasswort, sea beans, sea asparagus, crow's foot greens, and samphire. The 

Latin term for "salt" is actually where the name Salicornia came from. Studies claim that some species, 

such Salicornia europaea, are tolerant of salinities as high as 3% NaCl. The borders of wetlands, marshes, 

seashores, and mudflats are where you can find this fleshy plant in fact, most alkaline flats have it. Four 

continents, including North America, Asia, Africa, and Europe, make up its geographic spread. Small, scale-

like leaves, spongy stalks, tiny flowers, and unnoticeable fruits are the features of this plant. Due to the 

extensive usage of plants as a source of food, home remedies, and medications, the study of plants has long 

been of significant importance. For instance, many medications are based on the bioactive substances that 

are found naturally in plants. Additionally, a lot of plants are crucial for human nutrition since they contain 

a lot of vitamins and minerals, which are vital traits that offer some species a lot of economic worth. 

Salinization caused by a decline in freshwater and groundwater has been deteriorating agricultural land 

over the past 50 years. Integrated seawater agriculture can make use of it. The first step is to dig a canal 

from the sea. The system's canal supplies water to several phases. In the beginning, the scientists pump 

saltwater into ponds or run it past cages used to grow shrimp or fish. Typically, this type of aquaculture is 

"environmentally disastrous." A significant portion of the excrement in the runoff is used as fertiliser for 

salicornia downstream. Salicornia is cultivated in fields that receive saltwater irrigation and can be 

harvested similarly to other crops like rice or wheat. The runoff from that irrigation, which is now saltier 

and still contains some fish and shrimp waste, is then supplied to a stretch of mangrove trees, which may 

flourish in that saltier water, along with more water from the canal. The mangrove forest acts as a barrier, 

preventing any contaminated fish farm water from entering the ocean. The leaves can be fed to the fish as 

well. 

Food Uses 
It's utilized as a green salad because of how salty and crunchy it is. 

It is regarded as a delicacy even in some cultures. It is advised to only eat the green, sensitive parts because 

the reddish ones include an excessive amount of silica and salt. The shoots are used in some communities 

to make beverages including vinegar, makgeolli (a Korean rice wine), and nuruk (a type of fermentation 
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starter. According to a study, Salicornia increases the vinegar's quality while also promoting the growth of 

fermenting microbes. These plants have been deemed suitable as a food source in addition to direct eating. 

Apart from direct consumption, these plants have been found fitting as asource of dietary salt. S. herbacea 

powder was transformed into spherical granules, which showed potential to be used like NaCl. According 

to a study, 1.5% of Salicornia salt can be used to improve the texture of hot dogs without causing any 

noticeable negative effects. The fortification had a good impact on emulsion stability and cooking yield, 

which were both improved. Salicornia bigelovii salt was found to inhibit the hypertensive impact typically 

linked with NaCl in a different fascinating investigation.  

Lower serum creatinine levels were found to be associated with an ameliorative effect on the kidney and 

liver. Additionally, malondialdehyde (MDA) concentration reduced while superoxide dismutase (SOD) and 

Na(+)-K (+)-ATPase activity rose, suggesting a positive impact on the body's antioxidant profile. s 

Descurainaia sophia, Helianthus annuus, and Salicornia bigelovii had the greatest oil contents of all the 

halophytes, with 44, 35, and 30%, respectively. Unsaturated oil levels in S. bigelovii are comparable to 

those found in standard soy-bean oil (Glenn et al., 1991). However, S. brachiata seeds have a high level of 

saponins (547.52 mg/g), and S. bigellovii has a high level of saponification, making the oil unfit for large 

doses of human ingestion. However, it has been claimed that heating the oil at a high temperature and 

washing it under running water will drain the saponins from it. Because saponins break down at high 

temperatures, the seeds are more suitable for use as food. 

Pharmaceutical Uses 
It has been used for generations as a medicinal herb and in the production of soap due to its high ash 

content. An excellent source of vitamin A, minerals, and fatty acids, as well as a vegetable, according to the 

Oriental Pharmacopeia, are just a few of the purported medical benefits for this plant. 

Furthermore, investigations on Salicornia's nutritional qualities have demonstrated the advantages of the 

plant as an edible crop. For example, Guil et al. (1997) showed significant amounts of ascorbic and 

dehydroascorbic acids (100 mg 100 g1) as well as carotenoids (5 mg 100 g1). The S. bigelovii species has a 

high concentration of -carotene (15.9 mg 100 g1 of fresh weight) and polyphenols (1.2 GAE g1 of fresh 

weight), Salicornia culture in seawater might produce a high phenolic and flavonoid content. In S. 

ramosissima growing at low salinity, Lima et al. (2020) reported a high content of the soluble fat vitamin -

Tocopherol (241 g 100 g 1 fresh weight), whereas carotenoids like -carotene (a good source of vitamin A and 

lutein, which aids in the prevention of age-related macular degenerative diseases. The scientists also 

discussed the species' mineral makeup, particularly Fe++ and Na+, which have high concentrations of 17.4 

mg per kilogramme and 1113 mg per kilogramme of fresh weight, respectively, at 465 mM of sodium. 

Because of its protective effect against vascular dysfunction and hypertension due to the presence of trans-

ferulic acid, some studies (Lopes et al., 2017; Panth et al., 2016; Zhang et al., 2015) have increased the use 

of S. bigelovii and S. europaea as salt substitutes. These studies demonstrated that high intakes of purified 

salt increased blood pressure in rats, whereas intakes of Salicornia, with the same. 

Biofuel Uses 
Salicornia can be utilised to make diesel alternatives in addition to having a high edible oil value. The 

Salicornia lignocellulosic biomass's composition has been linked to potential ethanol generation and biofuel 

production. Salicornia is one of the most promising genera in this area. For instance, S. bigelovii can 

efficiently produce biofuels from both seed oil and lignocellulosic biomass. Similar to other oil seed crops 

like sunflowers, the salicornia's oil-rich seeds can be processed in a similar way to press them. Once that 

oil has been altered, a secret UOP Honeywell procedure can be used to make it appropriate for mixing with 

jet fuel. The remainder of the plant can then be burned to create steam for electricity generation or utilised 

to make liquid fuels. 

The Sustainable Bioenergy Research Consortium (SBRC), a non-profit entity established by Masdar 

Institute that is part of Khalifa University of Science and Technology, announced the world’s first 

commercial flight using locally produced sustainable fuel on an Etihad Airways Boeing 787 powered by 

GE’s GEnx-1B engines.  
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Salicornia biofuel "substantially reduces life-cycle carbon dioxide emissions compared to fossil fuel," 

according to Etihad Airways. By integrating the Salicornia crop with a fish and shrimp farm in Masdar 

City, directly near to the Abu Dhabi International Airport, SBRC created the biofuel that was used on the 

Etihad Airways flight. Salicornia is a genus of succulents that thrives in saltwater, so it doesn't use up 

precious desert drinkable water. 
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Summary 
Carbon sequestration refers to the suite of technologies that ‘sequester’ or stores the CO2 in reservoirs other 

than the atmospheres such as trees, soils, the oceans and underground geologic formations. One form of 

carbon sequestration involves removing the CO2 from the atmosphere primarily through biological means. 

The removal of carbon from the atmosphere (e.g., by photosynthesis) to relatively stable storage in the 

terrestrial system (e.g., Peatland soils). 

Introduction 
Carbon dioxide is the most commonly produced greenhouse gas. Carbon sequestration, the long-term 

storage of carbon in plants, soils and the ocean. Carbon sequestration occurs both naturally and as a result 

of anthropogenic activities and typically refers to the storage of carbon that has the immediate potential to 

become carbon dioxide gas. In response to growing concerns about climate change resulting from increased 

carbon dioxide concentrations in the atmosphere, considerable interest has been drawn the possibility of 

increasing the rate of carbon sequestration through changes in land use forest and salso through 

geoengineering techniques such as carbon capture and storage. It is one method of reducing the amount of 

carbon dioxide in the atmosphere with the goal of reducing global climate change. The USGS is considering 

assessments on two major types of carbon sequestration: geologic and biologic. Carbon sequestration 

secures carbon dioxide to prevent it from entering the Earth’s atmosphere. The idea is to stabilize carbon 

in solid and dissolved forms so that it doesn’t cause the atmosphere to warm. The process shows tremendous 

promise for reducing the human “carbon footprint’’. 

Carbon 
In many ways, carbon is life. A chemical element like hydrogen or nitrogen, carbon is a basic building block 

of biomolecules. It exists on earth in solid, dissolved and gaseous forms. For example, carbon is in graphite 

and diamond but can also combine with oxygen molecules to form gaseous carbon dioxide (CO2). Carbon 

dioxide is a heat trapping gas produced both in nature and by human activities. Man – made carbon dioxide 

can come from burning coal, natural gas and oil to produce energy. Biologic carbon dioxide can come from 

decomposing organic matter, forest fires and other land use changes. The build- up of carbon dioxide and 

other ‘greenhouse gases’ in the atmosphere can trap heat and contribute to climate change. 

 

Types of Carbon Sequestration 
1. Biological Carbon Sequestration: Biological carbon sequestration is the storage of carbon dioxide in 

vegetation such as grasslands or forests as well as in soils and oceans. 
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2. Geological carbon sequestration: Geological carbon sequestration is the process of storing carbon 

dioxide in underground geologic formations or rocks. Typically, carbon dioxide is captured from an 

industrial source such as steel or cement production or an energy-related source such as a power plant or 

natural gas processing facility and injected into porous rocks for long-term storage. 

 

3. Technological Carbon sequestration: Scientists are exploring new ways to remove and store carbon 

from the atmosphere using innovative technologies. Researchers are also starting to look beyond removal 

of carbon dioxide and are now looking at more ways it can be used as a resource. 

The Future of Carbon Sequestration 
Graphene production: The use of carbon dioxide as a raw material to produce graphene, a technological 

material. Graphene is used to create screens for smart phones and other tech devices. Graphene production 

is limited to specific industries but is an example of how carbon dioxide can be used as a resource and a 

solution in reducing emissions from the atmosphere. 

Impacts of carbon sequestration: 

a. About 25% of our carbon emissions have historically been captured by Earth’s forests, farms and 

grasslands. Scientists and land managers are working to keep landscapes vegetated and soil 

hydrated for plants to grow and sequester carbon. 

b. As much as 30% of the carbon dioxide we emit from burning fossils fuels is absorbed by the upper 

layer of the ocean. But this raises the water’s acidity and ocean acidification makes it harder for 

marine animals to build their shells. Scientists and the fishing industry are taking proactive steps 

to monitor the changes from carbon sequestration and adapt fishing practices. 
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Conclusions 
Greenhouse gas concentration in the atmosphere is increasing and the threat of global climate change 

requires our attention. Soil carbon sequestration is an effective tool to sequester atmosphere CO2 with 

better practical application than other approaches. Combination of different agricultural management 

practices such as crop and nutrient management, residue management, conservation tillage, agro-forestry 

etc. can enhance soil carbon sequestration. 
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Introduction 
The Coccinellid beetles, commonly called “Ladybird beetles” are the most attractive insects found in 

agricultural fields and forests. They vary in size from a few millimeters to almost square-inch with fabulous 

colours which inhabit in all types of terrestrial ecosystems. They are one of the most important groups of 

the natural predatory or enemy complex of many horticultural and agricultural crop pests. They belong to 

the order Coleoptera, suborder Polyphaga, super-family Cucujoidea and family Coccinellidae. The family 

Coccinellidae comprises 6,000 described species worldwide and is divided into six subfamilies: 

Sticholotidinae, Chilocorinae, Scymninae, Coccidulinae, Coccinellinae and Epilachninae although a recent 

phylogeny suggests a seventh subfamily, Ortaliinae. Of these, only one subfamily (Epilachininae) is 

phytophagous; the rest are predacious in nature. Most authors divide the family into two major groups 

based on feeding preference: phytophagous or predaceous. A few lady beetles supplement their diet with 

pollen or nectar, and at least one group (Halyziini) is primarily mycophagous). Coccinellids are among the 

best-known beneficial predatory insects. There are about 5200 species reported across the world. Four 

hundred species under 79 genera of coccinellid beetles were recorded from Indian sub-continent. They 

overwinter in unfavourable seasons mostly in adult stage. About 90 per cent of coccinellid species are 

considered beneficial because of their predatory activity, mainly against Homopteran insects and 

phytophagous mites injurious to various agricultural and forest plants. Ladybirds are generally considered 

useful insects and one of the greatest allies of the farmers and the gardeners as many species feed on aphids 

or scale insects, which are pests in gardens, agricultural fields, orchards and similar other places. They are 

nature’s own pest controllers and more effective than poisonous chemicals. 

General Description 
This group of typically hemispherical, often brightly coloured beetles 1 to 9 nuns, long is the most common 

and most studied of the coleopterous predators of scale insects. The majority are specialist feeders preying 

on insects, mites or fungal hyphae and spores although the predaceous species may supplement their diet 

with pollen, sap, honeydew, nectar, green leaves and even fresh manure. Apart from a wide range of 

Homoptera, insect prey may comprise coleopteran larvae (including the larvae of other coccinellid species), 

young lepidopteran and hymenopteran larvae, small nematoceran Diptera and Thysanoptera (Hodek, 

1973). A few species are phytophagous. It is generally agreed that we know too little about the population 

dynamics of the predator/prey relationship of the group but the success rate using classical and glasshouse 

biological control methods with them is high, particularly against the Coccoidea. A whole host of literature 

bears testament to their importance in this field and no review of the Coccinellidae would be complete 

without the mandatory reference to the Vedalia (Rodolia cardinalis Mulsant), introduced in to California 

in 1889 by Koebele to control the cottony-cushion scale. Since then, the group have received much attention 

and wherever scale insects are found throughout the world, ladybirds have been discovered feeding on 

them. Despite this, we still know comparatively little about their biology and even less about their real 

impact on many pest species. 

Diagnostics 
Coccinellids belong to the superfamily Cucujoidea, section Clavicornia and are recognised by the possesion 

of five or six visible abdominal sternites, tarsi which are divided into four segments (though the third 

segment is minute, giving the impression of only three) and antennae which are relatively short and club 

shaped. The most important recognition characteristics are the tarsal formulae, post coxal lines on the first 

abdominal sternite (external) and the morphology of the male genitalia (internal). 

The family is divided into six sub-families, each containing several tribes. One recent estimate puts the 

number of genera worldwide at about 490 and the number of described species at about 4,200 (Drea and 

Gordon, 1990). The number of genera implicated in the consumption of Coccidae is 31 and in the 
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Diaspididae, 34. Many of these genera also feed on other members of the Coccoidea. Most are described by 

Drea and Gordon (1990) who also provide a glossary of taxonomic terms. Other important taxonomic works 

include Hodek (1973). 

Genera of Coccinellidae Predaceous on Members of the Coccoidea 
Traditionally, the beneficial Coccinellids have been grouped according to their acarophagous, 

aphidophagous or coccidophagous natures but, whilst the development of a particular species may depend 

upon a specific host, there is strong circumstantial evidence (as well as confirmed reports) that some so-

called aphid feeders have important contributions to make on the population dynamics of scale insects. 

Also, species which are clearly coccidophagous may require a specific coccid host on which to complete their 

reproductive cycle (i.e., development of larvae and ovaries) but can also be effective predators on other 

species from the same group in different seasons. Thus, the diaspid predator, Chilocorus bipustulatus (L.), 

was unable to reproduce when fed a diet consisting only of the coccid, Saissetia oleae (Olivier) (Hodek, 1967) 

but, nonetheless, was an effective biocontrol agent against this pest in the citrus groves of Israel from late 

spring to early autumn. Similarly, the mealybug predator, Cryptolaemus montrouzieri Mulsant was able 

to survive the detrimental effects of the monsoon rains in India on its preferred host by feeding on 

Chloropulvinaria psidii (Maskell). Thus, prey preference is not a clear indicator of the impact which a 

predatory species may have upon a pest. For this reason, records of ladybird genera not usually associated 

with the Coccidae but which have been observed feeding on them, are included with the coccid-feeding 

genera (indicated by an asterisk). Unfortunately, the literature is thought by some authors to be plagued 

by mistaken records of host feeding (Thompson, 1951; Hodek, 1973) but of those whose essential prey 

includes members of the Coccidae, all known genera are contained within five subfamilies The 

Sticholotidinae, Scymninae, Chilocorinae, Coccidulinae and Coccinellinae. However, for many genera, host 

preferences and ranges are either unknown or unpublished. 
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Introduction 
Crop rotation is a practice of growing a series of different types of crops in the same area across a sequence 

of growing seasons. It reduces reliance on one set of nutrients, pest and weed pressure, and the probability 

of developing resistant pests and weeds. In crop rotation, one can also incorporate livestock in the practice 

when the land is left bare for a season of grazing. 

Need for Crop Rotation 
Growing of same plant species repeatedly in the same area results in depleting the necessary soil nutrients, 

affecting plant growth and crop yields over the years. A well-planned crop rotation system helps to improve 

soil mineral and organic content, maintain crop health, combat soil deficiencies and ensure long-term 

sustainability. In addition to improving crop and soil health, it also helps to deter pests and insects that 

attack specific plant species. Changing crops planted in one particular area routinely and strategically, 

breaks the pest’s or crop disease’s lifecycle, reducing or eliminating the need for chemical spraying and crop 

losses. As each crop species has a specific type of the root system, water requirements, spacing and canopy, 

growing only one kind of crop over prolonged periods of time, results in soil erosion. Crop rotation helps in 

erosion control. 

 

Benefits of Crop Rotation 
1. Improved soil fertility and structure: Crop rotation improves soil fertility by improving physical and 

chemical conditions of soil. For example, nitrogen-fixing legumes such as soybeans and alfalfa in crop 

rotations fix atmospheric N2 into the soil through root nodules and this nitrogen is then available for 

subsequent crops. Deep rooted cover crops can draw up nutrients such as potassium and phosphorus from 

deep in the soil profile, making these nutrients available for subsequent shallow rooted cash crops. 

2. Pest and Disease control: Crop rotation helps to control pests and diseases that become established 

in the soil over time. The changing of crops in a sequence decreases the pest population by (1) interrupting 

pest life cycles and (2) interrupting pest habitat. Pests and diseases are usually identical among plants 

belonging to the same taxonomic family. By regularly changing crops and keeping the soil occupied by cover 

crops instead of lying fallow, pest cycles can be broken, especially cycles that benefit from overwintering in 

residue. 

3. Weed management: Including cover crops into crop rotation systems provides greater competitions to 

the weeds for their basic needs such as nutrients, space and light. Slowing the growth and proliferation of 

weeds by cover crops cultivation, greatly reduces the presence of weeds for future crops. 
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4. Improves soil organic matter: The use of different species in rotation allows for increased soil organic 

matter (SOM), greater soil structure and improvement of the chemical and biological soil environment for 

crops.  Increased soil organic matter improves soil infiltration and water holding capacity, increased 

drought tolerance and decreased erosion. 

5. Erosion control: Crop rotation controls the soil erosion from water and wind by improving the soil 

structure and reducing the amount of soil that is exposed to water and wind. When the soil is constantly 

covered by plants, the topsoil layer is not carried away by water during heavy rainfall. Cover crops are 

effective in reducing raindrop impact, reducing sediment detachment and transport, slowing surface runoff 

and reducing soil loss. 

6. Improved biodiversity: Crop rotation improves soil biodiversity by changing crop residue and rooting 

patterns. Different crops benefit different species, so a range of crops will lead to a more diverse and healthy 

soil microbial community which is supported by rotating crops of high C: N (such as corn) with low C: N 

crops (such as soybeans)  

7. Risk management: Different crops have resistance capacities against different adverse climatic 

conditions. Growing different crops in rotation minimizes the impact of crop failure due to adverse weather. 

Crop rotation also requires growing and harvesting crops at different times, which help farmers to spread 

their workload evenly and allow them to cultivate more land with same amount of equipment and labour.  

8. Improved farm productivity: Crop rotation contributes to increased yields through improved soil 

nutrition. By planting and harvesting of different crops at different times, more land can be farmed with 

the same amount of machinery and labour. Scientific evidence proves a 10 to 25% increase in crop yield in 

crop rotation rather than monoculture. 

9. Diversification and Reduced Cost of Production: The cultivation of certain crops requires less 

labour and machinery compared to others. It helps to distribute the workload and resources used 

throughout the year for which the cost of production of the crops decreases to a certain extent. 

Crop Choice 
1. Shallow rooted crops like wheat, rice, and corn should be planted after deep rooted crops like carrots. 

This makes it possible to utilise soil nutrients consistently and effectively.  

2. Planting of legumes like alfalfa and pulses should come after that of non-leguminous or cereal crops like 

oats and rice. Legumes increase the soil's organic and nitrogen content.  

3. Restorative crops like pulses and legumes should be grown after more exhaustive crops like sunflower. 

4. Avoid planting successive crops from the same family because they act as alternate hosts for pests and 

illnesses.  

5. Short-duration crops ought to succeed long-duration ones.  

6. After tolerant crops, it is best to plant crops that are susceptible to soil-borne diseases and parasitic 

weeds. 

7. Crops vulnerable to soil borne pathogens and parasitic weeds should be grown alternate to tolerant crops. 

8. Crops that require extensive irrigation and manual labour ought to be planted after others that do not. 
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Every day, the food we eat links us to a vast global web of farmers, traders, food manufacturers, retailers, 

and a huge number of other people involved in the process of getting food from farm to fork. Most of us 

probably don't think about it while biting into a piece of fruit or a slice of bread, but the global food system 

is central to some of humanity's most important matters. 

Challenges 
The global food system is expected to provide safe and nutritious food to a population that is expected to 

increase from 7.5 billion today to nearly 10 billion by 2050. Not only will there be more mouths to feed, but 

as incomes rise in emerging and developing economies, demand for meat, fish, and dairy will rise as well. 

Food production, however, is only one aspect of the food system. Millions of people rely on the agro-food 

sector for a living. Most people living in extreme poverty live in rural areas, where food production is 

frequently the most important economic activity. 

The global food system has a significant environmental impact. Agriculture, in fact, takes up nearly 40% 

of the earth's surface, far more than any other human activity. Furthermore, agricultural crop irrigation 

accounts for 70% of global water use, and agriculture directly contributes to approximately 11% of global 

greenhouse gas (GHG) emissions (mostly through cattle). Expansion of agricultural land can also result in 

deforestation, increased GHG emissions, and biodiversity loss. 

The Triple Challenge 
1. Feeding a growing population 

2. Providing livelihood to farmers 

3. Protecting the environment. 

These three challenges must be tackled together if we are to make sustainable progress in any of them. But 

making progress on this “triple challenge” is difficult, as initiatives in one domain can have unintended 

consequences in another. Sometimes the outcomes are favourable. Raising farm productivity, for example, 

can increase agricultural income, make more food available to consumers at lower prices, and - in some 

cases - reduce environmental pressure. However, sometimes the consequences are negative, necessitating 

the balancing of trade-offs. For example, policies to improve agricultural environmental sustainability may 

impose additional costs on farmers, resulting in higher prices for consumers. 

The global population is currently around 7 billion people and is still growing. In 2010, alone, 1 billion 

people did not consume the minimum recommended daily allowance of calories, despite very high levels of 

consumption in other parts of the world. Although the causes of this imbalance are complex, science can 

help alleviate malnutrition and manage the consequences of food production on our finite planet. What is 

certain is that global population and consumption levels will rise further over the next half-century. As a 

result, if we are to meet our future needs, food production must increase by at least 50% and must take 

place primarily on existing agricultural land. 

The rising demand for food means that a number of inputs into the food production process, such as the 

availability of fresh water, are going to come under pressure. 

In the future, it will be especially important to reduce the amount of water needed, such as by growing 

plants that require less water or improving irrigation systems. 
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Furthermore, due to the need to reduce greenhouse gas emissions and reach zero carbon by the second half 

of the century (as per the 2015 Paris Agreement on climate change), agriculture will have to become less 

reliant on the sources of non-renewable energy derived from fossil fuels. 

Soils are another essential but non-renewable resource needed for crop production. Consequently, it will 

also be vitally important that we maintain the ability of soil to support plant growth by ensuring it is 

healthy and has the right nutrients. 

Pests and diseases can also have a detrimental effect on food production, as they often result in the loss of 

plants and animals. Although dealing with pests and diseases can require a lot of time and financial 

resources, reducing these losses is one of the most accessible means we have of increasing food supplies. In 

most parts of the world, climate change can also affect food production. It often reduces the amount of food 

plants can produce and, in extreme cases, stops them from producing food altogether. Equally, because 

climate change is likely to impact on weather patterns, it can also lead to less rain, putting greater pressure 

on the need to supply water through irrigation systems. The concept of sustainability in the context of 

agriculture and food production is central to any new technologies. A system is unsustainable if it depends 

on non-renewable inputs, is unable. 

Possible Ways to Tackle 
Because the farming process involves numerous inputs, there are numerous ways to improve its overall 

efficiency. Some of the issues can be addressed by examining the balance of plant and animal farming. 

Meat consumption contributes to greenhouse gas emissions via animal excretions as well as the destruction 

of forested land for grazing and growing other food for livestock. Individuals could reduce their meat 

consumption as a possible solution to help reduce the harmful effects of climate change. Furthermore, 

reducing meat consumption may free up land for growing cereals or biofuels. It is also possible to improve 

how well-suited plants and animals are to food production by modifying their genetics, either through 

breeding or using techniques in the lab to alter them. 

These techniques are typically referred to as genetic modification (GM) and are among the approaches 

which could help address the challenges of food security. For instance, it has been proven that plants that 

have been modified through GM have delivered benefits for food production including resistance to insects, 

viruses and herbicides. These innovations have reduced the loss of crops to pests and diseases, minimised 

insecticide use and helped prevent damage to the soil from deep ploughing. While there is no evidence to 

suggest any ill effects linked to eating approved GM crops, GM remains a contentious subject in a number 

of countries. There are also broader socioeconomic issues to consider, including the availability and pricing 

of food, politics and transport, as well as issues of trust in businesses and politicians. 

Other Challenges in Indian Agriculture 
Instability  Agriculture in India is largely depending on monsoon. As a result, 

production of food-grains fluctuates year after year. 

Cropping Pattern The crops that are grown in India are divided into two broad 

categories: food crops and non-food crops. While the former 

comprises food-grains, sugarcane and other beverages, the latter 

includes different kinds of fibres and oilseeds. 

Ownership Of Land Although the ownership of agricultural land in India is fairly 

widely distributed, there is some degree of concentration of land 

holding. Inequality in land distribution is also due to the fact that 

there are frequent changes in land ownership in India. It is 

believed that large parcels of land in India are owned by a- 

relatively small section of the rich farmers, landlords and money-

lenders, while the vast majority of farmers own very little amount 

of land, or no land at all. 

Land Holding Fragmentation Due to the growth of population and breakdown of the joint family 

system, there has occurred continuous sub-division of agricultural 

land into smaller and smaller plots. At times small farmers are 
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forced to sell a portion of their land to repay their debt. This 

creates further sub-division of land. 

Nutrient Indian soils have been used for growing crops over thousands of 

years without caring much for replenishing. This has led to 

depletion and exhaustion of soils resulting in their low 

productivity. The average yields of almost all the crops are among 

the lowest in the world. This is a serious problem which can be 

solved by using more manures and fertilizers. 

Lack of Mechanisation  In spite of the large-scale mechanisation of agriculture in some 

parts of the country, most of the agricultural operations in larger 

parts are carried on by human hand using simple and conventional 

tools and implements like wooden plough, sickle, etc. Little or no 

use of machines is made in ploughing, sowing, irrigating, thinning 

and pruning, weeding, harvesting threshing and transporting the 

crops. 

Conclusion 
A major challenge for the agriculture sector is feeding the world's growing population while reducing 

environmental impact and preserving natural resources for future generations. Agriculture can have a 

significant environmental impact. While the negative effects are severe, including pollution and 

degradation of soil, water, and air, agriculture can also have a positive impact on the environment, for 

example, by trapping greenhouse gases within crops and soils or mitigating flood risks through the use of 

certain farming practises. 
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Introduction 
Feral plants (FP) have been recognised since the beginning of modern agriculture, but little is known 

about the genetic alterations that occurred during what initially appeared to be a straightforward reversion 

of a ‘domesticated’ species. Recent research on the evolution of weedy rice has revealed a surprising level 

of differentiation in these wild escapes. In many ways, the opposite of domestication is regarded to be 

‘feralization’. When crops (and animals) are domesticated, the wild forms gradually adapt to a new habitat 

where people interfere to regulate their development and reproduction (for example, in the agro ecosystem 

represented in figure 1) through a regime of ‘artificial selection’. Hence, “feralization is a part of key 

innovations of domestication”. 

 

 
Figure 1. Understanding the process of domestication and feralization in rice species.   A. The 

process of bringing and adapting wild plants and animal’s species under human cultivation. 

B. The escape of domesticated plant and animal races from a regime of artificial selection into 

their wild states lads to shattering of grains. 
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What Happen when a Crop Bringing Back into their Wild States? 
This process is reversed during feralization, when domesticated races break free from human control, 

return to the wild (or, in any case, begin to spread and reproduce without human assistance), and adopt 

phenotypes that are more resemblant of the wild forms. For instance, common feral traits include the 

violent nature of Australian dingos and the invasive habits of several plants. As a result, feral species 

escape from a system of artificial selection and adapt to a new environment without any intentional human 

intervention (atavism), regaining some of the traits of their ancestors who were truly wild (Gering et al., 

2019). Wild organisms occasionally or at specific times in their life cycles may also mimic certain traits of 

domesticated species, like in the case of weeds that resemble crop plants, to avoid farmers' eradication 

efforts (Ye et al., 2019) shown in figure 2. Emerging - de-domestication - is accompanied by several changes 

at various loci, which impact morphology, growth, and in the case of animals, behaviour, 

neurodevelopment, and consequently, presumably, also hormone metabolism. Source of feral population 

are the ‘endoferal’ populations are single domesticated lineage ‘exoferal’ populations are derived via 

admixture, either among domesticated lineages were presented in table 1. 

 
Figure 2. Illustrates that when a crop bringing back into their wild forms. A. Escape from a 

regime of artificial selection and adapt to a new environment completely divers from parental 

populations. B. Feral organisms may also mimic some of the phenotypes of the domesticated 

races by retention of few traits from parental populations. 

Evolutionary Changes of Feralization through Domestication 
Feral populations can sometimes be seen in invasive plants and weeds. The analysis of populations of weedy 

rice (Oryza sativa f. spontanea), an invasive form that frequently co-occurs and competes in paddy fields 

with cultivated rice, and significantly reduces the quality of rice grains given that it is inexorably co-

harvested with the commercial cultivars, was the subject of the only thorough studies of feralization in 

plants to date. In all regions where commercial rice is also grown, weedy rice has spread, making it difficult 

to control because its seeds shatter (whereas domesticated rice does not), they can lay dormant in the soil 

for years, and when they do germinate, herbicide control has been shown to have negative effects on 

commercial rice cultivars. With the exception of some areas (such as the province of Guangdong in China 

and Latin America), where the local weedy accessions showed significant amounts of hybrid ancestry, the 

genetic diversity of weedy rice accessions was generally significantly lower than that of their domesticated 

progenitors. 

For instance, several genes that were mostly connected to digestion, metabolism (as adaptations to a 

different food), and neurodevelopment were chosen during the feralization of Australian dingoes, a feral 

carnivore descended (with these probably related to sexual maturity and behavioural changes; Figure 3). 

These changes were almost entirely attributed to the process of de-domestication because dingoes remained 

isolated from their ancestral progenitors without significant admixture with domestic dogs descended from 

domesticated dogs (with these probably related to sexual maturity and behavioural changes; Figure 3). As 

dingoes remained isolated from their ancestors and did not exhibit considerable hybridization with 

domestic dogs (an example of endoferality), these alterations were almost exclusively attributed to the 
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process of de-domestication (Zhang et al., 2020; Wu et al., 2021), few examples of feralization or de-

Domestication in Crops are presented in table 2. 

Table 1. Sources of feral populations in different crop plant: 

Domestic population 

crossed with 

Definition Examples 

Self Endoferal Crop rice (Oryza sativa) appears to be 

particularly prone to feralization, because 

there is evidence for multiple de-

domestication events with varying origins in 

Asia and North America.  

Divergent population (e.g., 

breed or crop) 

Exo–endoferal (intercrop) Bhutan, weedy rice is a hybrid of two crop 

varieties (O.s. japonica × O.s. Indica).  

Wild conspecific Exoferal 

(crop–wild) 

SNP diversity of weedy rice is higher in 

southwest Asia than in the range of wild rice, 

due to introgression from wild rice and also 

perhaps from local crop rice landraces.  

Other domesticated species Exoferal (domestic 

hybrid)  

Feral Jerusalem artichoke (Helianthus 

tuberosus) and domesticated sunflower 

(Helianthus annuus) may hybridize in Europe 

Other wild species Exoferal (crop–wild 

hybrid) 

California wild radish is an interspecific 

hybrid between the crop radish (Raphanus 

sativus) and the agricultural weed ecotype of 

native wild radish (Raphanus raphanistrum).   

Genetically modified 

organism 

Exoferal (transgene 

hybrid) 

Transgenes have been found in several wild 

plant populations. Animal cases are not yet 

known, partly due to legal, logistical, and 

technological barriers to the cultivation of 

transgenic animals. 

 

Figure 3. Feralization in Plants and Animals is compared. When humans stop controlling the development 

and reproduction of domesticated animals and plants, feralization can be understood as the transition from 

an artificial selection regime to one of natural selection. A. The escape into the wild in dingoes (Canis 
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dingo), a native of Australia and a feral dog that descended from domestic dogs, was accompanied by 

behavioural changes (such as the loss of tameness, typical of domestic animals, and the timing of sexual 

maturity), but it also involved metabolic adaptations to a new diet. B. In plants, domesticated rice's 

feralization resulted in the creation of a weedy variety (Oryza sativa f. spontanea), whose seeds shatter and 

have a higher germination rate (Scossa and Fernie, 2021). 

Table 2. Examples of feralization or de-Domestication in Crops: 

Species De-domesticate Domesticate Method of origin De-domestication 

characteristic 

Oryza sativa Weedy rice Cultivated 

rice 

Mutations/endoferal 

crop hybridization 

wild introgression 

High shattering, red 

pericarp, starch 

composition, seed 

dormancy 

Hordeum 

agriocrithon 

Tibetan weedy 

barley 

Barley or 

qingke 

Crop–crop 

hybridization 

Brittle rachis 

Triticum 

aestivum 

Tibetan wild 

wheat 

Common 

wheat 

Mutations/endoferal Brittle rachis, seed 

dormancy 

Eleusine 

coracana 

Weedy finger 

millet 

Finger millet Wild introgression Disarticulating spikelets 

Sorghum 

bicolor 

Johnson grass Sorghum Wild introgression/ 

crop–wild 

hybridization 

Shattering, rhizomatous  

Secale cereale Feral rye Rye Mutations, epistatic 

recombination 

Shattering, flowering 

time 

Helianthus 

annuus 

Weedy sunflower Sunflower Crop–wild 

hybridization 

Indeterminate growth 

and branching, several 

heads during extensive 

flowering period 

Future Prospective: Feralization is a Dynamic Demographic Process 
FP combined genomic resources from domesticated counterpart’s powerful models - understanding complex 

population changes. FP used to improve domesticated populations and offer opportunities to understand 

important concepts applicable integrating locally adaptive variation from wild populations into 

domesticated species. FP are genetic background more similar to domesticate -increase the efficiency of 

adaptive introgression- adaptive alleles (i.e., disease resistance)-introgressed without large initial drops in 

productivity (i.e., yield)-Reducing the No of backcross. Beneficial introgressed alleles will stand out more 

on feral genetic backgrounds than in wild populations. 

Glossary 
Admixture: The presence of gene flow between previously isolated populations. 

Artificial selection: The deliberate selection operated by humans to improve specific characteristics in 

plants and animals during their domestication. 

Atavism: In biology, an atavism is a modification of a biological structure whereby an ancestral 

genetic trait reappears after having been lost through evolutionary change in previous generations. 

Domestication: the process of plant and animal evolution, starting from their wild ancestors, mediated 

by human selection and leading to the appearance of animal and plant forms adapted to the agro ecosystem.  

Endoferal populations: Populations stem from a single domesticated lineage (e.g., a breed or crop).  

Exoferal populations: Populations derived via admixture, either among domesticated lineages (e.g., crop 

varieties) or between domestic taxa and their wild relatives. 



 

 
Volume 04 - Issue 10 - October 2022       33 | P a g e  
 

Feralization: The escape of domesticated plant and animal races from a regime of artificial selection. 

Conclusion 
Domestication is the terminal point in crop evolution, are not capable of rapid adaptation due to low genetic 

diversity as a result of drastic genetic bottlenecks and accumulation of high deleterious mutations. 

Feralization or de-domestication extends the evolutionary complexity of crops and can serve as important 

genetic resources for modern crop breeding. Feralization it can return crops to their wild states help feed 

the world's growing population. 
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Introduction 
From the times of Vedas panchagavya is used by Indian farmers in the form of highly effective organic 

manure it’s stimulate the growth of the plants through the actions of microorganism and micronutrients 

contained in it. It is a special bio enhancer prepared from five cow products fermented over specific 

duration. For improving quality and its efficacy, few more products such as sugarcane juice, coconut water, 

toddy and ripe banana are also incorporated. Preparation is rich in macro and micronutrients, auxins, 

gibberellins, and microbial fauna and acts as tonic to enrich soil, induce plant vigor with quality production. 

The key feature of Panchagavya was its efficacy to restore the yield level of all crops. Vegetables are 

considered as protective food. They supply essential growth elements like vitamins and minerals, which 

are required by humans for their normal growth and development. Apart from health benefits, the 

production of vegetables improves the economy of a country as these are very good source of income and 

employment. Indiscriminate use of agrochemicals has adversely affected the soil fertility, crop productivity, 

product quality and environment and the vegetables are no exception to that. Excessive use of chemicals 

in the agriculture is posing a serious hazard to the nature. A number of agricultural products grown in 

India are rejected and banned in markets such as US, Vietnam, EU, and Saudi Arabia etc. due to presence 

of higher levels of chemical residues and pests, than the approved levels. The export of food materials from 

India is facing rejections on grounds of lack of compliance with food safety and health standards (Source: 

The Hindu, dated- 08.01.2018). Organic farming which is a holistic production management system for 

promoting and enhancing the health of agro ecosystem, has gained wide recognition as a valid alternative 

to harmful chemicals as it is capable of ensuring the supply of safe food for humans. Looking to the current 

scenario we need to shift towards organic cultivation. In recent decades, its successful impact has been 

demonstrated by one medical Doctor, Dr. Natrajan from the state of Tamil Nadu. Looking its impact 

number of institutions took active interest and large number of farmers in Tamil Nadu and other states 

are using on wide range of crops. Its use has been demonstrated in large number of crops in Tamil Nadu 

and number of other states. Many researchers have revealed that panchagavya have shown excellent 

increase in yield of several vegetables’ crops. ‘Panchagavya cures the pre-existing ailments and 

protects against all ailments to come’. 

Preparation Method 
1. In 5 kg fresh cow dung 500-gram cow’s ghee is mixed thoroughly in a wide mouth container. 

2. Mixture is kept for fermentation for 3 days by keeping its mouth covered.  

3. On 4th day rest of the materials are added and thoroughly mixed. 

4. Ripe banana is macerated and added. 

5. Care is taken to cover mouth of container after stirring twice a day to avoid developing maggots/ worms. 

6. On 18th day stock solution is ready. 

7. It can be kept up to six months, but daily it must be stirred at least once every day to help air circulation. 

Ingredients for Making Panchagavya 
1. Biogas slurry or cow dung 5 kg 

2. Cow’s urine 3 litres. 

3. Cow’s milk 2 litres. 
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4. Curd from cow’s milk 2 litres. 

5. Ghee from cow’s butter 1 litres. 

6. Sugarcane juice 3 litres. 

7. Tender coconut water 3 litres. 

8. Banana 12 in numbers. 

    
Cow urine Jaggery Tender Coconut Bananas 

    

 

Cow dung Cow ghee Cow Milk Cow Curd Sugarcane juice 

Objectives of Panchagavya 
1. To maintain the genetic biodiversity of the crop as well as environment. 

2. To encourage the biological cycles within the farming system by using microbe. 

3. Sustainable use of natural resources 

4. To maintain the ecological balance between crop production and livestock. 

5. To assess the efficiency of panchagavya in vegetable crops 

6. Use the wastes as useful product. 

7. To produce high-quality yield in enough quantity by using panchagavya. 

Table 1. Periodicity of application: 

Pre flowering phase Two sprays @ 15 days, depending upon crop duration 

Flowering & pod setting Two sprays @ 10 days intervals 

Fruit/ pod maturation One during pod maturation 

Table 2.  Time of application of Panchagavya for different crops is given as follows: 

Crops Time schedule 

Okra 30, 45, 60 and 75 days after sowing 

Moringa        Before flowering and during pod formation 

Tomato   Nursery and 40 days after transplanting seed treatment with 1 % for 12 hrs 

Onion 0, 45 and 60 days after transplanting 

Effects of Panchagavya in Different Vegetables Crops 
1. Yield enhancement by 18 per cent, and in few cases like Cucumber, the yield is doubled.  

2. Extended shelf life in many vegetables crops especially in tomatoes 

3. Recent research of organic studies in cabbage reveals that Bio enhancers being completely organic in 

nature were capable of producing yield levels significantly comparable to that of RDF (Recommended doses 

of fertilizer), supplied through chemical fertilizers. Apart from yield they also have positive and significant 

effect on various physical, chemical and microbial properties of soil and environment. (Kumar et.,al  2019)  

4. Foliar application of panchagavya on leafy vegetables leads to increase in biomass (301%), shoot length 

(88.53%), root length (71.03%) in panchagavya treated plants over control (Sailaja et.,al 2014). 

5. Study on growth of vegetables crops tomato, okra, French bean using panchgavya was prepared and it 

was initially soaking the seeds. later, the germination percentage was observed. The germination 

percentage was found to be higher in seeds treated with panchgavya solution than the control seeds. 

(Gayathri et.,al 2015). 
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6. Evaluation of the performance of onion varieties in response to organic cultivation it was revealed from 

the data, maximum vegetative growth was observed in panchagavya treatment. (Kumar et.,al 2015). 

Conclusion 
Domestication is the terminal point in crop evolution, are not capable of rapid adaptation due to low genetic 

diversity as a result of drastic genetic bottlenecks and accumulation of high deleterious mutations. 

Feralization or de-domestication extends the evolutionary complexity of crops and can serve as important 

genetic resources for modern crop breeding. Feralization it can return crops to their wild states help feed 

the world's growing population. 
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Agri Market Infrastructure Fund (AMIF) is created with NABARD for development and upgradation of 

agricultural marketing infrastructure in rural agricultural markets. The project aims to develop and 

upgrade the infrastructure of agriculture and marketing in more than 585 APMCs and 10,000 GrAMs. The 

main purpose of the development involves transforming the rural “haats” of the villages to modern markets, 

also known as “GrAMs”. 

Objectives 
The main purpose of the development involves transforming the rural haats of the village to GrAMs. 

Introduction 
In India more than 80% of the village farmers are quite marginal and small, and they are unable to sell 

their produce directly in the wholesale market and they rely mostly on third party vendors. Hence, the 

AMIF project is developed to support the farmers and transform the regular habits of the village into 

modern marketing. The Agri-Market Infrastructure Fund was announced in 2018 Budget for developing 

and upgrading agricultural marketing infrastructure in the 22,000 Gramin Agricultural Markets (GrAMs) 

and 585 Agricultural Produce Market Committee (APMC). At present, GrAMs are being developed from 

MGNREGA fund. The scheme being demand-driven, progress will depend on demand from state. Recently, 

the Cabinet Committee on Economic Affairs (CCEA) approved a corpus of Rs. 2,000 crores for Agri Market 

Infrastructure Fund (AMIF). 

Discussion 
Here we are going to discuss about challenges and opportunities of AMIF. 

Challenge 
Lack of awareness about the scheme to farmers. 
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What are Commodities? 
Commodities are the standardised resources or raw materials with intrinsic value that are used to 

manufacture refined goods. It can be categorised as every kind of movable good that can be bought and 

sold, except for actionable claims and money. The quality of commodities may be variable, but they must 

be substantially uniform on some criteria across different producers.  

There are two types of commodities in the market, i.e., hard commodities and soft commodities. Hard 

commodities are often used as inputs to make other goods and provide services while soft 

commodities are mainly used for initial consumption. Inputs such as metals and minerals are classified 

as hard commodities while agricultural products like rice and wheat are softer commodities. 

Commodities are traded on the spot market or exchanges. The commodities must meet minimum standards 

set by the exchanges to be able to trade. Traders can either buy these commodities on the spot market or 

through derivatives such as options or futures. Commodity trading offers portfolio diversification beyond 

traditional securities. And since commodity price moves in the opposite direction of stocks, investors 

indulge in commodity trading during the periods of market volatility. 

The Commodity Market 
Similar to any other market, the commodities market is either a physical or a virtual space, where 

interested parties can trade commodities (raw or primary products) at present or future date. The price is 

dictated by the economic principles of supply and demand. 

Types of Commodities 
There are about fifty major commodity markets worldwide trading in more than 100 commodities.Traders 

can trade in four major categories of commodities: 

Metal: A wide variety of metals like iron, copper, aluminium, and nickel, which are used in construction 

and manufacturing, are available for trading in the market, along with precious metals like gold, silver, 

and platinum. 

Energy goods: Energy goods used in households and industries are traded in bulk. These are natural gas 

and oils. Other energy commodities that trade are uranium, ethanol, coal, and electricity. 

Agricultural goods: A wide variety of agricultural and livestock products trade in the commodity market. 

For example, sugar, cocoa, cotton, spices, grains, oilseeds, pulses, eggs, feeder cattle and more. 

Environmental goods: This group includes renewable energy, carbon emission, and white certificates. 

Globally, the most-traded commodities include gold, silver, crude oil, Brent oil, natural gas, soybean, cotton, 

wheat, corn, and coffee. 

Types of Commodities Traded in India (Multi Commodity Exchange of India – MCX) 
Agricultural commodities: Black pepper, castor seed, crude palm oil, cardamom, cotton, mentha oil, 

rubber, Palmolein. 

Energy: Natural gas, Crude oil. 

Base Metals: Brass, Aluminium, Lead, Copper, Zinc, Nickel. 

Bullion: Gold, Silver. 

Types of Commodities Traded in India (National Commodity and Derivatives Exchange 

– NCDEX) 
Cereals and pulses: Maize Kharif/south, Maize rabi, Barley, Wheat, Chana, Moong, Paddy (basmati). 
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Soft: Sugar. 

Fibres: Kappa’s, Cotton, Guar seed, Guar gum. 

Spices: Pepper, Jeera, Turmeric, Coriander. 

Oil and Oil seeds: Castor seed, Soybean, Mustard seed, Cottonseed oil cake, Refined soy oil, Crude palm 

oil. 

Commodity Trading in India 
The legal entity that decides regulates and enforces the rules and procedures for trading commodities, such 

as the standardised commodity contracts, and other related investment products is the commodities 

exchange. It is an organised market where various commodities and derivatives are traded. 

In India, one can trade commodities by going on any of the 20+ exchanges which facilitate this trade under 

the regulatory eye of the Securities and Exchange Board of India. Till 2015, the market was regulated by 

the Forward Markets Commission which was finally merged with SEBI to create a unified regulatory 

environment for commercial investing. 

To start trading in commodities, you will need a Demat account, Trading account and a Bank account. The 

Demat account will function as a keeper of all your trades and holdings but you will still need to go through 

a good broker to place orders on the exchanges. 

India has six major commodity trading exchanges, namely: 

a. National Multi Commodity Exchange India (NMCE) 

b. National Commodity and Derivative Exchange (NCDEX) 

c. Multi Commodity Exchange of India (MCX) 

d. Indian Commodity Exchange (ICEX) 

e. National Stock Exchange (NSE) 

f. Bombay Stock Exchange (BSE). 

Types of Commodity Market 
Typically, commodity trading occurs either in derivatives markets or spot markets. 

1. Spot markets are also known as “cash markets” or “physical markets” where traders exchange 

physical commodities, and that too for immediate delivery. 

2. Derivatives markets in India involve two types of commodity derivatives: futures and forwards; these 

derivatives contracts use the spot market as the underlying asset and give the owner control of the same 

at a point in the future for a price that is agreed upon in the present. When the contracts expire, the 

commodity or asset is delivered physically.  

The main difference between forwards and futures is that forwards can be customised and traded over the 

counter, whereas futures are traded on exchanges and are standardised. 

What is a Commodity Futures Contract? 
The ‘commodity futures contract’ is the agreement that a trader will buy or sell a certain amount of their 

commodity at a pre-decided rate at a certain time. When a trader purchases a futures contract, they are 

not required to pay the whole price of the commodity. Instead, they can pay a margin of the cost which is a 

predetermined percentage of the original market price. Lower margins mean one can buy a futures contract 

for a large amount of a precious metal like gold by spending only a fraction of the original cost. 

Participants of Commodity Market 
Speculators: Speculators drive the commodity market, along with hedgers. By constantly analysing the 

prices of commodities they are able to forecast future price movements. For instance, if the prediction is 

that the prices will move higher, they will buy commodity futures contracts and when the prices do actually 

seem to move higher, they can sell the aforementioned contracts at a higher price than what they bought 

it for. Similarly, if the predictions indicate a fall in prices, they sell the contracts and buy them back at an 

even lower price, thus making profits. 
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Since they are not interested in the actual production of goods or even taking delivery of their trades, they 

mostly invest through cash-settlement futures which provide them with substantial gains if the markets 

move according to their expectations. 

Hedgers: Manufacturers and producers typically hedge their risk with the help of the commodity futures 

market. For example, if prices fluctuate and fall during harvest, farmers will have to face a loss. To hedge 

the risk of this happening, farmers can take up a futures contract. So, when the prices fall in the local 

market, the farmers can compensate for the loss by making profits in the futures market. Inversely, if there 

is a loss in the futures market, it can be compensated for by making gains in the local market. 

Commodities are also used as a hedge against inflation. As the price of commodities often mirrors the 

inflation trends, investors often use them to protect their funds in times of rising inflation as the losses due 

to inflation can be offset by the rise in commodity prices. 

Investing in Commodities 
Depending on the type of commodity, traders can find different ways to invest in commodities. Considering 

the fact that commodities are physical goods, there are four major ways for investing in commodities: 

Direct investment: Investing directly in the commodity. 

Futures contracts: Using commodity futures contracts to invest in the commodity. 

Commodity ETFs: Buying shares of ETFs (Exchange-Traded Funds). 

Commodity shares: Buying shares of stock in companies or organisations that produce 

commodities. 

Advantages of Commodity Trading 
Protection against inflation, stock market crash and other black swan 

events: When inflation rises, it makes borrowing expensive for companies and impacts their profit-making 

abilities. As a result, stock prices fall during a period of high inflation. On the other hand, the cost of goods 

increases, meaning the price of primary goods and raw materials would rise, causing commodity prices to 

move higher. Hence, when inflation is rising, commodity trading becomes profitable. 

High leverage facility: Traders can accentuate their profit potential by investing in the commodity 

market. It allows traders to take a significant position in the market by paying a 5 to 10 percent margin. 

This way, even an insignificant price increase can increase profit potential exponentially. Although the 

minimum margin requirement varies from one commodity to another, it is still less than the margin 

required in equity investment. There are affordable minimum-deposit accounts and controlled full-size 

contracts 

Diversification: Commodities allow investors to diversify their portfolio as raw materials have a negative 

to low correlation with the stocks. 

Transparency: The commodity market is developing and highly regulated. The modern electronic trading 

suite has added to the transparency and efficiency of the market, eliminating any risk of manipulation. It 

enabled fair price discovery by broad-scale participation. 

Disadvantages of Commodity Trading 
Despite several advantages, commodity trading has a few disadvantages, which you should know before 

investing. 

Leverage: It can be a double-sided sword, especially if you are inexperienced in margin trading. Leverage, 

as discussed before, allows traders to bid big in the market. If the margin is 5 percent, then one can buy 

commodity futures worth Rs 100,000 by paying only Rs 5000. It means that with the slightest fall in price, 

traders can end up losing a significant amount. 

High Volatility: Higher returns from commodity trading are due to the high price volatility of 

commodities. The price is driven by the demand and supply when the demand and supply of goods are 

inelastic. It means despite changes in price, supply and demand remain unchanged, which can significantly 

alter the value of commodity futures. 

Not necessarily immune to inflation: Despite the negative correlation between securities and 

commodities, the latter is not suitable for portfolio diversification. The theory that commodity price moves 
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in the opposite direction with the stocks doesn’t hold as experienced during the economic crisis of 2008. 

Increasing inflation, unemployment, and reduced demand halt companies’ production and impact demand 

for raw materials in the commodity market. 

Low returns for buy-and-hold investors: Commodity trading needs bulk investment to generate 

significant returns. The Bloomberg Commodity Index, which is considered the gold standard, showcased 

that even the most secured government bonds have historically garnered more returns than commodity 

trading. It is primarily because of the cyclical nature of the products, which erodes the value of an 

investment for buy-and-hold investors. 

Asset concentration: Even when the primary reason to invest in commodities is to diversify the portfolio, 

commodity investment tools often concentrate on one or two industries, meaning a higher concentration of 

assets in one segment. 
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What are Futures? 
The trading in commodities in India takes place in either spot market, or futures markets. In spot markets, 

the commodity trading happens instantly and in exchange for cash. Track prices of commodity future live 

to understand how the prices move. 

In commodities future space, buyers and sellers trade a commodity based on a standardized contract 

considering future price. Trade in future contracts happens electronically, and the contracts can be settled 

in hard cash. 

Types of Future Contracts 
Future contracts on the commodity markets are of two kinds. The first kind is the cash-settlement kind 

where the net gain/loss on your trade is adjusted from your bank account and margin depending on the 

price movement. 

On the other hand, there are also delivery futures which involve the actual physical handing over of the 

commodities to the buyer of the futures contract. Under this system, one has to produce the required 

warehouse receipts to prove the ownership of the goods. 

Investors must remember to choose the kind of settlement before entering a futures contract as it is difficult 

to change later and impossible to change post the expiry of the contract. 

Advantages of Investing in Futures 
1. Future markets are very liquid 

2. Futures generate big profits if carefully traded 

3. Futures can be bought on margin which limits the upfront cash commitment 

4. Future contracts are available on a variety of price points and expiry dates 

5. One can trade on both ends of the price movement through futures. 

Overall Methods to Invest in Commodity Markets 
Commodities Futures: Buying and selling contracts on exchanges on the basis of the commodity’s future 

price. A brokerage account is required for this. 

Physical trading: Some may be physical purchases such as silver and gold in the form of jewellery, coins, 

bars. This is only a good approach for commodities that are very high in value. 

Commodity Stocks: You can also invest in stocks offered by companies that operate in commodities; for 

example, stocks of an oil refinery or agricultural business. This can be less risky than directly betting on 

commodity prices. 

Mutual funds, Commodity ETFs and ETNs: Commodity exchange-traded funds (ETFs), exchange-

traded notes (ETNs) and commodity-based mutual funds are also commodity sector investment options. 

Managed futures, Commodity Pools: These are basically private funds that focus on commodity 

investment but they are not public and traders have to be approved in order to invest. The potential returns, 

as well as management costs, may be higher. It is important to remember that the price and date are not 

allowed to be altered once the futures contract is in place. The gains from the contract will be based on the 

future movement of the price of the commodity. 

What is a Commodity Futures Contract? 
The ‘commodity futures contract’ is the assurance that a trader will buy or sell a certain amount of their 

commodity at a pre decided rate at a certain time. When a trader purchases a futures contract, they are 
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not required to pay the whole price of the commodity. Instead, they can pay a margin of the cost which is a 

predetermined percentage of the original market price. Lower margins mean one can buy a futures 

contract for a large amount of a precious metal like gold by spending only a fraction of the original cost. 

How does a Commodity Market Work? 
Suppose you bought a gold futures contract on MCX at Rs. 72,000 for every 100 gm. Gold’s margin is 3.5% 

on MCX. So, you will be paying Rs. 2,520 for your gold. Suppose that the following day, the cost of gold 

increases to Rs. 73,000 per 100 gm. Rs 1,000 will be credited to the bank account you have linked to the 

commodity market. Assume that the day-after, it drops to Rs. 72,500. Accordingly, Rs. 500 will be debited 

from your bank account. 

Types of Trading Strategies in a Commodity Market 
There are two core drivers of -or trading strategies within- a commodity market: speculators and hedgers. 

Speculators: These dealers constantly examine the costs of commodities in addition to forecasting the 

expected price changes. For instance, if a speculator predicts that the price of gold was to increase, they 

purchase the commodity futures contract. If the cost of gold subsequently grows, the trader will then sell 

the contract for a higher price than they bought. 

If the speculator anticipates that the rate of gold will decrease, they sell their futures contract. Once the 

prices lower, speculators buy the contract again for a lower price than what they sold it for. This is how 

speculators make profits in both cases of market change. 

Hedgers: Those who produce or manufacture commodities typically ‘hedge their risk’ by trading in a 

commodity futures market. For instance, if the prices of wheat fall during the harvest period, the farmer 

will face a loss. The farmer can hedge this risk by entering a futures contract. In this case, when the price 

of his produce falls in his local market, the farmer can offset this loss by making profits through the futures 

market. 

The opposite situation is when the cost of wheat increases during the harvest period. At this time, the 

farmer would encounter losses in the futures market. However, these losses can be compensated for by 

selling his produce for a higher cost in his local market. 

Key Things to Note About Commodity Trading in India 
1. The prices of commodities are affected by a plethora of reasons. Similar to investing in stocks, it is 

important to prepare in advance by understanding these factors and learning strategies you can employ 

before you start trading in commodities. 

2. While you get higher leverage with commodity trading, the risk associated with trading in commodities 

is also higher as market fluctuations are common. 

3. Regularly monitoring the market is necessary. If you are a trading beginner, consider taking the help of 

a commodity market expert who can inculcate you into the process, and keep tabs on market fluctuations. 

Conclusion 
Commodity trading in India is a great way to beat inflation as the costs of commodities grow in areas where 

inflation grows. However, commodity futures contracts are highly leveraged, making them risk-prone. 

Regularly monitoring the commodity market is essential, no matter which trading strategy one chooses. 
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Introduction 
1. The gathering and utilization of medicinal plants is an age-old tradition & they have been used by 

mankind foe centuries. 

2. The world health organization (WHO), 80% of the rural population in developing countries utilizes locally 

available medicinal plants for their primary healthcare needs. 

3. India is one of the world’s top 12 mega diversity with 10 bio geographic regions. 

4. India alone includes two among the world’s eight biodiversity hotspots 

5. In India, out of 17000-18000 species of flowering plants about 6000 -7000 are medicinal plants having 

medicinal usage in folk & documented system of medicine, like AYUSH that accounts nearly 35-40% 

6. The growing demand for medicinal plant is putting a heavy strain on the natural resources. This has 

resulted in depletion of number of higher plant species are categorized as either threatened or endangered. 

7. Hence conservation of biodiversity is essential not only to maintain ecological process & life support 

system, but also to ensure sustainable utilization of species as well as ecosystem. 

Need for Conservation 
1. Over one and half million practitioners of the Indian System of Medicine, use medicinal plants is 

preventive, promotive and curative application. 

2. Medicinal plants are potential renewable natural resources 

3. Several medicinal plants have been assessed as endangered, vulnarable and threatened due to over 

harvesting in the wild. 

4. The demand for medicinal plants is rapidly increasing, coinciding with a global resurgence in the demand 

of traditional medicine.  

5. The export market for herbal raw material is estimated to be increasing by 22% annually (Singh et al, 

2011). 

Major Cause of Medicinal Plants Depletion 
1. Non-sustainable, destructive, high density harvesting by plant collectors. 

2. Declination in traditional knowledge of local communities regarding use of medicinal plants. 

3. Over harvesting of the material due to low income of collectors & low prices paid to them. 

4. Increased international demand for medicinal plants. 

5. Commercialization of medicinal plants & increased accessibility of traders to remote forest areas. 

6. Over deforestation – Natural phenomenon (landslides, forest fires). 

Conservation 
1. Conservation is the preservation and careful management of the natural resources for long term survival.  

2. Conservation of species is best ensured by protecting its natural habitat, where the species continues to 

grow reproduce and evolve along with its associated plants, animals and microorganisms (Rawat et al, 

1998). 

Types of Conservation 
In situ: 

a. Conservation in natural habitats 

b. Extinct in next 3 generations  

c. Medicinal Plants Conservation Areas (MPCA) 

d. Includes 75% Red listed specie 

e. Implemented by state forest department of -Tamilnadu, Kerala & Karnataka, AP & Maharashtra. 
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Ex situ: 

a. Conservation outside the natural habitats. Eg – Conservation Parks. 

b. FRLHT, MPCP, RLHT. 

List of Some Major Organizations Involved in Medicinal Plants Conservation 

Medicinal Plants Conservation Areas (MPCAs) 
1. The concept has been started earlier in 1993 when the first conservation step has been taken by united 

nations development programme (UNDP) in the southern states of india along with an organization 

foundation for revitalization of local health traditions (FRLHT). 

2. Development of medicinal plants sector at large being the key concern, their main aim was to preserve 

the potential forest zones of india with special focus on the medicinal plants conservation.  

3. 108 MPCAS were developed during 1992 to 2003 in 13 states of the country to carry out the conservation 

works in terms of management of medicinal plants. 

4. Under this initiative it has established a network of 12 Medicinal Plants Conservation Areas (MPCAs) 

in different forest locations of Tamil Nadu.  

5. These MPCAs with an average size of 200 ha represent forests of high bio-diversity value and contain a 

high proportion of the inter and intra specific medicinal plant diversity of the region (Biswas et al, 2017). 

Aim of MPCDAs 
1. The main aim of the implementation of MPCDAs in the various Forest Zones of India is. 

2. To preserve, protect and maintain the medicinal plants species so that the grow abundantly in natural 

way. 

Two Types of MPCDAs 
1. Species focus MPCDAs – Gugulu (Commiphorawightii) established by Gujarat forest department.  

2. Habitat specific/medicinal plants diversity focus MPCDAs - It depends on the particular habitat of the 

plant. 

Objectives of MPCA’s 
1. Conservation and improvement of threatened/endangered/ endemic species of medicinal and aromatic 

plants in wild through Medicinal Plants Conservation Areas (MPCA’s). 

2. Prevention of illicit removals through unscrupulous collectors. 

3. Creation of awareness among public on the importance of medicinal plants and Indian systems of 

medicine. 

4. Standardization of cultivation practices for economically viable species suitable to different agro climatic 

zones and cultivating them to meet the local pharmaceutical industry requirements and to enter the global 

market. 

5. Establishment of linkages/market tie-ups between the farmer/producer and the leading pharmaceutical 

industry. 

6. Creation of databank on existing medicinal plants in wild by conducting systematic and regular 

assessment surveys. 

Missouri Botanical Garden USA 

Biodiversity Conservation Network USA 

International Development Research Center Canada & New Delhi 

Bandaranayake Memorial Ayurvedic Research Institute Srilanka 

Regional Research Laboratory, Jammu 

Tropical Botanical Garden Research Institute Trivandrum 

Centre for Ecological Sciences Bangalore 

SRISTI Ahmedabad 

Medicinal Plants and Biodiversity Project,  Uganda 

Research Foundation for Science, Technology and Ecology,  New Delhi 
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7. Utilization of information technology (IT) for trade improvement. 

Activities of MPCDAs 
1. Base line survey 

2. Demarcation of an area 

3. Conservation of medicinal plant species 

4. Raising seed production areas in various regions 

5. Soil moisture works 

6. Maintenance, documentation of species, training awareness campaign for the inhabitants 

7. Establishment of nursery 

8. Quality planting material. 

MPCAs in Tamil Nadu 
1. Alagarkovil, Thenmalai 

2. Kodaikanal, Topslip 

3. Kodiakkarai, Thaniparai 

4. Kollihills, Mundandurai 

5. Kurumburam, Courtallam 

6. Pechiparai, Nambikovil. 

Conclusion 
From the foregoing discussion it is evident that there are still very critical areas which should be taken up 

by the state Forest Department for setting up the MPCDAs particularly in the North-Eastern States, 

Himalayan region and Western Ghats, which have abundant medicinal plants, raw material resources. 
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Native 
Parthenium is native to the area surrounding the Gulf of Mexico, Central America, southern North 

America, West Indies, and central South America. The weed has now invaded more than 20 countries 

around the globe, including five continents and numerous islands. 

Nomenclature 
The genus name Parthenium is derived from the Latin word parthenice-a reference to the plant now known 

as Tanacetum parthenium (L.) Bernh. or “feverfew;” hysterophorus was derived from the 

Greek hystera (womb) and phoros (bearing), referring to the prolific seeding habit of the plant.  

It is commonly called a bitter weed, carrot weed, broom bush, and congress grass. Parthenium 

hysterophorus L. (parthenium weed) of the family Asteraceae, is an extremely diverse family with a 

cosmopolitan distribution. 

Biology 
P. hysterophorus L. of the family Asteraceae (tribe: Heliantheae) is a fast maturing, erect, and much 

branched annual or ephemeral herb. It shows two distinct phases in life: juvenile, rosette, or the vegetative 

stage and adult, mature, or the reproductive stage. The juvenile stage exhibits a rosette with large, dark 

green, simple, radicle, and pinnatisect small leaves lacking flowering. The large lower leaves are spread on 

the ground like a carpet, without allowing any vegetation underneath it. The adult stage is erect, much 

branched with deep tap root system that reaches up to 2 m in height. The stem is hairy, octangular, 

longitudinally grooved and becomes tough and woody as the plant matures into a hardy bush. Leaves are 

simple, alternate, pinnately or bipinnately dissected, 20–30 × 12–25 cm, becoming smaller towards the apex 

of the branches. The stem and leaf surface are covered with four types of glandular and non-glandular, 

multicellular white trichomes. The flowers are creamy white, about 4 mm across, arising from the leaf 

forks. An enormous number of pollen grains, 624 million/plant, are produced which are anemophilous, that 

is, wind-pollinated. Each flower produces four to five black wedge-shaped seeds that are 2 mm long with 

thin white scales and difficult to see by the naked eye. It is a very prolific seed producer, producing up to 

25,000 seeds/plant, leading to a large seed bank in the soil. 

Habitat 
Parthenium grows luxuriantly in wastelands, public lawns, orchards, forestlands, flood plains, agricultural 

areas. Drought and subsequent reduced pasture cover create the ideal situation for the parthenium weed 

to establish itself. Although parthenium weed is capable of growing in most soil types, it is most dominant 

in alkaline, clay loam soils. 

Dispersal 
The seeds are mainly dispersed through water currents, animals, movement of vehicles, machinery, grains, 

stock feed and to a lesser extent by the wind. Most of the long-distance spread is through vehicles, farm 

machinery, and flooding. The spread of seeds International Scholarly Research. plus, their ability to remain 

viable in the soil for many years pose one of the most complex problems for control. Seeds do not have a 

dormancy period and are capable of germinating anytime when moisture is available. Seeds germinate 

within a week with the onset of monsoon and flowering starts after a month and continues up to another 

three months. In northwest India, parthenium germinates mainly in the months of February-March, 

attaining peak growth after rains in June-July and produces seeds in September-October. It normally 

completes its life cycle within 180–240 days. Its growth remains less and stunted from November to 

January due to severe cold. 
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Parthenium Menace 
Parthenium is a noxious and number one dangerous terrestrial weed because of its harmful effects both on 

humans and biodiversity. It is an aggressive colonizer of wasteland, roadsides, railway sides, water courses, 

cultivated fields, and overgrazed pastures. Parthenium plant contains chemicals, like parthenin, hysterin, 

hymenin, and ambrosin, and due to the presence of these chemicals, the weed exerts strong allelopathic 

effects on different crops.  

Parthenin has been reported as germination and radical growth inhibitor in a variety of dicot and monocot 

plants. The weed has deleterious effects on legume nodulation. Parthenium weed is toxic to animals causing 

dermatitis with pronounced skin lesions on various animals including horses and cattle. If eaten, it is 

responsible for mouth ulcers with excessive salivation. The pollen grains, airborne dried plant parts, and 

roots of parthenium cause various allergies like contact dermatitis, hay fever, asthma, and bronchitis in 

human beings. 

Parthenium Management 
Physical Control: Manual uprooting of parthenium before flowering and seed setting is the most effective 

method. Uprooting the weed after seed setting will increase the area of infestation.  

Chemical Control: Chemical control is an effective method to control parthenium in the areas where its 

natural enemies are absent. The use of chemical herbicides, such as chlorimuron ethyl, glyphosate, 

atrazine, ametryn, bromoxynil, and metsulfuron, are known to be very effective in controlling this weed. 

Overall, the efficacy of herbicides was more promising on rosette parthenium plants than on bolted plants. 

Allelopathic Control: Competitive replacement of parthenium can be achieved by planting plants like 

Cassia sericea, C. tora, C. auriculata, Croton bonplandianum, Amaranthus spinosus, Tephrosia purpurea, 

Hyptis suaveolens, Sida spinosa, and Mirabilis jalapa which are capable of effectively suppressing 

partheniumin natural habitats. Crop rotation using Marigold (Tagetes spp.), root and shoot extracts of 

Dicanthium annulatum, Cenchrus pennisetiformis, and Sorghum halepense reduce germination and 

suppress early seedling growth of exotic weed P. hysterophorus. Aqueous foliar extracts of Azadirachta 

indica, Aegle marmelos and Eucalyptus tereticornis totally inhibited the seed germination of parthenium 

and may be exploited for controlling parthenium weed.  

Biological Control: the control of invasive weeds by introduction of suitable, exotic bioagent from the 

weed’s natural habitat. The main objective of classical biological weed control is restoring balance between 

target alien weed and its natural enemies in the ecosystem. Successful bioagent reduces the weed 

population first then the bioagent population dies due to starvation of food. This process continues in cyclic 

fashion until the bioagent and weed population get established at a low level.  

Bioherbicidal Approach: “Plant pathogenic fungi are developed and used in the inundative strategy to 

control weeds in the way chemical herbicides are used,” or as “living products that control specific weeds 

in agriculture as effectively as chemicals”. 

Biological Control of Parthenium 
Classical Biological Control: Insects as Classical Biocontrol Agents. Of the various insects, the leaf-

feeding beetle (Zygogramma bicolorata) and the stem galling moth (Epiblema strenuana) both imported 

from Mexico, have shown good potential to control this weed.  

Classical Control by Fungal Plant Pathogens: In standard classical biological control strategy, 

obligate parasites, especially rust fungi, are the first choice because they exhibit narrow host ranges, high 

reproductive capacities, and efficient aerial dispersal. The most promising fungal agents to manage 

parthenium are Puccinia abrupta var. partheniicola (Jackson) Parmelee. 

Inundative Biological Control: A series of surveys have been carried out to search for naturally 

occurring fungal pathogens on parthenium to control it through the bioherbicidal strategy. Although, the 

pathogen is responsible for severe damage to the weed, but the wide host range of the species creates doubt 

about its suitability as mycoherbicides. Cercospora parthenophilia, a leaf spot pathogen isolated from 

parthenium at Kurukshetra, has shown several characteristics that make it a potential biological control 

agent of this weed in India such as wide natural distribution 
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Integrated Weed Management: The classical and bioherbicidal strategies, when applied alone, are not 

able to suppress this weed. However, integrated pest management (IPM) has gained attention in recent 

years as a means of reducing losses due to pests, minimizing reliance on chemical pest control, therefore 

fostering the long-term sustainability of agricultural systems. This shows that parthenium weed can be 

more effectively managed by combining the current biological control management strategy with selected 

sown suppressive plant species. 
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Introduction 
Cucurbit Fruit fly, Bactrocera cucurbitae (Diptera: Tephritidae) is the most problematic insect of the 

cucumber group plants (cucurbits), which includes cucumber, bitter gourd, pumpkin etc. Cucurbits are 

infested by several insect pest which are considered to be the significant obstacles for economic production. 

Among them cucurbit fruit fly is serious pest responsible for considerable damage of cucurbits vegetables 

(Butani and Jotwani 1984). The cucurbit fruit fly can attack about 16 different types of cucurbit crops. Yield 

losses due to fruit fly infestation vary from 19.19 to 69.96 percent in different fruits and vegetables. (Kabir 

et. al. 1991). It attacks young and older stages. Maggots are found in infected fruits, which mean the fruits 

cannot be eaten.  The female flies insert egg in to the young fruit. Hatching out from the egg, the larvae 

start feeding internal tissue of the fruit making the fruit for unsuitable for human consumption. The larvae 

remain inside the infested fruits. The female adult visit cucurbit fruits only to lay the eggs and the leave 

the fruits soon after egg laying. 

 

Life Cycle 
Egg: the adult females lay eggs on the flowers as well as on fruits of the cucurbit’s crops. The females fly 

inserts its ovipositor in to the flowers or fruits and lay eggs by forward and backward movement of the 

abdomen. Eggs are laid singly or in clusters of four to ten. The number of eggs laid by an average female 

varies from 42-58. The eggs are white, cylindrical and slightly curved on one side and measure 1.3 mm in 

length and 0.4 mm breadth. The eggs incubation period varies from 18 hour in the summer season, the 

females lay eggs during the day under shaped condition, but they prefer evening to avoid strong sunshine.  

Larva: - Soon after hatching from the eggs, the young larvae, commonly called maggots, bore into the 

flower buds or in to the fruits and start feeding. The maggots become full-fed in about three days in the 

summer and two weeks in the winter. The full-fed maggots are 9-10 mm long and 2 mm broad across the 

thorax and are cream or pale white in color. The larval period lasts for 7-14 days.  

Pupa: the fully develop maggots come out from the fruit through one or two exit holes made in the fruit 

and pupate half to 3-inches deep in the soil depending upon the nature of the soil. The pupa is barrel 



 

 
Volume 04 - Issue 10 - October 2022       51 | P a g e  
 

shaped, light brown or pale in color. It is 11 segmented, measuring 5.5 mm in length and 2.0 mm in breadth. 

The pupal period is 5-8 days in the humid summer season and about three weeks in the winter months.  

Adult: the adults emerge usually in the morning between 6-9 in the summer and 8-11 in the cooler months. 

The adult fruit fly in reddish brown with lemon yellow in clock having curved vertical marking on the 

thorax and fuscous shading on the outer margin of the wings. The female is easily distinguished by the 

presence of a tapering abdomen ending in a pointed ovipositor. The adults are active and capable of 

breeding throughout the year except during the cooler months of November, December and January when 

it is very cold. The fruit fly has several generations in a year. 

 

Nature of Damage 
Fruit fly damage starts from March and ends in August or September. Female flies lay eggs inside the 

fruit. The eggs hatch and the maggots damage the fruit. Numerous maggots may be seen within infected 

fruits. After 7 to 10 days the maggot will drop onto the soil and pupate. The adult fly is pale yellow to brown 

with transparent wings that each have 2 spots on. Female adult fruit flies have a prominent ovipositor 

which is used for laying eggs in the fruit. 

 

1. Maggots feed on the pulp of the fruits 

2. Oozing of resinous fluid from fruits 

3. Distorted and malformed fruits 

4. Premature dropping of fruits and also unfit for consumption. 

Management: 

a. Collect damaged fruits regularly and destroy them in a deep hole or soak in water mixed with a 

chemical insecticide 

b. Use of cue lure trap for cucurbit fruit fly 

c. Prepare a food bait to control the flies. Take yellow crushed ripened pumpkin and apply drops of 

Malathion 50 EC 0.1 % solution over it and keep it in different places on the ground near the crop. 

d. Cover young fruits with newspapers or waste clothes initially if cultivating a small area or in a 

kitchen garden. The fly will not go into the shaded area under the newspaper or cloth so this will 

prevent the fly laying eggs.  
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e. If more than 10% of fruits are infected, spray with a mixture of Malathion 50 EC at 1 ml/litre of 

water and 20 grams of sugar or molasses. 

f. Do not harvest within 7 days of spraying 

g. Treat the soil with Malathion 5 % powder 20 kg per during winter 

f. Deep ploughing in winter is recommended as this will damage pupae in the soil. 
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Introduction 
With ever-increasing population, India faces the challenge of providing ample amount of power in the form 

of electricity. A major chunk of it comes from thermal power plants. Nearly about 70% of power generated 

in India is from combustion of coal. India witnessed rise in overall coal production in the country by 11.37% 

to 60.42 million tonnes (MT) in July 2022 as compared to 54.25 MT recorded in the same month last year 

(Ministry of Coal 2022). Improper combustion of coal leads to production of fly-ash which consists of 

partially burnt minerals of coal. Over the years, fly-ash generation from Indian thermal power plants have 

increased exponentially. It almost doubled from 123.54 MT in 2009-10 to 226.14 MT in 2019-20. Although, 

utilization of these FA only increased by 20.45% in this period. Major modes of utilization of FA are cement 

production, reclamation of low-lying areas, bricks and tiles industry, embankments raising etc. Mere 0.06% 

of total fly-ash generated is used in agriculture. A substantial amount of 38.33 MT FA remained unutilized 

in 2019-2020, (Central Electricity Authority, 2020). 

 

Characteristics 
FA is a very fine structured (0.01–100 μm particle size) spherical-shaped particles having very high surface 

area and lightweight in nature. This leads to widespread contamination. It contains toxic metals such as 

As, Hg, Cr, Se, Pb, Ni (Szponder and Trybalski 2009). Moreover, the particles corrode surfaces and its 

inhalation causes respiratory problems in human beings. Large scale production of fly ash causes a problem 

for its disposal. 

Importance in Agriculture 
FA contains all the plant nutrients barring nitrogen and organic carbon in appreciable amount to support 

plant life. These nutrients remain in a bio-unavailable form as the FA is an inert material produced from 

burning in high temperature. Thus, application of fly-ash in conjugation with organic bulky manure is a 

viable option to utilize this otherwise waste material in agriculture. Fly-ash, having very fine structure, 

high surface area and spherical structure shows colloidal properties. 
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As such, this can be used in agriculture successfully to alter the physical properties of soil. Generally, the 

bulk density of soil decreased due to FA amendment, which in turn decreases porosity and enhanced water 

holding capacity. Further, the alkaline pH of the fly ash also favours the plant growth as it promotes the 

release of nutrients like B, S and Mo by reacting with acidic soil components. Fly ash can also be used as a 

good soil conditioner. It has been demonstrated that adding fly ash to soil increases the activity of enzymes 

such urease, dehydrogenase, and phosphatase that are essential for soil fertility. 

Constraints and Alternative Solutions 
Despite all these, there remains a considerate apprehension of possible heavy metal toxicity from 

consumption of crops treated with FA specially those having edible portion below ground. Thus, 

indiscriminate usage is not advocated and other possible usages are discussed below: 

1. Bedding material in vermi-compost: Fly ash contains nutrient mainly in non-available mode and 

composting process not only results in better release of different plant nutrients in bio-available forms but 

also helps to lessen the possibility of soil contamination through destruction of various pathogens, weed 

seeds etc. Co-composting of fly ash and organic wastes may appear as a unique method of integrated 

inorganic and organic waste management leading to better release of the plant nutrients from fly ash. 

2. Farm Energy Crop: Bio-energy plants like Jatropha, Sugarcane can be cultivated using fly-ash. Also, 

energy production from various thermochemical processing (combustion, gasification and pyrolysis) of the 

phyto-biomass produced in FA amended soil, can be regarded as a great tool for the utilization of fly ash. 

This helps in production of carbon neutral fuel in comparison to its counterpart which is produced from 

fossil fuel. 

3. Sewage and Sludge Composting: Very common material used is lime for sewage sludge stabilization, 

which has a substantial part to play in lowering the microbial count of sludge-based pathogens as well as 

the heavy metal availability, and thus reduction of environmental risks and enhances the agricultural 

benefits. Long-duration storage of lime sludge mixture resulting high pH value can establish drop of 

microbes and feeble metal bioavailability.  

4. Forestry and Agroforestry: A number of forest species like Acacia sp., Dalbergia sissoo, Eucalyptus 

hybrid and Tamarindus indica can been grown on soils amended with fly ash for restoration of fly ash dump 

sites.  

5. Flower and Ornamental Crops: Because it is a source of vital nutrients needed for plant growth and 

development, fly ash can be used in floriculture and the creation of attractive plants. The presence of toxic 

heavy metals in fly ash restricts its use in edible crops. Hence, utilization of fly ash in 

floriculture/ornamental plant cultivation can be regarded as a better option compared to its use in edible 

crops. 

6. Reduced lime utilization: There are 90 mha of acidic soils in India, of which 31 mha have a pH under 

5.5, making them extremely acidic. Applications of lime are done to bring pH levels to neutral in extremely 

acidic soils. (>6.0 pH) and also to avoid manganese and aluminium toxicity. Fly ash is being a potential 

liming material available at free of cost can reduce the cost of cultivation significantly. 

7. Restoration of degraded land: Fly ash has been shown to neutralize soil acidity by acting as a liming 

material. The soil acidity neutralizing capacity of fly ash emanates from the hydroxide and carbonate salts. 

Owing to alkaline nature of major fraction of fly ash of Indian subcontinent, it increases nutrient 

availability of calcium and magnesium and overcomes the toxic effects of aluminium and manganese. 

8. Reduced CO2 emission: In the global emissions of the GHGs like CO2, N2O and CH4, agriculture plays 

a conspicuous role. A significant portion of it comes from lime used in agriculture land. The 

Intergovernmental Panel on Climate Change (IPCC) assumed that entire carbon of agricultural lime is 

ultimately released into the atmosphere as CO2. Thus, substituting lime with FA can reduce the Carbon 

load on environment.  

9. Other Uses: Apart from the uses discussed above, fly ash can be used in production of silicon-based 

fertilizers as silicon is a major component of fly ash, as filler material for Fertilizer, granular pesticides and 

dust formulation type of pesticides, as an absorbent of moisture in water logged soils 



 

 
Volume 04 - Issue 10 - October 2022       55 | P a g e  
 

Conclusion 
There is a general consensus that fly ash is an environmental hazard. A large amount of fly ash produced 

in the coal-based thermal energy production process creates a serious problem for its safe disposal. Despite 

its toxicity, fly ash can be used extensively in agriculture since it contains a variety of nutrients. However, 

there are challenges in using fly ash as a soil amendment due to the unfavourable changes in soil pH, an 

unbalanced supply of nutrients, the plant toxicity of boron, an excessive supply of sulphate, and other 

harmful components. Such adverse effects are generally observed under inappropriate or excess 

applications of fly ash. Thus, proper guideline should be made while applying FA in agricultural land. 
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With changing climate, soil degradation, loss in soil fertility, a shift is required towards sustainable 

agriculture practices. As we know chemical agriculture has caused many environmental damages either 

through loss in soil fertility, monocultures, soil erosion and soil organic matter depletion. This all has 

resulted towards dead soil with very few microbial activities and other ecosystem services. Therefore, it is 

important to remediate the soil and environment through sustainable means. One of such option is 

‘Biochar’. 

Biochar 
Biochar is solid amorphous material which are prepared through pyrolysis of biomass (Kumar et al. 2021).  

It is also known as Pryochar. Biochar can be produced from different types of biomasses like organic waste 

manures, compost, farmyard manures, leaf litters, crop residues, woody materials, sugarcane residues, 

sewage sludge etc. Biochar properties vary with type of feedstock’s, pyrolysis temperature and method of 

biochar preparation. For example, if biochar is prepared from feedstock rich in lignin content (like 

eucalyptus, sorghum) gives higher biochar yield. Biochar has basic pH (pH 7.0), high content of carbon, but 

lower nutrient (NPK) and ash content. Whereas feedstock rich in cellulose have higher nutrient content 

and less C content. 

How to Prepare Biochar? 
Biochar is prepared by the process known as pyrolysis. Through this process, a porous charcoal type 

material is formed. Pyrolysis in simple terms refers to heating of biomass in limited or no oxygen condition. 

It results into biochar which is having high surface area and can lock the carbon into its structure. Biochar 

properties will depend on type of biomass used and temperature given and duration of pyrolysis. 

Application Method of Biochar 
Under conventional farming system, biochar is mostly applied with farmyard manure or compost which 

reduces time and cost both. Some other methods can be  

1. Broadcasting: Broadcast the biochar (should be moist) by hand and then incorporate it in the soil 

through ploughing or other routine field operations. 

2. Banding: Banding means application in band. Band is formed by making cuts in soil near the root zone. 

Applying biochar through banding helps in minimal soil disturbance and benefits of biochar directly 

reaches to the crop. 

3. Mixing with other soil nutrients: We can mix biochar either with liquid or solid fertilizers which can 

reduce cost as well as time. As biochar has great sorption capacity due to its porous nature it will help 

further in reducing leaching loss of nutrients. 

Biochar can be Applied in Several Ways but Before Application in Soil Few Points Need 

to be Considered 
1. Knowing the characteristics of biochar: Before applying to soil, it is must to know the basic biochar 

characteristics to meet the need of the soil. Like pH of biochar as some biochar are having high pH which 

may not be suitable for alkaline or neutral pH soil. However, they will suit best for acidic soil. 

2. Types of feedstocks used to make biochar: Since the type of feedstock will determine biochar properties, 

choosing right type is important for achieving the desired result we expect from biochar application. 

3. Frequency of biochar application: Unlike manure or compost we do not need to apply biochar every 

season. As biochar is very recalcitrant its decomposition takes a lot of time (even many years). Therefore, 

with the objective for which biochar has to be applied we need to decide quantity of application. For 
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example, if biochar is applied for nutrient enrichment of soil then go for biochar after its testing and apply 

in smaller quantities at intervals, likewise if for C sequestration or greenhouse gas reduction purpose then 

better to go for one time application. 

4. Application rate: Application rate of biochar will differ with different types of feedstocks used, pyrolysis 

temperature and time of application. Feedstock mostly used for making biochar is rice straw, bagasse, crop 

residues, wood waste etc. As insufficient data is available to soil application rate so making any general 

recommendation is not possible but in general biochar can be applied 15-25 tonnes/ ha to derive general 

benefits from its application along with nutrient enrichment of soil. 

5. Size of biochar application: Application of fine size biochar is mostly recommended since it provide larger 

surface area for nutrient absorption as well as better c retention. Moreover, after application smaller size 

biochar takes care of wind losses. If biochar is made in bigger sizes either crush it with some big wood log 

or mechanically. It is always recommended to moisten the biochar slightly for its better handling. 

Impact of Biochar on Soil 
Since biochar is derived from feedstock’s, it is an important sources of plant nutrient such as nitrogen, 

phosphorus, potassium, calcium, magnesium, and other some micro or trace elements. The nutrient content 

and pH are positively correlated with pyrolysis temperature. Biochar helps in the improvement of nutrient 

retention capacity of the soil which depends upon surface charge and soil porosity. Biochar increases the 

soil fertility and productivity and also increases the nitrogen retention capacity in the soil by reducing 

leaching and gaseous losses, and also increases the availability of phosphorus through decreases the 

leaching process in to the soil. Since biochar is a carbon source, it increases the microbial population and 

microbial activity by enhanced enzymatic activity in the soil, using biochar increase agricultural 

productivity, purifies water quality, and helps reduce the use of chemical fertilizers. Nitrogen is one of the 

primary nutrients that plants need in large amount for proper growth and productivity. Nitrogen decreases 

with pyrolytic temperature. In the biochar nitrogen can present in inorganic forms such as ammonia, 

nitrate or nitrous oxide. Nitrogen content is high in few biomasses such as sewage sludge (6.8%), Grass 

waste (4.9%), poultry litter (5.85%) (Change et al.2015). Similarly, pyrolytic temperature is directly 

correlated with phosphorous content in biochar. In general, phosphorus content varies from 0.005-5.9 %. 

Phosphorus content present in biochar of Poultry litter, rice husk, and chicken manure is 2.57% (Brantley 

et al.), 0.15% (Bu et al.) and 2.96% (Xiao et al.) respectively. Potassium content in biochar depend upon 

pyrolytic temperature and varies from feedstock for example-rice husk, poultry litter, chicken manures etc. 

Rice husk 8.5 g/kg exchangeable k (Nguyen et al. 2020), corn cob 6.05 g/kg soluble K content (Amin 2016). 

Calcium, magnesium and sulphur are known as secondary nutrients present in woody materials, crop 

residues, forest residues etc. Sulphur content in woody biochar ranges from 0.001-0.32%. Some examples 

of nutrient percentage are given in table 1. In biochar trace elements are presents in some amount such as 

B, Cu, Mn, Fe, Zn etc. Mostly published literature has reported Cu, Fe and Zn content present in biochar. 

Few literatures reports B and Mo. 

Table 1: Quantity of nutrients g/kg in crop residues/feed stocks: 

Material P K Ca Mg 

Rice straw 0.20 2.3 6.9 4.7 

Maize cob 0.45 9.40 0.18 1.70 

Wheat straw 0.21 2.90 7.70 4.30 

Maize stalk 2.10 0.03 4.70 5.90 

Forest residues - - 130 19 

Source: Chan and Xu (2009). 

Conclusion 
Biochar is not a new thing but recently its importance has been understood in terms of nutrient source, soil 

amendment and climate change mitigation. Biochar is a good source of nutrient that can supply primary, 

secondary and trace/micronutrients to the plants. Application of biochar into soil results in good soil health 

and improve nutrient use efficiency in plants. Biochar also minimizes the greenhouse gas emission by 

sequestering carbon in the soil. Moreover, the issue of burning crop residue can be reduce by converting 
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crop residues into biochar. Still more research is required to define best management practices in terms of 

biochar incorporation taking into considerations the specific characteristics of each biochar material. 
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Introduction 
Japanese gardens style is ‘nature in miniature’ which enables them to meditate, be in harmony with nature 

even while they are busy with daily routine. Both the Persian and Japanese garden designs were based on 

their respective ideas of heaven.  One most admirable feature of the Japanese garden is that while other 

major styles of gardening of the world changed radically or fallen into disfavour, the Japanese continued 

the same style for centuries but still remained popular.  This can be attributed to the special relation of the 

Japanese gardens to nature. A most important teaching of the Japanese garden is possibly that “unless a 

garden has an air of peace it’s not worth a place visiting.  It should be a place where the mind finds rest 

and relaxation.” 

History 
Around 552 A.D. Buddhism was officially installed from China, via Korea, into japan. In Japan, the five 

islands of the Chinese legend became one island, called Horai-zen, or Mount Horai. Replicas of this 

legendary mountain, the symbol of a perfect world, are a common feature of Japanese gardens, as are rocks 

representing turtles and cranes of the Chinese gardens, but gradually Japanese garden designers began to 

develop their own aesthetics, based on Japanese materials and Japanese culture.History indicates that 

Japanese gardens was developed throughout different periods of time such as in Asuka period, Nara period, 

Heian period,  Kamakura & Muromachi periods, the Momoyama period, Edo period, Meiji period and 

Modern era (Brown et al, 2013). 

Elements of Japanese Garden 
There important elements which represent various things we find in our nature, they are: water, sand, 

gravel, stone, rock, island, hills, teahouse, bridge, stream, fishes, strolling path, stone-lantern, bamboo 

pipe, moss, flowers, pond, trees, statues, gates, water basin, garden fences, and garden architecture. Every 

element has different meanings and they symbolize many things. 

1. Ponds, Streams and Waterfalls: Ponds are a central element of most gardens and often represent real 

or mythical lakes or seas. Sometimes they provide a habitat for carps which introduce additional color and 

life to the garden. In dry gardens, ponds, streams and waterfalls are symbolized by raked gravel, sand and 

upright stones. 

2. Islands and Bridges: Islands are another long-standing component of Japanese gardens, and range in 

size from single stone outcroppings to large islands big enough to support buildings. They often represent 

real islands or have religious symbolism, such as those built to resemble turtles and cranes, symbols of 

longevity and health. Bridges are another common feature that is used to connect islands and cross streams 

or ponds. They are built of stone or wood, and range in complexity from a simple slab of uncut rock laid 

across a stream to elaborate, covered wooden structures that span more than ten meters. 

3. Vegetation: Trees, shrubs, lawns and flowers of all kinds are used in Japanese gardens. Plants, such 

as maple and cherry trees, are often chosen for their seasonal appeal and are expertly placed to emphasize 

these characteristics. Conversely, pine trees, bamboo and plum trees are held in particular esteem for their 

beauty during the winter months when other plants go dormant. Mosses are also used extensively, with 

over a hundred species. 

Some typical trees of Japanese gardens are:  

a. Evergreens: Pines, different species of Abies, Cryptomeria japonica,Podocarpus macrophylla, 

and Juniperus chinensis;  

b. Deciduous: Maples (Acer species), Poplars (Populus sp.) Mulbery, (Morus alba), and Salix 

babylonica (willow);  
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c. Flowering: The most commonly used plants are different Prunus species, besides Magnolia 

grandiflora and others. 

The commonly grown shrubs are: Aucuba japonica, Azaleas, Gardenia florida, Nandina domestica, 

Camellia, Lagestroemia indica, and Rhododendrons. 

Bamboos play a special role in the Japanese gardens. The striking patterns of shadow cast by the arching 

bamboos against paved path, fences, and patios look beautiful. A paved path in the entrance garden 

bordered by bamboos simulates a grove. 

The Japanese use more flowers like chrysanthemums, asters (e.g., Aster fastigiatus, A. glehnii, A. 

microcephalus), carnation, different lilies, irises, lotuses, peonies, and orchids.  Among the vines, (Clematis, 

Lonicera japonica, Ipomoea hederacea (Syn. Pharbitis headeacea), Ipomoea purpurea (Syn. Pharbitis 

purpurea), Trachelosermum jasminoides, and Wisteria sinensis are often used. 

4. Hills: Larger gardens, especially the strolling gardens of the Edo Period, make use of large man-made 

hills. The hills may represent real or mythical mountains, and some can be ascended and have a viewpoint 

from where visitors are treated to a panoramic view out over the garden. 

5. Lanterns: Lanterns come in a variety of shapes and sizes and have been a common element of Japanese 

garden design throughout history. They are usually made of stone and placed in carefully selected locations, 

such as on islands, at the ends of peninsulas or next to significant buildings, where they provide both light 

and a pleasing aesthetic. Lanterns are often paired with water basins, which together make up a basic 

component of tea gardens. 

6. Water basins: Many gardens contain stone water basins, which are used for ritual cleansing, especially 

ahead of tea ceremonies. The basins vary from simple depressions in uncut stone to elaborate carved stone 

creations, and are usually provided with a bamboo dipper for scooping up water. These days they often 

appear as a decorative addition more than for a practical purpose. Water basins are an essential element 

of tea gardens and are often paired with lanterns. 

7. Paths: Paths became an integral part of Japanese gardens with the introduction of strolling and tea 

gardens. Strolling gardens feature circular paths constructed of stepping stones, crushed gravel, sand or 

packed earth, which are carefully prescribed to lead visitors to the best - albeit controlled - views of the 

garden. Winding paths also serve to segregate different areas, such as an isolated grove or hidden pond, 

from each other so that they may be contemplated individually. 

8. Buildings: Many types of gardens were built to be viewed from inside a building, such as palace, villa 

or temple. In contrast, gardens meant to be entered and enjoyed from within, use buildings as a part of the 

garden's composition, including pavilions, tea houses and guest houses. 

9. Borrowed scenery: Borrowed sceneryis the concept of integrating the background landscape outside 

the garden into the design of the garden. Both, natural objects such as mountains and hills and manmade 

structures such as castles, can be used as borrowed scenery. In modern times, skyscrapers have become an 

unintentional borrowed scenery for some gardens in the cities (Oishi and Yoshitaka, 2019). 

Types of Japanese Garden 
Traditionally, there are three main styles of Japanese gardens. These three different types (Karesansui, 

Tsukiyama, Chaniwa) of Japanese gardens represent different meaning based on their style of looking 

(Slawson and David, 1987).  

1. Karesansui (Rock/Dry/Zen Garden): It represents the spiritualism of Zen Buddhism. It was formed 

by a Zen Buddhist monk called Musō Soseki. Instead of using water in this type of garden, sand or gravel 

is used to represent river or sea. Various techniques are employed in designing a successful Zen Garden. A 

Zen Garden provides you enough space and great atmosphere to do meditation and yoga for a while sitting 

at the observatory deck. 

2. Tsukiyama (Hill and Pond Garden): This Japanese style garden represents a miniature of natural 

scenery that includes ponds, hills, stones, trees, fishes, bridges, moss, paths, flowers, small plants and 

streams. In fact, we would like to compare the beauty of Hill Garden and Zen Garden while both of them 

are quite distinctive and have spiritual connection. The word Tsukiyama refers to the creation of artificial 

or manmade hills. This is a classic style of Japanese garden that can be enjoyed while taking a stroll along 
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the garden paths and from temple’s veranda. Usually, a hill garden becomes bigger than a Zen Garden, 

though, it is possible to create one even in a small area applying gardening techniques. 

3. Chaniwa (Tea Garden): In Japanese culture, the tea ceremony has gained the status of national 

ceremony and has been intricately woven with life style.  Tea garden is nature recreated in miniature in 

front of the house. The present-day Japanese tea garden is sectioned into three areas viz., sotoroji (outer 

section) machi (middle section) and uchiroji (inner section) 

Outer section: The guests are supposed to wait after removing shoes.  Paths will be provided with 

stepping stones to lead to middle section.  Stone benches of irregular size are provided and the area 

is not planted with many kinds of plants except grasses. 

Middle section:  Stone troughs with water are kept for the guests to clean themselves before 

making entry into the inner section.  Here also the stepping stones and naturally looking objects 

are located in an improper manner. 

Inner garden: It is extremely simple and natural stones, lanterns, rocks water basins which look 

as antiques are placed.  The trees, shrubs, annual and grasses are put in an informal manner.  A 

rustic well competes with lever, rope, bucket, pulley etc. is an essential feature of inner garden.  

Hedge walls are provided to look natural.  The selection of trees is such that when the outer garden 

is exposed to the light the inner must be darkened by shady evergreen trees.  

4. Stroll Garden: Stroll Garden originally was developed in the Edo period, since then it has become one 

of the most beautiful styles of gardens that we see throughout Japan. There is no inner or outer garden can 

be found here but a path which is made only for a leisurely stroll. It features a small central lake and pond 

with a path going around it. Two elements: boulders and trees could add extra beauty to this garden and 

usually they are featured. One of the advantages to this style of garden is to have an opportunity to reveal 

the whole garden beauty from different directions. 

5. Japanese Paradise Garden: During the Heian Period, Japanese paradise gardens were first 

introduced to Japan by the devotees of Amida sect and Buddhist monks. This kind of garden is also known 

as Pure Land Garden and imitates the Buddha sitting on a raised level surface or island contemplating in 

the middle of a lotus pond. The major elements of this type garden are a pond with lotus flower, arch shaped 

bridge, a large Buddhist Hall, and trees. 

6. Japanese Pond Garden: Old Japanese style gardens can never be told that they are ordinary. A 

modern Japanese garden sometimes sounds ordinary but when you compare it with a Heian Period of 

garden, which is known as Japanese pond garden. 

7. Japanese Courtyard Garden: Japanese courtyard garden (Tsuboniwa) is a small garden featuring 

various types of elements we see in other Japanese styles gardens. Even though, it was first introduced in 

the Heian period but it actually was developed in the Edo period. 

A lot of Japanese merchants used to build small gardens behind their shops and houses. In the past, many 

samurai residences in Japan were also decorated with this type of traditional Japanese garden. It has 

simplicity, more powerful with a simple arraignment possessing natural rhythms. 

Conclusion 
In fact, some of Zen Garden, tea garden, and hill garden elements together make a perfect Japanese 

courtyard garden. Here, elements are not supposed to be functional but ornamental. It is possible that a 

small space could turn to a scenic beauty spot when you decide to build a courtyard garden. 
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One of the most important techniques in vegetable breeding was the development of F1 hybrid that are 

typically superior in size, growth characteristics and yield in comparison to their homozygous parents, and 

this process is known as heterosis. The breeder spends time to maintain breeding cycle besides the time 

breeding takes, uncharacterized heterozygotes cannot easily be converted into homozygous parental 

breeding lines, as desirable allele combinations are lost through recombination during meiosis. The cross-

pollinated vegetables like carrot and onion have high inbreeding depression on crossing. So, that obstacle 

has been overcome by Wijnker et al. 2012 who have reverse bred Arabidopsis thaliana parental lines from 

heterozygous hybrids using a process that involves preventing meiotic crossing over. The silenced DMC1, 

which encodes the meiotic recombination protein DISRUPTED MEIOTIC cDNA1, in hybrids of A. thaliana, 

so that non-recombined parental chromosomes segregate during meiosis and converted the resulting 

gametes into adult haploid plants, and subsequently into homozygous diploids, so that each contained half 

the genome of the original hybrid. 

Reverse Breeding Comprises Two Essential Steps 
1. Suppression of crossover recombination in a selected plant. 

2. Regeneration of DHs from spores containing non-recombinant chromosomes (Dirks et al. 2009). 

Applications of Reverse Breeding in Vegetables 
1. Reconstruction of heterozygous germplasm. 

2. Breeding on the single chromosome level. 

3. Doubled haploids. 

4. Reverse breeding and marker assisted breeding. 

5. Backcrossing in CMS back ground e.g., cabbages and carrots. 

Use of Double Haploids in Vegetable Breeding 
1. For development of homozygous lines which are used in hybrid seed production. 

2. For fixation of heterosis: doubled haploids are required because are more homozygous as 

compared to conventional breeding methods. 

3. For mutational studies and easy to induce mutation by chromosome doubling which can be done by 

colchicine treatment so there is induction of mutation. 

4. For production of biotic and abiotic stress resistant plants. Heterosis can be fixed. So, by choosing parents 

of different biotic and abiotic stress resistance we can select resistant plants. 

5. For cytogenetical research. 

6. For induction of genetic variability at haploid level. 

7. For evolutionary studies. 

8. For genome mapping as genetic maps are very important to understand the structure and organization 

of genomes from which evolution patterns and syntenic relationships between species can be inferred. 
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Introduction 
Glutathione (L-γ-glutamyl-L-cysteinyl glycine) is a tripeptide, a non-protein sulfhydryl molecule presents 

in both prokaryotes and eukaryotes and it is the principal non-protein thiol component of the antioxidant 

defence system in the living cells. It is a ubiquitous molecule virtually produced in all organs, especially in 

the liver, and present in all mammalian tissues. Total glutathione can be either free or protein-bound in 

cells. The main function of glutathione is to protect the cellular constituents from the damaging effects of 

hydro peroxides formed during normal metabolism. Since glutathione reductase, the enzyme that converts 

glutathione from its oxidised form (GSSG), is constitutively active and inducible following oxidative stress, 

glutathione is almost exclusively present in its reduced form (GSH), which is also the active form. 

Glutathione is composed of cysteine, glutamic acid, and glycine, and its active group is represented by the 

thiol (–SH) of a cysteine residue. It is found only in milli molar concentrations intracellularly, while plasma 

and urine contain even lower glutathione levels, such level is much greater than that of cysteine and 

cystine. 

Glutathione Functions 
Glutathione performs many functions when it is in the reduced state (GSH) of action like: 

1. Glutathione can detoxify hydrogen peroxide, other peroxides and free radicals, playing a role in excretion 

through urine or faeces of a variety of xenobiotic, in the form of mercapturic acids. 

2. Glutathione protects cells from toxins such as free radicals by acting as an electron donor thus reducing 

any disulfide bonds formed within cytoplasmic proteins to cysteines. 

3. GSH act both as a nucleophile and a reductant, can prevent the interactions between critical cellular 

constituents, especially nucleic acids and proteins, and electrophilic or oxidizing species. 

4. Glutathione is also involved in the formation and maintenance of molecules, enzymes and proteins by 

catalysing Tran’s hydrogenation of sulphydryl groups.  

5. Glutathionylation is a process that brings into the formation of S-glutathionylated proteins among 

Glutathionyl-hemoglobin, used as a clinical marker of oxidative stress in human blood. 

6. The high concentration of the reduced form (millimolar) shows glutathione's key role in the regulation of 

numerous activities, including detoxification, protein folding, antiviral defense, and immunological 

response. Glutathione (GSH) serves as the "master antioxidant" in all tissues. 
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Relation Between Glutathione and Immune System 
Glutathione exerts a critical role on the immune system, especially during the lymphocyte activation 

process. Glutathione depletion is a mainstream in the pathogenesis of several inflammatory/ immune 

mediated diseases. In this condition, lymphocytes CD8+ and cytotoxic lymphocyte functions seem to be 

inhibited, while CD4+ T lymphocytes show an increased activation. It is recognized that important role 

exerted by the NF-kB in the pathogenesis of several inflammatory/immune mediated diseases.  

The cell redox potential and GSH both have an impact on how the transcription factor NFkB is transported. 

In terms of inhibition, GSH primarily affects NFkB activity and nuclear translocation. In intact cells, the 

GSSG can, however, alter NFkB DNA binding and translocation if it is decreased. Redox status and GSH 

levels can modulate the immune system in terms of inhibition of IL-1 and T cell receptor-mediated 

transduction signaling. A number of T cell functions are sensitive to GSH depletion, such as proliferation 

and cytotoxic activity, development of large CD8+ Tcell blasts, generation of lymphokine-activated killer 

cells which are also mediated by IL-2. 

Decreased GSH levels can induce CD4+ T lymphocytes apoptosis and can influence the proliferation of 

CD16+ NK cells. Glutathione depletion in bone marrow-derived DCs in animal experimental models in vivo 

affected the ability of these cells to establish a delayed response upon adoptive transfer into recipient mice 

by preventing IL-12 production and interfering with the expression of the co-stimulatory receptor. 

This process leads into decreased IFN-γ production and finally in down regulation of a quote of Th1 

immunity, a situation reversed by N-acetyl-L-cysteine administration. All these studies ruled out the 

evidence that glutathione is capable of different effects strictly depending on the cellular type. The study 

on in vitro assays that GSH is capable of completely inhibiting complement system as measured in terms 

of total hemolytic complement, classical and alternative pathway activities and C3, B split products. 

Therefore, it is conceivable that low glutathione levels in individuals with chronic 

inflammatory/immunomediated disorders could promote complement activation, initiate or intensify the 

inflammatory cascade, and ultimately result in the deposition of complement cleavage fragments on 

vascular endothelium. The NFkB pathway may be where the mechanism converges. 

Glutathione and Autoimmunity 
GSH plays a role in the maintenance of homeostasis by preventing oxidative stress and detoxifying 

xenobiotics. GSH depletion has been linked to ageing and the pathogenesis of many diseases, whether or 

not they are autoimmune, including SLE, rheumatoid arthritis (RA), autoimmune thyroiditis, muscular 

dystrophy, amyotrophic lateral sclerosis, AIDS, Alzheimer's disease, alcoholic liver disease, cataract 

development. 

1. Oxidative damage mediated by ROS resulting in the generation of deleterious by-products, such as 

aldehydes products, lead into the formation of adducts with proteins that in turn make them highly 

immunogenic, thus inducing pathogenic antibodies in a variety of diseases including RA. 

2. An unbalanced synovial lipid peroxidation in rheumatoid arthritis patients occurs in a setting where free 

radicals are produced by hypoxic re-profusion injury during joint movement and by activated neutrophils 

that release superoxide radical, hydrogen peroxide, elastase, hypochlorous acid, and eicosanoids. 

3. Low antioxidant status has also been linked to low glutathione reductase and superoxide dismutase 

activities, in addition to low levels of tocopherols, beta carotene, and retinols. However, overall, decreased 

levels of GSH in the synovial fluid T cells have been demonstrated, with a depletion of about 50% compared 

to osteoarthritic or healthy controls. 

4. When glutathione is depleted in lung epithelial lining fluid cells of HIV patients, there is a higher 

predisposition to opportunistic infections that interestingly can be repleted using aerosolized GSH.  

5. In another inflammatory/immune mediated disorder, Crohn's disease, in the affected ileal zones low GSH 

and elevated GSSG levels were found, GSH enzymes altered. 

6. Additionally, patients with acute myocardial infarction and men with familial coronary artery disease, 

two illnesses associated with atherosclerosis, which has lately emerged as a common 

inflammatory/immunomediated disease, have lower GSH levels. The same comments might be made about 

people who appear to have lower blood GSH concentrations and who have diabetes or glucose intolerance. 
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Genetic GSH Deficiency and Immunity 
About 70 people worldwide have the rare autosomal recessive condition glutathione synthetize (GS) 

deficiency (oxoprolinuria). Among other symptoms, patients with severe GS deficiency have an increased 

sensitivity to bacterial infections. In one case report, neutrophils from a child with GS deficient experienced 

oxidative damage during phagocytosis, demonstrating the significance of GSH in protecting neutrophils 

from the ROS they produce as part of their arsenal of microbicides. Despite adequate phagocytosis and 

enhanced hydrogen peroxide generation, neutrophils from GS-deficient patients are less effective at 

eliminating germs, suggesting that GSH plays a supporting role in bactericidal action. 

Nutrients and Foods for Support of Glutathione Levels 
Curcumin, Omega – 3 fatty acids, Salmon, Vitamin C, Vitamin E and Whey Protein. 

Conclusion 
It would be a relatively easy, inexpensive, and secure strategy to improve health by enhancing glutathione 

status in an individual: improving dietary consumption of glutathione precursors, co-factors, and whole 

foods that have been shown to promote glutathione status or are sources of glutathione. This could be 

applied in a clinical setting with recommendations to eat foods like lean protein sources, brassica 

vegetables, polyphenol-rich fruits and vegetables, herbs and spices, green tea, and omega-3 fatty acid-rich 

foods like fish that have some evidence to suggest they improve glutathione status. In some circumstances, 

dietary supplements may also be beneficial. 
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The Amazon rainforest is known for its rich biodiversity, but few realize that this natural wealth goes 

far deeper than just the animals and beautiful flora. The rare plants of the Amazon not only create a unique 

natural environment, but have been used by ancient civilizations (and are still being used today) for their 

powerful medicinal properties. 

Wasai Great for kidney health, the root of the Wasai tree is often ground up and prescribed as a diuretic. 

It has a chemical component called hepatotoxin, which is fine in small doses, but if you flood your body 

with wasabi, the body won't be able to process the toxin and it can lead to severe liver damage. 

 

Lapacho is used in the herbal medicine of several South and Central American indigenous peoples to treat 

a number of ailments including infection, fever and stomach complaints. The active ingredients such as 

lapachol have been found to possess significant abortifacient and reproductive toxicity effects for rats.  It 

is acclaimed to be one of the "miraculous" cures for cancer and tumours. 

 

Cordoncillo has a variety of traditional uses, including disinfecting wounds, treating respiratory illnesses, 

stopping blood hemorrhages, and treating gallstones. Since the 1800s, the plant has become known globally 

as a hemostatic (to control/stop bleeding) and as an astringent for cuts. 
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Tawari Tree Bark holds multiple healing properties and helps treat infections, cancerous cells, tumors, 

and inflammation. 

 

Sodo forget nicotine patches, because the aromatic sodo plant can be used to cure addiction (including 

alcoholism). 

 

Pusangade Motelo This medicinal plant makes you happy! It’s used to relieve anxiety and has a calming 

effect on the consumer, a good alternative to clinically-produced psychotropic medications. 

 

Cola de raton (Rat’s Tail) is used to help with digestion. 

 

Canellila Often used to treat women with ovarian cysts, Canellila is also believed to be one of the medicinal 

plants that could increase the likelihood of conception. 
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Brazilian Ginseng (Suma) An aphrodisiac, healing tonic, energizer, and immune system enhancer, Suma 

does a lot of good. On top of all that, it also has anti-cancer properties. 

 

Shapumvilla said to have coagulant properties, this medicinal plant is used to stop bleeding. 
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Introduction 
Digitization in fisheries has brought many changes to the way of cultivation and catching fish. Time, cost, 

and labor efficiency are the main advantages of digitizing fisheries. Digitization of fisheries had started 

since the emergence of the industrial revolution in 1969 there was a transition from manual to automatic 

production processes by utilizing electronic tools and information technology, the application of GPS 

(Global Positioning System) or the remote sensing system as a satellite-based navigation system used on 

fishing vessels. The development of science and technology has made the world borderless, exchange of 

information and even data between countries has become more accessible in a concise time. Digitization in 

fisheries aims to prevent IUU (Illegal Unregulated Unreported) fishing, managing of fishing areas, 

optimize land conditions, mapping of aquaculture area, and even make labor efficient. 

Digitization in Fisheries Sector 
The digitization is a solution created by the industrial revolution; this is because the fisheries sector is part 

of Agri food which must ensure the creation of food security to meet the needs of 9.6 billion people in 2050. 

Multiple forms of digitization in fisheries sector must be used to access the latest information, know market 

developments, calculate input and output, and increase production to make fisheries activities more 

efficient, both in terms of economy, labor, and time. The digitization process started with a massive 

transformation from analog signals to digital signals in the early 1990s. Analog signals that have been 

transformed into digital format, will be structured into a data set structure. Currently, big data technology 

has developed very rapidly, this development was triggered by three main factors consisting of: 

1. The rapid development of data storage capabilities,  

2. The rapid development of data processing engine capabilities and  

3. The abundance of data availability. 

Digitalization in Aquaculture 
Determination of Locations with GIS: Fishery digitization is an effort to increase productivity and 

streamline existing resources. Remote sensing is used to find potential locations for fishing and can also be 

applied to determine the suitability of aquaculture locations. Determination of location aims to increase 

the efficiency of time and existing resources. The development and exploration of GIS systems experienced 

a huge increase in the early 1995s, because geospatial investigation was increasingly crowded, and used in 

various fields of study. Furthermore, the use of GIS for fisheries is an attempt to increase the success of 

fishery activities and some of the data needed to determine the success of production include economic 

aspects, social aspects, physical or biological aspects and sustainability aspects.  

The use of GIS has been widely carried out in various fields of study because GIS can analyze, organize, 

and display a wide variety of spatial data. The selection of aquaculture location needs to be based on 

physical, chemical, and biological qualities that will obtain sustainable aquaculture. The data of 

environmental quality and land suitability will be presented in a thematic map to make it easier to read 

and understand the results of data interpretation. 

The advantage of using GIS in determining the location of aquaculture is that it obtains more 

comprehensive and detailed data so that it helps in planning aquaculture activities, resource management, 

and land used. Determination of the location is crucial in aquaculture because the ideal area will increase 

the efficiency of cultivation activities and reduce environmental impacts due to cultivation activities. 



 

 
Volume 04 - Issue 10 - October 2022       70 | P a g e  
 

 

The application of GIS combined with multi-criteria decision-making methods (MCDM) would result in the 

optimum location for aquaculture activities, because the combination of GIS and MCDM will produce more 

data to improve quality of final decisions. Digitization in the pre-cultivation phase will obtain more mature, 

comprehensive, and long-term planning of aquaculture activities. 

Automatic Feeder Technology 
In aquaculture activities, feed is the most important thing that determines the success of aquaculture 

activities because the availability of feed spend 60-70% of production costs. Based on these several things, 

the provision of feed to aquaculture commodities must be carried out as efficiently as possible, both in terms 

of quantity, quality, and the method of appropriation of feed. Technological advances made modernization 

and more efficient fish farming activities by presenting automatic feeders. An automatic feeder is a tool to 

provide fish feed automatically which can be controlled based on time, water temperature, telephone calls, 

feeding behavior, self-feeding, acoustic feedback and mobile robotics.  

An automatic feeder could suppress externalities from cultivation activities is to providing measurable feed 

using an automatic feeder. An automatic feeder device using a microcontroller to throw feed and regulated 

based on the schedule was set before automatic feeder has applied. The microcontroller can also notify 

farmers when the feed storage container has run out. 

 

The automatic feeder developed because the growth rate and fish appetite can be affected by the state of 

the water temperature. An automatic feeder controlled by water temperature can regulate the time and 

amount of feed given to cultivated commodities with the results of the analysis carried out by the 

microcontroller. An automatic feeder controlled by phone. The phone assembled in an automatic feeder 
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would turn on when there was an incoming call, which would then provide an electric voltage to drive the 

dynamo, and feed automatically may fall into the cultivation tank. 

Automatic Water Quality Testing 
In addition to the availability and good quality of feed, the success of aquaculture activities is also largely 

determined by water quality. Protecting the environment and ecological aspects by maintaining water 

quality is crucial to ensure that aquaculture activities are more efficient. Good water quality in aquaculture 

activities will support fish growth and reduce the likelihood of fish getting the disease. Several parameters 

that must be known to ensure the success of aquaculture activities include dissolved oxygen (DO), pH, 

temperature, ammonia, nitrate, and salinity.  

These parameters need to be known because they have a significant influence on the success of aquaculture, 

such as temperature affects fish growth and appetite, DO affects growth, stress levels, activity, and 

mortality of fish. pH affects the toxicity of ammonia because high pH (alkaline conditions) will increase the 

toxicity of anionic ammonia. Real-time data is an essential tool that must be had in intensive aquaculture 

systems because a slight water change will affect fish physiology. An automatic water quality monitoring 

system with real-time conditions is necessary to support aquaculture success. Various studies were 

conducted to improve the ability to monitor water quality and built technology to control water quality 

using wireless network. The application of an automatic water quality monitoring system makes 

aquaculture activities easier because water quality data will be reported continuously that be required to 

make a decision. These data are provided to decide stage to do, add or reduce feeding, increase or decrease 

fish density and make water change or not. Thus, fish farming activities will be more efficient and effective 

with the digitization of water quality control. 

 

Online Aqua Market 
Transformation is not only in pre-and cultivation activities as determining aquaculture locations using 

GIS, smart aquaculture, automatic feeders, and automatic water quality monitoring system but also post-

cultivation activities specifically in the marketing of aquaculture products. The development of information 

and technology makes the market move to the online market or named e-commerce. The online market can 

reduce prices in the supply chain, increase profits for fish farmers and expand the market share of 

aquaculture products. Online marketing is a perfect solution for disseminating aquaculture products 

because more numbers social media users so this will be a big opportunity in product marketing. Digital 

product marketing is a solution to the problem of marketing agricultural products in India which is known 

for its long supply chain and affects the selling price of these products. However, in addition to influencing 

the supply chain of a product, it turns out that online marketing activities also affect consumer. Some 

research which states that 60% of respondents choose to shop for aquaculture products through online 

marketing because it is more practical, 67 % satisfied with the price range and quality of products offered 

through online marketing and 89% of respondents made product purchases again. This shows that online 

marketing can become a marketing channel that has the potential to continue to be developed by increasing 

practicality and competitive prices and product quality. 
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Conclusion 
Advances in science, technology, and information make human activities easier, including in the 

aquaculture sector. Digitization in aquaculture leads to an efficiency of time, resources, and cost of 

productions, minimizes the externalities of aquaculture activities, and increases aquaculture production. 

The process of digitizing aquaculture can be seen from various aspects, including the pre-production aspect 

where the activity of determining the location of aquaculture using GIS can provide more comprehensive 

results, more mature planning and can be applied in the long term, based on the production aspect, where 

aquaculture activities by utilizing the automatic feeder and automatic water quality testing tools can 

increase resource more efficient, reduce the amount of uneaten feed, maintain water quality and increase 

aquaculture production, while the post-production aspect of using digitization in marketing provides added 

value to sales including more practicality, cheaper prices and guarantee product quality. 
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Introduction 
Agriculture and farming have been always a basic need for past, present and future. All human survival 

and culture flourish only when farming community is well developed. Research, extension and farmers 

efforts have all contributed significantly in increasing food production. The India Meteorological 

Department, State Agricultural Universities, IITM, KVK, Government department, AMFU, FASAL and 

DAMU together work on collection, predictions and preparation of weather advisory based on present and 

past meteorological data. The importance part of the weather forecasting is dissemination of the 

information to the each and every farmer of the country. The wide spread network of mobile phones could 

be the game changer in this problem. The mobile app is one of the platforms, where a farmer can get all 

solution and information in just one touch. During the past decades, agriculture information and technology 

transfers are mostly done by village level workers, extension personals, scientists, subject matter 

specialists of KVKs, universities etc. With the arrival of the internet, most of the information were tried to 

avail by e-based services. But it has reached only limited users due to installation cost of the computer 

devices, SMSs and voice message delivery systems are easy, but it requires a special type of options or 

formats to be sent to the system to get the precise information, therefore ICTs are moving in the direction 

of mobile apps and all mobile app is available both on Playstore and Appstore. 

Mobile based applications are nearly verge of replacing the computer-based services due to its cheaper cost 

and easy integration with various cellular services. Mobile based revolution is a package, which is led by 

smart phones, internet service providers and application developers. There are thousands of applications 

present today in the area of agriculture. Timely access to information is a crucial requirement for decision 

making in agriculture and allied sectors. Information and Communication technologies (ICTs) are 

facilitating faster access and exchange of information. Among ICTs there has been increasing use of mobile 

phones with a number of services provided by various agencies. With the increase in the number of apps 

for farmers, it is important to improve awareness on the specific information and services provided by these 

apps. With this in view, the present article covers various mobile apps, which enable access to get location 

specific weather based agro advisory. 

Mausam 
The Mausam mobile application is launched on the occasion of the 14th foundation day of Ministry of Earth 

Sciences on July 27, 2020 by Government of India. The aim is to improve the dissemination of weather 

forecast and warning services based on latest tools and technologies. This app is designed and developed 

by International Crops Research Institute for the Semi-Arid Tropics, Indian Institute of Tropical 

Meteorology, Pune and India Meteorological Department. The Mobile app has been dedicated to the general 

public and is designed to communicate the forecasts and weather information in a lucid manner. Apart 

from the weather forecasts, users will also be able to access the radar images and will be proactively warned 

of impending weather events. A mobile app is an important tool for the dissemination of weather 

information and warnings in a user-friendly and attractive manner. 

Features Available on the App: 

Nowcast: It will showcase a three-hourly warning of localized weather phenomenon and their 

intensity issued for districts of India and for about 800 stations. In case of serious weather, its 

impact also will be included in the warning. 
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Current weather: Under this, data on the humidity, current temperature, direction, and wind 

speed for 200 cities will be updated 8 times a day. Information on sunrise, sunset, moonrise, and 

moonset will also be provided. 

City forecast: The app will provide the information on the past 24 hours and the 7 days forecasts 

of weather conditions in around 450 cities. 

Warnings: The app will also issue alerts twice a day for all the districts for the next 5 days in colour 

code (Orange, Red, and Yellow), in order to warn the citizens of dangerous weather. Red colour code 

will be the most dangerous category which will urge the authorities to take action, orange colour 

code will prompt the authorities and public to be on alert and yellow code will prompt the authorities 

and the public to keep themselves updated. 

Radar products: The latest station wise radar products will be updated every 10 minutes. 

Meghdoot 
It has been developed by the India Meteorological Department and Indian Institute of Tropical Meteorology 

and Indian Council of Agricultural Research and launched in 2021. It is mobile application that will provide 

location, crop and livestock-specific weather-based agro advisories to farmers in local languages. The app 

would provide information in the form of images, maps and pictures. It will provide forecast relating to 

temperature, rainfall, humidity, and wind speed and direction. 

The app plays a crucial role in agricultural operations and advisories to the farmers on how to take care of 

their crops and livestock. The information would be updated twice a week on Tuesdays and Fridays. It has 

been integrated with WhatsApp and Facebook to help farmers share advisories among themselves. 

The app provides district-wise advisories on crop and livestock management issued by Agro Met Field Units 

(AMFU) every Tuesday and Friday based on the past and forecasted weather information. It will help the 

farmers to take weather-sensitive decisions like sowing of crops, pesticide and fertilizer application, 

irrigation scheduling and vaccination of animals. 

Damini 
It has been developed by Indian Institute of Tropical Meteorology, Pune and Earth System Science 

Organization under the ministry of earth sciences and launched on the occasion of 57th foundation day 

celebration at IITM in 2020. The app monitors the lightning occurrence all over India and alerts the user 

of lightning near them by a GPS notification under 20 km and 40 km and movement and direction of 

thunderstorm. Further, the Damini app also triggers warning about lightning strikes three hours in 

advance which can help reduce losses to life and property. 

UMANG (Unified Mobile Application for New-age Governance) 
It is launched in 2017 to bring major government services on a single mobile app, with a larger goal to 

make the government accessible on the mobile phone of our citizens. The Ministry of Electronics and 

Information Technology has added the Indian Meteorological Department weather services to the Umang 

Mobile App on 22nd May, 2020. The users will be able to check the weather forecast of their city in advance. 

It will forecast 7 weather related services including. 

Current weather: Current temperature, humidity, wind speed, direction for 150 cities. Information on 

sunrise/ sunset and moonrise/ moonset is also given. 

Nowcast: Three hourly warnings of localized weather phenomena and their intensity issued for about 800 

stations, and districts of India by State Meteorological Centers of IMD. 

City forecast: Past 24 hours and 7 days forecast of weather conditions around 450 cities in India are given.  

Rainfall information: All India district Rainfall information daily, weekly, monthly and cumulative 

series are available. 

Tourism forecast: Past 24 hours and 7 days forecast of weather conditions of around 100 Tourist cities in 

India are provided. 
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Warnings: The alert issued to warn citizens of approaching dangerous weather. It is colour coded in red, 

orange and yellow are the alert levels with Red as the most severe category. Issued twice a day for all 

districts for the coming five days. 

Cyclone: Cyclone warnings and alerts provides the track of cyclonic storms along with likely time and 

point of crossing of coast. Impact based warnings, area/district wise are issued so that appropriate 

preparation including evacuation of vulnerable areas can be done. 

Bhuvan Hailstorm 
It is developed by the Ministry of Agriculture and Farmers Welfare, Govt. of India. A mobile app has been 

developed to capture crop loss happened due to hailstorm. Agriculture officer will go to the field with mobile 

or tablet loaded with this mobile app. This mobile app is able to capture following parameters: Photograph 

of field with latitude and longitude, name of crop, date of sowing, date of likely harvesting and source of 

irrigation. This captured data will automatically be plotted to Bhuvan portal and analysis can be done 

easily. 

Kisan Suvidha 
It is developed by the Ministry of Agriculture and Farmers Welfare, Govt. of India. It is an omnibus mobile 

app developed to help farmers by providing relevant information. The app provides information to farmers 

on weather, market prices, dealers, plant protection, IPM practices, seeds, expert advisory, Soil Health 

Card, godowns and cold storage in English, Hindi, Tamil, Gujarati, Odia and Marathi. 

Features Available on the App: 

Weather: Weather information includes details of humidity, temperature, wind and rainfall for the 

current day and the forecast for the next five days. Unique features include extreme weather alerts 

like hailstorm or unseasonal rains. 

Market price: Provides 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. 

Agro advisory: Agro advisory section shows messages for farmers from agriculture officials and 

state universities in the local language. 

Soil health card: Information pertaining to soil health is available for farmers who have 

registered. 

Dealers’ information: Provides information on seed, pesticides, fertilizer, farm machinery dealers. 

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. 

Call to KCC: The app also directly connects the farmer with the Kisan Call Centre where technical 

graduates answer farmers’  queries. 

Cold stores and godowns: Information on cold stores and godowns are also added. 

Conclusion 
Smartphone have been identified as one of those effective innovations which benefited a large number of 

people in the developing world. In India, mobile applications are transforming agriculture. Agriculture is 

prime sector of importance. To make agribusiness productive, smooth and respectable it is important that, 

it should be linked to recent technologies. 

These technologies need to be smarter, faster and cheaper to use. Mobile application one of such technology 

that can be used directly in agricultural growth. Although this channel of information dissemination is in 

juvenile phase but it’s advantages can be seen in near future. 

The strategies for expansion of application-based information require expulsion of obstacles like better 

modest handsets, compatible smart phones, multilingual platform, subsidizes internet packs, regular 

trainings and awareness amongst farmers. Smart phones are the example of overcoming adversity of 

connecting the rural digital divide, bringing monetary advantages and acting as catalyst for social 

mobilization through improved communication. 
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Abstract 
ACABCs (Agri clinics and agribusiness centres scheme) is a subsidy-based credit linked scheme for setting 

up Agri venture by agricultural graduates and agriculture experts launched by government of India 

towards strengthen technology transfer, currents update public extension system and employment 

generation in rural areas. ACABC scheme major purpose is to look after the overall development of 

agriculture sector in India. 

Introduction 
Agri-clinics and Agri-Business Centre Scheme was a unique scheme to take better and useful methos of 

farming to each and every farmer in overall country.  The Ministry of Agriculture and Framers welfare, 

Government of India, in association with the NABARD and MANAGE has launched this scheme in India. 

This scheme the main aims to tap the expertise available in the large pool of agriculture graduates and 

doctorates. You can set up the own Agri clinic or Agribusiness Centre whether you are a fresh graduate or 

not, or you are currently or not and also offer professional extension services to innumerable farmers. 

The main aims of the NABARD set up the Agri clinics and Agribusiness in overall country like: 

Agri-clinics: Agri-clinics are provided expert advice and important services to the farmers on various 

aspects to enhance the agriculture production of the crop and animals and increase the oncome of the 

farmers for the better living style. Agri-clinics special provide support mainly in these areas: 

a. Soil health 

b. Cropping practices in the filed 

c. Plant protection techniques 

d. Crop insurance for Economic level 

e. Post-harvest technologies for better production 

f. Clinical services for animals, feed, fodder and milk management 

g. Prices of various crop in the market, current updates provide to the framers etc. 

Agri-Business Centres 
Agri-Business Centres are occupational unites of agri-business established by the trained agriculture 

experts and professional. Such ventures may include maintenance of farm equipment’s, sale of inputs and 

other field related services and allied areas, also including the post-harvest management, marketing and 

entrepreneurship development for the income generation. Agri-business scheme mainly cover the full 

financial support for training, credit-linked (Subsidy) and loan. 

Main Objective of the Agri-Clinics and Agri-Business Scheme 
1. To supplement offer of public extension by necessarily providing extension services and other information 

to the farmers on payment basis or free of cost as per business model of agri-preneur, as per as local need 

of target groups of the framers. 

2. Provided special support for agriculture development. 

3. To create gainful self-employment opportunities to unemployed agriculture graduates, agriculture 

diploma holders, intermediates in agriculture field and biological science graduates with PG in agri-related 

courses in filed. 
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Sources: https://in.images.search.yahoo.com 

Eligibility Criteria in this ACAB Scheme 
The ACABC scheme is open to the following categories of the candidates: 

1. Candidates are graduates in agriculture and allied subjects from state agriculture universities, central 

universities and universities recognized by ICAR/UGC. Degree in agriculture subject offered by other 

agencies is also considered subject to approval of Department of agriculture and cooperation on 

recommendation of the state government. 

2. Diploma and post graduate diploma holders having minimum 50% marks in agriculture and allied 

subject from the state agriculture universities, central universities and universities recognized by 

ICAR/UGC. 

3. Diploma in agriculture and other subject offered by other agencies are also considered subject to approval 

of department of agriculture, cooperation & farmers welfare and government of India on recommendation 

of the state Government. 

4. Biological science graduates with PG in agriculture and allied subject from SAU. 

5. Degree courses recognised by UGC having more than 60% of the course content in agriculture subject. 

6. Agriculture related courses at intermediate level with minimum 55% marks. 

ACAB Project Activities 
1. Extension consultancy services 

2. Soil and water quality check inputs testing laboratories with spectrophotometer 

3. Pest surveillance, diagnostic and control service 

4. Maintenance, replies and custom hiring of agriculture implements including micro irrigation system like 

sprinkler and drip. 

5. Agri service centres the three activities mentioned above (Group Activity). 

6. Seed processing units for marketing. 

7. Micro-propagation through plant tissue culture labs and hardening unites 

8. Vermiculture unites bio-fertilisers, bio-pesticides, bio-control agents are setting up under this scheme. 

9. Apiaries, honey and bee processing units are setting up. 

10. Extension consultancy services 

11. Feed processing and testing units under this scheme 

12. Information technology kiosks set up in rural areas for access to several agriculture portals  

13. Livestock health cover, veterinary dispensaries and services including frozen semen banks and liquid 

nitrogen supply 
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14. Marketing, value addition centres and retail marketing dealership of farm inputs and outputs. 
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Humans could harm the world so much that we could affect the planet's natural climate systems to trigger 

further warming, creating a scenario called "Hothouse Earth. A study has been published by an 

international team of scientists in the Proceedings of the National Academy of Sciences (PNAS). 

The research suggests that specific natural systems on the planet could be activated by warming and 

consequently trigger further warming stating that even if the carbon emission reduction targets called for 

in the Paris Agreement are met, there is a risk of earth entering a phase what the scientists call ‘Hothouse 

earth’ conditions. " In such a situation, the earth’s average temperature could rise, leading to extreme heat 

and rise of mean sea-level above the pre-industrial temperatures. 

 The operational details for putting the Paris Agreement into practice were agreed upon during the United 

Nations Climate Change Conference (COP24) in Katowice, Poland, in December 2018, in what is known as 

the Paris Rulebook, which was finalized at COP26 in Glasgow, Scotland, in November 2021. The Paris 

Agreement’s goal was to prevent temperatures from rising more than 2o C, leading to the situation known 

as Hothouse earth. If this were to happen, the world would become far warmer than it's been for at least 

the past 1.2 million years. A Hothouse earth shall be a situation when the climate in the long-term shall 

stabilize at a global average of 4-5oC higher than pre-industrial temperatures, and the sea levels around 

the globe would likely rise between 33 and 200 feet higher than they are now with sea level 10-60 m higher 

than today. Thus, it is pertinent to accelerate the transition towards an emission-free world economy 

significantly. 

The study further suggests that the earth is 1oC away from hitting a ‘tipping point when average global 

temperatures reach 2oC higher than pre-industrial times. Beyond that temperature, our world will be in a 

‘Hothouse Earth’ state, where climate change will be uncontrollable, and vast regions will become 

uninhabitable. 

 
Fig. 3. Global map of potential tipping cascades. 

The Concept of Anthropocene 
In the present era, humans have played a significant role in changing the global temperature. By releasing 

carbon dioxide and other greenhouse gases, we have altered the earth's atmosphere in a way that has led 

it to trap more heat from the sun. That has caused global temperatures to creep up – they have already 

risen more than 1o C higher than in pre-industrial times. That is why many scientists refer to this era as 
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the Anthropocene. This human-created system will continue to raise temperatures: the more greenhouse 

gases we pump into the atmosphere, the more heat we'll trap. That's why so many scientists consider 

reducing emissions an urgent priority. 

The world is not on track to accomplish the Paris Agreement goal, which aims to prevent some of the worst 

effects of climate change by cutting emissions enough to keep the global temperature from rising more than 

degrees Celsius. 

Consequences 
The human-induced climate change has dangerous consequences of being faced us. Many extreme weather 

events, including hurricanes and fires, will only become stronger and more frequent in a warmer world. 

And with heat comes drought and more air pollution, which has terrible depleting water resources and 

agriculture. 

Initiatives to Combat Climate Change 
Changing lifestyle: We should revamp our lifestyle to be more concerned about the environment and even 

more knowledgeable about the state of nature in our surroundings with deteriorating air, soil, and water 

conditions. 

Hemi-plastics is one such new product that replaces plastic that will help us replace plastic in our day-to-

day life and also helps biodegradation of waste material. It also helps combat the landfill problem, which 

will trigger the climate change. 

Make seeding a habit: It just means to increase the greenery around us in every possible way by 

afforestation to increase the forest area to protect the earth and even concentrating on our kitchen gardens 

by welcoming a habit of growing our food. We defend ourselves by consuming the safest home-grown organic 

produce and also reducing the harmful intake of pesticides.  

Joining a local collective: Or better still, start one. Transition Network is an excellent example of 

actions based on voluntary individual and collective participation. It began as a permaculture movement 

to reduce dependence on fossil fuels, grow own food, source locally, and promote social inclusion. It is one 

of the largest community-based networks, with a presence worldwide. 

Using public transport and carpooling: The most important cause of pollution and global warming is 

vehicular pollution, so switching from fuel-based to electricity-based vehicles can be a solution. Tesla’s 

CEO, Elon Musk, wants to save the environment by producing cars that don’t pollute the earth. It is trying 

to adapt to the people to shift away from fossil fuel burning machines, embrace clean energy machines, and 

practice going green to keep our planet safe. Despite using electric vehicles, which are pretty unaffordable 

to the typical person, it is always best to use public transport and cycle for good health. Sustainable 

transport solutions can help decrease car dependence besides reducing carbon footprint. 

Follow the instructions of the government strictly: Any national government is concerned about the 

present global warming scenario and is trying to take so many initiatives to reduce pollution and balance 

the carbon footprint by taking strict measures to control the use of non-recyclable plastic and promote 

awareness about carbon trading. As an individual, most of our work is done when we correctly follow the 

instructions and have some consciousness towards mother earth. 
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Conclusion 
The present phenomena of hot-house earth are the consequences of the careless, unconcerned 

anthropogenic activities which through us and the environment into the danger of pollution and health 

issues. It is time to wake up to the call of nature to protect it for our future generation safely with maximum 

resource conservation possible in the present age to heal the earth. 

Literature Cited 
1. Abid Mehmood. 2018. Hothouse Earth: seven things you can do to stop it. Article cited on “The conversation”. Acquired on 

24/08/2022. https://theconversation.com/hothouse-earth-seven-things-you-can-do-to-stop-it-101340 

2. Jan Zalasiewicz., Mark Williams and Thomas Hearing. Hothouse Earth: our planet has been here before – here’s what it 

looked like. Article cited on “The conversation”. Acquired on 24/08/2022. 

https://www.downtoearth.org.in/news/forests/hothouse-earth-our-planet-has-been-here-before-here-s-what-it-looked-like-

61388 

 
  

https://theconversation.com/profiles/abid-mehmood-531934
https://theconversation.com/hothouse-earth-seven-things-you-can-do-to-stop-it-101340
https://theconversation.com/profiles/jan-zalasiewicz-153171
https://theconversation.com/profiles/mark-williams-153172
https://theconversation.com/profiles/thomas-hearing-532995
https://www.downtoearth.org.in/news/forests/hothouse-earth-our-planet-has-been-here-before-here-s-what-it-looked-like-61388
https://www.downtoearth.org.in/news/forests/hothouse-earth-our-planet-has-been-here-before-here-s-what-it-looked-like-61388


 

 
Volume 04 - Issue 10 - October 2022       83 | P a g e  
 

Mycovirus 
Article ID: 38231 

Harpreet Kaur1, Nivedita1 
1P.G. Department of Agriculture, Khalsa College Amritsar. 

 

 

Introduction 
Mycoviruses are significant viruses, they are mainly found in the infecting fungi. They require the living 

cells of their hosts for replication like the plant and animal viruses. The mycovirus genome consists of 

double stranded RNA (dsRNA) and positive and negative sense single stranded RNA (ssRNA). The particles 

recognized up to date are isometric in shape. The mycoviruses have been detected in all fungi phylum and 

many of the mycoviruses are unknown. These viruses mostly remain silent and rarely develop symptom in 

their hosts. Some of these viruses are reported which are causing irregular growth, abnormal pigmentation 

and some even changes their host sexual reproduction. Mycoviruses can significantly be used for the 

management of plant diseases, as they reduce the virulence of their host and thus manages the host. 

Technically the reduced virulence is called hypovirulence. The first record of an economic impact of 

mycoviruses on fungi was recorded in the late 1940s in the cultivated mushrooms (Agaricus bisporus) and 

was called the La France disease and is also called X disease, watery stripe, die back and brown disease. 

The disease shows reduced yield, slow mycelial growth, waterlogging of the tissue, malformation, 

premature maturation, post-harvest deterioration. 

History 
The first record of an economic impact of mycoviruses on fungi was recorded in cultivated mushrooms 

(Agaricus bisporus) in the late 1940s and was called the La France disease. Hollings found more than three 

different types of viruses in the abnormal sporophores. This report essentially marks the beginning of 

mycovirology. The best known mycovirus is Cryphonectria parasitica hypovirus 1 (CHV1). CHV1 is 

exceptional within mycoviral research for its success as a biocontrol agent against the fungus C. parasitica, 

the causative agent of chestnut blight, in Europe. 

There are two hypotheses for the origin of mycoviruses of plant pathogens: 

1. The Ancient origin and have evolved along with their hosts: This ancestral coevolution 

hypotheses are based on the proposal that as mycovirus transmission is limited to intracellular mechanism, 

the horizontal movement of virus to other fungal hosts is likely to be rare. The Reoviridae, for example, are 

a large and biologically diverse family, predominantly animal viruses but including three plant virus 

genera and the single fungal genus, Mycoreovirus. 

2. Relatively recently moved from a fungal plant host into the fungus: The hypotheses suggests 

that the mycoviruses originated relatively recently from plant viruses i.e., the original mycovirus was a 

plant virus that moved from plant to fungus within the same host plant. Similar scenarios like some plant 

viruses may have originated from mycovirus that moved from fungus to plant explain the origin of plant. 

For instance, the hypoviruses CHV1, CHV2, CHV3 and CHV4, associated with hypovirulence 

in Chryphonectria parasitica, show phylogenetic relatedness to several species of the ssRNA 

genus Potyvirus. 

Shapes of Mycoviruses 
There are 5 different shapes of mycoviruses 

1. Spherical 

2. Rod shaped 

3. Filamentous 

4. Bacilliform 

5. Herpes type. 
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Taxonomy and Classification 
The majority of mycoviruses have double-stranded RNA (dsRNA) genomes and isometric particles, but 

approximately 30% have positive-sense, single-stranded RNA (+ssRNA) genomes. The updated 9th ICTV 

report on virus taxonomy lists over 90 mycovirus species covering 10 viral families, of which 20% were not 

assigned to a genus or, in some cases, not even to a family. The lack of genomic data often hampers a 

conclusive assignment to already established groups of viruses or makes it impossible to erect new families 

and genera. The latter is true for many uncapsidated dsRNA viruses, which are assumed to be viral, but 

missing sequence data has prevented their classification. So far, viruses of the 

families Partitiviridae, Totiviridae, and Narnaviridae are dominating the "mycovirus sphere". 

Host Range 
The incidence and variability of mycoviruses has most commonly been determined based on the presence 

of dsRNAs, which have been found in many common filamentous fungi with incidences ranging from a few 

per cent to 100%. All four phyla of the true fungi, Chytridiomycota, Zygomycota, Ascomycota and 

Basidiomycota, act as hosts to mycoviruses, as do plant pathogenic oomycetes such as Phytophthora. 

Mycoviruses are distinct from those viruses that use fungi as vectors because mycoviruses are able to 

replicate within the fungal host. For instance: Magnaporthe oryzae (Rice Blast) virus MoV1 and MoV2 

having genus Totivirus and Rhizoctonia solani (Sheath blight) virus RVM2 having genus Mitovirus. 

Transmission 

 

Transmission of mycoviruses occurs in two ways: 

1. Vertical Transmission: Vertical transmission from the fungal mycelium to spores is a primary means 

of mycovirus spread, although observed rates vary greatly for different fungus/virus combinations and for 

different spore types (sexual vs. asexual) of the same fungus. Examples of significant rates of transmission 

through sexual spores include: Fusarium graminearum with transmission of dsRNAs through both conidia 

and ascospores with incidence of up to 100%, in both spore types. 

2. Horizontal Transmission: Horizontal transmission of mycoviruses between different fungal strains 

via hyphal anastomosis is a well-established phenomenon. Anastomosis occurs when hyphae from different 

fungal individuals fuse together and genetic and cytoplasmic exchange occurs. Mycoviruses exist within 
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the cytoplasm, and are therefore included in this exchange. Successful anastomosis relies on the two fungi 

being vegetatively compatible, i.e., in the same vegetative compatibility group (VCG). 

Mycovirus as Biocontrol Agent 
Fungal pathogens are a major source of plant disease, fungicides have proved immensely successful in 

controlling many diseases, their use is increasingly threatened by the development of fungicide-resistant 

strains. Various biological approaches to plant disease management have been proposed, the potential of 

mycoviruses as biological control agents of plant pathogenic fungi was first demonstrated 

for Chryphonectria parasitica. Many mycoviruses appear to have only minimal effect on their host fungi, a 

complementary approach to biological control might be the use of mycoviruses as gene vectors. Using this 

approaches the mycovirus itself does not need to have a significant deleterious effect on the host but it 

would require a genomic structure amenable to the incorporation of non-viral genes. The ssRNA 

mycoviruses belonging to the Flexiviridae, BVX, BCVF and SsDRV, are prime candidates for this approach, 

as the flexivirus Potato virus X has been successfully used as a vector for the expression of genes from a 

range of different sources in plants. 
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Agarose Gel Electrophoresis 
DNA is a very negatively charged molecule because each phosphate group in each nucleotide has a negative 

charge. This means that if an electric current is run through a DNA sample, the DNA molecule moves 

towards the positive charge of the current It is used for the separation of DNA molecules by size. 

 
Structure of nucleotide 

Agarose is a polysaccharide that is purified from seaweed. Agarose powder is mixed with water, then heated 

till dissolves. The mixture is poured into a tray and allowed to cool. It forms a semi-solid gel. This gel 

contains microscopic pores of different sizes. During electrophoresis, water is electrolyzed, which generates 

protons at the anode and hydroxyl ions at the cathode. The cathodal end of the electrophoresis chamber 

then becomes basic and the anodal end is acidic. The use of the buffering system is therefore required when 

charged molecules are electrophoresed through a separation medium. The two buffers commonly used for 

DNA electrophoresis are Tris Acetate with EDTA and Tris-Borate with EDTA, Because the pH of these 

buffers is basic, the phosphate backbone of DNA will have a net negative charge and consequently will 

migrate anodally. 

  
Agarose gel Agarose gel in a tank 
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DNA migrates negative charge to positive charge 

Gel Imager and Gel Documentation 
Laboratory gel imagers, or gel documentation systems, are used by research labs to visualize and photo-

document nucleic acid samples separated through gel electrophoresis, count microbial colonies, separate 

protein samples on western blots, and identify mixtures through a thin layer. The use of a gel 

documentation system to rapidly evaluate gels after electrophoresis and membranes after the transfer 

saves reagents and time. Stain fee gels can be visualized in less than 5 minutes after electrophoresis and 

again after blottingstain force gels display Laemmle - like separation characteristics and are compatible 

with standard samples and running buffers. 

Application of Electrophoresis 
The wide range of applications makes agarose gel electrophoresis an extremely important technique. 

Although the recent advent of next-generation sequencing technologies has the potential to replace many 

of the current uses of agarose gels, their ease of use and versatility means that this technique is likely to 

persist for the foreseeable future. Some applications of the electrophoresis technique covering the 

separation of DNA fragments for fingerprinting to investigate crime scenes and analysis of genes associated 

with a particular illness. It is also applied for distinguishing different species in DNA profiling for taxonomy 

studies, the study of structure and function of proteins, the analysis of antibiotic resistance, and the genetic 

similarity among populations or species. 

 
Transfer gel into gel documentation 
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Conclusion 
DNA molecules are attracted to a positively charged electrode. Small DNA molecules (short nucleotide 

chains made of a small number of base pairs) are able to move relatively rapidly through the gelatinous 

agarose matrix. Gel electrophoresis is used in forensic, molecular biology and bio chemistry. The results 

can be analysed quantitatively by visualizing the gel with UV-light and a gel imaging device. The image is 

measuring and compared against standard (or) markers loaded on the sample gel. 
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Introduction 
Biological invasions by non-native (exotic) species constitute one of the major threats to environment and 

biodiversity including forestry, livestock and agro-ecosystem. Invasions by alien species cause an imbalance 

in native ecosystems and many of them cause considerable economic loss in the initial phase of entry. Such 

invasive species are likely to breed profusely in the absence of natural enemies in the newly found 

environment and cause biotic upsets, out-competing native species. 

The rugose spiralling whitefly, Aleurodicus rugioperculatus has been recently reported from India (Selvaraj 

et al., 2016) from Tamil Nadu, Karnataka, Kerala and Andhra Pradesh. It is an invasive pest that attacks 

a wide range of host plants including palms, woody ornamentals, and fruits. Coconut and banana are among 

the most preferred host plants. During recent surveys the pest incidence was recorded in Goa on different 

crops. 

India has witnessed the invasion of 118 exotic species of insects which includes several economically 

important whiteflies. Presently, 442 species of whiteflies belong to 32 genera are known from India, out of 

which two species viz., solanum whitefly Aleurothrixus trachoides (Back) and rugose spiralling whitefly 

(RSW), Aleurodicus rugioperculatus Martin (Homoptera, Aleyrodidae) made their intrusion to India in 

2014 and 2016, respectively (Dubey and Sundararaj, 2015). Origin of Rugose spiralling whitefly (RSW):  A 

new addition on the list of whitefly species found in Florida, Aleurodicus rugioperculatus Martin, was 

originally called the gumbo limbo spiralling whitefly, but is now named the rugose spiralling whitefly. 

Morphological Details of Different Stages of A. rugioperculatus 
Egg stage: RSW, A. rugioperculatus females lay eggs on the underside of leaves in a concentric circular or 

spiral pattern and cover it with white waxy matter. Eggs are elliptical and creamy white to dark yellow in 

color and the size is larger than A. disperses eggs. 

  
Eggs laid in spiral manner Mobile crawler 

Nymphal stage: RSW has five developmental stages. There are four immature instars, the first three 

being referred to as nymphs and are continuous feeders. The first instar, known as the crawler stage 

because it is the only mobile immature stage of RSW hatches out of the egg, and looks for a place to begin 

feeding with its needle-like mouth parts and sucks plant sap. 

 
Nymphs 
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Crawlers molt into immature stages that are immobile, oval and flat initially but become more convex with 

the progression of its life cycle. Nymphs are about 1.1 - 1.5 mm long but may vary in size depending on 

instars. The nymphs are light to golden yellow in color, and will produce a dense, cottony wax as well as 

long, thin waxy filaments (Stocks and Hodges, 2012). 

Pupal stage: The pupa is typically characterized by broadly cordate vasiform orifice, operculum ventro- 

basally spinulose and dorsally characteristically rugose, with a pair of ventro median fine setae; lingula 

head protruding beyond vasiform orifice, finely spinulose, apically acute, its four setae situated close to 

apex. Anterior marginal, cephalic and first abdominal setae absent, Posterior marginal, and 12 pairs of 

outer sub marginal setae present (including nominal caudal pair); single sub median pairs of pro-, meso, 

and meta-throacic setae and eighth abdominal setae situated fully anterior to vasiform orifice, opposite 

anterior corners of operculum present (Martin, 2004). Cephalic and anterior 4 pairs of abdominal compound 

pores distinct, 2 pairs of much smaller pores present on abdominal segments VII and VIII. Sub margin 

defined by zone of crowded, wider immed pores that stand proud from puparial surface, inner boundary of 

zone forming mesally-directed lobes, the pore band interrupted immediately posterior to lingular apex 

(Sundararaj and Selvaraj, 2017). 

 
Emergence slit of RSW 

Adult stage: Rugose spiralling whitefly adults are about three times larger than the commonly found 

whiteflies and are lethargic by nature. Rugose spiraling whitefly adults can be distinguished by their large 

size and the presence of a pair of irregular light brown bands across the wings (Stocks and Hodges, 2012). 

Males have long pincer-like structures at the end of their abdomen. 

 
A. rugioperculatus colonies on coconut leaflets 

Taxonomic Identity of A. rugioperculatus 

   
Rugose operculum with 

triangular lingula 

Compound pores with 

dagger-like process 

Smaller compound pores in 

VII and VIII segments 
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Single broader fluff at posterior end of 

nymph 

Male and female A. rugioperculatus 

Diagnosis and Damage symptoms: 

a. Nymphs and adults of the whitefly suck the sap on the under surfaces of the leaflets.  

b. Honey dew excrement, being sweet and watery, attracts ants and encourages growth of the fungus 

Capnodium sp. which causes disfigurement of hosts affecting the photosynthetic efficiency of the 

plant. 

c. Extensive feeding of the insect leads to the excretion of honey dew which subsequently gets 

deposited on the upper surface of the leaves. 

 

Host plants: Coconut and banana were found to be common and preferred hosts. The other host plants 

include Heliconia, Guava, Henna, Mango, Arecanut and Oilpalm. 

Management: 

a. Spraying starch solution (1%) to dislodge the heavy sooty mould deposition on the leaves of 

infested plants.  

b. Use of yellow sticky traps to trap the adult whiteflies  

c. Encourage buildup of parasitoids (Encarsia sp.) and re-introduce parasitized pupae to emerging 

zones of whitefly outbreak.  

d. In case of severe infestation, spray neem oil 0.5%. 

Conclusion 
Due to increasing A. rugioperculatus among the different countries also in different states of India, the risk 

of introduction of A. rugioperculatus at different place also increase and it can be effectively prevented by 

awareness among the people along with proper control measures. 
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Indian economy is very much dependent upon agriculture. In India, there are about 120 million farm 

holdings and the number is growing year by year. At least to provide one village extension personnel for 

800-1000 farm families, the requirement of field level extension personnel is estimated to be about 1300000-

1500000, against which the present availability is only about 100000 personnel (PC, GoI 2007). Agricultural 

extension is an essential mechanism for delivery of knowledge and advice as an input for modern farming. 

The need is of a shift of focus from delivery of technology to delivery of knowledge and information. This is 

possible with the use of Information and communication technologies which can make agricultural 

extension a more diversified, knowledge driven system for meeting on demand farmers information needs 

(Jones 1997). Introduction of ICT is very important to improve the agriculture condition by enhancing the 

pace of dissemination of information. ICT is an important development factor. Development of agriculture 

is directly dependent on ICT in coming days and is very important tool for agriculture extension. 

Significance of ICT in Agriculture & Rural Areas 
Nowadays, possession of mobile phone and access to the Internet has become a requirement for functioning 

on the labor market and performing daily activities. By the use of communication and information devices 

people communicate and gain increasingly more of relevant information. ICT are also indispensable in 

modern agriculture. Because of them, farmer acquires and broadens knowledge, establishes contacts with 

other producers, promotes products and services, orders necessary means of production and resolves official 

matters. The use of Internet in rural areas primarily gives the possibility to align the level of development 

opportunities with inhabitants of cities. Access to information and communication technologies is the access 

to work (telecommuting), offices, education, services offered online impossible to be obtained at home, 

various databases, entertainment and contact with other users. 

With access to the Internet, it is possible to overcome some negative location-based determinants in rural 

areas related to difficult access to traditional educational institutions, accumulating knowledge and 

offering new technologies and information. The ICT is therefore an attractive and effective mean of 

reaching the knowledge to rural & remote areas previously available solely from traditional resources. 

Need of ICT in Agriculture 
ICT is an emerging field focusing on the enhancement of agriculture and rural development through 

improved information and communication processes. More specifically, e-agriculture involves the 

conceptualization, design, development, evaluation and application of innovative ways to use information 

and communication technologies (ICT) in rural domain, with a primary focus on agriculture. E-Agriculture 

is a relatively new term. e-Agriculture is one of the action lines identified in the declaration and plan of 

action of the WORLD SUMMIT ON THE INFORMATION SOCIETY. The main phases of the agriculture 

industry are: Crop Cultivation, Water Management, Fertilizer Application, Fertigation, Pest Management, 

Harvesting, Post-Harvest Handling, Transporting of Food/Food Products, Packaging, Food Preservation, 

Food Processing/Value Addition, Food Quality Management, Food Safety, Food Storage, Food marketing. 

All stakeholders of agriculture industry need information and knowledge about these phases to manage 

them efficiently. Any system applied for getting information and knowledge for making decisions in any 

industry should deliver accurate, complete, concise information on time. 

Application of ICT 
If ICT is used appropriately, it has tremendous potential to improve the reach, credibility & impact of 

agriculture extension. ICT connects the agricultural technologies & techniques with ultimate source i.e., 

farmers. ICT Innovation plays a key role in improving agricultural production. Food traceability systems 

using ICTs have important risk management tools that allow food business operators or authorities to 
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contain food safety problems and promote consumer confidence. ICT also plays a major role in providing 

information on market prices and demand. ICT marketing and certification and strengthens the capacity 

of small-scale producers to increase revenue by improving their position on local and international markets. 

technologies like metrology and programmers for various purposes including land use planning, crop 

forecasting and early warning system and directly or indirectly somehow linked with ICT. it also helps in 

monitoring serious natural threats by the help of space technology. In addition, use of mobile phones has 

become more common for exchanging information such as for disease surveillance and pest tracking. There 

is an immense coverage of ICT in agriculture. 

List of Major ICT Initiatives in India 
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Name Project Initiator Area Year Of Starting 
Aaqua IIT, Bombay MAHARASTRA 2003 

AGMARKNET MINISTRY OF 

AGRICULTURE 

INDIA 2000 

AGRISNET AGRICULTURE MINISTRY RURAL AREAS OF INDIA 2002 

ASHA IASL INDIA 2001 

Ashwani National informatics centre Western part of india 2005 

Digital mandi Media lab Asia India 2003 

e-Krishi Akshaya entrepreneurs Kerala 2005 

e-KRISHI VIPANAN State govt. Madhya Pradesh 2003 

HPiCommunity Govt. of AP HP 2002 

ICT Intervention for 

farmers 

Pvt. Sector Maharashtra 2006 

ITC E Choupal ITC Ltd. MP, HR, UK, KR, AP, UP, RJ, 

KR, AP 

 

E –Sagu IIIT, Hyderabad India 2004 
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The usage of chemical fertilizers is not beneficial because it affects the soil microbial communities on large 

scale. The toxicity of chemical fertilizer decreases the fertility of the soil and causes microbial disruption. 

One of the best solutions to improve the microbial population is bioinoculants. These are eco-friendly 

microorganisms having a variety of products commonly utilized for improving the potential of soil and 

providing nutrient requirements to the host plant. 

Bioinoculants 
Bioinoculants are beneficial to soil amendments that use microbes for promoting plant growth and 

development. They contain dormant or live cells of the efficient strain of nitrogen-fixing, Hydrogen cyanide, 

and siderophore-producing microorganisms. The interactions between soil-borne microbes and the roots of 

higher plants play a significant role in plant development and growth by converting unavailable nutritional 

elements into available forms. 

Bioinoculants also help in seed treatment by forming a uniform coating of inoculant over seeds, 

bioremediation and inducing systemic acquired resistance. Several plant growth-promoting microbial 

strains such as Azospirillum, Rhizobium, Bacillus, Pseudomonas, mycorrhiza, Trichoderma and yeast have 

been identified that are used as bioinoculants  

Plants take benefit from microbes in various ways: 

1. By PGPR (Plant growth-promoting rhizobacteria) that act as bioinoculants  

2. By phytostimulation (phytohormones expressed by microbes like Azospirillum) directly promote the 

growth of plants.  

3. By act as biological control agents and also in the phytoremediation process (like Bacillus cereus, 

Trichoderma and Pseudomonas) that protect plants against harmful organisms and heavy metals. 

Types of Formulations and Delivery Methods of Bioinoculants 
The bioinoculant formulation is the uniform mixture of selected beneficial strains with a suitable carrier 

that can provide stabilization and protection of strain during transport and storage. A good bioformulation 

should be effective, non-polluting and readily biodegradable with high water retention capacity and 

sufficient shelf life. Different types of formulation are formed on the basis of their efficiency and survival 

rate. 

1. Solid formulation: In this preparation, the beneficial strain is mixed with a solid carrier. It is used for 

transporting strain from the laboratory to the fields. Mainly peat, powder and granules are used for this 

formulation. It provides a protective and nutritive environment to those microbes that form micro-

colonies.  Some of the examples mentioned below: 

Carrier formulation materials and techniques for microbial inoculant: 

Microbe Plant Formulation material Technique 

Bacillus subtilis Lettuce Alginate Cross-linking 

Pseudomonas putida Lettuce Humic acid Cross-linking 

Pseudomonas corrugate Triticum aestivum Alginate Cross-linking 

A. brasilense Legume trees Alginate Cross-linking 

Sinorhizobium meliloti Alfalfa Canola oil Emulsion 

Klebsiella oxytoca Cotton seeds Alginate Cross-linking 

A. brasilense Sorghum bicolour Alginate Cross-linking 

2. Liquid formulation: The liquid formulation is the microbial preparation that contains those beneficial 

microbes, which have the capability of solubilizing, fixing or mobilizing essential plant nutrients through 
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biological activities. Potash mobilizing microbes, phosphate mobilizing microbes, nitrogen-fixing microbes 

(NFM) and many other groups of microbes are used in the liquid formulation. Recently, researchers 

concentrate on the mobilization and solubilization of micronutrients by the activity of microbes such as 

manganese, sulfur and zinc solubilizing bacteria. The liquid formulation is the latest and most promising 

technology over conventional carrier-based formulation due to its beneficial effects. 

3. Metabolite formulation: Metabolite formulation contains those microbial metabolites that help in 

providing bioregulators and essential nutrients and fighting against phytopathogens. For metabolite 

formulation strains belonging to genera Mesorhizobium, Rhizobium, Pseudomonas, Trichoderma and some 

mycorrhizal fungi strains are used.  To overcome the drawbacks of cell-based formulation, metabolite 

bioformulation has been recently developed. The major drawback of using this formulation is its high cost 

and its production on a large scale. The future metabolite formulation is also used as a combination of the 

plant growth-promoting strain with additives and carrier that enhances the microbial activity. Primary 

and secondary metabolites are also present in the form of attractants, adjuvants and stimulants in this 

formulation. 

4. Polymeric formulation: For polymeric formulation, mainly alginate is beads used. It is a natural 

polymeric substance that is made up of l-glucuronic acid and d-mannuronic acid which are derived 

from Macrocystis pyrifera (brown algae). Recently, many techniques developed for polymeric formulation 

using encapsulation of latent cells in the gel matrix for various applications. 

5. Bioencapsulation and co-inoculation: In the capsulation process, living microbial cells are entrapped 

in polymeric matrix substances for enhancing the survival of microbes. Bioencapsulation of usable strain 

in a polymeric matrix is called immobilization. During the co-immobilization process, more than one type 

of microbe is used and applied in the field of environmental and agricultural technology. It is widely used 

in pharmaceutical, food, agriculture and other industries for various purposes to attain a protective 

structure. Bioencapsulation of microbial inoculants involves three steps: The first step comprises the 

absorption of usable ingredients into a matrix (solid or liquid), the second step consists in spraying a 

solution on solid particles and making dispersion, and the third and last step comprises stabilization by 

chemical-physical processes (conservation and gelatin) and chemical process of polymerization. 

Techniques for Bio-Encapsulation and their Significance 
Techniques Core Water 

soluble 

Processing 

time 

Applications Advantage Disadvantage 

Spray drying Beads Yes 10–30 s Thermal 

resistance 

cells 

Fast and 

inexpensive 

Dust and high 

temperature 

Fluidized bed Capsules Yes 10 min–1 h Irregular 

particles 

Flexible & 

inexpensive 

Coating fine 

particles 

Extrusion Beads or 

capsule 

Yes 10 min–1 h Vitamins and 

enzymes 

Biocompatible Diffusion 

Molecular 

inclusion 

Beads Poorly 5–10 min Flavor Selective 

trapping 

Low loading 

Interfacial 

polymerization 

Capsules No 10 min–2 h Hydrophobic 

Drops 

Large batches 

well-developed 

process 

Core 

wettability 

Conservation Capsules No 12–16 min Hydrophobic 

drops 

Impermeable 

to hydrophobic 

molecules 

Aggregation & 

core wet ability 

Liposomes Capsules No 5–10 min Capsules Biocompatible 

& tiny 

particles 

Thin walls & 

low loading 
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Conclusion 
Bioinoculants are much more effective and eco-friendly microorganisms that help in the improvement of 

soil under adverse conditions. By formulation techniques, the indigenous microbial community can change 

the structure and composition of the soil. As a result of formulation, a positive and synergistic effect 

enhances the shoot and root growth. They help in the retention of soil fertility and protect the environment 

during adverse conditions. The techniques that are used to build up the soil microbial communities affect 

the interactions of microbes. Use of bioinoculant is sustainable because it benefits the producers and 

consumers economically by protecting the soil during unfavorable conditions. 
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According to Agriculture census 2015-2016, The share of small and marginal farmers increased from 70 

per cent in 1980-81 to 86 per cent in 2015-16. The average farm size declined from 2.3 hectares (ha) in 

1970-71 to 1.08 ha in 2015-16. Behind this the main reason behind increase in percentage of marginal and 

small farmers is increasing population day by day, which results in fragmentation of land. Recognizing the 

problems of small and marginal farmers in India, the government is actively promoting Farmers Producer 

Organisation. 

FPO is a producer company, a cooperative society or any other legal form which provides for sharing of 

profits/benefits among the members. According to NABARD -Farmers Producer Organization (FPO) 

incorporated/ registered either under Part IXA of Companies Act or under Co-operative Societies Act of the 

concerned States and formed for the purpose of leveraging collectives through economies of scale in 

production and marketing of agricultural and allied sector. 

FPOs are registered under company act or cooperative act (company act 1956 & 2013 and cooperative 

society act-1860). FPO was formed with the objective of taking collective advantage through economies of 

scale in the production and marketing of agriculture and allied sector. 

Activities of FPO 
Disseminating Market Information is a system that allows us to publish information and data which is 

structured and suitable for automatic processing to its member of FPO. 

The Second activity of FPO is Disseminating of technology and innovation. 

Facilitating finance for inputs: Finance is a broad term that describes activities associated with banking, 

leverage or debt, credit, capital markets, money, and investments. 

Aggregation and storage of produce- Aggregation in the agriculture business is a process that combines all 

positions owned by a single farmer or group of farmers into one aggregate position. In another word 

Aggregation is beneficial for both the parties viz. the farmers and the clients. 

Fifth activity of FPO is processing like drying, cleaning and grading 

Sixth activity of FPO is Brand buildings, packaging, labeling and standardization & quality control. 

Seventh Activity of FPO -Bulk Purchasing of Inputs. Bulk purchasing (or "mass buying") is the purchase 

of much larger quantities than the usual, for a unit price that is lower than the usual. 

Eight activities of FPO are Collective requests for credit from any institutional or bank, all the members 

from the FPO together make a Credit Request. 

Ninth activity of FPO is Advice to produce & training to farmers- For better production and better return 

and FPO are give advice and training to farmers. 

Service Provided by FPO 
Financial Service- Financial Services covers the functioning of Banks, Financial Institutions, Insurance 

Companies. Financial Services is also the term used to describe organizations that deal with the 

management of money. Providing financial facility to its member of organisation- like credit, saving, 

insurance 

Input supply service- Input supply service is that manufacture, distribute and/or sell the inputs and 

equipment to member of FPO, these are used in agricultural production, such as seeds, fertilizers, 

machinery, tractors and irrigation systems. 
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Market Services- Market services are defined as those services produced for sale on the market at a price 

intended to cover production costs and to provide a profit for the member of FPO. Example- Contract 

farming, procurement under MSP 

Contract Farming- Contract farming can be defined as agricultural production carried out according to 

an agreement between a buyer and farmers, which establishes conditions for the production and marketing 

of a farm product or products. 

Procurement under MSP- MSPs are the prices at which the government (FPO) procures certain crops 

from farmers (member of FPO) to insure them against any sharp fall in prices. 

Technical Service- FPO provides specific skill or professional skills to its member so that its member can 

perform well. Such as best practice of farming and maintain marketing information system. 

Networking Services- It includes services like HRD, Policy, Documentation.The rationale for a service 

network is that each organisation is focusing on what they do best for member of FPO. 
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Introduction 
Global trade: It is the international trade, exchange of capital goods and services across the international 

borders or territories. 

Invasive alien species (IAS): the species that are intentionally moved to new location to improve human 

welfare but end up having quite the opposite i.e., have significant negative effects on human welfare. 

Need of Urgent Response Against the Problem of Invasive Alien Species 
The invasive alien species are found in all taxonomic groups. They have invaded and affected native biota 

in virtually every ecosystem type on earth. Many numbers of extinction have been caused by invasive 

aliens, especially under island conditions and its ecological cost is the irretrievable loss of native species 

and ecosystem. 

Along with ecological cost, the direct economic costs of invasive alien species run into ten billions of dollars 

annually. Weeds reduce the crop yields, increase control costs and decrease water supply by degrading 

catchment areas and freshwater ecosystem. 

How Invasive Alien Species Affect Major Economic Sectors? 
The problem of IAS affects both, ecosystem and economic of nation. The movement of people and goods 

bring with it an increased movement of species around the planets, either in the form of commodities such 

as livestock, pets, nursery stock and produce from agriculture and forestry or indirectly as species are 

transported as unwanted passengers in packaging, ballast water and on the commodities being traded. 

(McNeelyv, 2007). 

1. Tourism and invasive alien species: The frequency of introducing the IAS in new locality is 

increasing by the people as tourists every year. They carry living plants, fruits, other living plant materials 

along with invasive species of insects and disease between countries. 

For example, one species of destructive root fungus, Phytophthora cinnamomi is moved mainly by human 

activity and attack many species of trees in disturbed situation. 

2. Agriculture and invasive alien species: The economic impact of IAS on agriculture is considerable. 

For example, a 1992 report by the Weed Science Society of America estimated annual crop losses due to 

invasive alien weeds to be between $2 billion and $3 billion. France experienced about 80% reduction in to 

wine production by introduction of the powdery mildew in grapevine from USA.  

USA faced 13 million dollars losses along with 19.5 million citrus trees destruction due to citrus canker 

which was introduced from the Japan. 

The introduction of Bunchy top of banana from Sri Lanka cause about four crore losses to the India.  

3. Forestry and invasive alien species: Alien species of trees have long been introduced for commercial 

forestry, erosion control or landscaping. Tamarisk (salt cedar) was introduced from Central Asia to south 

west US nearly 200 years ago for control of erosion along the river banks. The tree now forms dense thickets 

on more than 4,00,000 ha of riparian habitat, but have no value for native animals and are estimated to 

absorb more water each year than all the cities of Southern California. 

Many countries are experiencing great problems with alien species of eucalyptus from Australia, which is 

harmful in ecological terms because their leaf litter contain chemical exudates that prevent other species 

from growing.  
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Another example is the invasion of brown spruce longhorn beetle (Tetropium fuscum) in Eastern Canada 

which arrived from Europe in cheap packing wood. It has become established in the 75 ha Point Pleasant 

Park, where it has infested red spruce trees, burrowing too deeply to be reached by pesticides.  

4. Fisheries and invasive alien species: Fish are introduced for direct release for commercial or sport 

fishing or as in aquaculture and mari culture facilities. As forestry, fisheries have been profoundly more 

affected by IAS.  

For example, the introduction of Nile perch into African lakes has increased profits from commercial fishing 

and contributed to foreign exchange gains but on other side the extinction of more than 100 endemic fish 

species (especially in Lake Victoria) occurred. 

5. Horticulture and invasive alien species: Horticultural commodity mainly introduced for the 

ornamental purpose. More than 70% of New Zealand’s invasive weeds were intentionally introduced as 

ornamental plants in past. In the Auckland region, more than 615 introduced plant species are known to 

have become established. 

6. Human health and invasive alien species: Movement of Human or domesticated animals from one 

region to another transfer the unfamiliar type of infectious agents which lead to devastating impacts on 

the human population. Pests and pathogens can also undermine local food and livestock production, 

thereby causing hunger and famine. For Example: 

In Africa, rinderpest, a viral disease was introduced in 1890s via infected cattle, subsequently spreading 

into both domesticated and wild herds of bovines throughout the savannah region of Africa with 

devastating impact.  

The Irish potato famine in the 1840s was caused by fungus introduced from North America, with 

devastating impacts on the health of local people. 

The most severe type of malaria (P. falciparum) is thought to have been introduced from Southwest Asia 

and northern Africa into Europe via trade and military campaigns. 

Large development projects such as dams, irrigation schemes, land reclamation, road construction and 

population resettlement programme have contributed to invasion of diseases such as malaria, dengue, 

schistosomiasis and trypanosomiasis. 

The clearing of forests to extend agricultural land has opened up new possibilities for wider transmission 

of species of viruses that carry haemorrhagic fevers that previously circulated quietly in wild animal hosts. 

For example: Argentine haemorrhage fever, "Guaranito" virus, Machupo virus, Basia virus, and many 

others.   

7. Climate change and invasive alien species: The Global climate change have many biological 

impacts. These may include alteration in species distributions and change in abundance within existing 

distribution, resulting from direct physiological impacts on individual species, change in abiotic factors, 

and change in opportunities for reproduction along with interactions among the species. 

The silver whitefly (Bemisia tabaci biotype b) is extremely invasive and feeds on many species of plants. It 

spread around the world from its European origin. Recently it reached to the Australia by the ornamental 

plants imported from the USA, evading quarantine precaution and spreading rapidly around the country. 

But, the native biotype of silver whitefly and its parasite prevent the colonization of “biotype b” on open 

field crops by species interactions. These interactions vary geographically in response to variation in 

climate. 

Management Strategies Against the Invasive Alien Species 
The Invasion system: Species invasion have three main elements: 

a. Source population: means the natural habitat of particular species 

b. Pathway: are the route by which species move from one unit to another 

c. Destination: Where the new species arrive. 

Which Types of Ecosystems are Susceptible to IAS? 
1. Ecosystem naturally prone to fire. 

2. Ecosystem that are geographically isolated such as islands, certain lakes and mountains. 
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3. Agricultural ecosystems which are essentially made by people. 

4. Degraded and stressed ecosystem by pollution, land clearance and intensive exploitation. 

How can Harmful Invaders be Contained, Controlled or Eradicated? 
1. Prevention: It is the first line of defense against IAS. 

a. The first step is to putting in “blacklist” and prohibit its entry under legislation. 

b. Introduce only “whitelist” species which are declared as safe by passing a risk assessment analysis 

but even thou monitoring is still required.  

Tools to prevent invasions: 

a. Risk assessment and environmental impact assessments 

b. National and International regulations on prevention measures. 

c. Treatment of imported commodities with fumigation, immersion, spraying, heat and cold 

treatments and pressures etc. 

d. As a last resort, trade prohibition based on international regulations under the WTO sanitary 

and Phytosanitary Agreement. 

2. Mitigation: It means reduce or eliminate the likelihood that a species will become established or spread, 

and decrease or eliminate the presence of an invader. 

It includes: 

a. Eradication: Eliminating the IAS completely 

b. Suppression: reducing population levels of the IAS to an acceptable threshold. 

c. Containment: Keeping IAS within regional barriers. 

3. Adaptation: It involve the changes in behaviour in order to reduce the impact of IAS in daily life. 

Mitigation and Adaptation can be use after Invasion of new insect pests which include following steps: 

a. Identification: which include identification of the invasive pests by the experts. 

b. Risk Assessment: Means determination of level of risk by the invasive pests possess for the 

area. 

c. Eradication programme: In which eradication programme is carried out if the risk possess by 

the pest is high.  

d. Monitoring: For successful eradication of the programme, the survey data for most organisms 

two years or two generations is considered. 

International Legal Framework 
International Plant Protection Convention (1952): 

a. It is the multilateral treaty deposited with FAO and in force since 1952. 

b. Purpose: to prevent the introduction and spread of IAS and to promote control measures. 

Responsibilities of IPPC: 

a. Protection of endangered areas. 

b. Designation, maintenance and surveillance of pest free areas. 

Convention on Biological Diversity (CBD): 

Article 8(h): prevent the introduction of, control or eradicate those alien species which threaten 

ecosystems, habitats, or species. 

Global Invasive Species Programme (GISP): 

a. Created in 1997 to provide information to implement Article 8(h) of the CBD. 

b. Partner organizations: CAIB, IUCN, The Nature Conservancy. 

c. First Phase: 

i. Focus on IAS assessments  

ii. Developed guides and toolkits for policy, regulation, prevention and management. 

d. Second Phase: 

i. Implementation of activities to engage and inform governments. 

ii. Stimulate action and cooperation between governments and different sectors to address 

IAS threats. 
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Conclusion 
Due to increasing global trade among the different countries, the risk of introduction of noxious species at 

different place also increase and it can be effectively prevented by awareness among the people along with 

proper control measures. 
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Introduction 
According to UN, "Climate change refers to long-term shifts in temperatures and weather patterns. These 

shifts may be natural, such as through variations in the solar cycle." Global temperatures rose about 1.1°C 

from 1901 to 2020 (IPCC VI ASSESSMENT REPORT), but climate change refers to more than an increase 

in temperature. There is a list of the adverse effect of climate changes mainly, Hotter temperature, more 

severe storms, Increased drought, A warming & rising ocean, Loss of species, More health risks and 

agriculture production. 

Agriculture and climate are directly related with each other. But with the introduction of the term Climate 

Change, relation between these two viz. Agriculture and Climate is disturbed. Our food supply depends on 

climate and weather conditions. Although farmers and researchers may be able to adapt some agricultural 

techniques and technologies or develop new ones, but some changes will be difficult to manage. Increased 

temperatures, drought and water stress, diseases, and weather extremes create challenges for the farmers 

and ranchers who put food on our tables. Human farm workers can suffer from heat-related health issues, 

like exhaustion, heatstroke, and heart attacks. Rising temperatures and heat stress can also harm 

livestock. 

Normally, in Uttar Pradesh, the monsoon arrives by June 15 and continues till September 15. But in year 

2022, it was not normal. However, due to the improved irrigation technologies, widened canals and dug 

tube wells helped the farmers. But even though the impact & influence is directly visible due to climate 

change. 

Impact of Climate Change 
Here are the few cases showing the damage caused by the climate change over agriculture in Uttar Pradesh. 

Ali, a 75-year-old farmer in Uttar Pradesh lost about 35 per cent of the wheat crop, sowed in his two-hectare 

field and the reason was the heat wave. The quality of the harvest was not that good either. (Courtesy: The 

Economic Times, 28 Aug, 22) 

Another farmer Rishi, from Pilakhana village of western Uttar Pradesh, said he has decided to grow crops 

with shorter harvesting season like peas and maize alongside wheat so as to not be completely dependent 

on just one crop. This clearly shows how unpredictable weather causing economic & labour loss to the 

farmers. 

Sugarcane growers of western Uttar Pradesh are worried due to less rainfall in the region. As less rainfall 

will affect the quality of sugarcane. We all are aware the farmers of western region rely on sugarcane. 

There was normal rainfall (80 per to 120 per cent) in Firozabad, Etah, Hathras, Lakhimpur Kheri, Auraiya, 

Chitrakoot, Pratapgarh, Varanasi and Hapur districts. Mathura, Balrampur, Lalitpur, Etawah, Bhadohi, 

Ambedkar Nagar, Muzaffarnagar, Ghazipur, Kannauj, Jalaun, Meerut, Sambhal, Sonbhadra, Lucknow, 

Saharanpur and Mirzapur received less than normal rainfall (60 per cent to 80 per cent). Thirty districts 

have received 40-60 per cent rainfall and 19 districts have got less than 40 per cent rain. Referring to these 

49 districts, the chief minister said in a statement, "The sowing of kharif crops has been affected and we 

need to be ready for all circumstances." (Courtesy: Outlook) 
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Hon'ble CM directed the agriculture, irrigation, revenue, relief and related departments to stay in alert 

mode, the Uttar Pradesh government said in a statement. The state has recorded 191.8 mm rain till July 

end as compared to 353.65 mm in 2021 and 349.85 mm in 2020 for the corresponding period. 

Conclusion 
India depends on satellite data and computer models for weather forecasting. It's high time for Indian 

Meteorological Department to adopt new and advanced strategies, which results in better & precise 

forecasting. So that farmers like Rishi & Ali can plan accordingly. Though the National Monsoon Mission 

(NMM) was initiated in 2012 with a budgetary allocation of Rs 551 crores and the broad objective to set up 

a dynamical prediction system for seasonal forecast and to improve the monsoon forecasting skills in the 

country. Irrigation system needs to be strengthened & improved along with proper dissemination system 

between scientists & farmers. 
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Introduction 
Prosopis gum commonly known as mesquite gum is an exudate from Prosopis Juliflora tree, which belongs 

to family Leguminosae, sub- family (mimosoidae). It is a large shrub to a small evergreen tree. The bark of 

the tree exudes gum in the form of nearly smooth light yellowish brown more or less opaque translucent 

tears (Fig1.). The wood of P. juliflora is found to have strong screw and nail holding resistance, considerably 

stronger than that of teak (Tectonagrandis), particularly when dry. The wood of P. juliflora is soluble to 

varying degrees in water, sodium hydroxide, alcohol and benzene, which means that it can be successfully 

pulped for the production of writing and printing papers, textile fibers, tyre cord or cellophane (Madan & 

Tandon, 1991). The pods of Prosopis juliflora are sweet and succulent and they have high nutritive value. 

The fodder value of the prosopis pods is roughly comparable to that of barley or corn. Pods are used for 

making bread, syrup, coffee, cocktails, refreshments, alua, brandy, flour and other products including 

algarobina a beverage highly appreciated in Peru and said to have strengthening and aphrodisiac effects 

as they have great calcium, thiamine and riboflavin content (Habit & Saavedra, 1986). The fruit is used in 

the production of ethyl alcohol. Tea made from P. juliflora pods is considered good for digestive disturbances 

and skin lesions. 

 
Fig.1. Physical appearance of Prosopis gum 

Uses of Prosopis Gum 
The gum is commonly used in confectionery and in mending pottery. The gum is used as an adulterant and 

substitute of gum Arabic and proves to be an excellent source of sugar (Tewari et al.,2013). Chemically, the 

gum is similar to gum arabic which makes it a competent substitute of gum arabic for various applications. 

Viscosity values of prosopis gum solution are somewhat lower than gum arabic which opens door for its 

application as dietary fiber in various food products which is an untouched territory. The gum has several 

functional properties which makes it a functional hydrocolloid. 

It has appreciable emulsifying and encapsulation capacity for various food components. The gum can act 

as emulsifier as it not only helps in the preparation of emulsion but also provides stability to the emulsions 

(oil-in-water). Prosopis gum is better emulsion stabilizer as compared to arabic gum even at low 

concentration as it provides more stability and lower mean size of oil-droplets [Acedo-Carrillo J.I. et al., 

2006]. This is due to the higher protein content of mesquite gum as compared to arabic gum. Another 

application of prosopis gum is its use as drying aid in foam mat drying of fruits. It is also a potential film 

forming agent and used for extending shelf life of fruits. In pharmaceutical industry, it is used as tablet 

binder and stabilizer in suspensions. All these functional properties and applications of Prosopis gum 

suggest that it is an underutilized functional gum which need proper attention and maximum exploitation 

[Beristain C.I. et al., 1996]. 
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Introduction 
The thermal imagery has considerable potential in future, due to its high sensitivity as a sensor technology 

for agricultural precision. Pulses are a low-fat source of protein, with a high fibre content and low glycemic 

index, Pulses can be infected by a wide range of viruses, many of which are transmitted by insect vectors. 

Currently, virus diseases are more prevalent in the Greengram and blackgram in Tamil Nadu, Traditional 

molecular methods, including serological and nucleic acid approaches have been used to establish virus 

diagnosis. In field conditions the virus infected plants showing different type of symptoms due to virus 

severity. To measures the virus severity physiological parameters of plants could be measured by Infra-red 

thermometer in a non-destructive way and without direct contact with the plant. Thermal imaging 

Operates by emitting infrared irradiation in all materials. 

The method, therefore, uses radiation to create an image of the thermal distribution of the body surface. 

This approach is useful for all areas where the difference in temperature helps in the area/object analyses. 

Throughout plant-pathogenic infection, diseased tissue's physiological conditions, such as transpiration 

transformation, photosynthesis, salicylic acid (SA), stomatal conductivity and even death of the cell, are 

affected. it is necessary to analyse disease and symptoms, the severity and other relevant information. The 

surface temperature of any object can be mapped to a high resolution by using this method. Nevertheless, 

several variables, such as heat, wind, fog, and rain, affect the efficiency of the thermal imaging system 

when measuring outdoor surface temperature. 

Experiments have been carried out to track differences in leaf temperature of both infected and healthy 

leaves by using infrared irradiation. The radiation emissions from an object depend on its temperature and 

emissivity. This approach is useful for all plants where the thermal differences are well correlated with 

disease severity. The invisible radiation pattern on the plant leaves is turned into visible images through 

the method of thermal remote sensing. (Kalaji et al., 2017) These machine vision and remote sensing 

technology are utilized for plant disease detection and identification also which provide the right set of 

circumstances for better reliability, precision, and consistency in determining plant diseases. 

Leaf temperature measured by Infrared thermometer sensors: 

Virus 

Diseases 

Disease 

severity 

Max Temp 

(C) 

Mini Temp 

(C) 

Average Temp (C) Increasing 

Temp (C) 

Grade -1 0 27.5 27.1 27.3 0.0 

Grade -2 0.1-5% 27.8 27.2 27.5 0.3 

Grade-3 5.1-10% 27.9 26.3 27.1 0.1 

Grade-4 10.1-15% 28.5 27.6 28.05 0.6 

Grade-5 15.1-20% 29.4 28.1 28.75 0.9 

Grade-6 20.1-30% 29.7 28.2 28.95 0.5 

Grade-7 30.1-50% 30.8 29.1 29.95 1.3 

Grade-8 50.1-75% 30.8 28.2 29.50 1.0 

Grade-9 >75% 31.8 29.3 30.55 - 
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The early detection of wheat stripe rust is achievable by infrared thermal imaging, which is a trusted tool 

for fast and non-disruptive detection of wheat stripe rust. This study is, therefore, of significant importance 

for the early diagnosis and monitoring of plant diseases.  

A temperature increase caused by Tobacco mosaic virus (TMV) or Potato virus Y(PVY) infection can be 

detected in pre-symptomatic leaves by thermal imaging (Spoustova et al, 2013 and Lenk et al 2007) 

Oerke et al (2007) studied the changes in metabolic processes and transpiration rate within cucumber 

leaves following infection by Pseudoperonospora cubensis (downy mildew) and showed that healthy and 

infected leaves can be discriminated even before symptoms appeared. 

The maximum temperature difference (MTD) was found to be related to the severity of infection and could 

be used for the discrimination of healthy leaves or those with downy mildew. Virus diseases caused by co-

infection with Sweet potato feathery mottle virus (SPFMV) and Sweetpotato chlorotic stunt virus (SPCSV) 

are a severe problem in the production of sweetpotato (Ipomoea batatasL.). Traditional quantifed 

photosynthetic performance from chlorophyll fuorescence (ChlF) imaging and leaf thermography from 

thermal infrared (TIR) imaging among sweetpotatoes. Moreover, the diferences among diferent treatments 

observed from ChlF and TIR imaging were related to virus accumulation and distribution in sweetpotato. 

These fndings were further validated at the molecular level by related gene expression in both 

photosynthesis and carbon fxation pathways (Wang et al.,2019). 

Advantage 
Temperature is surely the most frequently measured physical quantity. There are various options available 

for measuring temperature using infrared light. In addition to traditional thermometers, pyrometers (also 

known as laser thermometers or IR thermometers) are also proven instruments for measuring 

temperature. 

1. An instrument for the fast, non-contact measurement of the surface temperature. 

2. Easy temperature measurement, even with dynamic processes or in locations that are difficult to access. 

3. Reliable temperature measurement with cost-effective technology. 

The early detection of wheat stripe rust is achievable by infrared thermal imaging emissions from an object 

depend on its temperature and emissivity. 
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There is growing evidence that the climate change impacts are experienced differently by men and women 

and are thus not gender neutral (WMO,2019). Moreover, the social factors like economic status, age, farm 

size; marital status and health and disability condition also define the vulnerability to climate change 

impacts. The culturally defined roles of men and women on farm and at home also influence the extent of 

burdens faced by women due to climate induced risks and disasters. Increased workloads and time poverty 

of women has been reported as a result of scarce water and fuel resources during disasters. There is an 

urgent need therefore to design gender targeted climate information services and products as a part of 

gender responsive and inclusive climate change adaptation policies and programs. 

The main aim of climate information services and products in agriculture is to provide advice to the farmers 

on changing climate scenario, the probable impacts, management practices and technologies to reduce the 

risks and optimise production from crops, livestock, and fisheries and improve their livelihood. Moreover, 

this information has to be tailored to local needs and resources. The farmers need inputs and services and 

guidance from service providers, agricultural institutions, government and community-based organizations 

to make practical, feasible and relevant decisions. In order for the climate information services and 

products to be used by the community the service providers need to take into account the local perceptions, 

knowledge base, resource endowments and extent of vulnerability, gender concerns and locally adaptable 

dissemination strategies. The following points of action may be considered to design climate smart 

information services and products. 

Needs Assessment to Design Climate Information Services 
To assess the climate information needs the service providers can organize site surveys and focus group 

meetings to understand the needs of end-users. Care is to be taken to make the need assessments an 

inclusive one by involving, farm owners, farm wage workers, crop, livestock, fisheries and all sectors of 

agriculture, gender disaggregated need assessment is also very important to design climate services and 

products to reach and benefit the entire local community. 

Capacity Development for Dissemination of Climate Information Services 
Capacity development and training of provincial, district and communal level authorities based on need 

identification will help in dissemination of response alternatives, possible impact of climate change to 

farmers. This will help in producing local level advisories for farmers. Use of climate information depends 

to a large extent on effective communication form providers to users and the lateral seepage among end 

users.  

The Farmer-Field Schools (FFS) can serve as an interface for farmer- to- farmer learning. A close synergy 

between the departments of Hydrology and Meteorology and the Department of Agriculture at the district, 

province and federal level will aid in identifying climate services and products based on local climatic 

conditions. 

Equity in Access to Climate Information Services 
Equitable access to climate services and products irrespective of farm size, educational level, ethnicity, 

location and gender is to be ensured to adopt the risk reducing plans for livelihood security of farmers. 

Bridging the Digital Divide 
The use of climate services and products by farmers is greatly influenced by the digital divide owing to the 

inequity in access, affordability, content and localised needs. The constraints to be addressed are 
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applicability of climate information tailored to the farm size, resource base and the ability to absorb the 

risk of an incorrect forecast. Hansen et.al.,2011 describe the features of seasonal forecast that can influence 

actions by users to be, credible (technically sound and from authority) relevant to decision makers and be 

in the interest of the users. The use of seasonal forecast information by 30 to 80 percent of the farmers to 

make adaptations in time of planting, choice of crop variety has been reported by Hansen et.al, 2011. 

Increase the Involvement of Women in Weather and Climate Services 
Gender based differences exist in the access, use, application and benefits from climate services. 

Empowering women to use weather and climate services effectively in agriculture is essential to achieving 

a world without hunger. Therefore, there is an urgent need to provide women with equitable access to 

weather and climate services to improve productivity on their farms. 

The following action points may be considered while designing climate services and products for women 

farmers (WMO 2015). 

Recommended Actions 
1. Training of women farmers to access and apply the seasonal weather forecasts for adapting the farming 

practices is very important  

2. Women farmers also need to be trained to record at each stage of crop cycle the success of application of 

climate information to farming practices. 

3. Motivate women farmers to share the success stories which would help in modifying, updating climate 

information services and other meteorological services 

4. Training programs may reserve a certain percentage of seats for women farmers 

5. Identify the gender-specific needs for weather and climate information and include them in design and 

development of climate products. 

6. Elicit women farmers’ feedback of training programs on weather and climate services to assess their 

need fulfilment. 

Dissemination of Gender-Sensitive Weather and Climate Services 
1. Women’s literacy status is low in many developing countries and therefore communication tools may be 

pictorial than textual 

2. Agriculture is characterized by gender differentiated roles hence climate services may target women 

specific to their role in the particular crop 

3. Use of local social gatherings and informal networks are to be explored for dissemination of climate 

information and services 

4. Gender sensitive tools and participatory methodologies may be employed to collect, record and analyse 

local weather and climatic conditions 

5. The existing networks of SHGs, Cooperatives, FPOs and Government and Non-government agencies 

need to be utilised for the dissemination of climate information services and products 

6. Delivery of climate information services has to take into account several factors of choice of channels, 

content treatment, delivery models, feedback mechanisms and customised dissemination models to reach 

women farmers. 

Delivery of Climate Information Services 
1. Multiple channels for delivery of climate information which are adapted to users’ needs and resources 

are to be used, viz. community radio, commercial media, smart phones, womens’ collectives and religious 

leaders. 

2. Take into account the literacy levels, cultural factors, mobility and access to safe public spaces, time of 

crop season to schedule training and awareness generation sessions for women farmers  

3. Programs on disaster preparedness should form a regular feature in radio and television and not as a 

disaster after math correction action 

4. Feedback of women farmers on utility and appropriateness of climate information and services delivery 

is essential. 
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Treatment of Messages 
1. Design climate information messages that are clear, simple, tailored to the user level and accessible to 

both men and women in the community 

2. Use communication methods and simple message templates for early warning and disaster preparedness 

based on standard operating procedures 

3. Messages in local dialects and local language may have more acceptability and adoptability regular, time 

bound and also seasonal climate information services are needed for the vulnerable communities. 

Framework for Gendered Climate Information Services 
Understanding the climate information needs at the micro level of the individual, as differentiated by 

gender and other socio-personal factors of economic status, age and education is important(figure1). It aids 

in the design of content, treatment and delivery of messages to reach the intended men and women for 

them to act upon the information to build their adaptive capacities. A similar framework for gender and 

inter-sectionality research for environmental issues has been proposed by Fletcher (2018). 

Figure 1. Gendered climate information services: 

 
Micro Level 

References 
1. Fletcher, Amber J. 2018. “More than Women and Men: A Framework for Gender and Intersectionality Research on 

Environmental Crisis and Conflict.” Pp. 35–58 in Water Security Across the Gender Divide, Water Security in a New World, 

edited by C. Fröhlich, G. Gioli, R. Cremades, and H. Myrttinen. Cham: Springer International Publishing. 

(https://link.springer.com/chapter/10.1007/978-3-319-64046-4_3). 



 

 
Volume 04 - Issue 10 - October 2022       113 | P a g e  
 

2. James W. Hansen, Simon J. Mason, Liqiang Sun and Arame Tall,2011 Review of seasonal climate forecasting for agriculture 

in Sub-Saharan Africa Expl Agric. (2011), volume 47 (2), pp. 205–240 C Cambridge University Press 2011 

doi:10.1017/S0014479710000876113 

3. World Meteorological Organization, 2015 Conference report - Conference on the Gender Dimensions of Weather and Climate 

Services WMO-No. 1148 

4. library.wmo.int/index.php?lvl=notice_display&id=16904#.Yw3Wl1xBzio 

5. World Meteorological Organization, 2019 Gendered Impacts of Weather and Climate: Evidence from Asia, Pacific and Africa 

Capstone Project Research Report  

6. https://library.wmo.int/doc_num.php?explnum_id=10106. 

  



 

 
Volume 04 - Issue 10 - October 2022       114 | P a g e  
 

Amelioration of Saline Soils 
Article ID: 38242 

M. Parimala Kumar.1, K. Mamatha.1, K. Sridhar.1, N. Nalini1, A. Mamatha.1 
1PJTSAU, Rajendranagar, Hyderabad-500030. 

 

 

Soils having electrical conductivity (EC) of the saturation extract of more than 4 dS m−1 and the 

exchangeable sodium percentage (ESP) less than 15 and the pH less than 8.5. Saline soils are often 

recognized by the presence of white crusts of salts on the surface. The important soluble salts in these soils 

are cations sodium, calcium, magnesium with low amounts of potassium and anions, chloride, sulphate and 

sometimes nitrates. Owing to the presence of excess salts and the absence of significant amounts of 

exchangeable sodium, saline soils generally are flocculated and as a consequence, the permeability is equal 

to or higher than that of similar non-saline soils. 

Types of Soil Salinity 
1. Natural or Primary Salinity: Salinity primarily results from the accumulation of salts over a long 

period of time, in the soil or groundwater, which is generally caused by two natural processes: 

a. Weathering of parent materials breaks down rocks and releases soluble salts of various types, 

mainly chlorides of sodium, calcium and magnesium and, to a lesser extent, sulphates and 

carbonates. With sodium chloride as the predominant soluble salt. 

b. The deposition of oceanic salt carried in wind and rain forms the second cause. 

c. Rainwater contains from 6 to 50 mg kg−1 of salt, the concentration of salts decreasing with 

distance from the coast to the inland areas. 

d. The amount of salt stored in the soil varies with the soil type, being low for sandy soils and high 

for soils containing a high percentage of clay minerals. It also varies inversely with average annual 

rainfall. (Arora, S.  2017). 

2. Secondary or Human-Induced Salinity: Salinity occurs through natural or human-induced processes 

that result in the accumulation of dissolved salts in the soil water to an extent that inhibits plant growth. 

Secondary salinization results from human activities (anthropogenic) that change the hydrologic balance 

of the soil between water applied (irrigation or rainfall) and water used by crops (transpiration). The 

important causes for secondary salinization are the following: 

a. Land clearing and the replacement of perennial vegetation with annual crops 

b. Use of salt-rich irrigation water 

c. Lands having insufficient drainage. 

Sources and Causes of Accumulation of Salts 
The main causes of salt accumulation include: 

a. Capillary rise from subsoil salt beds or from shallow brackish groundwater 

b. Indiscriminate use of irrigation waters of different qualities 

c. Weathering of rocks and the salts brought down from the upstream to the plains by rivers and 

subsequent deposition along with alluvial materials  

d. Ingress of seawater along the coast 

e. Salt-laden sand blown by sea winds 

f. Lack of natural leaching due to the topographical situation, especially in arid and semiarid 

conditions. 

Detrimental Effects of Salinity on Crop Growth 
Excess salinity affects soils in three ways. 

1. Decreased water availability to plants: This is because the osmotic pressure of the soil solution increases 

with the increase in salt concentration and the plants are unable to extract water readily from the soil. 
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2. High concentration and excessive absorption of an ion may prove toxic to plants. For example, chloride, 

which at moderate concentration is harmless to most crops, may become toxic at higher concentrations to 

some crops like citrus and grapes.  

3. Preferential absorption of one ion may also retard by competition of the absorption of other essential 

plant nutrients. It is believed that the adverse effects of salinity are due to cumulative effects of all these 

factors although one might dominate over the others in each case. 

Crop  Potential yield 

under normal 

conditions (q/ha) 

Yield under saline 

Conditions (q/ha) 

Salinity 

Range (dS m-1) 

Rice  75 – 87 25 – 40 20 – 60 

Sugarcane  80 – 120 35 – 60 5 – 6 

Cotton  25 – 30 15 – 20 8 – 10 

Sunflower  25 – 30 8 – 10 8 – 10 

Maize  50 – 60 20 – 25 6 – 8 

Alleviation of Saline Soil 
1. Mechanical method: 

a. Flooding and leaching down of the soluble salts 

b. Scraping of the surface soils. 

Leaching requirement: The leaching fraction is the amount of extra irrigation water that must be 

applied above the amount required by the crop in order to maintain an acceptable root zone salinity 

depending on the salinity of the water it is being irrigated with. 

Leaching –In order to reduce the salts in the root zone to an acceptable level before cultivation, drainage is 

an essential prerequisite. Nevertheless, it is not the end in itself for reclaiming waterlogged saline soils. 

The only reasonable way to accomplish the leaching of salts in medium-textured soil is by applying 

adequate quantities of water on the soil surface, such that excess salts presented in the root zone are 

dissolved and transported below the root zone with percolating water. But the main factor in initiating the 

process of leaching is the availability of fresh water. If water is not a problem, the leaching should be done 

at the deepest water table level. Lowering of the water table also facilitates leaching. In monsoon climatic 

conditions, leaching should be completed during the last week of June so that monsoon rain is able to 

further leach the soil as the rainwater is devoid of salts. In addition, rainwater may also be acidic because 

nitrogen and sulphur gases may be dissolved in it while falling through the atmosphere. This rainwater is 

best for leaching. As far as possible good quality water should be used for leaching. The amount of water 

required to leach down the salts depends upon the amount and type of salts in the soil, soil texture, level 

of salts desired in the root zone (depends on the crop to be grown) and depth of reclamation. The leaching 

requirement of the soil varies with the texture of the soil as found by CSSRI. However, the leaching of salts 

from the root zone may increase the salt content of the groundwater. The choice of leaching salts from the 

root zone can create another problem and therefore may not be a generally accepted practice. 

2. Cultural method: 

a. Ploughing and leveling of the land  

b. Use of organic manures 

c. Plating or sowing of seed in the furrow 

d. Effective use of salt-free irrigation water 

e. Use of acidic fertilizer ex. Ammonium sulphate  

f. Providing proper drainage (lateral and main drainage channels of 60 cm deep and 45 cm wide and 

leaching of salts could reclaim the soils) 

g. Retardation of water evaporation from soil surface. 

Growing of salt tolerance crops: 

Plant species  Threshold salinity (dS m-1)  Plant species  Threshold salinity(dS m-1)  

Field crops  
 

Vegetables  
 

Cotton  7.7  Tomato  2.5  

Sugarbeet  7.0  Cabbage  1.8  
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Sorghum  6.8  Potato  1.7  

Wheat  6.0  Onion  1.2  

Soybean  5.0  Carrot  1.0  

Groundnut  3.2  Fruits  
 

Rice  3.0  Citrus  1.7  

Maize  1.7  -  -  

Sugarcane  1.7  -  -  

3. Biological management: 

a. Use of organic materials like FYM (5 -7 t ha-1) 

b. Pressmud application 

c. Incorporation of crop residues 

d. Use of green manuring crops. 
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Abstract 
Tomato is universally treated as a protective food. It is considered ‘Poor man’s Orange’ in India and Love 

of Apple in England. Tomato is one of the important vegetable crops grown throughout the world. The 

leading growing countries in the world are the USA, several European countries, Japan and China. India 

is the 2nd largest producer of tomatoes in the world whose share in the world market is 11.5 % followed by 

China. In India it is cultivated in open field as well as in greenhouse conditions. Tomato cultivation is 

affected by various infestations of pests and diseases, but it is largely affected by various abiotic factors. 

Quality of tomato fruit is lowered due to physiological disorders resulting in lowered production and market 

value. The major physiological disorders which are affecting the crop are fruit cracking, blossom end rot, 

blotchy ripening, puffiness or pocket, cat face, sunscald, golden flake, etc. The purpose of this article is to 

know about non-parasitic disorders affecting the crop and the measures to be followed to control them. So, 

this article will help the growers with various physical disorders which are affecting the crop and remedial 

measures to be followed to grow a healthy crop. 

Introduction 
Tomato, botanically known as Solanum lycopersicum belongs to solanaceae family. It is known as poor man 

orange. The fruit of tomato is known as berry. It is rich source of vitamins and minerals. Most tomato 

varieties vary in soluble solids from 4.5-7% and seed contain 24% oil. Tomato is the richest source of 

lycopene among all fruits and vegetables. Lycopene is being called the world’s most powerful antioxidant. 

It is largest vegetable crop after potato and sweet potato in the world. It is used for Salad, Soup, Ketchup, 

Puree, Juice, Sauce, Sauces Powder and many other ways. Tomato is cultivating in area of about 0.81 

million hectares with the production of 20.51 million metric tonnes (Horticultural statistics, NHB, 2018-

19). 

Physiological Disorders: 
1. Fruit Cracking: Cracking on the surface of the fruit at the stem end is a common occurrence. It is seen 

mostly in fully ripe fruit than in mature green or breaker stage. Two types of cracking occur in tomato fruit 

(Radial and Concentric cracking). Concentric cracking is a splitting of the epidermis in circular patterns 

around the stem scar. Fruits exposed to sun develop more concentric cracking than those, which are covered 

with foliage. Radial cracking is a splitting that radiates toward the blossom end from the stem scar. Radial 

cracking is more likely to develop in full ripe fruit. Sometimes, Sudden water availability causes rapid fruit 

expansion leading to fruit cracking. Cracking of tomatoes also depends on the species of tomato. 

Causes: Fruit cracking is mainly caused by boron deficiency. Boron deficiency occurs mainly in calcareous 

soils. Generally, it is related to the rapid uptake of water by the fruit, after rain or heavy irrigation. Fruit 

cracking of tomatoes also depends on the species of tomato because of genotypic differences. Fruits that are 

constantly exposed to sunlight are more prone to cracking. 
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Control: Cracking is associated with the Boron deficiency, it can be minimised by Soil application of Borax 

@ 15-20 kg/ha and also Spraying of borax 0.25%, 2-3 times during fruiting stage to ripening stage. Cracking 

could be minimized by planting varities tolerant to cracking, proper water management, practicing good 

nutritional program to prevent overly succulent plants, and preventing defoliation due to foliar diseases to 

limit fruit exposure. 

2. Blossom end rot (BER): Blossom end rot (BER) that can appear on tomato fruits at any time in their 

development, but most commonly appears when fruits are one-third to one-half grown. The initial 

symptoms are water-soaked spots on the blossom end of the fruit. These spots later enlarge and become 

black. Secondary infection by other decay causing organisms usually follows. The cause of this disorder is 

considered to be calcium deficiency in the developing fruit. 

Causes: Blossom end rot (BER) is not caused by any single factor but a combination of one or more factors 

intensifying the effect, it includes high salinity high MgSO4, NH4or K concentration. BER is mostly caused 

by a calcium deficiency, usually induced by fluctuations in a plant’s water supply. Because calcium is not 

a “mobile” element in plants, Extreme changes in the water, root pruning and excessive nitrogen 

fertilization can also result in BER. 

 

Control: It can be managed by proper fertilization, water management, and planting cultivars tolerant to 

blossom-end rot. Misting or fogging inside the greenhouse reduces the incidence. Soil testing is 

recommended to determine if there is a shortage of calcium. Liming with high-calcium limestone, 2-4 

months before planting can alleviate blossom-end rot. If calcium deficiency occurs, foliar spray of anhydrous 

calcium chloride may be helpful. Foliar spray of CaCl2 solution 0.5%@time of fruit developed proves to be 

an effective control. 

3. Blotchy ripening: This disorder also known as the 'grey wall' or ‘Yellow shoulder’ is recognized as a 

grayish appearance caused by the partial collapse of the wall tissue. In the affected parts of the disorder, 

the fruit surface remains green, yellow, or orange and does not ripen. ‘Yellow shoulder’ is the word used 

when discoloration occurs on the “shoulders” of the fruit, surrounding the stem. Usually, this is found 

nearly at the stem end of the tomato fruit. 
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Causes: Severe cases of macular ripening but most occur due to potassium deficiency. These factors include 

waterlogged, compacted soils, above optimal nitrogen application rates, excessive application of potassium 

competitors, and environmental conditions. Poor handling of pruning is also related as it disturbs the 

normal filling of the fruits. 

 

Control: The use of a balanced fertilizer dose (after soil testing) in the crop prevents the occurrence of 

blotchy ripening. Adjust the planting date to achieve favorable light intensity for good fruit development. 

4. Puffiness or Pocket: In this disorder outer wall of the fruit is normal, but the tomato is hollow inside. 

When cut, cavities may be present that lack the normal "gel" and the fruit as a whole isn't as dense.  One 

of the seed cavities is usually empty. 

Causes: Extreme high or low temperatures, excessive nitrogen, fertilization, and heavy rains may interfere 

with normal pollination, resulting in puffy fruit. Puffiness occurs most frequently on early fruit. Similar to 

growth cracking, high nitrogen and low potassium can also lead to puffiness. Some tomato cultivars are 

more susceptible to this disorder than others. 

 

Control: It should decline later in the summer. An optimum dosage of fertilizers should be applied to 

minimize the disorder. 

5. Cat Face: This disorder is most often seen in early fruit formation. Cat-faced tomatoes are misshapen, 

with enlarged markings and holes at the flowering end of the fruit. Cold weather at the time of bloom 

deforms and kills some of the cells that should develop into the fruit, resulting in malformations like cracks. 

These cracks may be radial or concentric; rot may set in at the cracks, or the cracks may heal over with 

corky, brown tissue. Heirloom tomato varieties, especially those that produce very large fruit, are 

particularly susceptible to catfacing and growth cracks. 

Causes: The disorder occurs when weather conditions interfere with proper pollination and fruit 

development. Cold weather (below 50°F) and hot weather (above 85°F) can both cause catfacing. Dramatic 

fluctuations in soil moisture can also cause tomatoes to develop cracks in the stem end of the fruit. 

Control: Cat-face can be controlled by planting resistance species. Heating in greenhouse to avoid low 

temperature can also reduce cat-facing. 
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6. Sunscald:  Green fruits exposed to direct sunlight ripen unevenly. The initial symptom is a whitish, 

shiny area that appears blistered. The killed, bleached tissues gradually collapse, forming a slightly sunken 

area that may become pale yellowish and wrinkled as the fruit ripens. The killed tissue is quickly invaded 

by secondary organisms and the fruit decays. 

Causes: Sunscald is caused due to high temperatures and high light intensities, high fruit pericarp 

temperature 40C In bright sunlight, surface temperature may be more than 10C highest than the air 

temperature. 

 

Control: Sunscald can be managed by careful pruning and harvesting, good foliar disease control. The best 

protection against sunscald is to utilize cultivars with enough foliage to cover the fruit and to provide 

enough water and pest protection to maintain the healthy foliage. Crop planted at higher densities are less 

susceptible to this malady. Cultivation of indeterminate /semi-determinate varieties without staking also 

could be helpful. 

7. Gold Fleck or Gold Speck: Gold speck or flecks are often observed around the calyx and should of 

mature fruit particularly in a summer season. In green fruit, the speck is white and less abundant. The 

specks decrease the attractiveness of the fruit and significantly shorten its shelf life. Cells containing a 

granular mass of tiny calcium salt crystals, probably calcium oxalate appears as a golden color. 

 

Causes: These specks are considered to be symptoms of excess calcium in the fruit. Increasing the P level 

also increased calcium uptake rate and increased speckling. As temperature increases during the growing 

season, the incidence of gold spot also increases particularly when average temperatures are higher than 

usual. 
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Control: Cultivars resistant to BER tend to be more susceptible to gold spots. Increasing the electrical 

conductivity of the nutrient solution reduced the gold speck incidence. 
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Introduction 
North Bank Plain Zone – A Profile: North Bank Plain Zone (NBPZ) is located in the northern bank of 

the mighty river Brahmaputra. It is one of the six agro-climatic zones of Assam comprising of 5 districts 

viz. Darrang, Udalguri, Sonitpur, Lakhimpur and Dhemaji. This zone is situated between 91o22/E to 

95o20/E longitude and 26o41/N to 27o48/N latitude. The total geographical area of the zone is 1,41,1401 ha 

which is 18% of the total area of Assam. Hot and wet summer and dry and cool winter is prevelant. The 

temperature of 24o to 35oC having relative humidity of 45-99% and annual rainfall of 2843 mm per annum. 

Soil Status of Lakhimpur 
Strongly acid (5.1-5.5) and medium acid (5.6-6.0) soils followed by very strongly acid (4.5-5) soil reaction is 

found. Medium soil organic carbon of 37.18 % is found in the district. Major parts of the district comprised 

medium status of available nitrogen (64.46%) followed by low (25.26%), very low (9.22%) and high (1.06%). 

The available phosphorus covering 48.70 per cent soils followed by low (35.93%), very low (14.41%) and 

high (0.96%). Medium available potassium was also predominant in the soil of the district covering 42.07% 

area followed by low (26.8%), very low (11.14%), high (10.57%) and very high (9.41%) status of available 

potassium. Medium sulphur was also predominant in the district covering 45.55 % followed by high 

(31.99%), very high (13.74%), low (8.45%). 

Effect of Flooding on Plant-Available Nutrients 
The level of plant available nutrients in the soil is significantly affected and changed by flooding:  

1. Soil that is lost with erosion takes away important available nutrients and organic matter which is 

required by the plant. 

2. The amount of nitrogen, phosphorus, potassium and silicon in soil is increased with sediments deposition 

from floods. 

3. Nitrate-nitrogen and potassium which are water soluble are leached down the rooting depth into 

groundwater. 

4. Through denitrification process nitrogen is converted to gaseous forms in water saturated soils and lost 

to the atmosphere. 

5. Available phosphorus can be reduced due to flooding due to decreasing the population of microbes which 

enhances phosphorus availability. 

Effect of Flooding on Soil Chemical Changes 
Soil chemical changes are observed in case of flooding on acid soils. If the flood retains for longer period in 

case of acid soils, the more alkaline they become up to neutrality (pH 7.0) and increase in phosphorus 

availability. In a study conducted by (Kaur 2016), soil surface pH increased from 5.6 to 6.1 after 3 days of 

waterlogging, then decreased to 5.9 on 7 days of waterlogging. Oxygen starts to deplete with time in case 

of flooded soils and losing of nitrogen is a biggest problem. The larger pores become saturated which reduces 

the movement of oxygen and carbon dioxide in and out of the soil and also the process of nitrification. The 

denitrification process increases, and gaseous losses of nitrogen occurs. This is a negative in agricultural 

soils is equally an economic loss. 
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Losses of Other Nutrients from the Soil 
Nitrogen losses occur by leaching below the root zone on sandy soils and by denitrification losses on clay 

soils. Nitrogen in the nitrate form is subjected to loss and that depends on soil temperature and duration 

of time which the soil remains saturated. Unger, Motavalli and Muzika (2009) found that flooding 

decreased nitrate form under 5 weeks of flooding treatment as compared to 3 weeks flowing and control 

treatment. Ammonium form of nitrogen will not be affected. 

Increased levels of soil P can be observed with repeated flooding. Wet soils reduce the crop growth and 

availability of soil P which increases the response of crop to P fertilizer. Similar it is observed in case of 

potassium.  

Sulphate-S is susceptible to leaching but less as compared with nitrate-N in sandy soils. It is because it 

combines with soil calcium that forms less soluble gypsum in many soils. Bacteria use the sulphate S to 

oxidize carbohydrates and produces hydrogen sulphide gas (H2S) in prolonged flooding conditions, such as 

in marshes. 

Micronutrients gets also influenced by wetness of the soil. The concentration of soluble manganese (Mn) 

increases in flooded soils that provides an antagonistic effect with Iron causing iron chlorosis. 

Measures to be Taken of Previously Flooded Soils 
1. Levelling of land and Sand Removal:  

a. Sand removal depends on the depth of accumulation. Sand of 2-4 inches deep can be incorporated 

into the soil by normal field operations.  

b. Mouldboard plough to a depth twice the sand depth should be used if sand is up to six inches 

deep. 

c. Deep tillage equipment’s should be used if sand of 8-24 inches deep, then it is advised to spread 

it to areas with less sand.  

d. Top soil from nearby fields should be used to fill the areas in case of severe erosion and deep cuts. 

2. Soil Testing: 

a. After land levelling soil testing should be conducted and soil samples should not be collected 

immediately after soils dry. 

b. Allow time for phosphorus (P) reactions to occur after soils aerate. 

c. Potassium deficiency can occur due to soil compaction. 

Improving Soil Microbial and Fungal Activity 
During flooding in soils, oxygen demand quickly exceeds the supply. Microorganisms and plant roots absorb 

oxygen shortly after flooding, leaving a depleted level of oxygen near the air – water interface, as a result 

the soil becomes anoxic withing 24 hours (Tanji et al. 2003). So, cover crops protect the soil from all types 

of erosion. It also adds organic matter to the soil and stimulates fungal and microbial activity and restores 

the population of Arbuscular mycorrhizae (AM) which are symbiotic fungi that grows in plant roots. The 

fungi penetrate through the roots and receive food (carbohydrates) from the plant and the plant will receive 

nutrients (primarily phosphorus) from the fungi. 

Soil Management After Flooding 
Soils should be tested to determine the status of nutrients, if heavy sedimentation occurs. The soil samples 

should be taken from the depth 6-8 inches from 15 locations per field representing an area of 20 acres or 

less. Deposits of sand have to be removed and mixed with the soil which is more productive beneath. 

Deposits of sand which are deeper than 4 inches on top of silty or clayey soils drastically reduces yield of 

the crops. An extension agent should be called for the following course of action: 

General Guidelines: 

a. All drainage trenches should be opened. 

b. Keep debris off fields and pastures. Carefully search for partially hidden objects that 

could hurt livestock or damage machinery and need to inspect hedgerows.  

c. Heavy farm equipment must not be run over wet soils in order to prevent soil compaction.  
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d. Soil should be tested and recommendations must be followed as the fertility level changes over a 

period of time in case of flooded soils. In case of fields deposited with silt sampling should be very 

careful as it should represent the soil mix that will exist after deposited silt is mixed with the 

original topsoil. 

Conclusion 
The prime recommendations to our fellow farmers of flooded areas are that they should improve the 

physical condition of the soil by deep ploughing and manuring or green manuring.  Application of organic 

matter should be recommended for its contribution to restore the soil structure with improved properties 

of soil aeration. 
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Summary 
Global per-capita food consumption has grown faster than the population in the last two decades due to 

income growth and changes in consumer preferences. Meanwhile, the availability and quality of land and 

water resources for agriculture are deteriorating. At an individual level, the recent consumer behaviour 

changes that spur sustainability, such as reduced meat consumption and a shift to a plant-based diet, are 

creating a new target segment now known as the ‘green consumer’. If the water footprint varies from one 

country to another, you will routinely ask if digital water is truthful and sustainable or not. If we discuss 

about the Northern industrial nations, digital water consumption is notably greater due to the abundance 

of water resources. Besides, it signifies a sturdy buying energy and the want for water-intensive products. 

It is right here that the predicament arises. For an honest digital water trade, the international most 

sustainable water footprint needs to be divided equally amongst all the nations. 

Introduction 
As a way to understand how water-scarce countries could provide food, clothing, and other water-intensive 

goods to their citizens, the concept of virtual water was developed. In order to meet the water needs of their 

citizens, countries with limited water resources are relying on the water resources of other countries. Global 

trade has enabled countries with limited water resources to rely on the water resources of other countries 

to meet their needs. The water footprint of production can then be linked to the water footprint of 

consumption. 

New, amplified perspectives on water problems can be gained from virtual water trade: It facilitates 

differentiation and balancing of different perspectives, basic conditions, and interests in the context of the 

recent shift from supply-oriented management to demand-oriented management of water resources. 

Analytically, the concept makes it possible to distinguish between global, regional, and local levels. In other 

words, if water resource problems cannot be solved locally or regionally, they must be addressed at the local 

or regional level. In this way, virtual water trade can overcome the hydro-centricity of a narrow watershed 

view. The new concept can be linked with integrated water resources management, according to the 

proceedings of a conference held in Frankfurt, Germany in 2006. 

What is the Virtual Water Trade? 
The virtual water trade is the hidden flow of water in food or other commodities that are traded from one 

country/state/continent/place to another or Virtual water trade is the import and export of ‘hidden’ water 

present in various products, such as textiles, machinery, livestock, and crops. All these require water 

inevitably for their production. Other terms used for virtual water trade are embedded or embodied water. 

Virtual water trade is now a globally relevant topic, especially when nations are struggling with the 

consequences of climate change. China, historically, has been a net importer of virtual water. On the other 

hand, India’s exports are highly water-intensive due to its large variety of agricultural exports. As a result, 

it puts water sustainability at significant risk. 

For example: When a country imports one tonne of wheat instead of producing it domestically, it is saving 

about 1,300 cubic meters of real indigenous water. If this country is water-scare, the water that is 'saved' 

can be used for other purposes. If the exporting country is water-scarce, however, it has exported 1,300 

cubic meters of virtual water since the real water used to grow the wheat will no longer be available for 
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other purposes. This has obvious strategic implications for countries that are water-constrained such as 

those found in the Southern African Development Community (SADC) area.  

John Anthony Allan (Tony Allan) coined the concept of virtual water in 1993. As a result of his concept, 

he was awarded the 2008 Stockholm Water Prize.  

China and the United States have been engaged in a trade war since 2018 primarily over hidden water or 

virtual water in products. Any agricultural commodity requires water for production, so it has a significant 

water footprint. Add to that the value of packaging, shipping, and buying and selling after production, 

which in addition provides to the hidden water cost. Speaking specially about India, it is, historically, the 

internet exporter of digital water due to its sizable agricultural exports. Similarly, about 16,000 lots of 

water are critical to produce a ton of beef. Therefore, any individual eating pork frequently is probable to 

soak up drastically extra water than anybody on a vegetarian diet. 

According to the study posted in the Groundwater for Sustainable Development for 2006-2016, India 

exported almost 26,000 million litres of digital water each and every year. The most exported merchandise 

has been rice, buffalo meat, and maize. In a nutshell, India’s internet imported digital water all through 

this duration used to be 237.21 trillion litres, whilst exported digital water was once shut to five hundred 

trillion litres. 

Now, water-rich countries like the USA have no purpose to eat extra water than required, and hence, they 

deal in exports. It is mechanically capable that the international it is exporting to enhance dependencies 

soon, thereby developing an imbalance. 

Importance of Virtual Water Trade in Agriculture 
1. Sustainable Crop Production: Virtual water exchange can critically have an effect on water 

administration practices in areas or international locations susceptible to water shortage issues. For 

instance, the Indian states of Punjab and Haryana, two of the most water-stressed zones in the country, 

reveal unsustainable patterns of water utilization for the manufacturing of water-intensive meal grains, 

and its subsequent alternate to different water-stressed or water-rich regions. A current learn about is 

additionally urging transferring the majority of rice manufacturing to central and jap states of India while 

promoting sustainable wheat cultivation alternatively in the above-mentioned rice-growing regions, to 

assist us of a mitigate the impending water crisis.  

2. A choice for inter-basin water transfers: Virtual water exchange can act as a perfect choice for inter-

basin water transfers between or inside countries. Case in point, China is thinking about numerous water 

transfer schemes from north to south. Virtual water change can additionally serve as an eco-friendly and 

greater sustainable choice for water switch schemes in South African nations. Therefore, this alternative 

can considerably have an effect on the administration of worldwide river basins, thereby influencing 

agriculture in the long run. 

3. It helps understand the significance of water and generates attention about the quantity of water used 

to develop, package, and market agricultural products. 

4. This alternate additionally paints a clear image of the impact on the water machine and avenues for 

water conservation. 

5. Virtual water alternate in reality, in reality, the idea of water footprint. It is the whole digital water 

content material of all offerings and items that a kingdom or a man or woman utilizes. 
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Abstract 
Ornamental fish industry being one of the most significant sectors having an important economic activity 

in over 125 countries is gaining importance day by day. India, as a hotspot for a variety of indigenous 

ornamental fishes through the resources existing in the Western Ghats, North-Eastern region, Andaman 

and Nicobar Islands, Lakshadweep etc., requires much attention and at the same time paves way for 

multiple research advancements in order to utilize the hidden potential of the country. In this article, we 

attempt to portray the importance and potential of an indigenous ornamental fish species of the 

Brahmaputra basin, Dario dario, popularly known as scarlet badis, red badis or gem badis. This fish has a 

significant demand in the international market but very few exporters deal with it, provided the only source 

of it is through wild catch. Therefore, this species should be considered as an important species and 

warrants various research works in order to popularize and gain economic benefits out of it. 

Introduction 
The market for ornamental fish is constantly expanding and generates a sizable amount of output for the 

world economy. The rate at which people take up aquarium keeping as a hobby is rising day by day, 

especially during the pandemic period when people were locked inside the four walls of their homes, and 

adopted aquarium fish keeping as a hobby for passing the time. Ornamental fish keeping being the second 

most popular hobby in the world after photography is gaining more attention than ever. In terms of 

ornamental fisheries, India is among the top biodiversity hotspots bestowed with extensive resources in 

the Andaman and Nicobar Islands, the North-Eastern region, and the Western Ghats. In order to maximize 

its potential and turn it into economic advantages for the nation, the so-called underutilized industry needs 

a lot of attention. The primary issue that limits the availability of data and information to curious 

individuals about such species is that indigenous fish species of India are the least researched and studied 

resources. 

Significance of Native Ornamental Fishes and their Conservation 
The upkeep of aquatic habitats is significantly improved by the presence of native or indigenous fish. The 

biological behaviour of species, which has evolved to exist in aquatic environments for generations, is 

responsible for this which helps to maintain and sustain a healthy ecosystem. The preservation of native 

fish is a part of bigger efforts to preserve the earth’s biodiversity. Both the environment and people benefit 

from the services provided by fish. They help the economy and produce food while also adding to the 

diversity of aquatic ecosystems. Native fish are vital contributors to the trophic levels of the environment 

and fill a crucial niche in the food chain system. They have a similar role in preserving the stability of the 

food web as other animals do. It is becoming more and more obvious that the fast loss of biodiversity 

demands urgent global attention (Given and Meurk, 2000). The dominance and superiority of humans in 

terms of industrialization and development, according to Huntley and Langton (1994), contribute to the 

extinction of life. Thilsted et. al. (1997) has specifically mentioned that overfishing and habitat loss and 

degradation brought on by human activities are significantly contributing to the huge decline in small 

native fish species. Therefore, the development of captive breeding methods and the ranching of captive-

bred individuals into nature can be the important approaches to conserving rare, threatened, and 

endangered fish species (Philippart, 1995). As Mahapatra and Lakra (2014) noted that only 15% of the 

supply of native ornamental fish is captive-bred, and 85% of the supply is totally dependent on wild catches, 

captive breeding is the best approach to lessen the strain on nature and conserve them before it’s too late. 
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Because they are a reliable predictor of the calibre of surrounding water, native or indigenous fish 

populations are essential to the health of aquatic ecosystems. Local fish conservation is a component of a 

larger initiative to save the biodiversity of the globe. More species diversity leads to better ecological 

advantages. Fish provide several advantages for both people and the environment. In addition to supplying 

food and bolstering economies, they broaden the richness of aquatic eco-systems. 

Given and Meurk (2000) asserted that we may increase local species richness and increase the possibility 

that our region’s contribution to global biodiversity retained by concentrating on primary indigenous 

species. Even though some native fish might not be important commercially, it is important to safeguard 

these native animals. Many native fish species are unique to a specific location, which means they can only 

be found there. Keeping native fish helps build a distinctive and dynamic environment. 

Scarlet Badis (Dario dario): The Native Ornamental Fish of the Brahmaputra Basin 
A native ornamental fish from Assam and West Bengal in India, probably also Bhutan, known by the 

common names scarlet badis, red badis or gem badis, D. dario (Hamilton, 1822), is found primarily in 

tributaries of the Brahmaputra River. The scarlet badis (D. dario), a tropical freshwater fish with beautiful 

colours and a lengthy lifespan of 3-6 years, is one of the smallest percoid teleost species (Kullander and 

Britz, 2002). This fish typically lives in locations with abundant aquatic or marginal flora, such as shallow 

clearwater rivers and streams with sand to shingle bottoms. This fish is the ideal size for a nano aquarium 

due to its diminutive size (male: 1.9-2.5 cm, female: 1.2-1.9 cm). In their homes and workplaces, people can 

simply keep a pair of them in a tiny aquarium. Males have pronounced red and light blue stripes, as well 

as white-blue borders and membranes around their fins. The blue stripes’ colour saturation, quantity, and 

breadth can all differ significantly. The prominent black stripe that runs between the scarlet badis’ eyes 

from the upper border of operculum to mouth is a distinctive characteristic of the species. Although the 

first ray of ventral fin and the margin of anal fin may be white-blue as in males, it is not as bright and 

elongate in females, and females are slightly smaller at 0.5-0.75 inch (1.5-1.8 cm) and have a gray-brown 

colour. On the flanks, some females may have tiny, bluish-iridescent patches and erratic red markings. It 

is a micro-predator that feeds on zooplanktons, such as tiny aquatic crustaceans, worms, insect larvae, and 

other zooplankton. It is sold in the aquarium industry under several scientific names, including Badis badis 

bengalensis and Badis bengalensis. 

Surprisingly, no research has been done on any part of this species, which is the main bottleneck, and the 

only source of fish is wild catch. Since this species commands a high price in the export market, where 

prices start at US$ 0.50 per number and can go as high as US$ 6, it opens the door for research 

advancements regarding various related aspects of it, particularly broodstock development and breeding. 

Eventually, the same technology can be transferred to breeders and popularize the fish among Indian 

breeders and introduce it to the international market on a larger scale once it has been developed. 

Fig 1. Scarlet badis, Dario Dario 

The International Union for Conservation of Nature (IUCN) has classified the species D. dario under Data 

Deficient (DD) category, indicating that there is a dearth of information regarding its population, 

occurrence, habitat, and other important criteria. Since this species is highly sought-after in the nano-

aquarium market, it is essential to standardize breeding procedures so that it becomes well-known in the 

aquarium fish trade, enables small-scale fish breeders to raise it and earn handsome profits, and most 

importantly, the development of breeding technology will lessen the pressure currently put on the natural 

environment since it is the only source at present. 
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Conclusion 
It is apparent that D. dario is a potential candidate species in the nation’s ornamental fish sector, which 

can unquestionably be proven to be a valuable asset to the sector. Therefore, the need of the hour is 

concerted efforts on this particular species so that advancement can be achieved with the focus on areas 

that include feeding biology, photoperiod assessment on sexual dimorphism and colouration, captive 

broodstock development and breeding, colour enhancement strategies, biotechnological intervention for 

production of different variants etc. 
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The kales may well be described as the Cendrellas of the brasicca family. Over the years they have acquired 

the reputation of being ‘stop-gap’ vegetables and lacking in flavour. The leaves and shoots of kale should 

always be gathered while still young and small; it is the large leaves that are unpalatable. 

On the credit side the kales are easy to grow and exceptionally hardy. Even a severe winter does not usually 

harm them. In addition, they are not exacting in their soil requirement and are more resistance to club root 

disease than the other brasicca. 

Types of Kale 
It is mainly divided into two groups-the curly and the plain –leaved. The curly kales are also often referred 

to as scotch kales. The dwarf form of the curly kale is of special value in open allotments or in exposed 

gardens, as it is much less subject to wind damage. Of the plain- leaved forms the best known are cottager’s 

kale and thousand –headed kale, cut the centre out of these and they will produce tender young shoots. A 

new hybrid called Pentland Brig is a cross between the curly kale and plain leaved kale and is gaining an 

excellent reputation for hardiness and heavy cropping. 

Two other types worth mentioning are Asparagus and Russian kale. The former is not quite so hardy as 

the others mentioned, while the latter is quite the opposite. This unusual plant is very hardy and has fine, 

deeply-indented eaves. Unfortunately, neither of these varieties is widely distributed, but some specialist 

seeds men still list them. 

 

There is another variety, hungry gap kale that needs rather different treatment. This is the latest and 

hardiest of all kales and picking can continue until mid-summer (June). Unlike the others it does not 

transplant well and should be grown insitu (where it is to mature). This does not present any difficulty as 

the seed need not be sown until late summer or even early autumn (July or early August). Sow the seeds 

in drills 2-3 cm deep and 45cm apart, and thin the plants to stand 30cm apart. It is a useful vegetable for 

that period in late spring when fresh vegetables are scarce. 

Soil Requirements 
Most soils will support kales as long as there is good drainage. The plants do not mind a heavy soil providing 

it is not water logging. A rich soil is not necessary and they will grow in relatively poor soils, but like most 

plants, they will give a better return if the ground is in good heart.  As they are not planted out until late 
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summer or early autumn (July or August) they make a good follow – on crop to earlier vegetables such as 

peas, early potatoes or broad beans. Where the soil was manure for the earlier crop its w be in good heart 

for the kales. If the site was not manure during winter digging, apply a general fertilizer at 70 g per sq.m. 

This will be enough to bridge the gap. 

Like most of the brassicas, kales prefer a firm soil and it is neither necessary nor advisable to dig the plot 

over when the earlier crop has been cleared. Simply prick the ground over with a fork and then rake the 

soil down again. If fertilizer has been applied, this can be pricked in at the same time. 

 

Growing from Seed 

 

Kales are quite easy to raise from seed, and the seed is relatively cheap. While plants of cabbages, 

caulifowers or Brussels sprouts can readily be found on market stalls or in garden centres during the 

planting season, it is much more difficult to kind kales. Occasionally plants of curly kale are offered, but 

for the most part the onus is on the gardener to produce his own.   

Recommended varieties: 

   
Curly kale Fine Curled kale Cottagers kale 

   
Hungry Gap kale Thousand Head kale Lacinato kale (Dinosaur 

kale) 

 
  

Red Russian kale Portugese kale Chinese kale 
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Redbor kale Pentland  Brig Savoy kale 

   
Scotch kale Siberian kale Baby kale 

  

 

Ornamental kale Dwarf Blue Vates  

Being a winter and early spring vegetable there is no point in having them ready too early. A sowing 

towards the end of spring or in early summer (late April or May) will give plants for putting out in late 

summer (July) and these will be ready for picking from late winter (January) onwards. Sow the seeds in a 

little nursery bed and, when the young plants are big enough to handle, thin them to stand 4-5 cm apart. 

This gives good strong plants for transplanting. 

Tending the Plants 
Growth is rapid at this season and the plants are soon out of danger. When transplanting, sprinkle a 

fungicide dust around each plant to help ward off club root disease and cabbage root fly. Firm the plants in 

well and water them if the weather is dry. If you move the plants when they are about 15cm high and with 

as much soil as possible on the roots, they will soon reestablish themselves. Most of the kales need 55-60cm 

of space, all round, but the dwarf curly kale will be quite happy with 45 cm. 

No special cultivation is necessary after transplanting. Simply hoe to keep down the weeds and water in 

dry periods. With the approach of winter, it helps to give the plants better anchorage if a little soil is drawn 

up around the base of each plant. In early to mid-spring (February or March) a sprinkling of nitrogenous 

fertilizer around the plants will give them a welcome boost. 

Pest and Diseases: Kale are susceptible to several pest and diseases that commonly affect Brassicas. 

Flea beetle:  Like the seedlings of all the Brassicas, kale seedlings may be attacked by the flea beetle, 

which eats holes in the tiny leaves. 

Cabbage root fly: Kales do not seem to be as sought after by this pest as other members of the Brassica 

family, when transplanting as a preventive measure.  

Club root diseases: Although not immune to club root, the kales do seem to have some resistance to this 

disease as they are not generally affected badly by it. 
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Introduction 
Foods borne diseases are caused by illnesses associated with consumption of contaminated foods.  Food 

born infection and intoxication caused by microorganisms (bacteria, fungi and viruses).  The global burden 

of infectious diarrhoea involves 3 to 5 billion cases and nearly 1.5 million deaths annually, majorly in young 

children. The integrated disease surveillance project reported food poisoning outbreaks increasing double 

in 2017 (Li et. al., 2019). In food poisoning mortality rate was low, but morbidity rate was high. In this 

chapter, we clearly reviewed the basics of food poisoning. 

Food Poisoning 
Classified into two types: 

1. Food infection 

2. Food intoxication 

Food infection Food intoxication 

Infectious disease Toxic disease (Botulism) 

Microbes itself cause disease  Microbes producing toxin cause disease  
Produce endotoxin on cell lyses Produce and release exotoxins  
Culture methods are used to identify the 

pathogenic organisms 

As they do not multiply in intestine, culture methods 

cannot be used and toxins are diagnosed  

Food Intoxication 

 

Neurotoxin Symptoms 
1. Symptoms appear within 24-48hrs. Generalized weakness, visual disturbance, thickness of speech, 

Nausea, vomiting and difficulty in swallowing, paralyzing of muscles 

2. Toxin also dilates blood vessels and hemorrhages appear in different parts of body. 

3. Death occurs in third and seventh days.  Lethal dose is 1-2 microgram. 

4. Constipation also occurs in food botulism and infant botulism. 
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Prevention: 

a. Use of approved heat processes for canned foods, boiling of suspected food 

b. Good sanitation conditions 

c. Toxin destroyed in 10min at boiling temperature, but the spores be held at 120c for 15min to be 

killed.                      

Enterotoxin symptoms: 

a. Appear in 2-6 hrs. Salivation, nausea, vomiting, abdominal cramping of varying severity and 

diarrhea. 

b. Headache, muscular cramping, sweating, chills, prostration, weak pulse, shock and shallow 

respiration. 

Prevention: 

a. The good personal hygiene of food handlers will help keeps of disease outbreak. 

b. Pasteurization. 

Introduction 
Causal organism Symptoms Prevention 

Salmonella spp. 

(Salmonellosis, Typhoid) 

 

Headache, nausea, vomiting, 

abdominal pain, diarrhea. 

Mortality is lower than 1% 

Good sanitary practices, cooking 

temperature above 70ᵒC, 

refrigeration below 5ᵒC 

Vibrio spp. (Cholera) Abdominal pain, diarrhea  Prevent by proper cooking of foods. 

Camplyobacter jejuni Watery, bloody diarrhea, fever, 

abdominal pain, nausea, 

headache and muscle pain 

Treatment with erythromycin reduces 

the infection, chlorinating the water, 

proper sanitation. 

Listeria monocytogenes Flu like illness, septicemia, 

meningitis, encephalitis and 

cervical infection in pregnant 

women. 

Good sanitary practices and proper 

cooking. 

 

 

Escherichia coli Nausea, vomiting, diarrhea. 

 

Good sanitary practices and proper 

cooking 

Yersinia enterocolitica Abdominal pain, fever and 

diarrhea 

Good sanitary practices and proper 

cooking 

Arizona hinshawii Abdominal pain, diarrhea, 

nausea, chills, headache, 

weakness, fever, last a few days 

Practice personal hygiene, cook foods 

thoroughly, pasteurized milk, good 

sanitary condition 

Streptococcus pyogenes 

(Scarlet fever, septic sore 

throat) 

 

Sore and red throat, pain in 

swallowing, tonsillitis, high 

fever, headache, nausea, 

vomiting 

Good sanitary condition, pasteurized 

milk 

Shigella spp. (Shigellosis) Abdominal cramps, fever, 

profuse diarrhea with mucous 

and blood in the excreta 

Basic food safety precautions and 

disinfection of drinking water 

Summary 
Food poisoning is an important issue, because of high morbidity and low mortality rate worldwide. Proper 

guidelines for food harvesting, processing and storage will be needed. Follow good agricultural practices 

(GAP), good hygiene practices (GHP), good manufacturing practices (GMP), Good storage practices (GSP) 

to prevent contamination. 
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Har Medh Par Ped is a submission on Agroforestry under the National Mission for Sustainable Agriculture 

(NMSA) was launched in 2016-17 to encourage tree plantation on farm land along with Agricultural Crops. 

The government is promoting this tree-based farming scheme to maximize farm returns to farmers and 

provide them with a sustainable livelihood. 

 

Objectives of Har Medh Par Ped 
1. Crop and livestock productivity 

2. Use of resource efficiency 

3. Optimize the cropping intensity 

4. Diversification towards high-value crops 

5. Improving in real prices received by farmers 

6. Convert farm to non-farm occupations. 

7. Savings of the cost of production. 

Har Medh Par Ped: Benefits 
1. Initiating market reforms via the State Governments by amending the agriculture marketing regime. 

2. Promoting contract farming through the State Governments by promulgating the Model Contract 

Farming Act. 

3. 22,000 Gramin Haats are encouraged to work as centres of aggregation and for direct purchase of 

agricultural commodities from the farmers. 

4. Introduce the eNAM initiative to provide farmers with an electronic online trading platform. 

5. Implementing the flagship scheme of distribution of Soil Health Cards to farmers so that fertilizers can 

be optimized. 

6. Introducing a “Per drop more crop” scheme under which drip/sprinkler irrigation is being encouraged for 

optimal water utilization. 

Eligibility for Har Medh Par Ped 
The money sanctioned for the Farmers will depend upon the Planting material and type of farming. Here 

is the list of the type of farming and sanctioned money for this in the table: 

Types of Farming Money Sanctioned 

Nursery Development for Production of Quality 

Planting Material (NDQPM) 

• Small Nursery (0.5ha): Rs. 10.00 Lakh 

• Big Nursery (1.0 ha): Rs. 16.00 Lakh 

• Hi-tech Nursery: Rs. 40.00 Lakh 
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Plantation at Peripheral and Boundary (PBP) 

area 

• Maximum of Rs. 70/- per plant 

• The service will be given over four years in 

the proportion of 40:20:20:20 

LDPFL or Low-Density Plantation on Farm 

Lands 

 

• For less than 100 plants/ha: Rs.70/- per 

actual no of plants 

• For plant >100 up to 500 plants/h: Rs. 

28000, which depends on the planting 

intensity 

• The service will be given over four years at 

a proportion of 40:20:20:20 

HDBP or High- Density Block Plantation The service will be given over four years at a 

proportion of 40:20:20:20 

High-Density Block Plantation (HDBP) under the ‘Har Medh Par Ped’ Campaign 
The magnitude of block Plantation (No of plant/block of 1ha) Total cost (Rs) for the block 

500 to 1000 (spacing 3.5mx3.5m) 30000 

>1000 to 1200 (spacing 3mx3m) 35000 

>1200 to 1500(spacing 2.5mx2.5m) 45000 

>1500 (spacing less than 2.5x2.5) 50000 

Way to Forward 
1. Presently, the scheme is being implemented in 23 States/UTs including Maharashtra. Under the scheme, 

assistance to farmers is given through State Govt. for nursery development, boundary plantation and block 

plantation of prominent tree species to promote, inter-alia, fruit bearing trees, tree borne oilseeds, 

medicinal & aromatic plants, silk & lac rearing host plants in addition to timber species, so that farmers 

get early returns. 

2. Generally, a fund of Rs 600 lakh is allocated by the Centre for this agroforestry program to the state 

3. The 60:40 funding model is implemented between the Center and the State government. for all States 

except NE and Hilly states, the ratio of UTs & National Level Agencies is 90:10, 100%. 
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Introduction 
Oroxylum indicum is a medium-sized, soft-wooded tree attaining a height of 10–16 m. Stem bark is dull 

brown in colour; leaves are broad, 60–120 cm in length. Leaflets are ovate, wavy, and acuminate. Leaf fall 

occurs during winter season (January) each year. 

Inflorescence is generally situated at the apices of branches and its length is about 30 cm or more. Flowers 

are large, fleshy, violet coloured, and foul smelling with 2.5-cm-long pedicle. Fruit is a follicle, 30–90 cm 

long and 5–10 cm broad, strap/sword shaped, compressed, and two-valved. Seeds are flattened and winged. 

Uses 
Their uses in indigenous medicine include the use of leaf after boiling as an astringent, liver tonic, anti-

diarrheal and diuretic etc. 

Propagation 
The species is found throughout the sub-tropical forests of Mizoram. Seed is the best propagating material 

and should be collected before splitting of pods during February–March and sowing was done just after the 

seed collection. Seed germination percentage is 80–90% without any pre-treatment. 

 
Fig 1: Seed, vegetative and harvesting stage of Archangkawm (Oroxylum indicum) 

Crop Maturity and Harvesting 
The tree starts flowering and fruiting after three years, and forms viable seeds even in first fruiting. 

It takes about three to five months for fruits to attain maturity. 

Conclusion 
The crop yet to be properly identified domesticated and used which is most essential to preserve them; 

popularization of this crop is required to generate awareness for its cultivation and conservation at farm 

and community level. The paradigm of being one of the preferred crops in the region due to medicinal value. 
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Introduction 
Gig economy is the creation of the economy from a transactional business approach between the service 

providers and service seekers on a temporary contractual arrangement via third party platform. It is based 

on -demand requirements of the service seekers and flexibilities of the service providers. A gig worker is 

a person who is engaged in a temporary and transactional work arrangement, paid on the basis of time or 

task for short durations, which may or may not involve a formal contract for each transaction. They opt for 

small jobs, normally referred to as ‘gigs’ instead of a full-time job and are paid for the amount of ‘gigs’ they 

undertake.  For E.g., Uber cab drivers, Food delivery valets, Urban clap beauty service agents, dog walkers, 

IT installation managers, accountants, lawyers, and business consultants etc. It also has more scope in 

rural sector to unveil the new options. For instance, creating e-platforms and connecting rural artisans, 

region specific cuisines, labour arrangements, land leasing and tenurial contracts, platform cooperatives 

etc., to develop and promote digital agriculture by creating opportunities, imparting trainings for rural 

youth to participate more and help in modernising agriculture. So, Gig economy is about creating 

innovative ways of managing labour responsibly by shaping the new future of work. 

The Features of Gig Work 
Temporary /Short-term contractual arrangements, self-employment pattern, pay for task, flexibility of 

work hours, non-permanent relationships, on-demand and accessible supply of services, heterogenous work 

force are the main features of gig system.  

Classification: To understand the scope and nature of the gig work, the classification of the gig work or 

the gig workers were done in many studies earlier. The different classifications of them were broadly 

mentioned here. 

Based on how the services are provided: 

a. The gig workers were divided between full-time (the ones who report doing gig work every day) 

and part-time (those who do not do gigs every day)  

b. The jobs are classified into three categories. First are the on-demand jobs through Apps, through 

which the individuals can get themselves registered on the App and can perform the on-demand 

assigned tasks (e.g., Uber, Deliveroo).  The second form of job in the gig economy is named as crowd 

work – in this job the freelancers, professionals, IT scientists work from home and offer their services 

online to different platforms (e.g., UpWork, Freelancer, Crowd-flower and others). The third form is 

known as Asset renting – the renting of properties using an online medium (e.g., Airbnb) 

c. Based on location and person dependency, the gig works are classified into four categories  

i. Location-based & bound to persons, (work takes place offline, workers are drawn from 

physical world) 

ii. Location-based & not bound to persons, (work takes place offine, workers are drawn from 

different locations).  

iii. Not location-based & bound to persons, (work takes place online, workers are drawn from 

physical world). 

iv. Not location-based & non bound to persons bound (work takes place online, workers are 

drawn from different locations).  

d. Based on the type of work they perform, it is classified as  

i. High skilled work (beauty professionals, tutors, cooks, etc.,).  

ii. Moderate skill (cab-drivers, auto drivers etc.,). 
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iii. Semi-skill (health care workers, construction worker). 

iv. Student (data entry operator, telecaller etc.,). 

Growth and Traction 
The world has noted that six percent of the world’s labor force is part of the gig economy (World bank). 

Thirty-six percent of workers in the United States of America (USA) are said to be involved in the gig 

economy; and over 200 million workers globally are considered part of the gig workforce through 

freelancing. As per the research findings of Medici, the gig economy worth USD $204 billion in 2018 is 

expected to grow to USD 455.2 billion by 2023. A substantial part of the world’s economic output is 

associated with gig work, with around USD 4.5 trillion of gross volume having been generated from all 

forms of non-traditional work (of which the gig economy is a subset) across the world in 2019. 

Gig work is not a new concept in India, with its large informal economy and ‘casual workers’ segment, it 

has always had the equivalent amount of gig work across urban and rural areas. Now, there is a structural 

change in workforce force employment and the lacunae in demand supply mismatch, is being sorted with 

the platformization of those services achieved through gig-model. (7). The gig economy has found 

exponential growth in India over the last decade due to the constant supply of low-end workers from rural 

to urban centers which is due to the low barriers into the platform entry and proliferation of mobile with 

internet connectivity. NITI Aayog report already said that India’s gig economy is estimated to employ 7.7 

million people and is set to nearly triple to 23.5 million by 2029-30. The BCG (Boston Consulting Group) 

report from Michael $ Susan Dell foundation disclosed that in the near-medium term, as many as 24 million 

jobs (approximately) could potentially migrate to technology-based gig platforms and it has the potential 

to service up to 90 million jobs in India’s non-farm economy alone, transact over USD 250 billion in volume 

of work. It can contribute an incremental 1.25 percent (approximately) to India's GDP over the long term. 

According to a 2019 report by the India Staffing Federation, India is the fifth largest in flexi-staffing 

globally, after the US, China, Brazil and Japan. Thus, this trend provides significant earning opportunities 

for gig workers. 

Scope in Rural Community 
For decades, it was distinctly evident in India that the rural workforce migration to urban areas and distant 

countries was due to inadequate employment opportunities. The recent boom of city-based gig work attract 

rural workforce in large numbers to migrate for constant source of income.  The migration of rural dwellers 

to urban constitute 22.8 per cent males and 0.6 per cent females with overall 4.8 per cent in the search of 

better employment opportunities. With the constant increasing population and growing demand for food 

on one-side and the rural to urban migration for good income on the other side, disrupts the agriculture 

production. Besides, the deeper penetration of internet usage and services and emerging agri-tech 

platforms that integrate AI, machine learning, IoT and block chain technology creates larger employment 

scope in this gig-based services both in rural and semiurban areas while simultaneously modernising 

agriculture. 

The rural ecosystem has got lot of scope in creating e-platforms for instance, connecting rural artisans who 

acquire skilled work in creating demanded articrafts, yet do not get assured price for the performed work. 

This is due to inadequate bulk selling, improper seller-buyer connections or no platform devised in 

connecting them and traditional methods of creating the products. Some regions of the rural communities 

have rural specific cuisines, where least limelight was thrown on a business perspective in promoting them 

on a larger who are particularly skilled at making the dishes/foods. There is space here for the gig system 

to intervene. The labour arrangements, land leasing and tenurial contracts, where since decades, the most 

exploited group of the agriculture sector were tenant farmers, who neither have their own assets nor proper 

incentivisation of public schemes due to lack of their identification. In this case, gig economy can operate 

via asset renting, where the third party enters as a platform and also provides identity to the tenants and 

continual income to asset owners. In addition to this, it can also be intervened by carbon dating of 

agricultural lands in rural agri-sector. The gig ecosystem in rural areas also develop and promote digital 

agriculture by creating opportunities, imparting trainings for rural youth to participate more and help in 

modernising agriculture. The employers in the rural gig system can make use of less liquid workforce who 
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do not easily quit and run for other jobs. Hence the chances of leaving are much less than urban gig system. 

As a result, both employers and employees of rural gig system will be under win-win situation.  

Nurture farm in addition to creating the first gig workforce in rural India and agriculture, it is also the 

first to hire women from these areas. Since April 2021, it has employed 180+ women (average age 18–35 

years) as its field partners (Krishi Mitras), vital members of its on-demand gig workforce comprising 30% 

of its overall field force.  

As the gig economy is at its nascent stage in rural India, understanding the challenges in the rural 

community to establish the gig-ecosystem is the need of the hour. 

Advantages 
1. Flexibility of the labour work hours, helps in generation of stable income through plaformization. 

2. Low operational costs, create cost advantage to the employers. 

3. The operation of gig ecosystem in rural and semi urban areas can reverse migration of the rural labour 

particularly youth and generate more employment opportunities. 

4. Efficiency attainment, due to the large-scale organisation of finding the labor and providing on demand 

services. 

5. Overall improvement in productivity, due to the creation and utilisation of work hours to the medium or 

low educated groups via moderate or low skills gig jobs. 

6. Gig ecosystem can stimulate the innovative start-ups and can inject the economy particularly in agri-

techs. 

7. By providing part time or full-time gig jobs, the disguised unemployment can be reduced. For instance, 

many painters, electricians or agricultural labourers in rural sector unable to find job or work way less 

than their potential can be solved to a certain extent by creating extra employment opportunities via 

platform gig services. 

Disadvantages 
1. Tax collection system: The gig economy platforms may have implications for the tax system and may 

highly impact the already burdened tax revenue system of Pakistan.This can be a same case for India too. 

2. Uncertainty and insecurity: Although gig work allows in generating additional incomes by carrying out 

jobs flexibly, on the other hand creates uncertainties and insecurities at variable degrees. Those include 

duration of employment, multiple possible/ disguised/ ambiguous employment relationship, lack of access 

to social protection and benefits associated with employment, low pay and substantial legal and practical 

obstacles to joining a trade union and bargaining collectively. Gig economy provides opportunities along 

with bondages. Hence, it should provide social protection and basic labour rights. 

3. Due to the lack of transparency on who performs the work makes collection of taxes difficult resulting in 

welfare damage at the macro-economic level, at the expense of companies benefiting from it. 

Conclusion 
The gig economy is growing at a faster pace and workforce is contributing more and more to the economy. 

This is bringing the complete change in organisational pattern of businesses with the increase in the 

digitalisation too. Also, India has the largest youth population in the world, under these situations to 

prevent the future unemployment struggle, it is imperative to recognize and create opportunities in the gig 

employment, particularly in the rural areas. Because, the rural areas have enough scope to venture in and 

is strongly desired to disrupt the current agri-business scenario. The creation of rural gig opportunities in 

agriculture helps in stabilising the food-system in the country. This in turn creates career opportunities to 

the rural youth, promotes reverse migration and modernise agriculture. Nuture farm has already started 

its gig workforce in the rural system and many more are shooting up in creating agri-startups that employ 

gig employees. The unorganised workers in the labour market have been now formalised to a certain level 

under these platforms. The replication of gig system to the most vulnerable communities of farming sector 

(tenant farmers, agricultural labourers) can also formalise them to a certain extent. However, these gig 

workers are considered as a precarious group who are still left uninsured with great career risks and least 

regulations. Now, there are certain government regulations that were created to defend them. The gig and 

platform-based work are being included in the Social Security Code for Social Security, 2020. Formalization 
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of gig workers and their earnings drives financial inclusion and facilitates access to financial services like 

loans, insurance, and government benefits. In order to stop their exploitation, platform cooperatives have 

also evolved as an alternative. The viability of platform co-ops will nonetheless increase over time because 

of public support and the availability of platform software. Thus, Gig-economy can bring a revolutionary 

change in the rural employment and agri-development of the country if innovative tech start-ups are 

created and performed in a righteous way. 
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Introduction 
India is the world's second-largest producer of vegetables after China. Vegetables cover 10.29 million 

hectares and produce 176.17 metric tonnes. Mulching is the technique of covering the soil/ground with farm 

waste and plastics to preserve root zone temperature, save moisture, and prevent weed development. The 

primary advantage of mulching is that it conserves soil moisture and raises soil temperature in the planting 

bed, allowing for faster crop development and harvest. 

 

In 1938, the invention of polyethylene as a plastic film transformed the commercialization of various 

vegetable crops. Vegetable varieties like muskmelon, melons, cucumbers, tomatoes, peppers, and eggplant 

have seen considerable productivity, overall yield, and quality increases. Mulching aids in the infiltration 

of running water and irrigation water because the lumps shield the region from rainfall, preventing soil 

compaction. 

Objective of Mulches 
Mulches serve various purposes, but the two most important ones for agricultural use in arid regions are 

water conservation and soil erosion control. Excessive fertilizer use can be caused by various factors, 

including changes in soil temperature, soil conservation, nitrogen replenishment, soil structure 

improvement, weed control, and crop quality control. 

Types of Mulching 
1. Organic Mulches  

2. Inorganic Mulches. 

Organic Mulches 
The use of plant and animal leftovers to protect the soil's surface and offer a favourable environment for 

plant growth. Organic mulches disintegrate and return nutrients to the soil over time. Straw, leaves, dung, 

or sawdust are examples of organic mulches. 

Types of Organic mulches: 

1. Paper mulch: Paper is used in both shredded and full form. To hold it together, apply two or three 

layers of paper at a time and cover with a live object like leaf mulch or grass clippings. 

2. Dry leaves mulch: Shredded leaves work best as mulch. Sugarcane or banana leaves, for example, as 

well as other leaves. It is widely available and reasonably priced. 

3. Sawdust mulch: It can degrade quickly and compress on itself, but it requires nitrogen to do so. After 

termite treatment, sawdust is applied. 

4. Straw and hay mulch: Winter protection is a plus. If you use it in the summer, make sure to fertilise 

the soil with extra nitrogen. Paddy straw is an example. - rice straw. 
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Inorganic Mulches 
Inorganic mulches are commonly utilised to construct weed barriers. These can also be used for decoration. 

Rocks and gravel and plastic films are inorganic mulches that take a long time to degrade. 

Types of Inorganic Mulches: Basically, there are two types of mulches depending upon on material. 

They are as under: 

1. Plastic mulches: By proper selection of plastic mulch composition- colour and thickness, it possible to 

control the soil environment. 

 
a. Black plastic mulch: The ground is covered in a black plastic coating that prevents sunlight 

from passing through. As a result, without sunshine and a black layer, photosynthesis does not 

occur in the soil. As a result, put a stop to weed growth. A black plastic cover aids with moisture 

conservation and weed control. It can, however, raise the temperature of the soil. It allows for an 

early harvest of 7-14 days. It also aids in increasing yields, particularly for leafy greens. 

b. Clear and transparent plastic mulch: Allow sunlight to pass through and weeds to grow; 

weed growth can be stopped by coating the inner surface with a herbicide. It works well as a solar-

reinforcing coating to destroy germs in the soil and inhibit the spread of soil-borne diseases and 

weeds. This is an application for creating a nursery by planting sun beds before sowing seeds, 

resulting in a nursery with nearly 100% germination and disease-free conditions. a movie in chilly 

winter conditions, invisible film works in hilly locations to raise soil temperature. 

c. Two-sided colour plastic mulch: Also known as wavelength selective /photo selective film, 

two-sided colour plastic mulch is designed to absorb various wavelengths of sunlight, altering the 

spectrum of sunlight travelling through the film or being reflected back into the plant canopy. It has 

a significant impact on plant development and growth. Warming of the soil temperature and weed 

suppression are two of the impacts. Yellow/black, white/black, silver/black, and red/black are some 

examples. 

d. Red/black mulch: Partially translucent, enabling sunlight to pass through and warm the soil, 

and reflecting radiation back into the plant canopy, modifying the RFR light ratio, causing changes 

in plant growth, floral development, and metabolism, as well as enhanced production. This mulch 

is extremely beneficial to tomato plants. 

i. Yellow/black: attracts particular insects and acts as a trap for them, preventing disease 

transmission. 

ii. Cool the soil with white/black. 

iii. Silver/black: aphid and thrips repellent. 

2. Degradable mulches: 

a. Photo-degradable mulch: These mulches break down under ultraviolet light. After being 

exposed to light, the iron and copper compounds in the mulch break down and disintegrate slowly. 

b. Bio-degradable mulch: After mulching a combination of starch and biodegradable plastic, it 

disintegrates in the natural environment and becomes conditions and blended in the soil. 

c. Aluminum foil or Aluminum painted mulch: This mulch reflects light on the undersides of 

leaves that may repel the aphids and thrips. The spread of viruses is reduced when vector insects 

are repelled. 

d. Rock mulch: Stones do not keep moisture, but they do help to retain heat in the soil. It's 

generally utilised in the kitchen garden and at home. 
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Conclusion 
Mulching has many uses, including preserving moisture, minimising soil erosion, controlling temperature, 

limiting weed development, and supplying plant nutrients as the material decomposes. Finally, we can 

conclude that mulching is lucrative for experienced farmers when employed in vegetable cultivation, as we 

obtain excellent yields and good-quality products. 
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Introduction 
Earias vitella is a Lapidopteran insect pest which belongs to family Noctuidae. It is the most serious pest 

of okra which causes direct damage to tender shoots and fruits. 

Identification 
Eggs of Earias vitella are light bluish-green in colour with longitudinal ridges. The larva is brownish white 

with number of brown and milky white markings. Adult moth of this pest is medium sized (13-15mm) with 

head and thorax pale brownish white. Hind wings of moth are silvery-creamy white while fore wings are 

pale white with a broad wedge shaped horizontal green band in the middle. 

 

Distribution and Status 
Okra shoots and fruit borer is widely distributed in Pakistan, India, Sri Lanka, Bangladesh, Myanmar, 

Indonesia, New Guinea, and Fiji. It is more abundant in South India than North India. 

Host range: Okra shoot and fruit borer is an oligophagous pest, okra and cotton are its main host. It also 

feeds on a large number of malvaceous plants, both wild as well as cultivated. 

Life cycle: Female lays eggs singly (approximately- 385-400 eggs/female) on buds, flowers and fruits. 

Maximum eggs are laid on the apical bud. Incubation period is 4-5 days, larval period and pupal period 

ranges from 15-21 and 7-8 days, respectively. It pupates in inverted boat-shaped silken cocoons. Life cycle 

of okra shoot and fruit borer is completed in about 30-40 days.  

Nature of damage: Larva bores into tender terminal shoots in the vegetative stage and flower buds, 

flowers and young fruits in the fruit formation stage. The damaged shoots droop, wither and dry up. If only 

the apical bud is attacked, damage may not be noticed until the main stem divides as the axillary buds 

take over. Attack moves to buds and flowers as they appear which wither and shed. There is usually a 

conspicuous whole the shedding of minute buds, often blamed on midribs, might be due to very young 

Earias larvae. The tendency for secondary invasion by fungi and bacteria may conceal the infestation. 

When attacking the fruit, the larvae feed on the milky seeds and other contents of the capsules, leaving 

excrement filled tunnels. The infested fruits present a deformed appearance and become unfit for 

consumption. 

Management of Earias vitella 
Cultural control: Grow resistant varieties like AE 57, PMS 8, Parkins long green, PKX 9275, Karnual 

special.Collect and destroy infested shoots, buds, flowers and fruits. Remove the alternate hosts like 

Hibiscus cannabinus, H. ablemoschus and Abutilon indicum in the cropped area. 
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Physical control: 

a. Set up light traps to monitor the moths and their egg laying @12/ha. 

b. Set up sex pheromone traps @5/acre. 

Biological control: 

a. Release egg parasitoid Trichogramma chilonis @40,000/acre three times and egg-larval parasitoid 

Chelonius blackbournii can also release. 

b. Release first instar larvae of green lacewing Chrysoperla carnea @10,000/ha. 

c. Spray Bacillus thurigiensis formulation such as Dipel @2.0 g/lit for control of okra shoot and fruit 

borer. 

Chemical control: 

a. Spray Azadirachtin 0.03% WSP (300 PPM) @5.0 g/lit. 

b. Emamectin benzoate 5% SG @3.0 g/lit. 

c. Phosalone 35% EC @1.5 ml/lit. 
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Summary 
In order to minimize degradation of soils, water and other natural resources and for environmental 

protection, we should adopt the conservation practices. The sustained yield of the crop is achieved by the 

conservation of soil, water and adopting conservation farming. Organic mulching is one of the important 

moisture conservation practices by which these goals can be achieved. The important objectives of organic 

mulching in agriculture and horticulture are moisture conservation, temperature control, prevention of 

surface compaction, reduction of runoff and erosion, improvement in soil structure and weed control. Use 

of organic mulching is one of the suitable methods, which could help the crop growers to increase the 

productivity with good quality of produce. The application of organic mulches as a soil cover is effective in 

improving the quality of soil and increasing crop yield, especially in organic farming. 

Introduction 
The increasing demand for the fruits and vegetables and market competition has forced the farmers to 

produce more and high-quality fruits and vegetables for sustaining in the international market. During 

last few years, groundwater levels have been dropped by 0.5 to 1 m below the ground surface in the many 

parts of the country. Improving the water use efficiency without increasing cost of production is an ongoing 

goal in crop production system. Hence, more resourceful and well-organized use of water in farm needs to 

be the top most priority. 

Mulching 
Mulching refers to spreading of dried leaves hay, straw or any other organic and inorganic materials around 

the tree basin to cover the soil surface. Mulching is an important soil management practice of covering the 

soil surface around the base of plants to make conditions more favorable for growing and to conserve the 

available soil moisture. It is a process or practice of covering the soil/ground to make more favourable 

conditions for plant growth, development and efficient crop production. 

Mulch 
Mulch technical term means ‘covering of soil’. Mulch is a layer of material applied to the surface of an area 

of soil. However, mulches should be removed at the onset of monsoon rain. 

Organic Mulches 
Organic mulches are those natural origin materials which can decompose naturally, like agricultural 

wastes which are used as mulch, such as bark chips, grass clippings, wheat or paddy straw, plant leaves, 

compost, rice hulls, and sawdust, etc. These natural mulches improve soil quality and contain high amounts 

of nutrients. 

Objectives of Organic Mulching 
1. Main objective of mulching is to conserve soil moisture and to control the weed growth.  

2. To keep the soil cool in day; warm at night hours. 

3. To improve soil aeration. 

4. To reduce surface run-off. 

5. To prevent soil erosion. 

6. Fruits are protected and kept clean since they fall on the mulches. 

7. To reduce irrigation frequency. 
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Types of Organic Mulches 
1. Garden compost mulch: Composts reduced the growth of plant pathogenic organisms. It also used to 

avoid possible phytotoxicity problems. Materials that are free of seeds are ideally used, to prevent weeds 

being introduced by the mulch. Compost mulch had the highest water use efficiency. The compost is good 

mulch and soil conditioner it can be easily prepared at home by composting of different types of waste 

materials like leaves, straw, grass and plant residues, etc. The availability and application of compost in 

Indian agriculture is old age practice. It improves the soil properties like physical, chemical and biological 

properties and enhances the carbon content which improves the water retention capacity of the soil. 

Compost is the good material for improving the soil health. Apply at a depth of 3-4 inches. 

2. Peat mulch: Peat being fine in texture has good moisture holding capacity and it is effective soil 

conditioner but it does not have good nutrient value. 

3. Leaves: Though leaves are good for protecting dormant plants during winter by keeping them warm 

and dry but due to light weight they may be blown away even by light wind. To counter this problem, it 

requires anchoring which can be done with stones, chipped bark and covering with net or some form of 

sheet. Leaves are beneficial for soil it contributes nutrients when used as mulch. It is widely used in natural 

forest areas and where trees are plentiful. Dry leaves are the easily and abundantly available and it makes 

better mulch if it composted. However, dry leaves are not easily available in the spring season, they are 

valued as overwinter mulch. To restrict the blowing of dry leaves, small branches and wood barks are kept 

over the dry leaves mulch. The thickness of the dry leaves mulching is about 3-4 inches. 

4. Leaf mould: Leaf mould is a well-decayed mixture of leaves, grass softwood, lawn mowing and any other 

plant material. Unlike regular compost which is a product of bacterial decomposition, leaf mould is 

produced primarily by the fungal breakdown of leaves. It contains humus which promotes the plant growth, 

improves soil texture and increases its moisture retention capacity. It helps in the assimilation of other 

plant nutrients. 

5. Straw mulch: Though straw is poor in nutrient value but after decomposition, it makes soil more fertile. 

Straw is an ideal for mulching because it can be easily applied in the field stays in place and reflects 

sunlight which helps to bear fruit. It is used as winter protection and as summer mulch in the fields. These 

mulches provide great insulation, water penetration and weed control. The main advantageous property is 

that it does not contain weed seeds itself. Straw mulches are avoided to use in high traffic areas due to its 

highly inflammable properties. The thickness of the straw mulching is about 6 to 8 inches. 

6. Hay: Hay is grass that has been cut while it is still green and full of nutrients, but before it has gone to 

seed. The highest quality hay will have few to no seeds, but some are inevitable. 

7. Saw dust: Sawdust is a very common type of mulch in areas where easily available. It is found during 

the finishing operations of wood, it has less nutritive values and it has only half of nutrients than straw. 

Due to high C:N ratio, the decomposition is very late. Its decay will cause deficiency of nitrogen in the soil, 

so regular fertilizer application is necessary. Its nature is acidic, so it should not be used in acidic type of 

soils. However, it retains moist for longer periods. 

8. Wood chopping: Wood chip mulches are made of fallen trees and other brush chopped up by tree 

removal services. A common misconception is that fresh wood chips tie up nitrogen during their 

decomposition. For sure, nitrogen depletion will be a temporary problem when fresh wood chips are 

incorporated into the soil, which is why we should only use fresh chips as surface mulch. 

9. Husk: Coconut husk or coco chips are great for used as organic mulch. Coco products do a great job of 

retaining moisture and surpassing the growth of weeds. 

10. Flax: Linum usitatissimum is commonly known as flax when grown for the fibre extracted from the 

stem and as linseed or oilseed flax when grown for the oil extracted from the seed. Flax mulch is a by-

product of cultivating flax, and it turns out to be an excellent mulch for all plants. It avoids erosion and soil 

compaction and blocks evaporation. It protects roots from winter freezing. Flax mulch keeps slugs from 

coming close to plants. 

11. Hop waste: Humulus lupulus (common hop or hops) is a species of flowering plant in the hemp family 

(Cannabaceae). Compost produced from hop waste was applied as surface mulch. For mulching purposes 

hops are very effective in keeping down weeds and retaining soil moisture. 
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12. Pine needles: Pine needle is freely available in areas with pine trees and is inexpensive to purchase 

in bales. Pine needle mulch is lighter weight than bark mulch. This allows for greater percolation of water 

and is easy to distribute. Pine straw is the name given to pine needles when they are used as mulch. 

13. Newspaper mulch: Newspaper mulching helps to control weeds and is readily available. The 

newspaper layer biodegrades into the soil in a small time. The newspaper is better than plastic because it 

will eventually decompose. Newspaper mulch can save a lot of time and effort, in fields where weeds are 

already matured in the previous season and dropped seeds will be germinate in the coming season. 

However, the usage of newspaper mulches is avoided in high windy areas. The combined sheets of 2 or 

more sheets of newspaper should be used and its edges should be pasted with heavy materials to safety 

from blowing like pebbles, gravels, etc. Additional labour is expended when planting through mulch 

containing a newspaper layer, as holes must be cut for each plant.  

14. Card board: An idea for reusing cardboard is to place pieces of it around plants in areas that are prone 

to weeds. It will reduce weeds drastically and eventually compost into the soil. Mulching this way with 

cardboard provides a perfect habitat for slugs. Additional labour is expended when planting through mulch 

containing a cardboard, as holes must be cut for each plant.  

15. Living mulch: Living mulches are usually non competing legume plants that are planted around the 

desired crop. These living mulches are considered more environmentally friendly than plastics and add 

nitrogen to the primary crop. The most important attributes required for species used as living mulches 

are quick emergence and soil covering, short height, low water and nutrients demands. In most cases the 

legume crops or cereals, especially rye (Secale cereale) is used for this purpose. The living mulch not only 

provides for the effective management of weeds but also for the decrease of insect pest pressure resulting 

in lower requirement for pesticide use. 

16. Bark mulch: These are good mulch materials because they contain more moisture and retain this 

moisture for longer periods and helps in the supply of moisture to the growing crop. It is commonly used 

for vegetation and landscaping; it should be avoided to use in vegetable fields because it is acidic. However, 

these mulches are excellent for cover the paths between beds.  

17. Grass clipping mulch: Grass clipping is one of the most easily and abundantly available mulching 

material in Indian agriculture. If fresh grass clippings are used in the field, it decomposes easily and 

increases the percentage of nitrogen in the soil. The different types of grass clipping are widely available 

such as green or fresh and dry grass. Normally, green grass clippings are not used in the rainy season 

because it may chance to the development of its own root systems which will be harmful to crop growth. 

Apply of green clippings can heat up quite a bit and possibly cause damage to plants. So, always the dried 

grass preferred to use as mulch. Apply to a depth of 2-3 inches. 

18. Cocoa bean hulls: It is an excellent mulching material to increase the soil fertility. It contains 

nitrogen, phosphate and potash. It is acidic in nature, pH 5.8. It is used in the landscape due to its sweet 

smell and attractive appearance. 

19. Corncobs (crushed): It is another exceptional and cheap mulch material. Corncob mulch can be 

coloured for increasing its appearance and used for landscape. 

20. Mushroom compost: It is an organic plant fertilizer available in areas where it should be grown 

commercially. It is available in market as spent mushroom compost / spent mushroom substrate. It is 

reasonably inexpensive. It increases the fertility of soil due to its rich nutrient values. This type of compost 

increases the water retention capacity of soil. 

21. Peat mulch: Peat being fine in texture has good moisture holding capacity and it is effective soil 

conditioner but it does not have good nutrient value. 

22. Poultry mulch: Poultry litter in many areas is available at poultry farms. Poultry litter or broiler 

litter is a mixture of poultry excreta, spilled feed, feathers, and material used as bedding in poultry 

operations. It can be used as a mulch material in fruit crops. 

Advantages Organic Mulching 
1. Conserves soil moisture by reducing evaporative losses from soil surface and controls weeds.  
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2. Organic mulches add organic matter and nutrients to the soil upon decomposition thus save fertilizer 

requirements.  

3. Improves the soil structure, nutrient availability and micro flora. It controls soil erosion.  

4. Improves water infiltration and controls weed growth due to etiolation.  

5. Reduces soil temperature fluctuation. 

6. Mulch acts as a cushion for dropping fruits and thus avoiding physical injury.  

7. Growth, production, colour and quality of fruits are improved. 

8. Increase the infiltration of water 

9. Improve the water-holding capacity of the soil. Organic mulch provides an ideal environment for 

earthworms and other beneficial soil organisms.  

10. Organic mulches are more useful for warmer climates i.e., valley areas and low and mid-hills areas of 

Himalayan region, as these keeps the soil temperature cooler by 2-3°C in summer. 

Limitation of Organic Mulching 
1. Dry grass, hay or pine needle mulches are a fire hazard. Mulch may harbor insects, diseases and rodents.  

2. Cost of certain mulches are high.  

3. Mulches such as hay and straw contain seeds which may become weeds. 

4. Growth may be extended in some seasons through fall with reduction in fruit quality. 

5. These organic mulches are easily biodegradable, and they can serve for the only short period. 

Conclusion 
Mulching with organic materials increases the soil nutrients, maintains the optimum soil temperature, 

restrict the rate evaporation from the soil surface, restrict weed growth and prevent soil erosion. It 

improves the all properties of soil like physical, chemical and biological. The organic mulches are 

decomposing easily and increase the organic carbon content in the soil which helps to maintain the soil 

loose. The organic mulch offers a more beneficial opportunity for farmers. Hence, there is wide scope for 

the practice and usage of organic mulching materials in crop production with the conservation of natural 

resources factors including soil and water. However, disease buildup and other disadvantages should be 

considered before applying organic mulches for better results. 
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Introduction 
Precision agriculture (PA) is the science of improving crop yields and supporting management selections 

using high generation sensor and analysis gear. PA is a brand-new concept adopted during the arena to 

increase production, reduce labor time, and make certain the effective management of fertilizers and 

irrigation processes. It uses a large quantity of facts and statistics to improve the use of agricultural 

sources, yields, and the first-class of plants (Mulla, 2013). The current advances in records and 

telecommunication technologies have allowed farmers to acquire massive quantities of web site-specific 

facts for his or her fields, with the last goal being to reduce uncertainty in choice-making (National 

Research Council, 1997; Blackmore, 2000). Over the past thirty years ICT technologies have been 

introduced in the agri-food sectors. Important milestones were introduction of computers (1980s), internet, 

email and mobile phones (1990s), and Global Navigation Satellite Systems (GNSS), wireless 

communication and social media (last decade). 

Proximal Soil Sensing 
Estimation of soil properties by using sensors had been studied in 1990s either using ECa by Rhoades and 

Corwin (1990Rhodes, J. D., and D. L. Corwin. 1990. “Soil Electrical Conductivity: Effects of Soil Properties 

and Application to Soil Salinity Appraisal.” Communications in Soil Science and Plant Analysis. 21:11–

12. [Web of Science ®], [Google Scholar]) or using reflectance technique for soil organic matter by Krishnan 

et al. (1980). NIRS in a laboratory environment was further developed by identifying the specific wave 

length for each soil component (Matsunaga and Uwasawa 1992; Sudduth and Hummel 1993) and the 

simultaneous measurement of soil clay and water content was shown by ViscarraRossel and McBratney 

(1998) together with the list of some possible sensors for a range of soil properties. Overview of the proximal 

soil sensors for precision agriculture are presented by Adamchuk et al. (2004), Corwin and Lesch (2010), 

ViscarraRossel et al. (2011), and Mulla (2013). 

Proximal sensor data were considered almost always better than mere interpolation of the scattered soil 

sample data because proximal sensing is continuous along the transect (Pikki, Soderstom, and 

Stenberg 2013), and they proposed ‘sensor data fusion’ which include those data, e.g., ECa, gamma ray 

spectrometry, elevation, and slope, by using partial least squares regression and k-nearest neighbor 

prediction techniques. 

Precision Agriculture Software 
There are numerous kinds of PA software. The maximum common is software to generate maps (e.G. Yield, 

soil); software program to filtering gathered information; software program to generate variable price 

programs maps (e.G. For fertilizer, lime, chemicals); software to overlay specific maps; and software to offer 

advanced geostatistical features. There are some agencies that function global-huge and provide included 

software applications from generating all extraordinary sorts of maps, having statistical evaluation gear 

and additionally file preserving. The machinery agencies that offer yield meters additionally offer software 

to generate yield maps and fertilizer corporations offer software to generate variable fee packages maps. 

Finally, universities as well as nearby companies provide a variety of software for filtering of facts, superior 

statistical equipment and report preserving incorporating PA facts.  

Air monitoring: this subdomain aimed to provide periodic or continuous measurements, evaluating and 

determining environmental parameters or pollution levels in order to prevent negative and damaging 

effects. It also included the forecasting of possible changes in the ecosystem or the biosphere as a whole. 
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Soil monitoring: papers classified in this subdomain such as (Chen et al., 2014) proposed systems for 

monitoring multi-layer soil temperature and moisture in a farmland field using WSN. These systems are 

supported by communication technologies such as ZigBee, GPRS, and Internet, where user interaction with 

the system is handled by a web application. Water monitoring: primary studies categorized in this 

subdomain intend to monitor water pollution or water quality by sensing chemicals, pH, and temperature, 

which can alter the natural state of water.  

Plant monitoring: The LOFAR-agro Project is an example of the plant or crop monitoring [24]. This 

project aimed to protect a potato crop against Phytophthora (a genus of water mold) by monitoring the 

microclimate (humidity and temperature) using a largescale WSN. 

Fertilizer and pesticide control: IoT solutions categorized in this subdomain applied conservation 

practices to improve nutrient usage, efficiency, crop quality, overall yield, and economic return while 

reducing off-site transport of nutrients. In Pahuja et al. (2013), authors developed an online microclimate 

monitoring and control system for greenhouses. 
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Introduction 
Cotton, popularly known as “King of Fibre”, is one of the most important global cash as well as fibre crops 

which is extensively cultivated throughout the country. It plays a predominant role in national economy in 

terms of providing employment directly and indirectly, contribution in trade, industrial activities and 

earning foreign exchange in India. It is commonly known as “White Gold‟ which is grown mainly for its 

lint, textile raw materials, seed yields, seed oil and protein. Cotton belongs to genus “Gossypium” & family 

“Malvaceae”. The cultivated species of cotton are arboreum, herbaceum (Asiatic cotton) and hirsutum & 

barbadense (Egyptian cotton). Wild relative species of cotton are anomalum, thurberi & tomentosum. 

Gossypium arboreum and G. herbaceum are diploid species (2n=2x=26) and popularly known as old world 

cotton whereas G. hirsutum and G. barbadense are tetraploid species (2n=2x=52) and commonly known as 

new world cotton. Out of all the four cultivated species, maximum area is covered by tetraploid species. In 

North India, only two species of Cotton, G. hirsutum and G. arboreum, are cultivated commercially. The 

largest cotton producing state of India is Gujarat followed by Maharashtra. About 2/3rd of the cotton 

production in India comes from the states of Maharashtra, Gujarat, Andhra Pradesh, and Telangana 

collectively known as “Cotton Basket of India”. Worldwide area under cotton for the year 2020-21 was 31.66 

million hectares and production and productivity accounted for 113.11 million bales and 778 kg/ha 

respectively. During 2021-2022, production 3 of cotton in India was 340 lakh bales cultivated under an area 

of 120.69 lakh hectares with a productivity of 469 kg/ha (CCI Report, 2022). 

 

Different Types of Stresses 
Plants are subjected to a wide range of environmental stresses during their life-span which reduces and 

limits the productivity of agricultural crops. Generally, two types of environmental stresses are 

encountered to plants which can be categorized as abiotic stress and biotic stress. The abiotic stress causes 

the loss of major crop plants worldwide and includes radiation, salinity, floods, drought, extremes in 

temperature, heavy metals etc. On the other hand, attacks by various pathogens such as fungi, bacteria, 

oomycetes, nematodes and herbivores are included in biotic stresses. 
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Figure 1: Different types of stresses encountered by plant 

Drought Stress 
Among the abiotic stresses, drought is recognized as the most devastating cause which limits the fiber yield 

and lint quality in cotton production markedly (Wiggins et al., 2013). Drought is defined as the inadequacy 

of water availability, including precipitation and soil moisture storage capacity, in quantity and 

distribution during the life cycle of a crop to restrict the expression of its full genetic yield potential. Decline 

in potential yield of various crops due to drought ranges between 54% and 82% (Bray et al., 2000). Being a 

glycophyte, cotton is more tolerant to abiotic stress than other staple crop species. Cotton is susceptible to 

water deficit conditions. The most critical stages of irrigation i.e flowering and boll development stage, 

determines the yield in upland cotton (Han and Kang, 2001). Short-duration water stress occurring during 

this stage substantially affects various physiological and biochemical characters in cotton plants, such as 

leaf expansion, photosynthesis, carbon and nitrogen metabolism, and antioxidant metabolism (Ball et al., 

1994; Ennahli and Hugh, 2005; Pettigrew, 2001; Potikha et al., 1999). Most drought susceptible stage of 

cotton is boll formation stage as compared to the other stages. Many research studies revealed that yield 

and fibre quality of cotton is adversely affected by moisture stress while reproductive growth of cotton is 

prone to salinity. Lint yield is the main plant output that decline under moisture deficit stress. Boll biomass 

distribution and seed number per boll on upper fruiting branches are also affected by moisture deficit stress 

along with fibre length and quality. 

 
Figure 2: Different types of responses of plant against drought 
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Morpho- and Physiological Mechanisms of Cotton in Responses to Drought Stress 
Drought stress causes a wide range of morpho-physiological and biochemical changes that adversely affect 

the development as well as the productivity of the cotton (Figure). Generally, drought stress severely 

restricts cotton growth and development, such as affecting plant height, leaf dry weight, stem dry weight, 

leaf area index, node number, fibre quality, canopy and root development (Loka et al., 2011). Specifically, 

net photosynthetic rate, transpiration rate, stomata conductance, carboxylation efficiency and water 

potential of cotton leaves decrease significantly during drought conditions (Kumar et al., 2001). 

 
Figure 3: Various effects of drought stress on cotton and their responses 

Like other plants, cotton has acquired a wide range of morpho-physiological, biochemical and molecular 

mechanisms in response to multiple stresses that enable them to avoid and/or tolerate these stress factors 

and survive in harsh environments. The plant drought tolerance mechanisms can be divided into four 

strategies: drought avoidance, drought escape, drought tolerance and drought recovery (Fang and Xiong, 

2015). 

 
Figure 4: Various approaches for developing stress tolerant varieties 
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Drought avoidance and drought tolerance are the two major strategies of plants against drought stress. 

Drought avoidance is the maintenance of key physiological processes, such as stomata regulation, root 

system development and others, during moderate drought conditions. Drought tolerance is the capability 

of plants to withstand severe dehydration through specific physiological activities, such as osmotic 

adjustment via osmoprotectants (Luo, 2010). Drought escape is the ability of plants to adjust their growth 

period or lifecycle, such as the cotton variety with a short life cycle, to avoid the seasonal drought stress 

(Manavalan et al., 2009). Drought recovery of plants is the capability to resume growth and yield after 

exposure to severe drought stress. Cotton has evolved several common morpho-physiological strategies 

against drought stress such as stomata regulation, root development, photosynthetic response and osmotic 

adjustment. 
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Introduction 
Tuber vegetables are potential functional food primarily acting as staple carbohydrate source, second to 

cereals basically in tropical regions in the world and are vital elements in human diet. They contribute a 

considerable share of world’s food supply and are important source of both fodder and industrial product 

particularly in the developing countries. Economically important tropical tuber vegetables include cassava, 

sweet potato, greater yam, elephant foot yam and colocasia. Besides carbohydrates, these crops contain 

appreciable amount of dietary fibre, minerals, and several bioactive constituents like phenolic compounds, 

saponins, bioactive proteins, glycoalkaloids, phytic acids, carotenoid, anthocyanin, ascorbic acid and 

hydroxycoumarins. The tubers provide maximum energy per land unit per day than those of cereal grains. 

These vegetables are bestowed with resilience to global warming and climate change, potential for better 

return under adverse soil and weather conditions, fit to diverse industrial applications and most of all have 

exceptionally high CO2 fixation capacity. Despite being a part of subsistence agriculture, they are also 

excellent cash crops for local and export markets. Globally most of the tropical tuber vegetables are 

cultivated in Africa, Asia and South America. The pre- and post-harvest losses of tuber vegetables due to 

insects and diseases are very high. Some of the critical among them are cassava mosaic virus, sweet potato 

weevil, yam anthracnose, taro leaf blight, and elephant foot yam collar rot. These pests are carried through 

infected planting material from one season to the next and lead to loss in yield and quality. Hence, crop 

protection in tropical tuber vegetables play a major role specifically in organic cultivation. 

Cassava 
African cassava mosaic: This most economically important disease of cassava causes a yield loss of 30.00 

to 80.00 % and occurs in all most every zone of cultivation in Africa and India. The disease is caused by 

Cassava Mosaic Gemini Virus. Primary spread of the disease is through the infected planting material. 

Secondary spread of the disease is through the insect vector, whitefly Bemisia tabaci. The first symptom 

appears on young leaves as chlorotic speck. Gradually they enlarge and intermix with green tissue to 

provide a mosaic pattern. in extreme cases leaf distortion and shoe string appearance are observed. 

 

Selection of disease-free meristem derived planting material, followed by clonal multiplication with 

periodical screening and rouging of freshly infected plants, is indeed useful to raise a good disease-free crop. 

Disease-free planting material can be multiplied on a large scale at higher altitude where the whitefly 

population is low or nil. Aqueous leaf and root extracts of Boerhaavia diffusa and Mirabilis jalapa are found 

to inhibit the virus infection under glasshouse condition. Breeding for gaining resistance against this virus 

is of much importance. The farmers can use field resistant or field tolerant varieties like Sree Padmanabha, 

Sree Vijaya, H-97, H 165, Sree Visakham, Sree Sahya, Sree Athulya, Sree Apoorva etc. for virus free 

cultivation. Strict field sanitation with rouging of infected plants and burning them is very effective. Use 

of true cassava seeds and planting of border rows with crops like maize or sorghum are other cultural ways 
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to minimise the disease. Raising the plants in the nursery at closer spacing prior to transplanting into the 

main field is a useful step to prevent the primary spread of the disease in the main field. Growers should 

strictly follow the sanitary practices such as timely harvest and prompt disposal of crop residues, and 

eradication of weeds which may harbour both the disease and vectors. 

Tuber rot: Tuber rot of cassava is a serious problem specifically in Tamil Nadu. The disease is primarily 

caused by Phytophthora palmivora, and many secondary invaders also get associated with the disease at 

later stage. Phytophthora root rot is prevalent in waterlogged soils. The disease causes yield losses up to 

80 %. The pathogen attacks both mature and young plants, causing sudden wilting and severe soft rotting 

of the swollen roots. The affected plants give rise to rotten tubers. The main mode of survival of the 

pathogen in the soil is through infected tubers left over after harvest, and this serves as the source of 

inoculum for the next crop. The survival period in the soil is enhanced with high soil moisture. 

 

The disease can be controlled by cultural practices such as providing good drainage, use of lighter soils, 

early harvest, crop rotation with cereals, and fallowing. Wide spacing tends to discourage the spread of root 

pathogen. Crop residues should be removed and burnt, and healthy planting material should be used for 

planting. Breaking the hard pan by deep plowing, ridge planting, regulating irrigation, improvement of 

drainage condition, strict adherence to sanitation, and use of Trichoderma sp. reported substantial 

reduction of cassava tuber rot with increased quantity of marketable tubers. The sett treatment (30 g/l for 

15 min.) and soil application (1 kg/ha) of Trichoderma viride recorded the lowest tuber rot incidence (7.33 

%) and highest harvest index (66.9 %). Trichoderma viride, T. harzianum, and Pseudomonas fluorescens 

are found effective against cassava tuber rot. 

Sweet Potato 
Weevil: Sweet potato weevil (Cylas formicarius) is the most serious pest of sweet potato in around the 

world resulting in total crop loss if left uncontrolled. It causes damage in the fi eld as well as in storage. A 

symptom of infestation by sweet potato weevil is yellowing of the vines, but a heavy infestation is usually 

necessary before this is apparent. Thus, incipient problems are easily overlooked, and damage is not 

apparent until tubers are harvested. The principal form of damage to sweet potato is mining of the tubers 

by larvae. The infested tuber is often riddled with cavities, spongy in appearance, and dark in colour. 

 

Some important cultural practices can control the pest which include destruction of nests for egg laying, 

careful ridging and regular hoeing, regular irrigation to prevent the soil from cracking, avoiding planting 

new crop close to existing sweet potato fields, cultivation of deep-rooted varieties with a short cycle, 

removing and destroying damaged crops that may regrow in the field and become a source of infestation, 

and removal of weeds belonging to the Ipomoea genus over a distance of at least 150 m around the field. 

Elephant Foot Yam 
Collar rot: It is a serious fungal disease of elephant foot yam responsible for heavy reduction in yield and 

qualitative degradation of the crop. The fungus, Sclerotium rolfsii is the causal organism. The disease is 
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more destructive during rainy season followed by warm dry weather. Injury to collar region during 

intercultural operation, poor drainage and water logging acts as predisposing factors for infection by S. 

rolfsii. The collar region of the plant is attacked by the pathogen and water-soaked lesions appear on the 

stem. Whole plant soon turns yellow. The stem shrinks and collapses due to rotting of the collar region. A 

thick white spreading mat of mycelia with globular sclerotia can be seen on the affected tissue. 

 

Disease can be managed by the use of disease-free planting material, removal of infected plants, improving 

drainage, and application of neem cake in soil. Thick mulching with paddy straw or other organic waste 

reduces the frequency of weeding and other intercultural operations, thereby avoiding injury to the plants. 

Seed treatment and drenching of soil with vermiwash reported lower collar rot incidence. Early planting is 

also very useful to mitigate the disease incidence. Biological control agents like Trichoderma viride, T. 

harzianum, and Pseudomonas fluorescens are useful to control this disease.  

Mealy bug: Mealybug (Rhizoecus amorphophalli) has been emerged as a devastating pest now days which 

infests the corm during storage. It sucks cell sap from corms and makes them unmarketable as well as 

unacceptable for cooking. The insect multiplies rapidly in high temperature with less humidity and spreads 

white powdery mealy substances all over the corm. Deterioration in corm quality, delay in sprouting of seed 

corn and less yield are the deleterious impacts of this pest. 

 

Culturally the number of mealybug and intensity of corm damage can effectively be reduced by treating 

planting material (corm) with cow urine, cow dung slurry (2 kg cow dung in 1 L of water), and clay slurry 

(1 kg of clay in 1 L of water). Application of cassava seed extract (0.5%) in combination with few drops of 

soap water is also helpful. The harvested corms can be treated with salt (NaCl) solution (1,000 ppm) prior 

to storage to avoid infestation. Biological agents like Anomalicornia tenuicornis (encyrtid parasitoid) and 

Cryptolaemus montrouzieri (Coccinellid) control mealybugs within three to four days. 

Colocasia 
Phytophthora leaf blight: Leaf blight is a major and widespread disease common in wetland and is 

favoured by humid, cloudy conditions and poor soil fertility. This disease is caused by Phytophthora 

colocasiae and results 50% loss in yield. The pathogen overwinters in soil, corms, or on leaf debris left in 

the field after harvest and spreads from field to field and over long distances with diseased planting 

material. Dissemination via rain splash is the most common dispersal mechanism. Affected leaves initially 

show small dark spots which enlarge rapidly and turn purplish brown with yellowish margins. The lesions 

exude drops of yellowish liquid. Lesions may form concentric pattern and develop white fuzz on both sides 

of leaves. Whole plant develops a blighted appearance and entire leaf dies at later stage. After harvest, 

grey-brown to dark-blue lesions occur on undamaged corms. Affected corms are almost completely decayed 

one week after harvest in wet conditions. 
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Various cultural methods like planting healthy corm or sucker, growing field resistant cultivars like 

Jankhri and Muktakeshi, regular removal of infected leaf at early stage, wider spacing, cultivation at 

higher land, delayed planting on the same land for a minimum of 3 weeks, avoiding planting close to older 

infected ones, preventing the carryover of corms or suckers which can harbour the pathogen from one crop 

to another, intercropping with maize, burning of crop remains after harvest, and a total field sanitation are 

the ways to prevention. 

Dasheen mosaic: This disease is caused by dasheen mosaic virus (poty virus). The infection results in a 

feathery mosaic pattern adjacent to the veins. Yellow-green streaking of the petioles may also be observed. 

In severely affected plants, petioles are short, and leaves are dwarfed and fail to unfurl properly. The virus 

is transmitted non-persistently by the aphids. This virus is also sap transmissible. 

 

Use of disease-free planting material through micropropagation (meristem tip culture) and following strict 

quarantine measures are the practical ways to prevent its spreading. 

Greater Yam 
Anthracnose: Anthracnose is widespread throughout tropical countries and is the most prevalent fungal 

disease infecting yam worldwide. The fungus Glomerella cingulata (Colletotrichum gloeosporioides) is 

responsible for this disease. The pathogen overseasons on crop debris as acervuli. Infection is favoured by 

wet and humid conditions. Spores are mainly dispersed by rain splash and the disease is therefore most 

severe when there are heavy rains. Symptoms vary according to the age of the leaf, the amount of rain, and 

the variety of yam. Mild infection leads to very small brown spots on young leaves. These spots become 

larger as the leaves approach full size, and they may develop pale yellow margins. Sometimes the leaf spots 

run together to form large irregular blotches, the centers of which may fall out giving a “shot hole” effect. 

Infected leaves usually fall off. Young foliage is more susceptible to anthracnose. Rapidly expanding black 

lesions occur on the leaves and stems and the shoots die. When dieback occurs on young plants, a few of 

the lower leaves may survive, but usually the whole vine dies resulting in no or poor yield. 
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Cultural managements including crop rotation, fallowing, removal of debris, planting of healthy material, 

destruction of infected cultivars, ploughing immediately after harvest, removal of weeds that may be 

alternative hosts, planting barrier crops of maize, avoiding damage to tubers at harvest, and early staking 

are likely to reduce disease development. 

Conclusion 
Development of robust, sensitive, and cost-effective diagnostic kits for quick and reliable detection of 

viruses needs to be undertaken to produce quality planting material. Refinement of the integrated disease 

management strategies for collar rot, leaf blight, and anthracnose including organic amendments, 

biofertilizers, and biological control agents needs to be taken up. Strict quarantine should be followed for 

monitoring the movement of cassava planting material in order to prevent the entry of cassava brown 

streak virus (CBSV) which is not reported in India till now but is widely prevalent in Africa and causes 

major havoc in tuber production. Disease-free cassava and elephant foot yam mother cultures shall be 

established for all the released cultivars and maintained for further mass multiplication. Use of 

biopesticides should be taken under consideration. 
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Introduction 
Drip Irrigation- Drip irrigation is slowly application of water near the root zone in the form of drop 

through the emitter is called as drip irrigation.  Drip irrigation is also called as trickle irrigation. Water is 

discharged drop by drop at very low rate of few liters per hour. This system minimizes the water losses as 

compared to conventional method. 

Advantages of Drip Irrigation System 
1. A main advantage of drip irrigation system is balance between the applied water and water consumptive 

use. 

2. Higher yield is obtained with limited quantity of water applied. 

3. Water use efficiency is increases 

4. It saves 30-70% of water as compared with conventional method. 

5. Vegetative vigour and plant yield is increases. 

6. Less labour required in field operation. 

7. Poor quality of water use is possible. It reduces the salt concentration in the root zone when irrigated 

with the poor quality of water. 

8. It cannot create interference to other cultural operation. 

9. Land levelling is not required so it can be used in sloppy or undulated land. 

10. Growth of yield can be control due to limited wetting of soil. 

11. Fertilizer is saved or fertilizer application efficiency is increased. 

12. Less attack of pest and disease. 

13. Water application rate can be controlled as per the soil type. 

14. Drip irrigation system is very simple for operation. 

Disadvantages of Drip Irrigation System 
1. Initial capital investment is higher. 

2. Power requirement is always higher than conventional method. 

3. Emitter clogging is major problem in drip irrigation. 

4. Damage of dripper and lateral due to rodents, birds, other animal and other careless field operation. 

5. Duration of life span is short. 

6. Salt accumulation is possible in dripper. 

7. Limited growth of root due to partial wetting of soil. 

8. Skilled labour is requiring for operation. 

Typical Layout of Drip Irrigation System 

 
Fig 1.- Typical Layout of drip irrigation system 
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Components of Drip Irrigation System 
1. Filter: Filter is heart of drip irrigation system. Filters are used to remove the undesirable matter or 

impurities from water. It helps to prevent clogging dripper. The different types of filters are used in 

filtration system 

a. Hydro cyclone filter. 

b. Sand Filter. 

c. Screen Filter. 

d. Disc Filter. 

2. Main Line: Main line is generally manufactured by PVC material and It may be permanent and semi-

permanent. It is generally available in different size such as 32mm, 40mm, 50mm, 62mm, 75mm, 

90mm,110mm. Main line convey water from source to field. Main line usually buried below the ground 

surface such as 60-90cm. 

3. Sub main Line- Sub main line distributes water from main line to lateral. Sub main usually made of 

PVC or HDPE material. Sub main may be permanent or semi-permanent. Permanent sub main line buried 

in to ground up to a depth 45-60 cm from ground surface. It is generally available in different size such as 

32mm, 40mm, 50mm, 62mm, 75mm, 90mm, and 110mm but practically at the time of installation size of 

sub main usually less than mainline. 

4. Lateral: Lateral distributes the water from sub main to emitter. Laterals are usually made of LDPE, 

LLDPE, and HDPE material. Laterals are usually available 12mm, 16mm, and 20mm in size. Lateral are 

usually available in black colour to prevent the growth of algae inside the lateral. 

5. Emitters or Drippers- Emitters or dripper discharge the water from lateral to soil in the form of 

droplet. The discharge of dripper usually varies from 1-16 lph. The emitters or drippers are usually point 

source or line source. 

6. Control Valves: Control valves are used to regulate the flow of water through main, sub main and 

lateral line. They are generally made of PVC, gunmetal and cast iron. Control valves available in different 

size such as 20mm to more than 140mm. 

7. Flush valve: Flush valve provided at end of submain to remove undesirable matter or impurities 

collected at the end of submain. 

8. Air release valve: Air release valve provided at the highest point of mainline to release entrapped air 

during start of system. It protects the system from breakage due to creation of vacuum. 

9. Non return valve: It provided at the starting of main line. It prevents the return flow of water and 

protect the pump from water hammering action. 

10. Pressure Gauge: Pressure gauge is used for measurement of pressure of the system.    

11. Grommet and take off: Grommet and take off used for connecting lateral to submain. Grommet acts 

as seal and takes off used for connecting lateral to sub main.  

12. End Cap: End cap used for closing the lateral end, submain end and mainline end. Sometime s it acts 

as flush valve in lateral to remove the accumulated undesirable matter from the end of lateral. 

13. Fertigation Unit: Fertigation unit is used for applying water soluble fertilizer through drip irrigation 

system to plant or crop. Fertigation system consist of different unit like  

a. Venturi 

b. Fertilizer tank 

c. Injection pump. 

Maintenance of Drip Irrigation System 
Emitter clogging is major in drip irrigation system so primary goal aim of maintenance is to prevent the 

emitter clogging. 

1. General Maintenance of drip irrigation: Once the system has been installed and commissioned in 

the field, one has performed the following activities: 

a. Check the operating pressure of the system and adjust the bypass valve accordingly. 

b. Check the working of filters, valves, leakage in pipes and fittings. 
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c. Check the placement of dripper and if the place of dripper is disturbed then placed back it to 

proper location. 

d. Check the emitter functioning, horizontal and vertical wetting zone of the plant. 

e. Check the lateral end cap and leakage through flush valve.  

2. Filter cleaning: Clean and flush your drip irrigation filters on a daily basis or at least before any 

irrigation long shift. 

a. Sand Filter- Once in week filter should be cleaned and back washing method is used for flushing 

of the filter 

b. Screen Filter or disc filter – Screen or Disc filter is compulsory filter for drip irrigation system. 

It should be cleaned by placing filter element under the running water. 

c. Submain and lateral Flushing- Flushing of submain and laterl is an important activity of 

maintenance. Sometime silt or other impurities escape from the filter which accumulated at the end 

of submain and lateral so lateral and submain fushing can be done by opening the fush valve. 

d. Chemigation- Chemigation means application of chemicals in to lateral to prevent the 

accumulation of salt into lateral. Chemigation can be done by two ways 

i. Acid treatment- The pH of irrigation water is more 7.5 then encourage the precipitation 

of calcium carbonate and iron oxide. So, this precipitation can be reduced by acid treatment 

and this acid treatment can be done by Hydrochloric acid (HCL), Sulphuric acid(H2SO4), 

Phospharic acid(H3PO4). Injection of acid can be done through the venture or injection pump 

and care should be taken at the time applying the acid. 

ii. Chlorine treatment- Chlorination is nothing but application chlorine through drip 

irrigation system and prevents growth of algae into system and also acts as oxidizing agent. 

The pH of water is less than 7.5 then chlorination treatment is applied. Chlorination can be 

completed by using the chlorine gas, Sodium hypo chloride, calcium hypo chloride. Calcium 

hypo chloride is also called as beaching powder. Chlorination can be through venture or 

injection pump. 

Conclusion 
Drip irrigation can apply very slow or drop by drop water to soil but some precipitated salt and substance 

causes the blockage of dripper or emitter. So, application of acid and chorine can remove the precipitated 

salt and substance so prevent the blockage of dripper or emitter. 
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Integrated Farming 
In Integrated farming system, is a system in which agriculture can be integrated with livestock, poultry 

and fish are maintained at same place to generate employment around the year and also get additional 

income. For example, same place poultry in upper layer and utilize their excreta. Pigs are in lower layer, 

residual water from pond was utilized for Agriculture and fodder crops production. In other words, 

Integrated Farming combines modern tools and technologies with traditional practices 

according to a given site and situation, often employing many cultivations. Father of Integrated 

Farming System is “P. K. Ramachandran Nair”. 

Aims of Integrated Farming System 
The benefits and goals of integrated farming aim at enhancing productivity per unit area, profitability, 

proper waste management, soil health management, livelihood improvement, fight against deforestation 

and overall environmental safety. 

Characteristics of Integrated Farming 
Integrated farming combines the best of modern tools and technologies with traditional practices according 

to a given site and situation. The system includes the environment, soil characteristics, landscape positions, 

genetics, and ecology of plant and animals. 

Integrated farming systems (IFS) is an eco-friendly approach in which waste of one enterprise becomes the 

input of another thus its make more efficient use of resources from the farm. IFS as a mixed farming system 

that consists of at least two separates but logically interdependent parts of a crop and livestock enterprises. 

IFS helps in improving the soil health, physical condition of soil, it improves favorable environmental 

conditions for microbes, and increase weed and pest control, increase water use efficiency and maintains 

water quality also. 

In integrated farming system the use of harmful chemical fertilizers, weed killers and pesticides should be 

minimized and also provide safeguards to the environment from the adverse and harmful effects on plant, 

soil and human also. Integrated farming system improves economic condition of the small and marginal 

farmers which enhanced the education, health and social obligations and overall improvement in livelihood 

security. 

Though IFS approach the use of chemicals (fertilizers and pesticides) can be reduced to provide chemical 

free healthy food to the society. The current scenario in the country indicates that area under cultivation 

may further decrease and more than 20% of current cultivable area will be converted into non-agricultural 

purposes by 2030. 

The Four Primary Goals of IFS are 
1. Maximization of the yield of all component enterprises to provide steady and stable income.   

2. Rejuvenation/amelioration of the system's productivity and achieve agro-ecological equilibrium.   

3. Avoid the build-up of insect-pests, diseases and weed populations through natural cropping system 

management and keep them at a low level of intensity.   

4. Reducing the use of chemicals (fertilizers and pesticides) to provide chemical-free healthy produce and 

environment to the society (Manjunatha, 2014). 
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Fig :- Approachable flowchart of Integrated Farming System 

The IFS system indicates that it is an ecofriendly and beneficial for the farmers that may have small 

holdings. The farmers also improve their economic conditions to following this system of farming. In this 

system of farming farmers can also grow crops, poultry and animals on a small field. IFS it is more 

advantageous than the farmers can able to produce more by using optimal resource utilization and 

recycling waste materials and family labor employment. It helps to any investigation, as it not only gives 

an idea of the work done in the past but also provides a basis for interpretation and discussion of the 

findings for the future research investigation (Sasikala et al., 2015). Demonstrated the profitability of the 

system by integrating livestock into crop-based farming through increased financial benefits and better use 

of intermediate farm resources such as manure, draft power, and crop residues. 

Advantages of Integrated Farming System 
1. Eco- friendly 

2. Promotion of Agro-Industry. 

3. Increased Input Efficiency. 

4. Cost Minimization for Input Use. 

5. Increased Employment. 

6. Fodder Security for Livestock. 

7. Recycling. 

8. Continuous Income Round the Year. 

9. Energy Saving. 

10. The scientists found that using integrated techniques such as crop rotation, organic fertilizers, cover 

crops, and very little pesticide application would use less energy and produce fewer greenhouse gas 

emissions per unit of production than either organic or conventional farms. 

Limitations of Integrated Farming System 
1. The need to provide for some measure of food security.  

2. The need to use the resources of soils, climate, etc. to provide employment and economic activity. 
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Integrated Farming 
Blotting techniques involve the separation via electrophoresis and transfer of DNA, RNA, or proteins onto 

a blotting membrane. The target DNA is then attached to a molecule in order to aid detection. Southern 

blotting is used to evaluate for specific DNA sequences and may be used in identification of genetic 

mutations and in forensics. Northern blotting focuses on RNA sequences and is helpful in assessing gene 

expression. Western blotting identifies proteins and antibodies and has applications in diagnosing 

infectious diseases, protein abnormalities and autoimmune conditions. Although these tests have good 

specificity, they have significant disadvantages owing to their expense, labor-intensiveness, and slow 

around time (Negritto and Manthey, 2016). 

There are Three Types of Blotting Techniques 
1. Southern blotting. 

2. Northern blotting. 

3. Western blotting. 

Southern Blotting 
A Southern blot is a method used for detection of a specific DNA sequence in DNA samples. Southern 

blotting combines transfer of electrophoresis-separated DNA fragments to a filter membrane and 

subsequent fragment detection by probe hybridization. The method is named after its inventor, the British 

biologist Edwin Southern. 

Procedure: High molecular weight DNA strands are cut into smaller fragments by restriction 

endonucleases. The DNA fragments are separated by size by agarose gel electrophoresis and then 

transferred to a nitrocellulose membrane which is placed on the top of the gel (Figure-1). In Southern 

blotting, before transfer, DNA is usually denatured with alkali for denaturation of the double stranded 

DNA.  The denaturation in an alkaline environment may improve binding of the negatively charged DNA 

to a positively charged membrane, separating it into single DNA strands for later hybridization to the 

probe, and destroys any residual RNA that may still be present in the DNA.  After transfer of the DNA 

fragments to the nitrocellulose membrane which is done by capillary action and the membrane is then 

baked in a vacuum or regular oven at 80 °C for 2 hours to permanently attach the transferred DNA to the 

membrane. 

 
Figure 1: Southern blotting 
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The membrane is then exposed to a hybridization probe (a single DNA fragment with a specific sequence 

whose presence in the target DNA is to be determined). The probe DNA is labelled so that it can be detected, 

usually by incorporating radioactivity or tagging the molecule with a fluorescent or chromogenic dye. After 

hybridization, excess probe is washed from the membrane, and the pattern of hybridization is visualized 

on X-ray film by autoradiography in the case of a radioactive or fluorescent probe (Aktas et al., 2021). 

Northern Blotting 
Northern blotting, the name was extrapolated from Southern blotting. The northern blot is a technique 

used to study gene expression by detection of RNA (isolated mRNA) in a sample. 

Procedure: The nucleic acid molecules (RNA samples) are separated by agarose gel electrophoresis and 

then transferred to a nitrocellulose membrane but for RNA in Northern blotting, alkali denaturation is not 

necessary and would in any case hydrolyze the molecules. A nylon membrane with a positive charge is the 

most effective for use in northern blotting since the negatively charged nucleic acids have a high affinity 

for them. The transfer buffer used for the blotting usually contains formamide because it lowers the 

annealing temperature of the probe-RNA interaction, thus preventing RNA degradation by high 

temperatures. Once the RNA has been transferred to the membrane, it is immobilized through covalent 

linkage to the membrane by UV light or heat. After a probe has been labeled, it is hybridized to the RNA 

on the membrane. Experimental conditions that can affect the efficiency and specificity of hybridization 

include ionic strength, viscosity, duplex length, mismatched base pairs, and base composition. The 

membrane is washed to ensure that the probe has bound specifically and to avoid background signals from 

arising. The hybrid signals are then detected by X-ray film. 

Western Blotting 
Identification of a specific protein in a complex mixture of proteins can be done by a technique known as 

western blotting. Western blotting is also called immunoblotting because an antibody is used to specifically 

detect its antigen. It was introduced by Towbin and is now a routine technique for protein analysis.  

Procedure:  In Western blotting, first a protein mixture is separated by electrophoresis on an SDS-

polyacrylamide gel (SDS-PAGE), a slab gel infused with sodeum dodecyl sulphate (SDS), a dissociating 

agent. Proteins are commonly separated using polyacrylamide gel electrophoresis (PAGE) to characterize 

individual proteins in a complex sample or to examine multiple proteins within a single sample. When 

combined with Western blotting, PAGE is a powerful analytical tool providing information on the mass, 

charge, purity or presence of a protein. Several forms of PAGE exist and can provide different types of 

information about the protein(s). 

 
Figure 2: Northern blotting 

SDS-PAGE (SDS polyacrylamide gel electrophoresis) maintains polypeptides in a denatured state once 

they have been treated with strong reducing agents to remove secondary and tertiary structure (e.g. 

disulfide bonds [S-S] to sulfhydryl groups [SH and SH]) and thus allows separation of proteins by their 

molecular weight. Sampled proteins become covered in the negatively charged SDS and move to the 

positively charged electrode through the acrylamide mesh of the gel. Smaller proteins migrate faster 

through this mesh and the proteins are thus separated according to size (usually measured in kilodaltons, 
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kDa). The concentration of acrylamide determines the resolution of the gel - the greater the acrylamide 

concentration the better the resolution of lower molecular weight proteins. The lower the acrylamide 

concentrations better the resolution of higher molecular weight proteins. Proteins travel only in one 

dimension along the gel for most blots. Samples are loaded into wells in the gel. When voltage is applied 

along the gel, proteins migrate into it at different speeds. These different rates of advancement (different 

electrophoretic mobilities) separate into bands within each lane. 
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Introduction 
Cloning is the process of producing similar populations of genetically identical individuals that occurs in 

nature. Cloning in biotechnology refers to processes used to create copies of DNA fragments, cells or 

organisms. Gene cloning deals with identification and isolation of desired gene and joining this gene of 

interest into another organism. The desired expressed itself in that organism by the gene products.  

Sir George Mendel, the Father of Genetics, in middle nineteen century speculated a set of law to describe 

the inheritance of biological characters. The basic assumption of this law describes that each character in 

an organism is controlled by a factor known as "Trait" presently known as" Gene". A milestone came in 

biological sciences when Avery, MacLeod & McCarty in 1944, explained the molecular nature of Gene and 

described that Deoxyribonucleotide (DNA) is genetic material and gave rise to new branch of biological 

science known as" Molecular Biology". For better understanding of Gene, its function and for its 

manipulation, we now turn into new technology to advance the modern biological sciences. This technology 

is termed as Recombinant DNA technology or Genetic Engineering. This technique includes the process of 

Gene cloning and cloning means" identical copy". Gene cloning method requires DNA vector which is small, 

circular DNA molecule present in bacteria and this DNA vector has natural talent to replicate with fidelity 

when gene or segment of DNA is inserted into these molecules with in host. Plasmid of bacterium, many 

plant and animal viruses acts as DNA vector (Berg and Mertz, 2010). 

Objectives of Gene Cloning 
1. To obtain a large number of copies of specific DNA fragments. 

2. To recover large quantities of the protein production by the concerned gene. 

3. To integrate gene into the chromosome of target organism where it expresses itself. 

4. A particular gene can be isolated and its nucleotide sequence can be determined. 

5. Protein/enzyme/RNA function can be investigated. 

6. Mutations can be identified. 

Basis Steps in Gene Cloning 
1. Identification and isolation of gene of interest: First step in gene cloning is the isolation of the 

desired part of DNA in which the gene of interest is present and the bacterial plasmids (pBR322) are also 

isolated in which the desired gene will be inserted. When the desired region with gene of interest is 

identified, it is isolated by cutting it with restriction enzymes. Restriction enzymes cut the phosphodiester 

bond at specific sites called restriction sites. Now this gene is ready for the introduction to the vector.  

2. Introduction of the desired gene DNA fragment into the suitable vector to produce rDNA: 

When the gene of interest is isolated, it now needs a host cell where it can replicate and can make multiple 

copies. For this purpose, plasmid is used which is a molecule inside the bacterial cell. It has the ability to 

replicate out of the bacterial chromosomal DNA. Plasmids are the best source of gene cloning as they are 

able to replicate separately and independently from the bacteria's on genetic material. They are double 

stranded circular molecules. Both plasmid vector and the genomic DNA, from which a fragment is to be 

cloned, are cut with the same restriction enzyme to produce linear fragments. After inactivating the 

restriction enzymes, the plasmid and restriction enzyme fragments are mixed in the presence of DNA 

ligase. When the gene of the interest is inserted into the plasmid, the ring of the plasmid opens up giving 

place to the gene to attach with it. Now the plasmid is ready for the introduction into the host organisms 

as it contains a foreign gene (Sharrer 2006).  

 

https://en.wikipedia.org/wiki/Biotechnology
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Organisms
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3. Introduction of rDNA (vector) into a suitable organism or cell called host: The process of 

transferring exogenous DNA into cells is call “transformation” E. coli is used as the host cell for the 

plasmid, because it has the ability to replicate faster than any other microorganism. It is the best 

microorganism used in recombinant DNA technology. The plasmid with foreign gene is now inserted into 

the host organism's body. Plasmid enters the host cell by two mechanism 

a. Chemical transformation – Chilling cells in the presence of Ca2+ prepares the cell walls to 

become permeable to plasmid DNA. Cells are briefly heat shocked which causes the DNA to enter 

the cell 

b. Electroporation- making holes in bacterial cells, by briefly shocking them with an electric field 

of 10-20kV/cm. Plasmid DNA can enter the cell through these holes.  

4. Beginning of the Cloning of new Gene: Bacterial cells take up the recombinant plasmids by 

transformation and this creates a diverse pool of bacteria, some bacteria that have taken up the desired 

recombinant plasmid DNA, and other bacteria that have taken up other DNA, both recombinant and 

nonrecombinant.   

There are three possible products of the transformation: 

a. Plasmid + Insert  

b. Plasmid without Insert 

c. Insert self-ligated. 

5. Selection of the transformed host cell by rDNA: The transformed bacteria can be plate out on a 

solid nutrient agar medium containing ampicillin. Only bacteria that have the ampicillin-resistance 

plasmid will grow. Only E. coli cells with resistant plasmids grow on antibiotic medium. Plasmids used in 

gene cloning contain selectable markers, usually antibiotic resistance genes. By plating onto agar 

containing the antibiotic only successfully transformed bacteria which have taken up plasmid will be able 

to grow. 

 
Figure 1: Steps of gene cloning 

Applications of Gene Cloning 
1. Cloning DNA fragments  

2. Generating Libraries: essential step for genome mapping 

3. Positional cloning – discovering disease genes 
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4. Discovering genes from e.g. Protein sequence. 
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In September 2015, the United Nations adopted the Sustainable Development Goals (SDGs) – a set of 17 

global goals with specific targets aimed at ending poverty, protecting the planet and ensuring prosperity 

for all by 2030 where zero hunger; good health and wellbeing and quality education are three among 17 

SDGs goals. 

 
Figure- 1 Sustainable Development Goals 

‘Zero hunger’, indicates foods security, nutrition and agriculture. It’s encouraged the whole world to “end 

hunger, achieve food security with improve nutrition and promote sustainable agriculture”. 

‘Good health and well-being’, the third SDGs are critical to achieve as investment in nutrition are very 

few and rare. “Ensure healthy life and promote well-being for all at all ages”- especially the targets on 

reducing national rates of neonatal and child mortality and global maternal mortality”. 

‘Quality education’, the fourth SDGs indicates improved nutrition can help to maximise investment on 

nutrition. “Ensure inclusive and equitable quality education and promote lifelong learning opportunity for 

all” is the main aim of quality education. Education platforms can also be nutri-sensitive, to reach children 

with nutrition interventions and service as they grow. 

India’s Nutrition Challenges 
India is known for larger producer of food but ranked as highest number of under nourished people in the 

world .50% of children in India are underweight, 45% stunted 21% wasted and 57% Vitamin A deficit. 

However, Assam contributes 32.8% underweight, 35.3% stunted, 21.7% wasted and 58.2% vitamin A deficit. 

Table-1. The silent emergency of Malnutrition in Assam: 

Sl.  Indicators  Number  

1  Total Population    312.05 lacs 

2  U5 Population (10%)  31.20  lacs   

3  21.7% of U5 population is wasted  6.77  lacs  

4  9% of children are SAM  60,944  
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When Malnutrition Does Occur in Life? 
Malnutrition occurs when a child not eating enough of the right foods. It can also occur when children eat 

too much of the wrong foods. It was also seen that infant from 6–8-month upto 30-32 month have increase 

cases of malnutrition as shown in Figure 2. Our first opportunity is to give emphasis from during pregnancy 

to first 2 years of life, i.e, 1000 days to combat malnutrition and our second opportunity to combat 

malnutrition is from puberty of adolescent girls. Most of the adolescent girls are anemic due to least intake 

of iron rich foods and attracted towards snacks, street foods or fast foods. Inadequate intake of nutritious 

foods makes the adolescent girl more prone to disease and infections and leads to complicated/ high risk 

pregnancy in future, inclining to add malnourished child. 

 
Figure: 2 Age wise distribution and prevalence of malnutrition in every 10 numbers of 

Children. Source: WHO – Child Health Epidemiology Reference Group Report (2012) 

Malnutrition Status of Assam- Nutritional Status Children Under 5 Years 
21.5 percent children under five years of age are wasted (low weight for height); Over 9.1 per cent of these 

children are severely wasted (<-3SD). Since ‘wasting’ denotes acute malnutrition, these children are said 

to have Severe Acute Malnutrition or SAM. Further, significant rise (double) in over-weight % over 5 years 

survey data, especially in urban population is also a cause of concern. 

Sl.no Indicators 2019-21 2015-16 

Urban Rural Total 

1  Stunted (height-for-age)  29.8  36.0  35.3  36.4 

2  Wasted (weight-for-height)  19.1  22.1  21.7  17.0 

3  Severely wasted (weight-for-height)  8.0  9.2  9.1  6.2 

4  Underweight (weight-for-age)  25.9  33.6  32.8  29.8 

5  Overweight (weight-for-height)  8.0  4.5  4.9  2.3 

Source-Operational Guidelines on Facility Based Management of Children with Severe Acute 

Malnutrition-2011 

Causes of Malnutrition 
1. Inadequate feeding and recurrent infections. 

2. Poverty 

3. Changing life style. 

What can Reduce Malnutrition Prevalence? 
1. Universal practice of adequate feeding: Adequate nutrition during infancy and early childhood is 

essential to ensure the growth, health, and development of children to their full potential. Poor nutrition 

increases the risk of illness. Moreover, inappropriate nutrition can also lead to childhood obesity which is 

an increasing public health problem. 

 The first two years of life provide a critical window of opportunity for ensuring children's appropriate 

growth and development through optimal feeding. Practicing exclusive and intensive breast feeding (EIBF) 

and exclusive breast feeding (EBF) up to 6 month (180 days); nutritionally adequate and safe 

complementary feeding starting from the age of 6 months with continued breastfeeding up to 2 years of age 
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or beyond is a must. Based on evidence of the effectiveness of interventions, achievement of universal 

coverage of optimal breastfeeding could prevent 13% of deaths occurring in children less than 5 years of 

age globally, while appropriate complementary feeding practices would result in an additional 6% reduction 

in under-five mortality. 

Hence, nutritionally rich foods in terms of quantity, quality and diversified supplementary and 

complementary feeding up to 2 years must be practiced to reduce the burden of malnutrition and emphasis 

must be given to feed the child during illness.  

However, it was reported that poor breastfeeding and complementary feeding practices are widespread till 

date. Worldwide, it is estimated that only 34.8% of infants are exclusively breastfed for the first 6 months 

of life, the majority receiving some other food or fluid in the early months. Complementary foods are often 

introduced too early or too late and are often nutritionally inadequate and unsafe. 

Early nutritional deficits are also linked to long-term impairment in growth and health. Malnutrition 

during the first 2 years of life causes stunting, leading to the adult being several centimeters shorter than 

his or her potential height. There is evidence that adults who were malnourished in early childhood have 

impaired intellectual performance. They may also have reduced capacity for physical work. If women were 

malnourished as children, their reproductive capacity is affected, their infants may have lower birth 

weight, and they have more complicated deliveries 

2. Supplementation of pediatric IFA and Vit-A: Iron Folic Acid Supplementation and de-worming to 

children (6 months to 59 months), bi-weekly IFA syrup to children 6m – 5 years is given. Vitamin A 

Supplementation in under-five children: 1st dose of Vitamin A (1 lakh I.U.) is being given to the child at 

the time of immunization at 9 months of age, and thereafter, the child is administered doses of Vitamin A 

(2 lakh I.U.of Vitamin A) at 6 monthly interval, so that a child receives a total of 9 doses of Vitamin A till 

the age of 59 months. 

Child with Severe malnutrition requires supplements of vitamins, potassium, magnesium, zinc, copper, 

selenium and iodine up to twice the recommended daily allowances. However, Iron should be given only 

after the child’s appetite has returned. Deficiencies in zinc and vitamin A impair the function of the immune 

system and have direct effects on the structure and function of mucosa. Copper deficiency is characterized 

by neutropenia (low neurofil count in blood), bone abnormalities, and micro-cytic   anaemia (RBC in blood 

are smaller than usual) that fail to respond to iron. Cardiac function is impaired in selenium deficiency. 

Zinc supplementation reduces the incidence of diarrhoea and pneumonia and improves growth. Vitamin A 

supplementation has been shown to reduce mortality and morbidity due to diarrhea and measles. Iron 

supplementation improves cognition and growth but is not recommended in the acute phase because it may 

worsen existing infection. 

3. Role of complete immunization and malnutrition: Malnutrition is not only caused by a lack of 

nutritious food; infectious diseases such as diarrhoea and malaria can cause under nutrition by reducing 

the body’s ability to absorb nutrients. In malnourished children, the mucosal barrier (the layer of mucus) 

in our noses and mouths that stop germs entering in our body is compromised, that is why they are more 

prone to infection. This is why preventing infectious disease remains important for child health and 

development. Hence, complete and timely vaccination is an important component of malnutrition 

prevention programme, as part of an integrated bundle of interventions in early life; introduction of new 

vaccines is likely to yield even greater gains in disease prevention and further promote healthy growth. 

Preventing infectious disease, for malnourished children or those at risk, vaccination could also prevent 

recurrent infections that might exacerbate under-nutrition. 

4. Deworming: Worm infections can cause various health problems, including anemia, abdominal 

distention (swelling) or severe abdominal pain, diarrhoea, etc. It can also cause loss of appetite, 

malnourishment, impaired mental and physical development as well as tissue damage that may require 

corrective surgery. As the infected children cannot concentrate on their studies, their education and 

productivity are at stake besides health risks. To avoid un-toward incidents in physical and mental health, 

parents/ guardian must ensure that their child is de-wormed regularly. Moreover, in India every family 

have common toilet and hence it is utmost important to de-worm every person in the family including maid.  
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5. Hand washing and sanitation: Hand-washing breaks the vicious cycle of diarrhea and under-

nutrition. Children are susceptible to infection by bacteria and viruses, found in fecal matter, that cause 

diarrhea. When children get diarrhea, they often eat less food, and have a reduced ability to absorb and 

benefit from nutrients in the food they do eat. About 70 per cent of cases of diarrhoea could be associated 

with poor food hygiene which can be easily addressed with proper hygiene practices including hand-

washing with soap. Diarrhoea also contributes to under-nutrition among children. Studies indicate that 

hand-washing with soap, can reduce stunting by 15 per cent and prevent diarrheal disease by up to 48 

percent, and is considered as one of the most cost effective and simple interventions.   

6. Interventions to reduce poverty: A vital relationship exists between malnutrition and poverty. 

Poverty creates unstable and unfavorable conditions that may contribute to fueling the problem of 

malnutrition. People living in poverty often face financial limitations and hinders their ability to access 

safe, sufficient, and nutritious food. Food insecurity compromises people's ability to acquire the amount of 

food needed to fulfill the bodily requirement of calories and without sufficient calorie intake, an individual 

may not be able to build up energy or strength to carry out everyday life activities and this also hampers 

the capacity and productivity to earn. While people living in poverty may require a greater quantity of food 

than they currently have, it is important to take into consideration that appropriate intake of nutrients 

and quality food is equally important. Poverty can contribute to worsening malnutrition by compromising 

the quality of food intake and bolstering hidden hunger which is the deficiency of essential vitamins and 

minerals.  

Despite social and economic development, the burden of malnutrition across the globe remains 

unacceptably high. A vital relationship exists between nutritional status, human capital, and economic 

standing. Malnutrition adversely affects the physiological and mental capacity of individuals; which in turn 

hampers productivity levels, making them and their respective countries more susceptible to poverty. A 

two-way link exists between malnutrition and poverty, creating a vicious cycle with each fueling the other. 

Malnutrition produces conditions of poverty by reducing the economic potential of the population and 

likewise, poverty reinforces malnutrition by increasing the risk of food insecurity. 

7. Changing life-style and attraction towards fast foods: Fast food consumption has increased 

dramatically in the general population over the last 15-20 years in Assam and thus increased prevalence 

of obesity having a body mass index ≥30 kg/m².  Moreover, fast food consumption tends to be associated 

with an excess intake of undesirable nutrients (sugar, sodium, saturated and trans fats, processed 

preservatives) and a reduced intake of desirable nutrients (e.g. vitamins and minerals from fruits and 

vegetables, calcium, fiber). Consumption of fast food 4 times in a week may influence three important 

conditions: obesity, cardiovascular disease, and malnutrition. Hence, to preserve health, a person should 

try to identify fast food items that contain less salt, fat, sugar, and total carbohydrates, and generally try 

to limit the amount of fast food they consume.  

8. Consumption of tea and coffee: Moderate tea consumption is a very healthy choice for most of the 

people but exceeding 3–4 cups (710–950 ml) per day could have some negative side effects. Tea is a rich 

source of a class of compounds called tannins. Tannins can bind to iron in certain foods, rendering it 

unavailable for absorption in our digestive tract and thus after consuming iron rich food it does not get 

absorb by our body. Thus, tea drinking was found to be a risky consumption especially for anaemic 

adolescent girls, pregnant women with low heamoglobin, lactating mother and infants and children are 

prone to get microcyte anemia. 

9. Introduce nutrition garden: Nutrition Garden or household kitchen garden was practiced since time 

memorial. But scientific layout and intercropping of various vegetables will not only give vegetables round 

the year but also fulfills our nutritional needs and requirements. Introduction of Bio fortified papaya, 

cabbage, Mustard ( Pusa Mustard 30 -Glucosinolates fortified), sweet potato (Bhu sona - caroteinoid 

fortified and Bhu Krishna -Anthocyanine fortified), pulses (Pusa Ageti - iron Fortified), maize (Pusa Vivek 

QPM9 - protein, lysine tryptophan fortified), paddy ( DDR dhan - Zn fortified and CR Dhan 310 -Protein 

fortified) etc must be cultivated in farmers field in large extent, Hence, nutrition garden must be 

established at Nutrition rehabilitation centers ( NRC), hospitals (where deliveries conducted), tea garden 

area, Anganwadi centers, schools and every household to create nutria sensitive agriculture and combat 

malnutrition from India. 

https://www.healthline.com/nutrition/tannins-in-tea
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Conclusion 
To reduce maternal and infant mortality rate in India, emphasis must be given on adequate and proper 

nutrition. Prioritization during first three month of pregnancy up to 24 months of child, i.e., 1000 days 

must be focused. More emphasis and awareness must be created on exclusive and intensive breast feeding 

up to 6 month of age, quality supplementary feeding and diversified complimentary feeding along with 

breast feeding must be encouraged. Attraction towards fast food and low nutritious food must be 

discouraged especially among adolescent age group and among eligible couple ranging from 15-49 age 

groups. Two ways effort from Guradian/ parents as well as front line workers including AWW, ASHA, ANM, 

GNM, Doctors must be given for complete and timely immunization to minimize malnutrition to a great 

extent. Rural /urban women, children along with youth must be encouraged to consume indigenous fruits 

and vegetable those not only have medicinal property but also boost immunity. Introduction of Bio-fortified 

cereals, pulses, salt, fruits and vegetables etc. and nutritious- kitchen garden must be popularized among 

every household, schools, Anganwadi centers and hospitals. 
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Introduction 
Castor (Ricinus communis L.) is an important non- edible oilseed crop of arid and semi-arid regions of the 

world. It Belongs to family Euphorbiaceae, having chromosome number 2n = 20. Castor seed contains 48 

to 56 % oil and having wide range of industrial uses. India is principal producer and sole exporter of castor 

seed, oil and some of its derivatives. Castor is grown in tropical, subtropical and temperate climates and 

almost cultivated in 30 different countries. India, China, Brazil, Africa, Thailand and South America are 

major castor growing countries.  The major castor growing states in India are Gujarat, A. P., Rajsthan, 

Tamilnadu, Karnataka and Orissa. Gujarat is leading castor growing state of country. In Gujarat, 

Banaskantha, Mehsana and Sabarkantha are major castor growing districts. 

Botany and Flower Biology 
Its monoecious nature favors cross-pollination and it is up to the extent of 50 per cent. The seed yield in 

castor is directly / indirectly influenced by several factors of which, sex expression i.e., per cent pistillate 

whorls is very important. Castor is a sexually polymorphic species with different sex forms viz., monoecious, 

pistillate, hermaphrodite and pistillate with interspersed staminate flowers (ISF). The most natural 

occurrence of annual and perennial castor is monoecious form. Dominant female mutants are spontaneous 

and genetically unstable. Such female plants produce female racemes at first, but later revert to production 

of monoecious racemes having both male and female flowers. Such females are used in hybrid seed 

production programme and could be maintained easily. Pistillate condition is produced by blocking the 

development of androecium in the male flower, so that the inflorescence has only pistillate flowers. 

Economic Importance 
1. The castor oil is used as a purgative. 

2. It is an excellent lubricant especially for airplane engines. 

3. It is also used for transparent soap, textile soap, type writer inks, perfumes aromatics, varnishes and 

paints. 

4. It is used for preserving leather and as an illuminant. 

5. The oil cake is used as a fertilizer. 

6. Castor cake is almost entirely used as manure in India. 

Causes of Malnutrition 
1. Inadequate feeding and recurrent infections. 

2. Poverty 

3. Changing life style. 

What is Meant by Quality? 
Suitability or fitness of an economic plant product in relation to its end use. It is of various types, viz. 

market quality, industrial quality, nutritional quality etc. 

What is Quality Breeding? 
Genetic improvement of crop plants in relation to various qualities attributes. 

Important Quality Traits 
1. Morphological traits. 

2. Physical traits. 
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3. Meal quality traits. 

4. Oil quality traits. 

5. Biochemical traits. 

Morphological features of Castor Pistillate lines/Male Inbreds / Germplasm: 

SN Lines Sex Expression Morphological features 

1 VP-1 Pistillate G3SPN-12-20, Dwarf, cup shape leaves, convergent branches, 

short Internodes, spike medium long semicompact 

2 Geeta Pistillate M2NSPN-16-22, Medium tall, Flat leaves, divergent 

branches, long Internodes, spike medium long loose 

3 JP-65 Pistillate R0SPN-12-16, medium plant height, flat leaves, divergent 

branches, long Internodes, spike medium long semicompact 

4 SKP-84 Pistillate M3SPN-19-25, Medium height, cup shape leaves, convergent 

branches, short Internodes, 3-4 nectary on nodes, spike long 

semicompact 

5 JI-96 Male M3SPN-15-19, tall, divergent branches, loose spike, 

monoecious 

6 SKI-215 Male M2NSPN-18-22, tall, divergent branches, loose spike, 

Intertype 

2. Physical traits: 

Seed characteristics: 

a. Less seed coat content 

b. Seed coat colour (white, brow, dark, brown)  

c. More seed weight 

d. Seed size (small or large) 

e. Nature of pod (dehiscent or indehiscent). 

3. Seed meal quality traits: 

1 Iodine value (mg/g)  84.5  

2 Crude fibre (%)  2.4-3.15  

3 Minerals  P, Ca, mg  

4 Nutritional properties  Well balance amino acids, but toxin ricine  

5 Lipid 47-49.5% 

6 Crude protein 24-26.3% 

7 Viscosity (T in °C)  78 (300C)  

4. Biochemical traits: 

a. Bio chemical traits are important for the nutritional quality of seed oil and seed meal. 

b. These traits include fatty acids, phytic acid, amino acids, crude fiber etc. 

Fatty Acid Composition of Castor Seed Oil 
Fatty acids Percent 

SFA Palmitic  1.2 

Stearic  1.2  
Ricinoleic  80-90   
linolenic  0.5    

PUFA Oleic  5.5  

Linoleic  4.5 

Desirable fatty acids:  

a. Linoleic acid 

b. Oleic acid 

c. Palmitic acid 

d. Stearic acid  

Undesirable fatty acids: Ricinoleic Acid. 
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Anti-Nutritional Factors 
Ricin: 

a. Ricin is a protein found only in the endospem of castor seed. 

b. Castor oil does not contain ricin bacause this protein is insoluble in oil. And any residual ricin is 

eliminated in the refining in process. 

Ricinine: 

a. Ricinine is an alkaloid found in all organs of castor. It can be detected early in seedling stage. 

High in young leaves.  

b. Ricinoleic acid is predominant with 85-90 percent of the total fatty acids’ concentrations.  

c. It is most important fatty acid of castor oil and is only plant source hydroxyl fatty acid in the 

world.  

d. Due to its high and stable viscosity even at very low temperature. It is used as lubricant in jet 

air.  

Ricin-free castor: 

a. The major toxic compound in the seed meal of castor is ricin, an alkaloid ricinine and an allergenic 

protein polysaccharide CB-1A. 

b. This makes the high protein meal to be used as fertilizer. 

c. Ricin a lethal toxalbumin inhibits protein synthesis by inactivating ribosomes and is deadly when 

inhaled, ingested or injected.  

d. The major objective of castor genetic transformation in USA is to develop ricin free castor plant 

varieties with the potential to create new economic opportunities for farmers and processors. 

e. Through selection and traditional breeding methods, advanced generation lines (F6) with 70–75% 

reduction in Ricin. 

f. The second strategy is to develop Transgenics using antisense genes for blocking ricin.  

g. The ricin gene is isolated and sequenced and using mRNA expression of ricin promoters useful in 

expression of genes to suppress toxin.  

h. The transgenic strategies to completely eliminate the toxic components are necessary. Efforts are 

focused upon “knocking out” the genes responsible for ricin production as well as genes 

responsible for the production of ricinine.  

i. Using classical mutagenesis techniques random mutations are introduced into the castor genome 

and screened to determine the mutations that have the ricin genes knocked out.  

j. The screening is accomplished through Targeting Induced Local Lesions in Genomes 

(TILLING) technology for identification of single nucleotide polymorphisms and the desired 

mutants are crossed with desired castor germplasm. 

k. Ricin-free castor meal will certainly have significant value for the production of animal feeds and 

rations. 

Conclusion 
1. The genetic improvement of castor through in vitro techniques adopting biotechnological tools. 

2. Heat pretreatment of castor bean at different temperatures prior to mechanical expression had effects 

on the quality attributes of the oil expressed. 

3. The oil has a lot of agro-industrial potential and there is a plenty of scope for improvement in its 

methods of handling, processing, storage and utilization. 

4. Improve the bio chemical traits. 
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Rice (Oryzae sativa) a cereal crop which is largely consumed throughout the world, especially in the 

continent of Asia. Rice is a good source of minerals and vitamins such as iron, calcium, vitamin D, 

riboflavin, niacin and thiamine. India is the second largest producer of rice in the world after China. In 

2018–2019 India produced 116.47 million tonnes of rice with an average productivity of 2638 kg/hectare. 

In India, West Bengal is the largest producer of rice where the rice is grown throughout the year.  

Rice production is severely affected by many biotic and abiotic factors. False smut disease of rice is one 

among them, which is caused by Ustilagonoidea virens. False smut is a soil, and air borne fungal disease. 

It reduces rice quality and makes low market price. The pathogen that causes false smut can survive in 

soil from harvesting time to flowering time of next crop. Its presence was believed to indicate a good crop 

year. This belief is still common in South-east Asia. 

Distribution and Economic Importance 
False smut is also known as Lakshmi disease or Oothupathi disease of rice. The disease was first reported 

from Tirunelveli in Tamilnadu by Cooke in 1878 (Ou, 1972). The disease has been reported in different 

countries around the world such as China, Philippines, Bangladesh, Myanmar, Japan, Brazil, Thailand etc 

(Dodan and Singh, 1996). The disease caused severe epidemic in Burma in 1935. False smut disease of rice 

was considered as minor importance earlier however at present the disease is gaining much importance as 

there are different reports of causing huge yield loss of upto 75% (Rashmi et al., 2014). 

Symptoms 
1. Infected grain has greenish smut balls with a velvety appearance. 

2. The smut ball appears small at first and grows gradually up to the size of 1 cm. 

3. Only few grains in a panicle are usually infected and the rest are normal. 

4. As the fungi growth intensifies, the smut ball bursts and becomes orange then later yellowish-green or 

greenish-black in color. 

5. Infection usually occurs during the reproductive and ripening stages, infecting a few grains in the panicle 

and leaving the rest healthy. 

 
False smut in rice grain 
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Pathogen 
The Chlamydospore formed on the spore balls are born laterally on minute sterigmata on radial hyphae, 

and are spherical to elliptical, warty, olivaceous, 3-5 x 4-6 µm. Younger spores are smaller, paler, and 

almost smooth. Some of the green spore balls develop one to four sclerotia in the center. These sclerotia 

overwinter in the field and produce stalked stromata the following summer or autumn. 

Disease Cycle 
`In temperate regions, the fungus survives the winter through sclerotia as well as through chlamydospores. 

Ascospores produced on the over wintered sclerotia apparently start primary infection. Chlamydospores 

are important in secondary infection which is a major part of the disease cycle. Infection usually occurs at 

the booting stage of rice plants. Chlamydospores are borne, but do not free them from spore ball easily 

because of the presence of sticky material. 

Favourable Conditions 
1. Application of high nitrogen content 

2. High wind helps in dissemination of the spores from plant to plant 

3. Presence of overwintering fungus as sclerotia and chlamydospores 

4. Rainfall and cloudy weather during the flowering and maturity periods are favourable. 

Management Practices 
Preventive methods: 

a. Use of disease-free seeds that are selected from healthy crop. 

b. Seed treatment with carbendazim 2.0g/kg of seeds. 

c. Split application of nitrogen is recommended. 

d. Removal and proper disposal of infected plant debris.  

Cultural methods: 

a. Ddestruction of straw and stubble from infected plants is recommended to reduce the disease. 

b. Use resistant or tolerant varieties that are against the disease  

c. Avoid field activities when the plants are wet. 

d. Early planted crop has less smut balls than the late planted crop. 

e. At the time of harvesting, diseased plants should be removed and destroyed so that sclerotia do 

not fall in the field. This will reduce primary inoculum for the next crop. 

f. Field bunds and irrigation channels should be kept clean to eliminate alternate hosts. 

g. Excess application of nitrogenous fertilizer should be avoided. 

f. Regular monitoring of disease incidence during rabi season is very essential. 

Chemical methods: 

a. Spraying of copper oxychloride at 2.5 g/litre or Propiconazole at 1.0 ml/litre at boot leaf and milky 

stages will be more useful to prevent the fungal infection. 

b. Seed treatment with carbendazim 2.0g/kg of seeds. 

c. At tillering and preflowering stages, spray Hexaconazole @ 1ml/lit or Chlorothalonil 2g/lit. 

d. In areas where the disease may cause yield loss, applying captan, captafol, fentin hydroxide, and 

mancozeb can be inhibited conidial germination. 
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Abstract 
The term xenobiotics, however, is very often used in the context of pollutants such 

as dioxins and polychlorinated biphenyls and their effect on the biota, because xenobiotics are understood 

as substances foreign to an entire biological system,  xenobiotic compounds will generate from different 

sources. The negative effect of xenobiotics will be the formation of toxins. These toxins have direct impact 

on human health. The toxins which cause major toxicity are Cardiotoxicity, Hepatotoxicity, renal toxicity 

etc. The nutshell information about the toxicity effect is discussed in the below article. 

Introduction 
A xenobiotic is a chemical substance found within an organism that is not naturally produced or expected 

to be present within the organism. It can also cover substances that are present in much 

higher concentrations than are usual. Natural compounds can also become xenobiotics if they are taken up 

by another organism, such as the uptake of natural human hormones by fish found downstream of sewage 

treatment plant outfalls, or the chemical defenses produced by some organisms as protection against 

predators.  

The term xenobiotics, however, is very often used in the context of pollutants such 

as dioxins and polychlorinated biphenyls and their effect on the biota, because xenobiotics are understood 

as substances foreign to an entire biological system, i.e. artificial substances, which did not exist in nature 

before their synthesis by humans. The term xenobiotic is derived from the Greek words ξένος (xenos) = 

foreigner, stranger and βίος (bios) = life, plus the Greek suffix for adjectives -τικός, -ή, -όν (-tikos, -ē, -on). 

Xenobiotics may be grouped as carcinogens, drugs, environmental pollutants, food additives, hydrocarbons, 

and pesticides. 

Xenobiotic Metabolism 
A xenobiotic may course through different paths-either it could be (a) eliminated unchanged-hydrophilic 

compounds in urine and lipophilic through faeces (b) retained in the body unchanged-e.g., lead and 

cadmium. (c) may undergo spontaneous transformation or (d) may be metabolized enzymatically, the last 

one being the most common pathway.  

A xenobiotic can be a parent compound, intermediate or product of a metabolic pathway. Xenobiotics are 

metabolized by the Xenobiotic- Metabolising Enzymes (XMEs). XMEs can be either Phase I enzymes, 

(activation), Phase II (conjugation) or Phase III (Transporter enzymes). Xenobiotic metabolism, particularly 

biotransformation can be affected by various physiological and pathological states. Extra-hepatic 

metabolism of the toxic xenobiotic may lead to target organ toxicity. Chemical modification of xenobiotics 

in the human body, including therapeutic agents aids their elimination. 

The adverse health consequences from xenobiotics range from allergic skin reactions to major life-

threatening consequences involving cardiovascular, neurological, renal, reproductive systems, causation of 

cancer and may affect from the foetal stage to the elderly. Gender and age-related differences in metabolism 

impact the effect of a xenobiotic. 
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Fig 1: Generation of xenobiotic compounds from different sources (Source: Stefanac et al., 

2021). 

Cardiotoxicity 
Drug-induced cardiotoxicity is due to mitochondrial dysfunction. Anticancer drugs like anthracyclines 

(doxorubicin/ adriamycin), cisplatin, trastuzumab (Herceptin, mitoxantrone, imatinib, bevacizumab, 

antiviral compound azidothymidine and several oral antidiabetics may lead to mitochondria-related 

cardiotoxicity. Cardiotoxic drugs like doxorubicin may produce cardiovascular adverse effects in a 

predictable, dose and time dependant manner.  

These xenobiotics may present as heart failure as in toxicity due to doxorubicin, Trastuzumab, alcoholic 

cardiomyopathy as in alcohol and arrhythmias due to cocaine abuse. Chemo-radiation therapy leads to 

accelerated premature aging in young cancer survivors and also in older patients with pre-existing 

cardiovascular disease and may lead to adverse outcomes. The hemodynamic and physiological changes 

during pregnancy significantly affect the pharmacokinetics of cardiovascular medication. The placenta as 

a link between the mother and foetus is involved in exchange of nutrients and waste products between 

mother and foetus. Pregnant women are exposed to several xenobiotics in the form of diet, smoking and 

drugs. The physiological changes in pregnancy will influence the toxicodynamics and toxicokinetics. 

Changes in the absorption, distribution, metabolism, transfer between maternal and fetal compartments, 

and elimination of many xenobiotics occur during pregnancy. Hence it is imperative for the obstetrician to 

be extremely judicious in administering cardiac drugs during pregnancy taking into both maternal and 

fetal safety considerations. Drugs for treatment of arrhythmias, heart failure, anti-hypertensives, 

anticoagulants need to be decided based on their safety profile. 

Hepatotoxicity 
Hepatotoxicity is caused by prescription drugs and over the counter drugs. About 10% of the drugs in 

clinical practice are associated with Drug-Induced Liver Injury (DILI). DILI may be caused due to toxic 

effects of reactive metabolites, reactive oxygen species, induction of inflammation, mitochondrial 

dysfunction, and imbalances between cellular damage and protective mechanisms. Hepatic drug 

metabolism involving an imbalance between the generation of toxic metabolites and detoxification 

processes, can influence the degree of hepatotoxicity. Acetaminophen and antibiotics like amoxycillin-

clavulanate are the common causes of Drug Induced Liver Injury (DILI). Drug induced liver injury may 

present as hepatocellular, cholestatic or mixed injury. The mechanism of hepatotoxicity may be predictable 

as in acetaminophen, unpredictable, or idiosyncratic. 

https://sciprofiles.com/profile/1834645
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Renal Toxicity 
The kidney being the recipient of the 25% of cardiac output is a major clearance organ is involved in 

clearance of drugs and metabolites. Around 32 % of the drugs undergo renal elimination. Around 20%-30% 

of intensive care unit patients and 5% of hospitalized patients develop acute kidney toxicity, and nearly 

20% of these toxicities are attributed to nephrotoxic drugs. Nephrotoxicity can be produced by anticancer 

drugs like cisplatin, amphotericin, aminoglycosides and NSAIDS. Accumulation of cadmium and lead in 

kidney results in nephrotoxicity. It is well known that commonly used drugs like cardiac glycosides lead to 

drug-induced toxicity. Drugs like Phenobarbital, phenytoin, and carbamazepine also have xenobiotic 

toxicity. 

Endocrine-Disrupting Chemicals (EDC) 
EDCs are exogenous agents that disrupt normal endocrine physiology by interfering with hormone 

synthesis, metabolism, and/or cellular actions. While EDCs exist naturally in soy, legumes, and other plant-

based products, their major source is most likely from industrial processes. EDCs are found in air, water, 

and soil, as well as in numerous household products and medical devices, and have thus become ubiquitous 

in our environment. As with other environmental contaminants, EDCs can cross the placenta and and are 

now implicated in the developmental origin of diseases such as obesity and diabetes. Epidemiologic data 

suggest that the rise in diabetes, cancer, and infertility in the past two to three decades could be 

attributable, at least in part, to in utero exposure to these toxic chemicals. These EDCs may be Plantderived 

(phytoestrogens, Industrial chemicals (pesticides, flame retardants (per- and polyfluoroalkyl substances, 

combustion products (polycyclic aromatic hydrocarbons (dioxins), lubricants (polychlorinated biphenyls). 

Household, personal care, and consumable items like-Cosmetics, sun-screens, toys, food and beverage 

packaging materials, contaminated food, contaminated groundwater, tobacco products, tea tree and 

lavender oils, benzophenone-3 and oxybenzone, bisphenol A (BPA), phthalates, perchlorate and dioxins are 

xenobiotics. 

Organotin Compounds and Renal Toxicity 
Commercially used Organotin compounds (OTs) as Endocrine -Disrupting Chemicals are synthetic 

persistent organometallic xenobiotics and exert harmful effects in brain, liver, adipose tissue, and 

reproductive organs and kidney. 

Conclusion 
In the above article we have discussed about the negative xenobiotics, its metabolism and its generating 

ways. But due its impact so much of health issues and complications are happening. It’s not only affecting 

the human but also whole environment. We have to move our steps towards sustainable environment, then 

we can make our mother earth healthy and prosperous. 
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“If you like kiwi fruit and pears, then you’ll probably like dragon fruit. It’s sweet and crunchy.” 

Abstract 
Kamlam, also known as dragon fruit, is revered as a heavenly fruit. It is consumed as fresh or dried fruit, 

a vegetable, fodder, a natural colorant beverage, and a source of pectin. Most importantly, it is known to 

be able to lower cholesterol levels, balance blood sugar levels, prevent colon cancer, strengthen bone and 

kidney function, improve brain function, increase eye acuity, and even be used as a cosmetic ingredient 

because of its abundance in various nutrients, vitamins, and minerals.  

Keywords: Dragon fruit, Nutritive value, Medicinal value, Food dye, Pectin. 

Introduction 
The Honolulu queen cactus, also known as Hylocereus, that carries Kamlam fruit, which blooms at night. 

Southern Mexico and Central America are the plant's natural habitats. It is grown all over the world. It 

goes by several names, such as strawberry pear, pitaya and pitahaya. The two most prominent varieties 

are described as looking like dragons because of their brilliant red skin and green scales. The most 

prevalent variety has white pulp and black seeds, while there is also a less common variation with red pulp 

and black seeds. Another variant, known as yellow dragon fruit, has a white flesh and black seeds inside 

of a yellow skin. There are three main types of dragon fruit: yellow skin with white flesh, red skin with red 

meat, and red skin with red flesh. 

Taste of dragon Fruits could be either sweet or sour. The taste depends on its species, morphology, volume 

and fragrance. The most popular variety of dragon fruit is crimson in color and has large spiky growth. The 

fruit has felt like to a kiwi fruit, and the flesh is covered with tiny black seeds. Digestion is enhanced by 

this. In addition to being used to make wine, the meat of dragon fruits can also be made different alcoholic 

beverages.  Leaves of dragon fruit aid very nutritious tea. Outer skin of fruit has less nutritional value and 

is therefore rarely consumed. 

Dragon Fruit Contains Several Types of Antioxidants 
These are compounds that protect your cells from unstable molecules called free radicals, which are linked 

to chronic diseases and aging. 

These are some of the main antioxidants contained in dragon fruit pulp: 

a. Betalains: Found in the pulp of red dragon fruit, these deep red pigments have been shown to 

protect bad “LDL” cholesterol from becoming oxidized or damaged. 

b. Hydroxycinnamates: This group of compounds has demonstrated anticancer activity in test-

tube and animal studies. 

c. Flavonoids: This large, diverse group of antioxidants is linked to better brain health and a 

reduced risk of heart disease. 

Nutritional Quality of Dragon Fruits 
As low in calories while abundant in fiber, antioxidants, phytonutrients, vitamins, and minerals, as well 

as containing beneficial fatty acids and probiotics, dragon fruit can be recognized as a superfood. 

Antioxidants are necessary to shield cells from oxidative stress - induced, which accelerates aging and 

chronic disease. Dragon fruit contains a number of important antioxidants, including betacyanins, 

betaxanthins, hydroxycinnamates, and flavonoids. The fruit's antioxidant activity may assist to avoid 
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inflammatory disorders like gouty arthritis according to a research article 1 that was published in the 

World Journal of Pharmacy and Pharmaceutical Sciences in 2018. 

Hydroxycinnamates have proven anticancer activity, while flavonoids are linked to better brain health and 

reduced risk of heart disease. Dragon fruit contains a significant amount of carotene, which can improve 

eye sight, vitamin C to boost the immune system (10 percent of the daily recommended value), vitamins B 

to aid carbohydrate metabolism, calcium to develop strong bones and teeth, iron for forming healthy red 

blood cells, and phosphorus to promote tissue and cell growth. The tiny seeds present in the fruit are an 

excellent source of omega-3 and omega-9 fatty acids, which are known to lower the risk of cardiovascular 

disorders. The natural oils extracted from the seeds can serve as a mild laxative as well. 

Dragon Cure Chronic Disease 
The kidney being the recipient of the 25% of cardiac output is a major clearance organ is involved in 

clearance of drugs and metabolites. Around 32 % of the drugs undergo renal elimination. Around 20%-30% 

of intensive care unit patients and 5% of hospitalized patients develop acute kidney toxicity, and nearly 

20% of these toxicities are attributed to nephrotoxic drugs. Nephrotoxicity can be produced by anticancer 

drugs like cisplatin, amphotericin, aminoglycosides and NSAIDS. Accumulation of cadmium and lead in 

kidney results in nephrotoxicity. It is well known that commonly used drugs like cardiac glycosides lead to 

drug-induced toxicity. Drugs like Phenobarbital, phenytoin, and carbamazepine also have xenobiotic 

toxicity. 

Disease Reason for cure  

Diabetes Fiber found in Kamlam help is stabilize blood sugar levels 

to maintain better blood sugar control. 

Reduce oxidative stress, suggesting that its consumption 

could help prevent some issues associated with diabetes. 

Heart-Healthy Decrease levels of bad LDL cholesterol while improving 

good HDL cholesterol, making dragon fruit an excellent 

cholesterol-lowering food. 

 Keeps Looking Youthful 

 

Antioxidants do a great job of keeping the skin tight and 

firm, which can help preserve a youthful appearance. 

 Potential Cancer Prevention 

 

Antioxidants, including phytoalbumin, vitamin C and 

lycopene. These antioxidants can help neutralize harmful 

free radicals and may even offer protection against 

cancer. 

Lycopene, has been shown to be particularly effective 

against cancer cells. 

Immune Booster flavonoids and flu-fighting vitamin C 

 Digestion Helper 

 

Digestion is due to the oligosaccharides it contains. These 

oligosaccharides work as prebiotics, which in 

turn improve gut health and digestion. 

Boost your iron levels  Vitamin C in dragon fruit helps body take in and use the 

iron. 

Weight loss Dragon fruit in your diet can help you achieve fitness 

goals related to your weight. While there is no superfood 

that quickly melts off fat and gives you a slimmer-looking 

appearance, dragon fruit is low in calories and sugar, 

which you can eat as a snack, in-between meals. 

Prevents inflammation Dragon fruit is rich in flavonoids, one of the many types 

of antioxidants that can help repair cell damage caused 

by oxidative stress and reduce inflammation. In turn, this 

can help the body ward off some chronic diseases 

improve cardiovascular health The seeds of the fruit provide the body with necessary 

omega-3 and omega-6 fatty acids, which are essential for 

cardiovascular health. 

https://draxe.com/nutrition/prebiotics/
https://www.sciencedirect.com/science/article/pii/S0308814609013181
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Nutritional Composition of Dragon (Kamlam) Fruits 
A 100-gram serving of dragon fruit contains:  

1. Calories: 60 

2. Protein: 1.18 g 

3. Fat: 0 g 

4. Carbohydrate: 12.94 g 

5. Dietary fiber: 2.9 g 

6. Sugars (total): 7.65 g 

7. Calcium: 18 mg 

8. Iron: 0.74 g 

9. Sodium: 0 mg 

10. Vitamin C: 2.5 mg 

11. Cholesterol: 0 mg. 

Carbs 
Dragon fruit is a naturally low-calorie food, with most of the calories coming from carbohydrate. There are 

two types of carbohydrate in dragon fruit: naturally occurring sugars (13g per 6-ounce serving) and fiber. 

The exact glycemic index (GI) of dragon fruit has not been recorded, although one study estimates the 

glycemic index to be similar to that of a banana—or about 48 to 52. As a reference, foods with a GI of 55 or 

more are considered high glycemic foods. 

Fat 
There is a very small amount of fat in dragon fruit. The edible seeds contain omega-3 fatty acids, omega 6-

fatty acids, and polyunsaturated fat which are. 

Protein 
Dragon fruit provides a small amount of protein, about 2 grams per serving. 

Vitamins and Minerals 
Dragon fruit provides vitamin C and riboflavin, along with about 17% of Daily recommended intake 

of magnesium mineral that is responsible for aiding in hundreds of biochemical reactions in the body. 

Dragon fruit also contains iron, niacin, and calcium. 
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Introduction 
Site Specific Nutrient Management (SSNM) is an approach of supplying plants with nutrients to optimally 

match their inherent spatial and temporal needs for supplemental nutrients by using different tools of 

SSNM such as remote sensing, GPS, GIS systems, VRT, yield monitoring. In horticultural crops, under-

fertilization may result in a yield loss and over-fertilization can be harmful to the environment. With the 

invention of SSNM, it has become possible to manage soil nutrient variations throughout a field with 

prescription fertilizer applications. Stress management is another area where SSNM can help Indian 

farmers. Most cultivated soils in India are acidic, whereas spatial variation in pH is high. Detecting 

nutrient stresses using remote sensing and combining data in a GIS can help in site-specific applications 

of fertilizers and soil amendments. This in turn would increase fertilizer use efficiency and reduce nutrient 

losses. SSNM in India is in its infancy but there are numerous opportunities for adoption. The technology 

has the potential especially in the high value crops. Effective coordination among the public and private 

sectors and growers is, therefore, essential for implementing new strategies to achieve fruitful success. 

Elements of SSNM 
Site-specific management technology relies on the interaction of mainly three broad and fundamental 

elements to be successful in its implementation. They are information, technology and management. 

There are Five Cardinal Principles of SSNM 
1. Balanced fertilization based on crop requirements. 

2. Plant based estimation of root nutrient supplies. 

3. Need based fertilizer N management. 

4. Sustainable P & K management. 

5. Increasing profitability. 

Components of SSNM 
Global positioning system (GPS): Global positioning system, contains 24 orbiting satellites emitting 

radio signals that allows the GPS receivers to capture their location. Having precise information at any 

time allow soil and crop measurement to be mapped. GPS receivers, either carried to the field or mounted 

on implements allow users return to specific location to sample or treat those areas.  

Remote sensing: Remote sensing is collection of data from distance. Data sensors can simply be hand 

held devices, mounted on air craft or satellite based. Remote sensing technique is the key technique to 

acquire the field information in precision agriculture, and it can provide the interior details of field plot for 

decision-making of precision agriculture as the habits of crop growth, the status of crop growth, and the 

information of spatial variability.  The technique of agricultural remote sensing was trended gradually to 

comparative perfect in last 30 years. It is of powerful potentials to apply in many fields such as the 

monitoring of soil moisture, monitoring of crop nutrients, monitoring of crop pest and disease, monitoring 

of crop growth status, yield estimation of crop etc.   

Geographic information system (GIS): GIS are computer hardware and software system that use 

feature attributes and location data to produce map. An important function of agricultural GIS is to store 

layers of information, such as yield, soil survey maps, remotely sensed data, etc., the service of message 

exchange and update, the service of decision analysis, and the service of information release.  

Yield monitoring: Yield monitoring and mapping are key elements of site-specific farming and they were 

the most widely used components of precision farming initially. Yield monitoring offers the most intensive 

measure of spatial yield variability that exists in farm fields, allowing producers ~ 236 ~ to assess how 
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management skills and environmental factors effect crop production Such feedback includes but is not 

limited to: instantaneous yield and moisture documentation, creation of yield and moisture maps, digitally 

flagged pest documentation and organization of data by year, farm, field, load, and crop. Yield monitoring 

over time creates a unique GIS database that assists farmers to easily identify yield variability within a 

field, to make better variable-rate decisions, and to create a history of spatial field data. 

Dragon Cure Chronic Disease 
The kidney being the recipient of the 25% of cardiac output is a major clearance organ is involved in 

clearance of drugs and metabolites. Around 32 % of the drugs undergo renal elimination. Around 20%-30% 

of intensive care unit patients and 5% of hospitalized patients develop acute kidney toxicity, and nearly 

20% of these toxicities are attributed to nephrotoxic drugs. Nephrotoxicity can be produced by anticancer 

drugs like cisplatin, amphotericin, aminoglycosides and NSAIDS. Accumulation of cadmium and lead in 

kidney results in nephrotoxicity. It is well known that commonly used drugs like cardiac glycosides lead to 

drug-induced toxicity. Drugs like Phenobarbital, phenytoin, and carbamazepine also have xenobiotic 

toxicity. 

Variable Rate Technologies (VRT) 
Variable-rate technology (VRT) is used to adjust the agricultural inputs according to the site-specific 

requirements in each part of the field. If machines are used, this requires variable-rate machinery. 

On small farms, inputs can be applied manually. Variable-rate applications need: 

1. Correct positioning in the field. 

2. Correct information at the location. 

3. Farm machinery equipped with VRT controllers which typically have a DGPS receiver to identify the 

precise location of spatial variability in the field and automatically control the rate of application based on 

pre-derived input application maps.  

Nutrient Management and recommendation process in India is still based on response data arranged over 

large domains. The SSNM provides an approach for need based feeding of crops with nutrients while 

recognizing the inherent spatial variability. It involves monitoring of all pathways of plant nutrient flows 

/ supply, and calls for judicious combination of fertilizers, bio fertilizers, organic manures, crop residues 

and nutrient efficient genotypes to sustain agricultural productivity. It avoids indiscriminate use of 

fertilizers and enables the farmer to dynamically adjust the fertilizer use to fill the deficit optimally 

between nutrient needs of the variety and nutrient supply from natural resources, organic sources, 

irrigation water etc. It aims at nutrient supply at optimal rates and times to achieve high yield and 

efficiency of nutrient use by the crop. Many studies in the country, show that by adoption of SSNM, across 

the locations, grain yields of more than 13 t/ha in rice-wheat system (with a contribution of 58% rice and 

42% wheat) and 12-15 t/ha in rice-rice system (with a contribution of 48% kharif rice and 52% rabi rice), 

are achievable (PDFSR 2011). It also helped in increase of organic carbon by 55.9%. It is, therefore, 

pertinent to further disseminate this technology, which has potential to enhance the productivity in the 

range of 3-4 t/ha – a marvellous achievement. SSNM approach involves three steps – establishing 

attainable yield targets, effectively use existing nutrient sources and application of fertilizers to fill the 

deficit between demand and supply of nutrients. 

Benefits 
1. SSNM approach can increase Fertilizer use efficiency leading to more grain yield per unit of fertilizer.  

2. This can exclude accumulation of inorganic forms of nutrients during period when crop demand for added 

nutrient is low and during periods such as at the end of the rice growing season.  

3. The added benefits associated through SSNM can be used for wider dissemination.  

The SSNM benefits disseminated to farmers should strive to increase profitability of rice farming through 

increased yields. 

Advantages of Site-Specific Nutrient Management 
1. Optimal use of existing indigenous nutrient sources such as crop residues. 

2. Application of N, P and K fertilizers is adjusted to the location and season-specific needs of the crop. 
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3. Use of the leaf color chart ensures that nitrogen is applied at the right time and in the amount needed 

by the crop which prevents wastage of fertilizer. 

4. Use of nitrogen omission plots to determine the P & K fertilizers required to meet the crop needs. This 

ensures that P and K are applied in the ratio required by the rice crop. 

5. Local randomization for application of Zn, S and micronutrients are followed. 

6. Selection of most economic combination of available fertilizer sources. 

7. Integration with other integrated crop management (ICM) practices such as the use of quality seeds, 

optimum plant density, integrated pest management and good water management. 

Selection of the Yield Goal 
1. Assessment of Crop Nutrient Requirement 

2. Estimation of Indigenous Nutrient Supplies  

3. Computation of Fertilizer Nutrient Rates 

4. Dynamic Adjustment of N Rates 

5. Soil-cum-Plant Analysis Based SSNM 

Total nutrient requirement for the targeted yield and recovery efficiency are estimated with the help of 

documented information available for similar crop growing environments. Field-specific fertilizer rates are 

then suggested to meet the nutrient demand of the crop (variety) without depleting soil reserves. 
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Introduction 
Lac cultivation is one amongst the foremost livelihood options of millions of tribal’s especially within the 

eastern region of the country. But due to climate change, overexploitation of forest resources, lack of 

scientific approach for cultivation, absence of an organized and sustained marketing mechanism, the 

production of this important commodity is on the decline. Varying atmospheric condition and seasonality, 

particularly the post-winter season adversely affect lac production (Mohanasundaram et. al., 2014). The 

major lac host plants including Butea monosperma, Schleichera oleosa, and Ziziphus mauritiana 

are distributed across natural forests, roadside, near agricultural land, and around villages in the 

Chotanagpur plateau comprising Jharkhand and its adjoining states. But most of those resources are lying 

underutilized due to lack of awareness and only 5% of host plants of  

S. oleosa and Z. mauritiana are being utilized for producing Kusmi strain of lac. While only 1% of plants 

of B. monosperma are being utilized for lac cultivation (Das and Kumar, 2013). Another study revealed 

that ~ 144,800 trees of B. monosperma, 691 trees of S. oleosa, and about 2720 trees of Z. mauritiana were 

distributed within vicinity of 10 villages in Ranchi district but only 1.5-2% trees of those available resources 

were utilised for lac inoculation (Das and Kumar, 2013). The lac cultivation on 50 individuals of B. 

monosperma provides about 34.2 man-days of employment (Pal, 2009). While an integrated approach of lac 

cultivation over 100 hosts of B. monosperma and Z. mauritiana each and 40 hosts of  

S. oleosa provides 429 man-days of job opportunity (Kumar, 2002). The involvement of villagers in lac 

cultivation in additionally to agriculture shall provide a year-long job opportunity likewise as ensure 

livelihood security. A majority of the marginal population primarily from Chhattisgarh, Jharkhand, Bihar, 

Odisha, and eastern Uttar Pradesh migrates to metro cities to satisfy their sustenance needs during the 

lean period and in 2020, COVID-19 induced scenario has severely affected the livelihood security of most 

of those labourers. A well-established lac cultivation network may provide a yearlong job involvement that 

may cater to the requirements of livelihood requirements of the marginal population within the vicinity of 

their home and shall also restrict large-scale migration of the marginal population. 

Presently, the overall lac production is extremely less as compared to its global demand (Ghosal, 2013). 

The lac export value statistics suggested that with this limited utilization of resources (about 5%) the 

country is exporting about 6000 tons of lac annually amounting to 30-35 million US$. The huge availability 

of nationwide lac host resources and even a conservative approach suggest that the use of 25% of resources 

would increase ~ 80,000 tons of the whole lac production additionally as increase 4-5 times export. This 

may be an enormous leap to the agricultural economy and shall open avenues for rural employment. Lac 

cultivation is taken into account jointly of the most important source of income for the tribal community’s 

starting from INR 4 to 5 Lakh ha−1 of cultivation (Shah, 2016). 

Key Issues 
1. Climate changes  

2. Under-utilization of hosts  

3. Lack of quality seed material (brood lac) for producers 

4. Lack of service provision (such as credit, insurance or inputs) 

5. Lack of awareness  

6. Lack of technical knowledge and skill  

7. Absence of organized market and Price fluctuation 

8. Lack of training in harvesting, handling and processing of lac 

9. Lack of information about pests and diseases of lac insect and lac host tree. 
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Future Challenges 
1. Efforts in terms of policy amendments, research, and development must be initiated at the grass-root 

level to boost the productivity of lac.  

2. The identification and promotion of the best lac producing belts and most suitable hosts with optimum 

utilization of resources are other important strategies.  

3. The conservation of existing lac hosts and future promotion shall be taken up to intensify the lac 

cultivation practices.  

4. B. monosperma is a deciduous, drought-tolerant, leguminous tree which will survive well in waste and 

degraded lands. Thus, plantation of this species within the wasteland, village community land, and 

promotion of community-based farming approach under various social forestry schemes is also adopted to 

maximize the lac cultivation.  

5. Introduction of perennial lac host plant namely Flemingia semialata is a short height plant which is very 

suitable for cultivation of kusmi lac strain. Due to its short height, it can be managed by women and 

children also. These species were easily accepted by the farmers. 

6. A well-organized awareness drive on the importance of lac cultivation together with outreach programs 

to increase scientific lac cultivation methods among rural farmers is required to promote lac cultivation.  

7. Crops insurance policy may be introduced to protect the poor   farmers’ financial investment to instill 

much-needed confidence among poor farmers, to take up lac cultivation.  

8. The sector must adopt a well-planned approach to know demand and supply mechanisms and proper 

networking of lac producers, processors, traders, and exporters to come up with better rural employment, 

supporting livelihood security, and strengthening the rural economy. 

Conclusion 
Lac cultivation provides an important alternate source of income generation for livelihood support to the 

rural tribal population. Key identification of problems and their effective solution increase the lac 

production. 
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Introduction 
Recently, Prime Minister (Narendr Modi) inaugurated the International Dairy Federation World Dairy 

Summit (IDF WDS) 2022 at India Expo Centre & Mart, Greater Noida. International Dairy Federation is 

the leading source of scientific and technical expertise for all stakeholders of the dairy chain. Since 1903, 

IDF's network of dairy experts has provided a mechanism for the dairy sector to reach a global consensus 

on how to help feed the world with safe and sustainable dairy products. 

Key Highlights of IDF World Dairy Summit 
1. The IDF World Dairy Summit is an annual meeting of the global dairy sector, bringing together 

approximately 1500 participants from all over the world. 

2. The last such Summit was held in India about half a century ago in 1974. 

3. The theme for this year is Dairy for Nutrition and Livelihood. 

4. The IDF World Dairy Summit will provide a forum to industry experts to share knowledge and ideas on 

how the sector can contribute to nourish the world with safe and sustainable dairying. 

5. Participants will get an opportunity to acquire knowledge on latest research findings and experiences 

relevant to the global dairy sector in the broadest sense. 

Status of Dairy Sector in India 
1. India is ranked first in milk production contributing 23% of global milk production followed by the United 

States of America, China, Pakistan and Brazil. 

2. The top 5 milk-producing states are: Uttar Pradesh (14.9%), Rajasthan (14.6%), Madhya Pradesh (8.6%,), 

Gujarat (7.6%,) and Andhra Pradesh (7.0%). 

Significance 
1. The potential of the dairy sector not only gives impetus to the rural economy, but is also a major source 

of livelihood for crores of people across the world. 

2. This sector provides employment to more than 8 crore families in the country. 

3. There are more than a third of the members of dairy cooperatives in India are women. 

What are the Challenges of Dairy Sector? 
1. Shortage of fodder: There is an excessive number of unproductive animals which compete with 

productive dairy animals in the utilisation of available feeds and fodder. The grazing area is being reduced 

markedly every year due to industrial development resulting in shortage of supply of feeds and fodder to 

the total requirement. 

2. Health: Veterinary health care centres are located in far off places and the ratio between cattle 

population and veterinary institution is wider, resulting in inadequate health services to animals. 

Further, no regular and periodical vaccination schedule is followed, regular deworming programme is not 

done as per schedule, resulting in heavy mortality in calves, especially in buffalo. 

3. Hygiene Conditions: Many cattle owners do not provide proper shelter for their cattles leaving them 

exposed to extreme climatic conditions. 

4. Informal Nature of Dairy Sector: Unlike sugarcane, wheat, and rice-producing farmers, cattle raisers 

are unorganised and do not have the political clout to advocate for their rights. 
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5. Lack of Remunerative Pricing: Though the value of milk produced outweighs the combined value of 

the output of wheat and rice in India, there is no official and periodical estimate of the cost of production 

and Minimum Support Price for milk. 

What are the Initiatives Taken by Government? 
1. Rise in Productivity: The government has taken multiple steps for the betterment of the dairy sector 

resulting in an increase of milk production by more than 44% in the last eight years. Further, as compared 

to the 2% production growth at the global level, India is clocking the milk production growth rate at more 

than 6%. 

2. Schemes:  

a. Rashtriya Gokul Mission 

b. Nationwide Artificial Insemination Programme 

c. Rashtriya Gokul Mission 

d. Goberdhan Yojna 

e. Digitization of dairy sector and universal vaccination of cattle 

f. Animal Husbandry infrastructure development fund 

g. National Programme for Dairy development. 

 

https://www.drishtiias.com/daily-updates/daily-news-analysis/minimum-support-price-for-crops
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https://www.drishtiias.com/daily-updates/daily-news-analysis/special-livestock-sector-package#:~:text=The%20National%20Programme%20for%20Dairy,milk%20will%20be%20additionally%20procured.
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Background 
Betel vine (Piper betle L) is known by its many names across the country and abroad. In Indian 

subcontinent it is known as paan in Hindi, Tambula in Sanskrit, Villayadela in Kannada, Vettilakkoti in 

Malyalam, Vettilai in Tamil, Videch-pan in Marathi, Nagarbel in Gujrati and paan in Bangala. In foreign 

languages it is known as Tanbol in Arabic and Burg-e-Tanbol in Persian. It belongs to Piperaceae family 

and is a perennial climber cultivated for its leaf. It is a shed loving plant and originated from Malaysia 

according to De Cando. Marcopolo (1295 AD) took notice of the pan chewing habit of the people in south 

India. Over the centuries, pan chewing had become so prevalent that serving and chewing of pan 

had been raised to the level of a fine art at the Mughal Darbar, particularly during the Akbar’s 

regime. In course of time, offering the ‘bida’ of betel vine has become a symbol of offering and acceptance 

of mutual love and friendship. 

Betel vine thrives best in shade, which has low light intensity, mild temperatures (10°C to 30°C), high 

humidity, 1450-1700 mm rainfall, and frequent irrigation throughout the year. The hot wind burns the 

tender leaves and causes wilting, whereas the cold wave causes leaf yellowing. Upland land with well-

drained loamy to clay loamy soil is ideal for growing this crop. It is thought to be best grown in soil with a 

high-water retention capacity and a slight acidic to neutral pH.  

Betel (Piper betle Linn.) leaf, along with arecanut, lime, and catechu, is used as a masticatory. Betel vine 

is thought to have originated in India, Sri Lanka, Malaysia, and Indonesia. It is found in different regions 

of India such as Bengal, Orissa, Bihar and Karnataka. Betel leaf also known as "paan ka patta" has a 

strong, pungent and aromatic flavor and it is widely used as a mouth freshener. 

Betel leaves contain essential oils and chemical components such as betel oil and chavicol, 

betelphenol, eugenol, terpene and campene. These chemical components possess medicinal properties 

and help in the treatment and management of various diseases and disorders. 

Varities to Cultivate in India 
There are lots of variety found in India of betel leaf. There are some best varieties for cultivation. 

1. Kapoori, Deswari, Bangla, Magahi – for Uttar Pradesh. 
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2. Calcutta, Desi Paan, Panton – for Bihar. 

3. Sanchi, Kali Bangla, Mitha, Bangla, Simurali Bangla – for West Bengal. 

Propagation 
Propagation is done by cutting. About 42,000 to 75,000 cuttings are planted in one hectare in open planting 

system. 10,0000 to 1,25,000 cuttings are good for closed rectangular planting system. 

Harvesting Time 
March to April in – Uttar Pradesh, Bihar and Madhya Pradesh. 

January to February OR April to May in – Tamil Nadu. 

May to June in – Andhra Pradesh and Telangana. 

Fertilizer Requirements 
Betel plants in most of the times does not require any type of fertilizer and readily available compost and 

cow dung manure is enough.  

Facts and Figure: 

a. The country has exported 6517.26 MT of Betel Leaves to the world for the worth of Rs. 45.97 

crores/ 6.17 USD Millions in 2021-22. 

b. The country has exported 7539.31 MT of Betel Nuts and Areca Nuts to the world for the worth of 

Rs. 169.25 Crore/ 22.68 USD Million in 2021-22. 

Famous Banarasi Paan 
Banarasi Pann is very popular all over the world because of its awesome taste. Processing of betel leaf is 

the specialty of Banaras which makes ‘Banarasi-Paan’ unique. In spite of having no production in the 

region, the traditional knowledge of processing held at household level qualifies it as a cultural industry. 

 

An exotic combination of areca nuts wrapped into a catechu of a betel leaf along with different ingredients. 

The most incredible thing about this Paan and what makes it a unique delicacy is the “melt-in-the-mouth” 

quality of it. 
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Crops are grown by stacking them vertically in a process called "vertical farming." India has the largest 

population of any country. India is changing daily and introducing new things. While, numerous fertile 

lands are also at greater risk as a result of the rapid expansion of industrialization. In India, vertical 

farming is the solution to most of these issues. In addition to soilless farming methods including 

hydroponics, aquaponics, and aeroponics, it frequently uses controlled-environment agriculture, which 

tries to optimize plant growth. There are a variety of structures available for housing vertical farming 

systems, including buildings, shipping containers, tunnels, and abandoned my shafts. Vertical farming is 

mostly polyhouse-based farming and in a protected way this farming system enables higher fruits and 

vegetables productivity across India. 

Different Techniques 
Hydroponics: The term hydroponics refers to the technique of growing plants without soil and the roots 

of these plants are submerged in liquid solutions containing micronutrients such as nitrogen, phosphorus, 

sulphur, potassium, calcium, and magnesium, as well as trace elements including iron, chlorine, 

manganese, boron, zinc, copper, and molybdenum. To provide root support, inert mediums such as gravel, 

sand, and sawdust are used as soil substitutes. It has the advantage of increasing yield per area and 

reducing water usage. 

Aquaponics: The name "aquaponics" was created by fusing the words "aquaculture," that refers to fish 

farming, and "hydroponics," which describes the method of cultivating plants without soil. By combining 

the growth of terrestrial plants and the growth of aquatic creatures in a closed-loop system that resembles 

nature, aquaponics advances hydroponics. 

Aeroponics: Aeroponics, in contrast to traditional hydroponics and aquaponics, does not need a liquid or 

solid medium to grow plants instead the air chambers where the plants are hanging are misted with a 

nutrient-rich liquid solution. Aeroponics, which can use up to 90% less water than even the most effective 

traditional hydroponic systems, is by far the most environmentally friendly soil-free growth method. 

 
Pic 1: Hydroponics 
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Pic 2: Aquaponic system 

 
Pic 3: Aeroponics, Vertical farming 

Does Vertical Farming Envision a Successful and Practical Agriculture Business? 
Agriculture is undergoing a quiet revolution, which will become clear over the next few years. The United 

Nations predicts that by 2050, the world's population will be close to 10 billion, necessitating a 70% increase 

in food production. In response to global warming, there is a global appeal calling for controls on the 

conversion of forests into cropland. Vertical farming allows plants to be cultivated indoors with or without 

soil and offers protection from strong winds, constant rain, and dry weather. To maximise plant growth, 

critical environmental factors like light, temperature, humidity, and micronutrients are managed. Vertical 

farming facilitates more crop cycles compared to that through conventional ways. The fruits and vegetables 

are grown in vertical farming are fresh, nutritious and safe as they are grown in a control environment 

with the least possible exposure to contaminants. The idea of vertical farming has attracted the interest of 

numerous industrialists in India and other countries. It is a successful business that encourages 

sustainable development, which benefits everyone. The urban as well as compact agriculture sectors are 

about to enter a new age, mainly to vertical farming. 

What Crops are Best Grown Through Vertical Farming? 
The most widely used crops for vertical farming at the moment are lettuce and other leafy greens. The most 

productive crops today would be those that can be grown hydroponically, have relatively short, compact 

development forms, and can be picked in their whole. Research is being done to grow many different sorts 

of crops in vertical farms. For instance, unlike maize, where only the cob is collected for sale and the rest 

must be disposed of in some other manner, lettuce can be harvested in its entirety. Investigation is going 

on the vertical farming potential of small fruits (e.g., strawberries) and fruiting vegetables (e.g., tomato, 
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pepper) perhaps row crops like corn, rice, wheat, and soybeans as well as cereals are better suited for 

conventional cultivation. 

Disadvantages of Vertical Farming 
A significant problem with vertical farming is the initial high start-up costs. This will cover the price of 

constructing automated structures, including computerised monitoring, remote control, programmable 

LED lighting, climate control, etc. If excess nutrients utilised in vertical farming are not removed, they 

may cause contamination and interfere with the central metropolitan water supply. Even a tiny amount of 

heat produced by LED lighting systems can make it difficult to maintain the desired temperature, 

especially during the summer, and can overtax the air conditioning system, which uses energy once more.  

The Future of Vertical Farming in India 
Vertical farming is anticipated to rise in popularity over the next few years as a result of rising urban and 

metropolitan populations. Vertical farming, which can produce year-round and retain it in its local markets, 

will influence the market in favor of such a system in addition to the scarcity of sustainable land. Our 

people will have many more environmentally friendly options because less deforestation is needed and 

trash management is much better. Vertical fields are isolated from pests, away from the stresses brought 

on by our weather's extremes and changes, and they enable crops to grow throughout a wide variety of 

latitudes. In comparison to hydroponics, these systems consume a great deal less water and can 

significantly enhance crop yields. It can shield crops from natural disasters and poor weather. The best 

crops thrive under year-round weather that is consistent throughout. Food is produced vertically wherever 

it is needed. 
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Glass Gem Corn: Is Glass Gem Corn Genuine, and is it Edible? 
Glass Gem is a typical open-pollinated variety that is real, not altered through photoshop or genetic 

engineering, and has hues of pink, purple, yellow, green, and blue that make it resemble more jewellery 

than actual corn. Due to Its unreal glittering kernels sparkled like rare pearls. Many people didn't even 

think it was real, and they claimed it was photoshopped, but in reality, it was true, and we may eat this 

regularly in our food as many forms without a second doubt. 

 

Bring your Eyes to the Pretty Glass Gem Corn; Stay for a Dose of “Genetics” 
One question is; why is it that a single ear of corn is so vibrantly coloured? On a single tree, you rarely find 

blossoms of various hues? In reality, each kernel is a distinct maize plant (or the seed of one), with a special 

combination of genes acquired from its parents. Therefore, a frequent method of explaining how pigment 

genes is inherited in Mendelian genetics involves tallying up the number of different coloured kernels in 

the more well-known purple and yellow corn cobs. 

Transposons, commonly known as jumping genes, are uncommon phenomena in non-Mendelian 

inheritance that has been explained by kernel colour. Parts varieties of corn include kernels that are 

spotted or streaked with a different colour, indicating that some of the plant's cells are generating one 

colour while others are not. 

Transposons are DNA lengths that move about the genome, and if they landed in the centre of a pigment 

gene, they would change the colour of that cell. For discovering transposons, Barbara McClintock received 

the Nobel Prize (Figure 1). 

Even seemingly uninteresting white or yellow store maize has undergone significant genetic evolution to 

become the ears of corn we consume today. However, this diamond glass corn might be too beautiful to 

consume. It is concluded that transposons are the origin of the coloured maize that is grown today, such as 

glass gem corn. 
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Figure 1. Transposons/Jumping genes (Ac and Ds elements in Maize).  Wild-type pigmented kernels are 

in the top row. In the second row, pigment gene (C) has had Ds permanently added, rendering it inoperable. 

It can't get somewhere by itself. It is impaled. Ds is an element that lacks autonomy. Third row: Ds and Ac 

are both present, and Ds can now excise from the C gene in some cells (i.e., it can transpose) throughout 

development, producing developmental fields that can create colourful pigment (may be glass gem corn). 

As a result, Ds can transpose because Ac has supplied the necessary components. Fourth row: Although Ac 

can offer the components necessary for the gene's elimination, it is not permanently placed into the pigment 

gene. The element Ac is self-sufficient. 

Here is what I know about maize (I hope this is correct); but I'm hoping a reader with knowledge of botany 

can explain these: The various colours are plainly explained by the fact that each "kernel" is the outcome 

of a different pollination process (they come from genetically different pollen and ovules). Although wind 

pollinates corn, because the tassels (male parts) are physically separated from the ears, it is effectively self-

incompatible (female parts). The numerous shades undoubtedly represent the variety of pollen that is 

getting into each ear. Every "silk" on an ear is actually a style, which is a tube through which the pollen 

will develop into a single kernel. Numerous hundred fertilisation processes go into one "cob." The more 

kernels I planted together, the more ears like this I would get. 

 

Story of "Indian" or "Calico" Corn 
Carl Barnes, a half-Choctaw farmer in Oklahoma, is the protagonist of the tale of glass gem corn in 2012. 

In order to stay connected to his ancestry, he committed his life to saving the seed of traditional Native 

American corns. He was blessed with an extraordinary ability for corn breeding. The seeds from Barnes' 

crops were replanted from the most vibrant corn. North American native glass gem is also referred to as 

"Indian" or "calico" corn. It is a kind of multi-coloured flint corn, which is the tough outer coating of the 

kernel, and resembles a cross between parching corn and real, contemporary popcorn. Ears can be anything 
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from 3 to 8 inches long. Beautiful, transparent, jewel-toned ears can be harvested approximately 110–120 

days after planting when the husks are dried and brown. They are grown in a generally hot area. 

 

How can we Consume Glass Gem Corn? 
The Indian (Glass Gem) Corns are not consumed straight off the cob like sweet corn. This type of corn is 

referred to as a flint variety, unlike sweet corn. The result is that it is not as tender as many yellow, 

delicious ones. Since it is much tougher and rougher, eating corn off the cob is not recommended. In the 

first step, blanch the gem corns for 5 to 7 minutes. The kernels should be cut from the cob using a sharp 

knife in step two, don't let your fingertips get hurt. The third step is to spread the kernels out evenly on a 

dehydrator tray. The corn must be dehydrated in Step 4 for 12 hours at 120 degrees Fahrenheit. The kernels 

should be kept in an airtight container after dehydration and then it is prepared for eating (Figure 2).  

Cultivation of Indian Corn 
Once the temperature reaches 60 degrees Fahrenheit, you can directly seed glass gem corn. Row spacing 

should be 30 cm, with 6–12 cm intervals between each row before planting. 3 to 4 seeds should be planted 

together in a 1-inch bed or hole in the earth. When planting corn, choose a location that receives direct 

sunlight, but always be aware of windy places. Once your plants grow tall and heavy, they'll be more 

vulnerable to wind-related blow over. 

 
Figure 2. Cooking process of glass-gem corn 
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Water your well once a week, about 1 inch. It's actually fairly simple to grow glass gem corn. Before we can 

harvest, it usually takes 110–120 days. This corn type has flint; thus, it will primarily dry out on the stalks 

before it is ready. Patience will be tested as you grow the stalks and then see them turn brown. When the 

kernels feel lovely and rigid (without any dimples from our fingernails) and press on them after waiting 

the approximate 115 days, they are ready. Drying is now required. Simply lay them on a floor in a cool, dry 

area and rotate every few days. They ought to become "flint"-hard after 4-6 weeks and keep for years. 

Applications of Indian Corn 
This type of flint works best for the following applications; saving and selling seeds for the following season 

and commercial use, for grinding into cornmeal, ready for hominy, for making popcorn, and ornamental, 

and decorative purposes. 

Summary 
These amazingly gorgeous ears (Indian corn (glass gem corn) are simply too beautiful to eat. Grind them 

up into cornmeal or use them as tortillas. They can also be ground into cornmeal and popped into popcorn. 

What flavour does glass gem corn have? Some claim that eating corn off a cooked cob is still relatively 

palatable, with an earthy flavour that isn't particularly sweet and a tougher texture to chew. Most people 

won't enjoy it when it's cooked and eaten raw. This diamond glass corn, though, might be too lovely to eat. 

It is concluded that transposons and pollen types fertilize the ovules are the foundation for modern coloured 

maize varieties like glass gem corn. 
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Most of the carbohydrates in our diet are starches. Starches are long chains of glucose that are found in 

grains, potatoes and various foods. But not all of the starch we eat gets digested. Sometimes a small part 

of it passes through our digestive tract unchanged. In other words, it is resistant to digestion. This type of 

starch is called resistant starch, which functions as soluble fiber. Many studies in humans show that 

resistant starch can have powerful health benefits. This includes improved insulin sensitivity, lower blood 

sugar levels, reduced appetite and various benefits for digestion. Resistant starch is a very popular topic 

these days. Many people have experimented with it and seen major improvements by adding it to their 

diet. 

Classification 
Starch can be divided into three categories based on the rate and extent of digestion. Rapidly digestible 

starch (RDS) is the amount of starch digested by enzymes and absorbed into the bloodstream within 20 

min of in vitro digestion. Slowly digestible starch (SDS) is the amount of starch that can be wholly digested 

within 20 min to 120 min. The third group, defined as resistant starch (RS), refers to starch that cannot be 

digested within 120 min in the small intestine and therefore passes to the large intestine, where it can act 

as a substrate in the gut fermentation processes. 

Again, not all resistant starches are the same. There are 4 different types: 

Type 1: Is found in grains, seeds and legumes and resists digestion because it’s bound within the fibrous 

cell walls. 

Type 2: Is found in some starchy foods, including raw potatoes and green (unripe) bananas. 

Type 3: Is formed when certain starchy foods, including potatoes and rice, are cooked and then cooled. The 

cooling turns some of the digestible starches into resistant starches via retrogradation. 

Type 4: Is man-made and formed via a chemical process. 

However, this classification is not so simple, as several different types of resistant starch can co-exist in 

the same food. Depending on how foods are prepared, the amount of resistant starch changes. 

How Does It Work? 
The main reason why resistant starch works, is that it functions like soluble fiber. It goes through our 

stomach and small intestine undigested, eventually reaching our colon where it feeds friendly gut bacteria. 

There are hundreds of different species of bacteria in our intestine. In the past few decades, scientists have 

discovered that the number and type of bacteria can have a profound impact on health. Resistant starch 

feeds the friendly bacteria in our intestine, having a positive effect on the type of bacteria as well as their 

number. 

When we eat resistant starch, it ends up in the large intestine, where the bacteria digest it and turn it into 

short-chain fatty acids. The most important of these short-chain fatty acids is butyrate. Butyrate is the 

preferred fuel of the cells that line our colon. Therefore, resistant starch both feeds the friendly bacteria 

and indirectly feeds the cells in our colon by increasing the amount of butyrate. Resistant starch has several 

beneficial effects on our colon. It reduces the pH level, potently reduces inflammation and leads to several 

beneficial changes that should lower the risk of colorectal cancer, which is the fourth most common cause 

of cancer death worldwide. The short-chain fatty acids that aren’t used by the cells in your colon travel to 

your bloodstream, liver and the rest of the body, where they may have various beneficial effects. 
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Health Benefits 
Resistant starch may improve carbohydrate and lipid metabolism. Resistant starch as a prebiotic improves 

intestinal function. It may aid weight loss by improving satiety. Nonetheless, resistant starch has fewer 

calories than regular starch. The higher the resistant starches content in a food, the fewer calories it will 

have. Several studies show that soluble fiber supplements can contribute to weight loss, primarily by 

increasing feelings of fullness and reducing appetite.  

Resistant starch does not release glucose within the small intestine, but rather reaches the large intestine 

where it is consumed or fermented by colonic bacteria (gut microbiota). On a daily basis, human intestinal 

microbiota encounters more carbohydrates than any other dietary component. This includes resistant 

starch, non-starch polysaccharide fibers, oligosaccharides, and simple sugars which have significance in 

colon health. The fermentation of resistant starch produces short-chain fatty acids, including acetate, 

propionate, and butyrate and increased bacterial cell mass. The short-chain fatty acids are produced in the 

large intestine where they are rapidly absorbed from the colon, then are metabolized in colonic epithelial 

cells, liver or other tissues. The fermentation of resistant starch produces more butyrate than other types 

of dietary fibers. Studies have shown that resistant starch supplementation was well tolerated. Modest 

amounts of gases such as carbon dioxide, methane, and hydrogen are also produced in intestinal 

fermentation. One review estimated that the acceptable daily intake of resistant starch may be as high as 

45 grams in adults.  

Source of Resistant Starch 
Major sources of resistant starch include potatoes, green bananas, beans, peas, chickpeas, lentils, cashews 

and oats. Commercial sources of resistant starch (RS) such as CrystaLean® (Opta Food Ingredients, Inc., 

Bedford, Mass., U.S.A.), Novelose® (Natl. Starch and Chemical Co., Bridgewater, N.J., U.S.A.) and 

Amylomaize VII (Cerestar Inc., Hammond, Ind., U.S.A.) are now available in market. 

Applications of Resistant Starch 
The industrial applications of RS are mainly in the preparation of moisture-free food products. Bakery 

products such as bread, muffins, and breakfast cereals can be prepared by using RS as a source of fiber. 

The amount of RS used to replace flour depends on the particular starch being used, the application, the 

desired fiber level, and, in some cases, the desired structure-function claims. 

Conclusions 
Resistant starch has received much attention for both of its potential health benefits and functional 

properties. As a functional fiber, its fine particles and bland taste make possible the formulation of a 

number of food products with better consumer acceptability and greater palatability than those made with 

traditional fibers. RS shows improved crispness and expansion in certain products and better mouthfeel, 

color, and flavor over products produced with some traditional, insoluble fibers. It is ideal for use in Ready 

to Eat (RTE) cereals, snacks, pasta/ noodles, baked goods, and fried foods and permits for easy labeling as 

simply starch, conferring additional nutraceutical benefits. Being non-digestible, RS can be used in 

reduced-fat and sugar formulations. RS has properties similar to fiber and shows promising physiological 

benefits in humans, which may result in disease prevention. Foods containing high levels of RS yield fewer 

calories and lower glycemic loads, important formulation considerations for diabetics as well as the weight-

conscious. A number of commercially available RS preparations would make it possible for a wide range of 

applications with nutraceutical implications. 
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The practice of growing plants in nutrient-enriched water without soil is called hydroponics. 

(https://www.toppr.com). William Frederick Gericke is known as father of hydroponics. The word 

hydroponic comes from two Greek roots: "hydro", meaning water, and "ponos", meaning labor. 

(https://www.epicgardening.com). Hydroponics comes under organic farming? Both are different in terms 

however in a contrast Organic hydroponics is a hydroponics culture system based on organic agriculture 

concepts that does not use synthetic inputs such as fertilizers or pesticides. In organic hydroponics, nutrient 

solutions are derived from organic plant and animal material or naturally mined substances. 

(https://en.m.wikipedia.org). 

 

Growing hydroponic tomatoes is one of the most popular and easiest plants to grow. Hydroponic tomatoes 

are grown in a nutrient solution instead of soil, which means they can be grown indoors, away from natural 

light. This results in much faster growing and higher yields. It involves the following series of steps: 

Here’s our quick guide to help you set up hydroponic system: 

1. Choose an area to grow your plants: A spare room or even a cupboard will do fine so long as you 

have easy access to a power source. 

2. Raise some tomato plants from seed: Start your seeds off in a nursery tray using rock wool starter. 

The rock wool should be soaked and the pH adjusted to 4.5 before the seeds are added. 

3. Place the seedlings under light: The moment they start to sprout, place your seedlings under a metal 

halide light. Keep the light on for 12 hours per day and don’t let it shine on the roots as it can damage 

them. 

4. Transplant your seedlings: When the seedlings have grown big enough for the roots to protrude from 

the bottom of the tray, it’s time to transplant them to individual pots. Move the plant and the rock wool 

together and fill each pot with Exfoliators Premium Perlite. 

5. Drip feed the plants with water and nutrient solution: Hydroponic plant nutrients can be 

purchased from most nurseries. These are mixed with water, which is then drip-fed to the plants. There 

are several types of automated drip systems you can purchase or build for yourself. The easiest to assemble 

is a top-down drip system. Place a reservoir underneath the plants and fill it with the water and nutrient 

https://www.toppr.com/
https://www.epicgardening.com/
https://en.m.wikipedia.org/
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solution. Use a pump and irrigation lines to bring water from below and drip it into each pot. The water 

should be allowed to drip through the Perlite in the pots and drain back into the reservoir. Run the drip for 

the entire day and replace the solution once a week. 

6. Expose the plants to 16-18 hours of light each day: If your hydroponic system is indoors, set up 

growing lamps and hook them into automatic timers so you don’t have to remember to turn them on. Leave 

the plants in complete darkness for 6-8hrs per day. 

7. Monitor the pH level: Tomato plants require a pH of between 5.8 and 6.3. To lower the pH, add 

phosphoric acid, or to raise, add potassium hydroxide. 

 
(Portable pH meter) 

8. Regulate the temperature: Use fans or your home air conditioning to keep the temperature at 18-24C 

during the day and 12-18C at night. 

9. Stake and prune the plants: Help your plants grow upright instead of sprawling out to the side by 

pruning them and attaching the stem to a stake. 

10. Use a paintbrush to pollinate the blossoms: As soon as the stigma appears, use a soft paintbrush 

to grab pollen from one plant and transfer it to the stigma of another. 

11. Leach the pots: Salt can build up around the roots of your plants. Leach them in clean water each 

week when you change the nutrient solution. 

12. Monitor your growth: Harvest when ready and enjoy. (https://www.exfoliators.com.au/how-to-grow-

hydroponic-tomatoes/). 

 

When growers start growing crops in hydroponics initially, they encounter several problems. In most of the 

cases, the problem occurs because of the inappropriate practices and unsuitable management of the 

growing system.  The hydroponic method is much more technical than the traditional soil method, and that 

is why the grower should have precise knowledge about the system as well as about the everyday problems 

that can occur while growing crops.  

1. Seedling Problems: Seedlings are vulnerable to problems during their initial growth phase, and that 

is why growing a healthy seedling is one of the most challenging steps in hydroponics. 

a. Problem – Wilting: It can be due to several factors such as less irrigation or high temperature. 

Solution: You should let your roots dry between each irrigation cycle 

b. Problem - Dead Roots: There are many reasons for dead roots like high temperature of water, 

very high or very low EC, overwatering in dense substrates, and others. Solution: First, you should 

remove the plants having dead roots and then regulate the water temperature accordingly to 

increase aeration. 

https://www.exfoliators.com.au/how-to-grow-hydroponic-tomatoes/
https://www.exfoliators.com.au/how-to-grow-hydroponic-tomatoes/
https://www.bartonbreeze.com/post/what-are-the-crops-suitable-for-hydroponics-in-india
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2. System Clogging Problem: System clogging is considered the most frequently occurring problem in a 

hydroponic system, especially in a drip type of system. In the majority of cases, clogging is due to the pieces 

of the growing medium when they get stuck in the tubes. 

Things You Can Do: Regularly flush the tubes with warm water to prevent clot formation.  

3. Infestation Problem: No matter how perfectly growers manage their hydroponic farms, but they can't 

prevent infestation 

a. Algae Infestation: Algae can cause clogging in the hydroponic system, altering the overall 

circulation of nutrient solution. Solution: Minimizing the sunlight exposure to the nutrient solution 

and painting the reservoir black can control the growth of the algae in the solution. 

b. Pest Infestation: The chances of pest infesting your hydroponic farm is significantly low, 

compared to open-field farming. 

Things You Can Do: Proper sanitization of items is necessary before bringing them inside the farm, even 

you should change your clothes before getting inside. 

4. Nutrient Deficiencies: Usually, the grower identifies a particular nutrient deficiency by analyzing the 

symptoms, but sometimes it can be misleading. Before confirming a problem, you should check the water 

temperature, nutrient solution pH, and EC of the solution. If all the readings are at their optimum level, 

then you should check the nutrient composition of the solution. 

Problem: Tip Burn. 

It is a condition in which the tip or the margins of the leaves get collapsed or turn brown. Solution: You 

can increase the flow of air on the crop, this will increase the transpiration rate, and ultimately it improves 

the calcium absorption by the plant roots.  

Growing a crop in soil-less conditions eliminates several difficulties that are encountered by someone who 

is growing crops in soil. In the end, the quality harvest depends on how effectively a grower deals with the 

problem faced by them. No matter how big a problem looks, there is always a solution. 

(https://www.bartonbreeze.com/). 
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Introduction 
(Cucumis sativus L.) Cucumber is a common cucurbitaceous summer vegetable. Cucumber plant, as a 

creeper, has a climbing or trailing habit. The tender fruits are eaten raw or with salt in salad. They are 

also used as cooked vegetables. Fruits are good for people suffering from constipation, jaundice and 

indigestion. It is grown in riverbeds as well as the garden lands. It can also be grown as the mixed crop. 

The fruits are also used as the antipyretic agent. 

 

Cultivars 
Meghalaya Local, Japanese Long Green, Straight Eight, Pusa Sanyog, Pusa Bharkha. 

Climate and Soil 
Cucumber is a warm season crop and grows best at a temperature of 18-24 degree Celsius. It does not 

withstand frost. Cucumber can be grown in all types of soil from sandy to heavy soil. Loam, silt loam and 

clay loam soils are best for getting higher yield. The soil pH ranges from 6 to 7. 

Field Preparation 
Soil should be ploughed thoroughly 3-4 times through digging with spade. Well rotten compost or FYM is 

mixed at the time of ploughing. Apply BHC @ lS-20kg/ ha to control termites and cutworms in the soil at 

the time of land preparation. Seed Rate 2.5 to 3.5 kg/ha. 

Time of Sowing 
Cucumber is cultivated both as summer and rainy season crop. Summer crop: January to February. 

Rainy Season Crop 
June to July in hills of Meghalaya the seeds are sown in April. Spacing 1.5 to 2.5m (row to row) x 60 to 

90cm (plant to plant) Manure and Fertilizer Well rotten FYM @ 10-15 t/ha should be applied at the time of 

land preparation. NPK @ 100:60:60 kg/ha should be applied at the time of planting. 

Intercultural Operation 
Weeding: During early stage, the crop should be kept weed free by giving shallow cultivation. Staking: The 

plants should be provided a suitable support made of bamboo sticks particularly in rainy season to check 

against rotting of fruits. 
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Irrigation 
The summer crops require frequent irrigation at an interval of 4-5 days. No irrigation is given in rainy 

season crops. 

Plant Protection 
Red pumpkin beetle (Aulacophora foevicollis) -The larvae and the adult of this pest cause damage by 

eating away young leaves and flowers at the seedling and flowering stage. The grub bores into the roots 

and fruits lie on the ground and pupate in the soil. Hand picking and dusting kerosinised ash controls this 

pest. Spraying the crop with Malathion 50EC @ 2ml/ 1of water is also recommended.  

Epilachna beetle (Epilachna sp.) -The adult and grub feed voraciously on the leaves and tender part of 

the plant leaving skeletonized patches and lace like appearance on leaves which later dry away. Spraying 

the crop with Endosulphan @ 2ml/1 of water is recommended to manage this pest. 

Powdery mildew- This disease is caused by fungus Erysiphe cichoracearum, symptom first appears as 

white circular patches on the under surface of the leaves. In severe cases, the patches coalesce and cover 

both the surface of the leaves and defoliation occurs. Fruits of the affected plant remain small and do not 

develop fully. This disease can be controlled by dusting sulphur or spraying Karathane @ 2ml/1 of water. 

Downy mildew -This disease is caused by fungus Pseudoperonospora cubensis. It is prevalent in areas of 

high humidity especially when summer rains occur regularly. The disease is characterized by formation of 

yellow, angular spots on upper surface of leaves. The disease spreads rapidly killing the plant quickly 

through rapid defoliation. Application of fungicidal spray such as Dithane M-45 once a week is effective in 

controlling this pest.  

Cucumber mosaic virus- This disease is transmitted by aphids. Mottled leaf with roughened surface 

occurs. In severe cases, the plants are yellow and dwarfed and bear little or no fruit. Crop rotation with 

non-cucurbitaceous crops preferably cole crops and spraying the crop with Rogor @ 1 ml / I of water (con 

trolling the insect vector) are the recommended control measures of this disease. 

Harvesting and Yield 
The full-grown fruit should be harvested when they are still green. Delay in harvesting causes the fruit to 

become unfit for marketing. The average yield is 80-120q/ha. For good storage –life of cucumber fruit, the 

optimum temperature is near -10 degree Celsius and relative humidity of 85%. 
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Benincasa hispida, the wax gourd, also called ash gourd, white gourd, winter gourd, tallow gourd, ash 

pumpkin, winter melon etc. It is an annual trailing vine grown in warm, humid tropical climates and is 

cultivated in countries of South East Asia, including India, Japan, China, Myanmar, Malaysia, China, 

Indonesia, and Taiwan from seed. It is the only member of the genus Benincasa and belongs to the 

family Cucurbitaceae. It has a unique melon like-fruit that is often eaten for its medicinal and functional 

properties. 

Physical Structure of Ash Gourd 
Ash gourd plant is a creeper plant by nature. The plant’s bright yellow flowers morph into ash gourd. 

Uniquely shaped leaves of this creeper have an average height of 15cm. The young flesh of this melon has 

an oval shape and a sweet taste. A matured ash gourd can be as wide as 30cm.The Indian variety comes 

with a rough texture and ash-like coating. Southeast Asian gourds grow with a layer of peach fuzz-like 

hair. When they mature, the formation of wax in place of the hair occurs. This is the genesis of the name 

wax gourd. The sticky coating helps to protect the gourd from going bad. The fruits are round, waxy, 

grayish, about 8-12 cm in length and 3-5 kg in weight. 

Ash gourds are used in the preparation of stews, salads, juice, sweet and curries in Indian as well as 

Chinese Cuisine. Ash gourds have a neutral taste like cucumbers and blend easily with Indian flavors. 

Nutritional Value of Ash Gourd 
It has an immense medicinal property that treats various diseases and ailments. Low in calorific value, 

ash gourd prevents converting sugars into fat and is highly useful for diabetic and obese people. The 

essential nutrients of ash gourd fruit are proteins, flavonoids, carotenes, vitamins, minerals, volatile oils, 

etc. Ash gourd fruit is majorly composed of 96% water; the reaming nutrients are as given in details: 

Nutrient 

Components  

Value/100 grams   Nutrient 

Components  

 Value/100 grams  

Carbohydrate  3.96 g   Vitamins B1    0.04 mg  

Protein  0.3 g   Vitamin B3    0.528 mg  

Fibre  2.9 g   Vitamin B2    0.145 mg  

Zinc  0.6 mg   Vitamin C   13.9 mg  

Calcium   30 mg   Vitamin B6   0.046 mg  

Iron  11.8 mg   Vitamin B5   0.176 mg  

Fat 0.2g  Ash  0.3g 

Table 1: Nutritional Value of Ash gourd fruit per 100 grams.  (Energy: 13 Kcal). 

Health Benefit and Nutrition Facts of Ash Gourd 
Ash gourd, the green vegetable has been well regarded for its significant medicinal properties since time 

immemorial and is widely documented in many texts. Todays with changing life style, it continues to be 

heralded for its immense health benefits and is widely incorporated, in popular local cuisine across India 

as well alleviating illness of stomach, liver, skin etc. 

Many communities use ash gourd as a home remedy for fever, dysentery, and other illnesses. One such 

example is the Mizo community of North East India. They treat severe dysenteries with ash gourds. It also 

treats constipation, acidity and to kill intestinal worms. 
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1. Ash gourd help to lose weight: Ash gourds have a connection in aiding weight loss. Many consume it 

in its liquid form as a detox juice. Some of the reasons for this are: 

a. It is rich in fibre and high fibrous foods tend to slow down the rate of digestion. 

b. Consuming small portions of it can promote a feeling of fullness for long hours. 

c. It is very low in calories, which allows for their intake in larger quantities as well.  

d. Only 4 grams of carbohydrates are present for every 100 grams of vegetables. Low-carbohydrate 

diets are also helpful to lose weight. 

e. It contains a negligible amount of fats, which is an added advantage. 

f. Vitamin B2 present in it provides increased energy levels for workouts. 

g. Potassium in ash gourd acts as a diuretic and thus helps to avoid water retention and bloating. 

h. Stress eating is a major cause of weight gain. Ash gourds contain riboflavin, which helps to 

regulate stress hormones. Riboflavin also manages thyroid levels. 

2. Ash gourd help in better digestion: The vegetable is mostly made of water and therefore gets digested 

with ease. The high fibre content merely slows down the process but it does not make it harder to digest. 

Fibrous foods are known to relieve constipation and bloating. The low-calorie contents are simpler to digest. 

3. Ash Gourd improves lung health: Ash gourds help with loosening phlegm (mucus) formation in 

the lungs and nose. This is due to an expectorant property of the vegetable. It improves breathing and 

prevents any excess mucus secretion. 

4. Ash Gourd increases energy levels: Vitamin B3 present in ash gourds increases energy levels. Those 

who suffer from anemia and body weakness can consume ash gourds regularly. 

5. Ash Gourd treats ulcers naturally: Ash gourds prevent the stomach lining from rupturing. It is 

believed to cure peptic ulcers. They contain anti-microbial properties. It helps to eliminate harmful germs 

and bacteria in the stomach and intestine. 

6. Ash Gourd contains anti-coagulant properties: This means ash gourd can stop excessive bleeding 

by thickening the blood. It is useful for those who consume blood thinners. It can also stop internal bleeding 

quickly. Continuous intake of ash gourd may stop regular nose bleeding. 

7. Ash Gourd provides a cooling effect: Similar to cucumbers, ash gourds provide a cooling effect. It 

makes it ideal for consumption during summers. Cooling of the body is also related to increased sharpness 

of the mind. 

8. Ash Gourd relaxes the body: Ash gourds contain mild sedative properties. It helps the body to relax 

and unwind. Health issues like anxiety and insomnia get resolved with the continuous use of ash gourds. 

9. Ash Gourd regulates excretory system: The fibre content regulates bowel movements. Ash gourd 

also helps to detoxify kidneys. It promotes regular working of the bladder. 

10. Ash Gourd treats dandruff: The cooling property of ash gourds can help to soothe irritated scalp. It 

eliminates dandruff-causing fungus. You can apply it to the scalp in gel form regularly. It also helps to 

moisturize dry hair. 

11. Ash Gourd contains moisturizing property: The gel version of ash gourds has hydrating and 

moisturizing properties. Application it to the skin regularly help to moisturize the skin and also help to 

calm down irritated and sun-burnt skin. 

Value Addition of Ash Gourd 
Ash gourd fruits are enormous, and it is impossible to consume them at once. Therefore, processing ash 

gourd fruits into various commercial products minimize their wastage and prevent post-harvest loss. 

Moreover, the immense nutritional and medicinal values of ash gourd necessitate its processing into 

various value-added products. 

Petha is a translucent soft candy from Agra. Usually rectangular or cylindrical, it is made from the ash 

gourd vegetable and one can prepare, store and can enjoy it with tea. 

Ingredient: 

White gourd (cubes) – 2 kg Lime stone – 2 tbsp Sugar – 1.2 kg 

Elaichi- 3-4 no.s/ kesar- 4-5 strands ( optional) Food colour - 1 gm (optional) 

https://www.healthifyme.com/blog/foods-for-healthy-lungs/
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Method: 

    
Select matured white gourd and cut into half and remove the middle soft portion completely with seed. 

Peeling off the green skin completely and cut into 1 inch size cubes. Pinch with fork 

    
Take 2 liter water and mix 2 tbsp powdered lime. Stir it. Dip the white gourd cubes in lime water 

solution and kept it cover for 10-12 hours in the solution. After 12 hours drain the lime water and rinse 

with cold water so that lime water drain off properly. Boil 2 liter water and  put the cubes in boiling 

water. Heat for 20 min in medium flame till transparent and kept the piece in strainer. For sugar 

solution, take 3 cup water and 1.2 kg sugar.  

    
Add cooked cubes into sugar solution, kept stirring in high flame till the sugar solution become thick 

and sugar strands appear. Switch off the gas and kept the cubes in sugar solution for 6-7 hours or kept 

overnight. 

    
Next day again heat the solution and cook for 15 min in medium flame till syrup become thick. After 

cooling the cubes are kept in a flat strainer so that excess sugar solution drains off and kept for air 

drying for 3 hours. The petha is ready to serve and store for 2 months if dried properly. This is a simple 

procedure of petha preparation. For more flavor or color, we can add elachi, kesar, food color etc in 

sugar solution. 

There are multiple ways to consume ash gourds. From elaborate Indian-style curries to a basic juice, its 

use is versatile. Some detail recipes are as given below: 

Recipe 2: Ash gourd raita: Ash Gourd Raita is a healthy and delicious dish from South Indian. 

Accompaniment made from ash gourd and yogurt. 

Ingredients: 

Ash gourd grated – 1 cup  Salt to taste 

Yoghurt whisked – ½ cup  Coriander leaves chopped – 1 tbsp  

For Tempering: 

Coconut oil or ghee – 1 tbsp  Blackgram dal – 1 tsp  Green chili chopped – 1  

Mustard seeds – ½ tsp  Few curry leaves A pinch of hing (Asafoetida) 

Method: 

a. Peel the skin of ash gourd. Remove all seeds from inside and grate it.  

https://www.healthifyme.com/blog/can-eating-coconut-oil-help-lose-weight-yes/
https://www.healthifyme.com/blog/curry-leaves-nutritional-facts-benefits-and-recipes/
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b. Whisk the yogurt or curd in a mixing bowl. Add grated raw ash gourd and salt. Mix well. 

c. Heat oil in a pan. Add mustard seeds. Let them splutter. 

d. Then add green chilies, curry leaves, asafoetida, and saute for few seconds. 

e. Pour the tempering over the ash gourd and curd mix.  

f. Serve with rice or roti. 

Recipe 3 – Ash gourd detox drink: This drink is an excellent detoxifier and can be consumed in the 

morning on an empty stomach. 

Ingredients: 

Ash gourd cut in cubes – 1/2 cup Ginger – 1-inch piece Black salt – 1/4 tsp optional 

Coriander leaves – a handful Lemon juice – 1 tbsp Water – 1 cup 

Mint leaves- 10-15 no.s Cumin Powder – 1/4 tsp  

Method: Blend all the ingredients and serve immediately. 

Conclusion 
Ash gourds are very low in calories but high in fibre. Traditionally, it finds its usage as a home remedy in 

many Asian countries. The medicinal values of Ash gourd have been recognized in Ayurveda. Chinese and 

Indian cuisines widely use ash gourds for various dishes. Its nutritional values help to fight constipation, 

stomach ulcers, and digestion issues. Ash gourds aid in weight loss as well. Its cooling properties relax the 

body. Hydrated body and internal organs, and that reflect in your skin and hair quality.  

Adding ash gourds in our recipes is a healthy twist. Its low-calorie and neutral taste are bound to be 

beneficial especially for therapeutic use. The bottom line is continuous consumption of ash gourds will 

elevate our health and skin quality. 
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Not all fats are created equal. Healthy fat, which also provides the body's defences with their structural 

support, produces energy. However, the two harmful fats that specialists recommend avoiding the most are 

trans fats and hydrogenated oils. 

What is Hydrogenated Vegetable Oil? 
The term "saturated fat" refers to the type of fat produced by the chemical process known as hydrogenation, 

in which hydrogen is "saturated" into the oil molecule. All of those extra hydrogen molecules have been 

saturating these fats. Hydrogenated vegetable oil undergoes processing to enhance its taste, texture, and 

shelf life. This process forms trans fats, which are bad for your health. 

Vegetable oil that has been hydrotreated is frequently seen in processed foods. Due to its low cost and long 

shelf life, this oil is preferred by many manufacturers. But it comes with a number of harmful side effects. 

Preparation and Applications 
The edible oils produced from plants like olives, sunflowers, and soybeans are used to create hydrogenated 

vegetable oil. Many businesses utilise hydrogenation to transform these oils, which are normally liquid at 

room temperature, into something more solid and spreadable. Hydrogen molecules are introduced 

throughout this procedure to change the end product's texture, stability, and shelf life. Additionally, many 

baked items include hydrogenated vegetable oils to enhance flavour and texture. 

These oils also have a higher degree of stability and resistance to oxidation, which is the breakdown of 

lipids when it comes into contact with heat. Due to their lower propensity to get rancid than other fats, 

they are simple to utilise in baked or fried meals. Trans fats, a form of unsaturated fat that is unhealthy, 
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are still also produced by hydrogenation. Hydrogenated vegetable oil is still used in a wide range of food 

products, despite the fact that several nations have tightened rules on it. 

Negative Effects 
There are a number of negative health impacts associated with hydrogenated vegetable oils: 

May Impede the Ability to Control Blood Sugar: According to certain research, hydrogenated 

vegetable oils impair blood sugar regulation. 

Inflammation Might Get Worse: Chronic inflammation can be a factor in diseases including heart 

disease, diabetes, and cancer even if acute inflammation is a typical immune response that guards against 

illness and infection. 

Can Be Detrimental to Heart Health: Trans fats included in hydrogenated vegetable oils have been 

proved to be detrimental to heart health. According to studies, trans fats can raise levels of LDL (bad) 

cholesterol while lowering levels of HDL (good), both of which are risk factors for heart disease. 

Dietary Sources 
Trans fat usage in commercial items is prohibited or constrained in a number of nations. Trans fats will 

only be allowed to make up 2% of the total fat in food products in the European Union starting in 2021. 

Artificial trans fats from processed foods were likewise outlawed in the US by the Food and Drug 

Administration (FDA). Hydrogenated vegetable oils are still used in a lot of pre-packaged and processed 

goods, while this restriction won't fully take effect until 2020. 

The Following are Some of the Most Typical Sources of Hydrogenated Vegetable Oils 
1. Margarine 

2. Fried Foods 

3. Baked Goods 

4. Coffee Creamers 

5. Crackers 

6. Pre-Made Dough 

7. Vegetable Shortening 

8. Microwave Popcorn 

9. Potato Chips 

10. Packaged Snacks. 

Carefully examine the ingredient lists of your foods for hydrogenated vegetable oils, often known as 

"hydrogenated oils" or "partially hydrogenated oils," to reduce your consumption of trans fat. 

Summary 
The taste and texture of processed meals are greatly enhanced by the use of hydrogenated vegetable oils in 

the food industry. Still, they include trans fats, which may have a harmful impact on blood sugar regulation, 

inflammation, and heart health. Trans fats are still found in many packaged foods even though they are 

now prohibited in many nations. Consequently, to reduce your consumption of hydrogenated vegetable oils, 

carefully read food labels. 
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Biosecurity is a strategic and integrated approach that encompasses the policy and regulatory frameworks 

for analysing and managing relevant risks to human, animal and plant life and health, and associated risks 

to the environment. Biosecurity covers food safety, zoonoses, the introduction of animal and plant diseases 

and pests, the introduction and release of living modified organisms (LMOs) and their products (e.g., 

GMOs), and the introduction and management of invasive alien species. 

Objective of Biosecurity 
1. To identify, assess and respond appropriately to all pests and diseases posing a significant threat to 

agriculture, forestry, horticulture, fisheries, native biodiversity and human health.   

2. Appropriate responses include eradication, containment and on-going control. 

Components of Biosecurity 
1. Animal health: Animal health biosecurity is concerned with import, domestic and export health 

controls. Import controls are primarily designed to prevent the introduction of hazards pathogenic to 

animals during trade in animals, animal genetic material, animal products, feedstuffs and biological 

products. 

2. Plant Health: Application of regulatory controls to protect plant health is an important biosecurity 

domain that also covers threats to wild plants. Plant health can be adversely affected by different types of 

pests (i.e. plants themselves, and animals or pathogenic organisms which are injurious to plants or plant 

products). With an increasing interest in environmental issues, competent authorities responsible for plant 

health must also manage environmental pests that primarily affect other organisms, thereby causing 

harmful effects on plants and plant ecosystems. 

3. Environmental protection: Environmental protection in a broad sense is also a biosecurity activity. 

Specific biosecurity cross-sectoral environmental initiatives may be undertaken by competent authorities, 

especially in the management of biological resources to ensure sustainable agriculture while maintaining 

full biological diversity of genetic resources. Organisms produced by modern biotechnology also may 

threaten the plant environment such as by out-crossing to create more aggressive weeds or wild relatives 

that upset the ecological balance and decrease biodiversity. 

4. Invasive alien species: 

a. Invasive alien species are plants, animals, pathogens and other organisms that are non-native to 

an ecosystem, and which may cause economic or environmental harm or adversely affect human 

health. In particular, they impact adversely upon biodiversity, including decline or elimination of 

native species through competition, predation, or transmission of pathogens and the disruption of 

local ecosystems and ecosystem functions. Invasive alien species exacerbate poverty and threaten 

development through their impact on agriculture, forestry, fisheries and natural systems, which are 

an important basis of peoples’ livelihoods in developing countries. 

b. Protection of biodiversity in terms of the variability among living organisms from all sources 

includes the introduction, control or eradication of invasive species that threaten ecosystems, 

habitats or other species. Strategic emphasis is placed on prevention of introductions, rather than 

eradication, mitigation or containment once an invasive alien species is established. Although there 

are calls from governments and other stakeholder groups (e.g., special interest groups, NGOs) in 

many countries for much more diligence in protecting biodiversity and the environment, equitable 

management of biodiversity presents many challenges. 

c. Invasive alien species are a global issue that requires collaboration among governments, economic 

sectors and non-governmental and international organizations. Individuals also have a large part 
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to play, including policymakers, consumers, horticulturalists, landowners, educators, youth and 

recreationists. 

6. LMO’s: 

a. Living modified organisms (LMOs) resulting from biotechnology which are likely to have adverse 

environmental impacts that could affect the conservation and sustainable use of biological diversity, 

taking also into account the risks to human health. Regulatory requirements covering the safe 

transfer, handling and use of LMOs resulting from modern biotechnology are a new focus point in 

biosecurity and are triggering strong cross-sectoral interest in more holistic approaches to their 

management. Although international guidelines on assessment of the safety of foods derived from 

GMOs are being developed, the adequacy of current processes is a continuing issue of public concern. 

b. Rapid proliferation of new gene technologies. Emphasis on rapid establishment of credible and 

effective controls for LMOs and GMOs so as to maximize the benefits of biotechnology while 

minimizing associated risks. Development of detailed national strategies for conservation and 

protection of the environment. Increasing “public good” regulation for sustainable use of biological 

resources. Greater inclusion of indigenous and local communities in decision-making.  

7. Food Safety: Biosecurity systems for food safety must control hazards of biological, chemical and 

physical origin in imported food, food produced domestically and food that is exported. Food controls based 

on good hygienic practice remain the foundation of modern food safety systems. It is estimated that up to 

one third of people are affected by microbial food-borne diseases each year, with the majority of the 

pathogens involved being zoonotic. 

Influence of Biosecurity 
1. Increasing number of new and emerging pathogens. 

2. Increasing availability of sophisticated diagnostic tools for epidemiological surveillance. 

3. More attention to zoonoses associated with asymptomatic animal carriage of enteric pathogens. 

4. More attention to traceability systems.  

5. Greater focus on emergency preparedness and response. 

6. Changing epidemiology of disease due to confluence of animals and people in intensive farming 

situations. 

7. Intensification of broader aspects of biosecurity (e.g., border inspection of people and products).  

8. Development of detailed national strategies for conservation and protection of the environment.  

9. “Ecosystem approaches” to minimizing spread.  

10. Increasing “public good” regulation for sustainable use of biological resources.  

11. Demands for cross-sector cooperation between environmentalists and agriculturalists at both the 

government and private sector level 

FAO plays an important role in biosecurity through the International Plant Protection Convention (IPPC): 

a. Technical support is provided through the IPPC Secretariat for the national implementation of 

both the Convention itself and International Standards for Phytosanitary Measures.  

b. ISPMs aim to prevent the introduction and spread of pests of plants and plant products and to 

promote phytosanitary measures for their control. 

IPPC 
1. The International Plant Protection Convention is an international treaty that aims to secure coordinated, 

effective action to prevent and to control the introduction and spread of pests of plants and plant products. 

2. The Convention provides a framework and a forum for international cooperation, harmonization and 

technical exchange between contracting parties.  

3. The convention has been deposited with the Director-General of the Food and Agriculture Organization 

of the United Nations (FAO) since its adoption in 1951. 

4. Protect sustainable agriculture and enhance global food security through the prevention of pest spread;  

5. Protect the environment, forests and biodiversity from plant pests; 

6. Facilitate economic and trade development through the promotion of harmonized scientifically based 

phytosanitary measures. 
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To address these strategic objectives, four annual themes for the IPPC community have been introduced in 

2015 to promote on an annual basis specific aspect of the IPPC mandate. For the period 2016-2019 the 

IPPC will focus on the following themes:  

a. 2016- Plant Health and Food Security  

b. 2017- Plant Health and Trade Facilitation  

c. 2018- Plant Health and Environmental Protection  

d. 2019- Plant Health and Capacity Development. 

2018 is the IPPC year of Plant Health and Environmental Protection. To this end, the IPPC allows for:  

a. The conservation or protection of natural ecosystems. 

b. The protection of food security, improved livelihoods and sustainable plant production through 

the protection of the environment and biodiversity in both natural and agricultural production 

systems. 

Conclusions 
1. The overarching goal of biosecurity is to prevent, control and/or manage risks to life and health as 

appropriate to the particular biosecurity sector 

2. It is a toolkit that advocates a strategic and integrated approach to biosecurity as a holistic concept that 

is of direct relevance in meeting consumer expectations in relation to:  

a. The safety of their food supply.  

b. Preventing and controlling zoonotic aspects of public health. 

c. Ensuring the sustainability of agriculture. 

d. Safeguarding terrestrial, freshwater and marine environments. 

e. Protecting biodiversity. 
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Introduction 
Vegetable grafting is a Joining together of plant parts by means of tissue regeneration in which the 

resulting combination of plant parts achieves physical union and grows as an independent plant. Grafting 

is a technology which involves joining together two living plant parts to produce a single, living plant. 

Grafting techniques was introduced to Europe and other countries in the recent 20th century along with 

improved grafting methods suitable for commercial production of grafted vegetable seedlings. Vegetable 

grafting requires special rootstock to provide resistance to bacterial wilt, soil pest like nematode, drought 

tolerance, salt tolerance and increase the productivity. Grafting practiced a number of horticultural crops 

but vegetable crops more specific to solanaceous such as tomato, brinjal and chilli, cucurbitaceous such as 

cucumber, bottle gourd and watermelon. 

Methods of Grafting in Vegetables 
1. Side Grafting 

2. Hole insertion of grafting:  

3. One Cotyledon Grafting  

4. Splice Grafting/Tube grafting/Slant-cut grafting. 

Side Grafting: Side grafting also called tongue approach or side-by-side grafting. To begin, cut a forty-

five-degree downward angle slit about halfway through the rootstock stem below the cotyledons. Make an 

upward angled slit in the scion at the same height as the rootstock. Bring the stems together so they overlap 

making full contact between the two cuts. Wrap with paraffin film or use a grafting clip to secure the union. 

Begin to remove the scion stem below the union after five days, slicing through the stem a little each day, 

removing entirely within eight days. This technique has a high success rate because the scion can take 

moisture through its root system during the healing process. Larger plants can be used and stems can have 

slightly different diameters. This method can be used for basically any kind of plants such as cucurbits, 

solanaceous plants but extensively used in cucurbits. 

Advantages: A relatively simple technique.  

Disadvantages: 

a. Requires careful control of humidity, light, and temperature after grafting.  

b. High losses may occur if the healing environment is not optimal.  

c. After the graft union is healed, the top portion of the rootstock must be removed. 

2. Hole insertion of grafting: It is a popular method of grafting among large commercial growers because 

it does not require additional labour needed for clipping, trainspotting, cutting and clip removal. This 

grafting needed higher skill level as compared to tongue approach grafting. This method healthy and 
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stronger seedling can obtain because more of the vascular bundles can be connected in this method of 

grafting. In this method suitable for cucurbit crops. 

Crops/Species Rootstock Scion 

Bottle gourd vs 

Watermelon 

Bigger size than scion Smaller size 

Bottle gourd seed sown 7-8 days before 

watermelon 

watermelon seed sown 7-8 days 

after sowing of bottle gourd 

Watermelon vs 

squash 

Squash seeds sown 3-4 days before than 

watermelon 

watermelon seed sown 3-4 days 

after sowing of watermelon 

Tomato 5-10 days before scion and grafting made 

20-25 days after the sowing of scion seeds. 

5-10 days after sowing of scion 

Brinjal 5-10 days before scion and grafting made 

20-25 days after the sowing of scion seeds. 

5-10 days after sowing of scion 

Advantages:  

a. A grafting clip is not essential.  

b. There is no trimming of unwanted plant parts after healing of the graft union.  

c. Tends to have a high success rate. 

Disadvantages:  

a. Requires slightly more skill than most other grafting techniques.  

b. Requires more time to graft than some of the other grafting techniques.  

c. Requires very careful control of humidity, light, and temperature after grafting.  

d. High losses may occur if the healing environment is not optimal.  

e. Re-growth of the rootstock will occur if not all the meristem tissue has been removed. 

3. One Cotyledon Grafting: One Cotyledon Grafting was originally developed by Japanese engineers for 

use with automated grafting. Due to the procedure’s simplicity, it has become the most commonly used 

manual grafting method. Rootstock seedlings should have at least one true leaf, and scion seedlings should 

have one or two true leaves. Cut the rootstock at a 45° angle so one cotyledon remains and one is removed. 

Cut carefully so as to keep the remaining cotyledon firmly attached to the rootstock stem. The angled cut 

should also remove the apical meristem and both axillary buds.  

Advantages:  

a. A simple technique that is relatively quick and easy to perform.  

b. The only task after grafting is to remove the clip.  

c. There is no trimming of unwanted plant parts after healing of the graft union.  

Disadvantages:  

a. Requires careful control of humidity, light, and temperature after grafting.  

b. High losses may occur if the healing environment is not optimal.  

c. Regrowth of the rootstock will occur if all the meristem tissue has not been removed. 

4. Splice Grafting/Tube grafting/Slant-cut grafting: This type of graft may also be called a top graft. 

Cut the scion and rootstock at matching forty-five-degree angles, align cuts so that full contact of each piece 

is achieved, secure with a grafting clip. This type of graft is commonly used for tomatoes and peppers.  

Advantages: It is relatively easy to learn and a quick way to graft large numbers of plants.  

Disadvantages: Grafting clips or some types of wraps are necessary to ensure a successful union and the 

stem diameter of the rootstock and scion must be similar. 

Healing the Grafting 
After successfully plants are grafted, place them in a healing chamber to help the graft union join 

successfully. A healing chamber is a covered structure that provides high humidity, close to 100%, while 

also blocking light to allow the grafted plant to heal. The main goal of the healing chamber is to slow the 

transpiration of the scion. 

 



 

 
Volume 04 - Issue 10 - October 2022       225 | P a g e  
 

Conclusion 
The ultimate purpose of grafting is disease tolerance/resistance to rootstocks to certain soil borne disease 

includes fusarium wilt in tomato and cucurbits, virus in tomato, phytopthora disease in potato. Yield 

increase in cucurbits 25-55% compare to normal propagations. Tolerance to low temperature and reduce 

the fertilizer and agrochemical applications. Current our Indian population increasing every year and 

demands of vegetable production also increasing every year so ultimate aim to increase our production and 

productivity of vegetable crops in India. Vegetable grafted plant gives more yield, resistant to soil born 

disease, more nutrient uptake capacity, drought tolerant, saline tolerant and early yielded. Grafting is the 

one of the important tools for increasing the production, productivity and as well as reduce the malnutrition 

deficiency and underweight born babies in India. 
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Introduction 
The fall armyworm, S. frugiperda is the new invasive pest observed in maize growing regions of the world 

including India. The fall armyworm is native to the tropical and subtropical areas of the Americas. It has 

a broad host range, disperses rapidly and has now invaded nearly 100 countries around the world by quickly 

establishing in the novel ecologies (Babu et al., 2019). The larvae feed on the leaves, stems and reproductive 

parts of more than 100 plants species, causing major damage to economically important cultivated cereals 

such as maize, rice, sorghum, millets, sugarcane and pasture grasses as well as other crops including 

cabbage, beet, peanut, soybean, alfalfa, onion, cotton, tomato and potato.  

The fall armyworm Spodoptera frugiperda (J. E. Smith) is one of the most serious pests on maize globally. 

It is considerably spreading very fast across the continent and getting as the status of globally invasive 

pest. In India recently fall armyworm has been reported in the state of Karnataka, Andhra Pradesh, 

Madhya Pradesh, Maharashtra, Tamil Nadu, Telangana, Gujarat and Chhattisgarh (Babu et al., 2019). It 

is notorious pestiferous insect with high dispersal ability, wide host range and high fecundity (Chaudhari 

et al., 2019). S. frugiperda larvae feed inside the whorls of maize plants, causing distinctive holes that are 

visible in the leaves, which increase drastically in size as the larvae ages. 

Morphological Details of Different Stages of S. frugiperda 
Egg stage: Adult females were deposited their eggs on upper or lower surface of leaves (lower surface was 

mostly preferred) and also in whorls, in a mass. The eggs were flattened dorso-ventrally in shape, initially 

pale green for one day turned to golden yellowish and eventually turned black in colour before hatching. 

The females were also deposited a layer of whitish scales, which covered the egg mass and gave a moldy or 

furry appearance. 

 
Egg mass 

Larval stage: The first larval instars were very tiny. They completely devoured the egg shells from which 

they hatched. They had a comparatively large flattened circular black head and a whitish body covered 

with minute hairs. After feeding on leaves their body colour changed to greenish white. The second instar 

larvae had amber coloured head and a pale white to yellowish coloured body with a tinge of brown on the 

dorsum. The body also developed faint white dorsal and sub-dorsal lines at this stage. The third instar 

larvae showed an immense change in body colour. The body colour changed from pale white to greenish 

brown. The larvae were light brown on the dorsum and greenish on the ventral side. The dorsal and sub-

dorsal white lines were plainly visible and the black spots became prominent. The larvae showed distinct 

difference from third to fourth instar in their appearance. Their body colour varied from olive brown to 

dark brown. The dorsal and sub-dorsal white lines also became conspicuous. The spiracles on prothorax 

and eighth abdominal segments were elliptical while the rest were circular. At this stage, the body attained 

a greyish brown colour on the dorsum and greenish colour on the ventral and sub-ventral sides.  
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Pupal stage: Pre-pupa was pale green in colour and lazy. Moisture was exhausting from body which helped 

for undergoing to pupa stage. The freshly laid pupae of S. frugiperda were orange-brown in appearance and 

changed to dark reddish brown with time.  

They had a typical cremaster with two spines. The male and female pupae were also distinguishable based 

on the distance between their genital and anal opening slots. In female pupae, this distance was more than 

that in male pupae. 

 
   

Exuvia Pre-pupa Immature pupa Mature pupa 

Adult stage: The adult of S. frugiperda is a small to medium sized moth. Sexual dimorphism was clearly 

evident in males the forewings were generally shaded in gray and brown colour, with triangular white spots 

at the tip and near the center, while in females the forewings were less distinctly marked, ranging from a 

uniform grayish brown to a fine mottling of gray and brown. The hind wings were iridescent silver white 

with a narrow dark border in both sexes. 

  
Male Female 

Nature of Damage of FAW 
Newly hatched larvae feed superficially on the leaves which results in semi-transparent patches. Newly 

hatched caterpillars can spin silken threads which catch the wind and transport the caterpillars to a new 

plant. The leaf whorl is mainly preferred in young plants, whereas in older plants the cobs are attacked. 

Often only 1 or 2 caterpillars found in each whorl, as they become cannibalistic. Larval frass (excreta) 

resembles sawdust on drying. 

 

Possible Reasons of FAW Outbreak 
1. Migratory habit of this pest (Moths can fly up to 100 km per night and over 500 to 1600 km before 

oviposition) 

2. Wide host range (more than 80 crops) 

3. High reproductive rate (1500 to 2000 eggs per female) 

4. Voracious feeding nature of larvae 

5. Nocturnal habit 

6. Multiple generations per year. 

Integrated Pest Management Strategies 
1. Summer deep ploughing to expose the hidden pupae to direct sunlight 

2. Avoid late sowing 

3. Avoid sowing of maize crop in different dates at the same region to restrict the continuous food supply. 

4. Apply neem cake @ 1000 kg/ ha in soil to restrict emergence of adults from the pupae. 



 

 
Volume 04 - Issue 10 - October 2022       228 | P a g e  
 

5. Use recommended dose of nitrogenous fertilizers. 

6. Follow crop rotation. Do not grow maize crop in succeeding seasons. 

7. Collection and destruction of egg mass and newly hatched larval mass. 

8. Grow Napier grass in or around the maize field to attract the females for oviposition. 

9. Grow Desmodium as an intercrop or border crop to repel the FAW adults. 

10. Whorl application of ash and sand reduce the incidence of young larvae. 

11. Install of light trap @ 1/ ha to attract the nocturnal adults. 

12. Install of pheromone trap @ 5/ ha to attract male moths. 

13. Spray jaggary solution to attract natural enemies  

14. Spray Bt @ 20 g or Beauveria bassiana @ 40 g or Nomuraea rileyi @ 40 g or Neem seed kernel extract 

5% or neem oil 40 ml (1500 ppm) per 10 litre waters. 

15. Encourage biocontrol agents viz., Telenomus remus and Trichogramma (egg parasitoids), Chelonus 
insularis (egg-larval parasitoid), Habrobracon hebetor, Campoletis flavicincta, Cotesia icipe, Tachinid fly 

(larval parasitoid), predators viz., lady bird beetle, ground beetle, earwig, predatory bugs, ants and wasps. 

16. Spray the crop with chlorpyriphos 20 EC @ 20 ml or quinalphos 25 EC @ 20 ml or spinosad 45 SC @ 3 

ml or emamectin benzoate 5 SG @ 4 g or chlorantraniliprole 18.5 SC @ 3 ml per 10 litre waters if the 

infestation is high. Do not spray same group of insecticides continuously. Do not harvest the crop at least 

up to 10 to 15 days after insecticidal spray. 

17. After harvesting of the crop, plough the field to expose the pupa to predatory birds. 

Conclusion 
FAW is an invasive pest. The pest is voracious feeder and able to migrate from one continent to another. 

Hence, it can cover large area within a short period. Though the pest is observed in maize crop but reported 

to infest many crops like rice, sorghum, sugarcane, pearl millet, cotton and vegetable.  The pest is found 

throughout the year and passes through number of generations. Telenomus sp. and Trichogramma sp. are 

the effective egg parasitoids. Neem based formulation (azadirachtin) and biopesticide (Beauveria bassiana, 

Nomurarea rileyi, SfMNPV) are effective against FAW. Chlorpyriphos, Spinosad, chlorantraniliprole, 

emamactin benzoate etc. are the effective insecticides against FAW. 
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Introduction 
Competency mapping is a crucial process that is significant. Every well-run business should have clearly 

defined responsibilities as well as a list of competencies needed to carry out each function successfully. For 

all HR applications, the competency framework acts as the cornerstone. All HR operations, including talent 

induction, management development, appraisals, and training, provide significantly better results as a 

result of competency mapping. Mcclelland defined competency as an underlying characteristic of an 

individual that is causally related to criterion-referenced effective and/or superior performance in a job or 

a situation. A Competency is a set of skills, related knowledge and attributes that allow an individual to 

successfully perform a task or an activity within a specific function or job. 

Difference between Competency and Performance 
Performance is defined as an intentional activity or series of intentional actions that a person does to 

accomplish a desired outcome or output of some kind that provides value to that person. One way to 

conceptualise competence is as how people accomplish exemplary (best-in-class) tasks. Instead of the 

opposite, the "top performer" is always referred to as a "competent performer. 

Competency as a Tool in Agriculture 
Competencies are based on: 

1. Knowledge: Information accumulated in a particular area of expertise (e.g., Genetics, Entomology, 

Agriculture Extension). 

2. Skills: The demonstration of expertise (e.g., the ability to make effective field demonstrations, or to 

negotiate successfully). 

3. Motive: Recurrent thoughts driving behaviours (e.g., drive for achievement, affiliation). 

4. Attitude: Self-concept, values and self-image. 

5. Traits: A general disposition to behave in certain ways (e.g., the flexibility of extension personnel). 

Types of Competencies 
Competencies in organizations tend to fall into two broad categories: 

Personal Functioning Competencies: These skills include general success criteria unrelated to a 

particular job function or industry (often focusing on leadership or emotional intelligence behaviours) 

Functional / Technical Competencies:  These competencies contain particular elements necessary for 

success in a particular work function or industry 

Competency Trail in any profession appears like this: Competency is augmented by strengthening innate 

traits, processing self-image through self-reflection and sharpening acquired skills, modifying thought 

processes and eventually behavioural upscaling with expertise that suffices the action. 

Key Behaviour Indicators in Competency Mapping 
Competency Map: A competency map is a list of an individual’s competencies that represent the factors 

most critical to success in given jobs, departments, organizations, or industries that are part of the 

individual’s current career plan 

Competency Mapping:  Competency mapping is a process an individual uses to identify and describe 

competencies that are the most critical to success in a work situation or work role. 
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Top Competencies:  Top competencies are the vital few competencies (four to seven, on average) that are 

the most important to an individual in their ongoing career management process. “Importance to the 

individual” is an intuitive decision based on a combination of three factors: past demonstrated excellence 

in using the competency, inner passion for using the competency, and the current or likely future demand 

for the competency in the individual’s current position or targeted career field. 

Purpose of Competency Mapping for Agriculture Professionals 
"Effectiveness of an organization is the summation of the required competencies in the organization”. They 

are: 

Gap Analysis: The employees should root their knowledge in finding the lacunae in the present agriculture 

technology transfer. 

Role Clarity: There should be crystal clear role specifications for the duties to be performed by an 

entomologist, agriculture extensionists, soil scientists etc. 

Selection, Potential Identification, Growth Plans: Each subject domain professional should rope in 

modern technology while simultaneously exploring the potential of traditional knowledge for tangible 

results in their job position. 

Succession Planning: There should be clarity in the line of command and chain of command without 

which the system may turn chaotic. 

Restructuring: The potential threats and advantages should be assessed and processed to culminate in 

maximum efficiency. 

Conclusion 
It is quintessential to keep abreast of the changing demands of skills and competency, which is all the more 

pertinent to a dynamic profession of an agriculture scientist. 
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Introduction 
Pithecellobium dulce plant originated in Brazil, Argentina, Bolivia, Colombia, etc. It has been distributed 

naturally in many countries like India, Huawei, tropical Africa, and especially along the coast. Different 

parts of the plant have been consumed for various ailments in a traditional manner in which edible fruits 

are of important part. The fruits are linear, curved legumes (pods) having a length of 10 to 13 cm. usually, 

a single pod contains 10 seeds; pods are irregular in shape and flattened, set in spirals of 1 to 3 whorls and 

strangled between the seeds. Apart from a nutritional point of view, these plant parts contain active 

components like flavonoids, sterols, tannins etc. which possess anti-oxidant, anti-inflammatory, anti-

microbial, anti-diabetic, antifungal, antiviral, diuretic, cardioprotective, anti-diarrhoeal, anti-ulcerogenic, 

larvicidal and ovicidal properties. 

  

Pithecellobium Dulce Arils of the P. dulce 

Nutritional Information 
Nutrients Composition/Quantity 

Energy (100 g) 78.00 

Water (%) 77.8 

Protein (%) 3 

Fat (%) 4 

Fibre (%) 1.2 

Ash (%) 6 

Carbohydrates 18.22 

Vitamin A (mg) 15 
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Thiamine (mg) 24 

Riboflavin (mg) 10 

Niacin (mg) 60 

Vitamin C (mg) 133 

Calcium (mg) 13 

Potassium (mg) 222 

Phosphorus (mg) 42 

Iron (mg) 5.00 

Sodium 19 

Source: https://www.fruitsinfo.com/contact_us.php 2018 

Nutritional Benefits 
The fruits and seeds of P. dulce contain vital vitamins like vitamin C (antioxidant activity), E (delays aging), 

thiamine, riboflavin (contributes to skin and hair health), and some essential amino acids like lysine, 

phenylalanine, tryptophan, and valine. The plant parts are rich in minerals such as Sodium, Potassium, 

Phosphorous, Calcium (which contribute to bone and teeth health) and Iron (which prevent fatigue). Leaf 

extract of this plant contains compounds like Quercetin, afezilin, kaempferol, and dulcitol and its fruit 

contains phenols, flavonoids, and saponins. The phenolic and flavonoids have a hydroxyl functional group 

that possesses a radical scavenging ability to prevent oxidative damage. Seeds are rich in protein content 

and leaf is rich in fibre content. 

The aril is consumed raw, roasted or mixed into agua fresca (a fruit-flavored beverage or cold tea) or atole 

(a hot beverage made from cornstarch). The seed may be consumed raw, roasted, cooked or curried. 

Health Benefits 
1. Aids in weight loss 

2. Works as antiseptic 

3. Regulates Hypertension 

4. Relieves inflammation 

5. Aids in curing bilious disorders 

6. Anti-carcinogenic 

7. Boosts immune system 

8. Acts as a natural skin moisturizer 

9. Controls blood sugar levels 

10. Leaves - Remedy for indigestion  

11. Bark - curative for bowel movement/constipation and also used against dysentery and diarrhea. 

Therapeutic Benefits 
1. Antibacterial: P. dulce fruit peel metabolites could be used as an antimicrobial agent and a wound 

healing agent. The extract from fruit peel has the ability to inhibit the growth of different microbes. 

2. Antioxidant: The phytochemical constituents present in the leaves, seeds, fruits, and wood barks 

extract of P. dulce have potential activity on free radicals. 

3. Anti-diabetic: The P. dulce fruit contains a cyclic polyol pinitol and it has been reported for having anti-

diabetic activity. 

4. Antidiarrheal 

5. Anthelmintic 

6. Antiulcer. 

7. Antimicrobial. 

Conclusion 
In conclusion, P. dulce is the powerhouse of many nutrients 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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Rust (Ravenelia emblicae Styd, Phakopsora phyllanthi Diet) 
Symptoms: In the main region of Uttar Pradesh where aonla is grown, disease is to blame for significant 

losses. On fruits, a few little black pustules initially form before developing into a ring. A sizable portion of 

the fruit is covered in pustules that band together. Pinkish brown pustules appear on leaves and can be 

grouped together or dispersed since fruit illness does not spread to leaves and vice versa. (Fig 1 & 2). 

Teleospores of Ravenelia emblicae causes the fruit and leaf infection. 

  

Fig. 1 Rust on fruits Fig 2. Rust on leaves 

Management: Three sprays of wettable sulphur (0.4%) of Dithane- Z-78 (0.2%) during July- September.; 

Cultivars Banarasi and Chakaiya are believed to be relatively free from disease. 

Sooty Mould (Capnodium sp.) 
Symptoms: The surface of leaves, twigs, and flowers develops a velvety layer of black fungal growth due 

to sooty mould. These are contained to the surface only and do not contaminate the leaves. (Fig 3). 

 
Fig 3. Sooty mould infection on leaves 

Management: Spray starch @2%, lambda cyhalothrin @0.05% and wettable sulphur @0.2% can be mixed 

in starch if infection is more. 

Blue Mould (Penicillium citrinum) 
Symptoms: On the fruit surface, it results in water-soaked and brown blotches. Three distinct colour kinds 

emerge in succession as the condition worsens: first bright yellow, then purple-brown, and eventually 

bluish green. Drops of a yellowish liquid are dripping off the fruit's surface. The fruits smell unpleasant. 

Finally, the entire fruit has a speckled or beaded appearance that is bluish green. (Fig 4 & 5). 

Management: Careful handling of fruits. Any injury on the fruit surface during harvesting and storage 

make the aonla fruits prone to blue mould; Avoid bruising or injury to fruits while harvesting.; Sanitary 

conditions in storage should be maintained.; Treatment of fruits with borax or sodium chloride (1%) checks 

the blue mould infection.; Treatment with carbendazim or thiophanate methyl 0.1% after harvest.; Fruits 

smeared with mentha oil, checks the rot. 
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Fig 4: Blue mould infection on fruits of aonla Fig. 5. Blue mould infected fruit 

Anthracnose: [Colletotrichum gloeosporioides State of Glomerella cingulate (Ston.) 

Spauld and Schrenk.] 
Symptoms: During the months of August and September, disease affects fruit and leaflets. The disease's 

first sign appears as tiny, round, brown to grey dots on leaflets with a yellowish edge. The spot's centre still 

has a raised, grey appearance with fruiting bodies that resemble dots. Fruits have depressed lesions, which 

subsequently turn dark in the centre and produce acervuli, which are frequently organised in rings. Spore 

masses may form on fruiting bodies at high humidity levels, and the lesion may vary in size and shape. As 

a result, the fruits shrivel and decay. (Fig 6 & 7). The disease is favoured by hot and humid weather. 

 

 

Fig 6: Anthracnose on leaves Fig 7: Anthracnose on fruits 

Management: Sanitation of orchard; Discard affected fruits from the orchard; Spray carbendazim (0.1%) 

before harvesting of fruits. 

Soft Rot: [Phomopsis phyllanthi Punith] 
Symptoms: Typically, diseases manifest around November and December. Within two to three days of 

infection, circular lesions range in colour from smoke to black. Later, the sick portions develop an olive-

brown discoloration and water-soaked spots that reach to both ends of the fruit give it an eye-like look. The 

fruit's shape is similarly distorted. Fruits with an infection turn dark brown, wrinkle, and soften their 

supporting structures. Although fungus can infect both young and mature fruits, it has been observed that 

mature fruits are more vulnerable. (Fig 8). 

 
Fig 8: Close up of soft rot disease on fruits 

Management: Treatment of fruits with Difolatan (0.15%) or Dithane M-45 or Bavistin (0.1%) during the 

month of November.; Avoid injury to fruits. 

Black Soft Rot (Syncephalastrum racemosum) 
Symptom: Black Fruits that had been collected and stored (20 to 50 C and 65 to 5% relative humidity) 

showed signs of soft rot. These tiny, brown necrotic blemishes on the fruit were filled with white mycelial 

growth. Between the edge of mycelium and healthy tissue, a distinct halo of water-soaked, faded tissue 
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encircled the lesion. A coating of spores that was black and powdery was spread across the decayed surface. 

(Fig.9).  Pre injured fruits are prone to infection. 

Management: Avoid fruit injury, during harvesting; Discard infected fruits from the orchard; Spray 

Dithane M-45 (0.2%) or carbendazim (0.1%) before harvest. 

Internal Necrosis (Physiological) 
Symptoms: The symptom begins with the core mesocarpic tissue turning brown during endocarp 

hardening and progresses to the epicarp, giving the flesh a brownish black look. When this happens 

frequently, the black areas becoming corky and sticky pockets form. (Fig 10). 

 
 

Fig 9: Black Soft Rot Fig 10: Internal necrosis 

Management: Combined spray of zinc sulphate (0.4%) + copper sulphate (0.4%) and borax (0.4%) during 

September-October has been found effective; Spray of 0.5 to 0.6% borax in the month of September-October; 

Resistant cvs like Chakaiya, NA6 & NA-7 should be planted. 
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Climate Change 
The term "climate change" refers to a slow rise in the average temperature of the Earth's atmosphere and 

oceans, which is thought to be permanently altering the planet's climate. Since 1900, the average global 

temperature has risen continuously, by an average of 1°C. Northwestern North America has had the most 

increase, but India has seen a 0.2°C to 1°C rise in temperature. 

Moreover, the rate of global warming is growing; temperature climbed twice as rapidly during the last 50 

years as it did in the last 100 years. In India, the average temperature is expected to rise by up to 1.7°C in 

the kharif (July to October) and up to 3.2°C in the rabi (November to March) seasons, respectively, while 

the mean rainfall is expected to increase by 10 percent by 2070 (Gupta, 2011). 

Impacts of Climate Change on Insect Pests 
As cold-blooded creatures, insects have bodies that are roughly the same temperature as their 

surroundings. As a result, temperature is likely the one environmental element that has the most impact 

on insect behaviour, distribution, development, survival, and reproduction. 

In terms of the role in temperature rise played by long-lived greenhouse gases, anthropogenic CO2 is almost 

two times more significant. Although an increase in CO2 shouldn't have a negative impact on insects 

directly, the temperature increases brought on by this increase already have a significant impact on insects' 

distribution, nutrition, phenology, and ability to spread illness. 

Effects of Elevated CO2 on Insect Pests 
Insect herbivores are generally less nourished by host plants growing in elevated CO2 environments, which 

can impact their performance. Typically, phenotypic host-plant changes reduce the nutritional value of the 

leaf material consumed by insects. As a result, insects struggle more to turn the food they consume into 

biomass. Insect herbivores frequently eat more to offset the impacts of less nutrient-dense food. 

Insect herbivore performance is positively correlated with leaf nitrogen concentrations. Zvereva and Kozlov 

(2010) reported that the leaf nitrogen content decreased for mustard and collard grown under elevated CO2. 

Leaf chewing insect herbivore performance is positively correlated with leaf water content. Decrease in leaf 

water contents was observed under elevated CO2 for both mustard and collard. 

Additionally, plants can protect themselves mechanically, either by developing hard leaves or by developing 

features like leaf trichomes. Performance of herbivores is inversely associated with mechanical defence 

levels. Radish trichome densities rose in response to elevated CO2. Numerous research has also noted 

increases in mechanical defence as a result of increased CO2, with the majority of these studies focusing 

on leaf toughness, leaf thickness, and specific leaf weight. Hamilton et al. (2005) reported higher percent 

leaf damage or consumption due to cabbage white butterfly fed either mustard or collard grown under 

elevated CO2. Similar results have been obtained in leaf miners on a variety of woody species. Zvereva and 

Kozlov (2010) detected a significant negative effect of elevated CO2 on insect herbivore performance. They 

observed that overall herbivore communities were lower on plants grown under elevated CO2 vs. ambient 

CO2. This is likely in part due to higher mortality rates due to both parasitoids and other natural enemies. 

Natural enemies are thought to have better success under elevated CO2 because their prey is more 

apparent. Insects typically take longer to develop, making them more apparent in time to natural enemies. 

Higher consumption rates also cause increased leaf damage and increased frass production, both cues to 

natural enemies. 

Hamilton et al. (2005) measured levels of herbivory in soybean grown in ambient air and air enriched with 

CO2 or O3 using free air gas concentration enrichment (FACE). Under open-air conditions and exposure to 

the full insect community, elevated CO2 increased the susceptibility of soybeans to herbivory early in the 
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season, whereas exposure to elevated O3 seemed to have no effect. In the region of the canopy exposed to 

high levels of herbivory, the percentage of leaf area removed increased from 5 to more than 11% at elevated 

CO2. They found no evidence for compensatory feeding at elevated CO2 where leaf nitrogen content and 

C:N ratio were unaltered in plants experiencing increased herbivory. However, levels of leaf sugars were 

increased by 31% at elevated CO2 and coincided with a significant increase in the density of the invasive 

species Popillia japonica (Japanese beetle). In two-choice feeding trials, Japanese beetles and Mexican bean 

beetles (Epilachna varivestis) preferred foliage grown at elevated CO2 to foliage grown at ambient CO2. 

Hence, the increased level of sugar in leaves grown at elevated CO2 may act as a phagostimulant for the 

Japanese beetle. 

Effects of Elevated Temperature on Insect Pests 
Many of the consequences of higher temperature on insect performance have to do with the direct effects 

of temperature on insects. Because insects are exothermic, they tend to be more active under warmer 

settings. Increased consumption rates and a resulting reduction in pupation time are common effects of 

high temperatures. This makes organisms less visible to natural predators and, in some cases, increases 

the possible number of generations per season. According to estimates, insects may go through one to five 

more life cycles per season if temperatures rise by 2°C (Yamamura and Kiritani, 1998). Elevated 

temperatures increase gypsy moth performance, both decreasing its development time and increasing its 

survival rate (Williams et al., 2003). However, the survival rate of another member of its genus, the nun 

moth, is very different under increased temperatures. If gypsy moths react more favorably to future 

environments than competitors, they may become more prone to outbreak. Elevated temperatures (on the 

scale of expected global warming) can also have direct effects on plant phenotypes, but usually not to the 

same degree as elevated CO2, and those factors (such as total nonstructural carbohydrates, starches, and 

sugars) don't usually affect insect herbivores as much as host-plant traits affected by elevated CO2. 

Temperature may change gender ratios of some pest species such as thrips (Lewis, 1997) potentially 

affecting reproduction rates. Insects that spend important parts of their life histories in the soil may be 

more gradually affected by temperature changes than those that are above ground simply because soil 

provides an insulating medium that will tend to buffer temperature changes more than the air (Bale et al., 
2002). Lower winter mortality of insects due to warmer winter temperatures could be important in 

increasing insect populations (Harrington et al., 2001). Insect species diversity per area tends to decrease 

with higher latitude and altitude (Andrew and Hughes, 2005), meaning that rising temperatures could 

result in more insect species attacking more hosts in temperate climates (Bale et al., 2002). 

Effect of Changes in Rainfall Pattern on Insect Pests 
Early and timely planting become more uncertain under climate change. During the 2009 rainy season, 

delay in onset of monsoons by 45 days resulted in delayed plantings of pigeonpea that are prone to damage 

by Helicoverpa armigera and caused heavy damage (Sharma, 2010). As with temperature, precipitation 

changes can impact insect pest predators, parasites, and diseases resulting in a complex dynamic. Fungal 

pathogens of insects are favored by high humidity and their incidence would be increased by climate 

changes that lengthen periods of high humidity and reduced by those that result in drier conditions. Some 

insects are sensitive to precipitation and are killed or removed from crops by heavy rains, this consideration 

is important when choosing management options for onion thrips (Reiners and Petzoldt, 2005). 

Conclusion 
As a result, different species react differently to changes in temperature conditions. Species life history 

(evolutionary) adaptations may make it difficult to discern species responses to climate change. Although 

it is very difficult to forecast how climate change will affect insect pests in the future due to the multitude 

of interactions, we can anticipate an increase in some primary pests, secondary pests, and invasive species. 

Using integrated pest management techniques to carefully track insect and disease prevalence is the 

greatest economic plan for farmers to adopt. Farmers can assess the economics and environmental effects 

of pest control and decide if it is feasible to use specific pest management techniques or cultivate specific 

crops by keeping records of their pest and crop management over time. The development of IPM with a 

stronger focus on biological control, modifications to cultural practises, pest forecasting utilising cutting-
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edge methods like simulation modelling, and alternative production techniques are a few examples of 

potential adaption measures. 
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Integrated  organic nutrients managements refers to the maintenance of soil fertility and plant nutrient 

supply at an optimum level for sustaining the desired productivity through optimization of the benefits 

from all the possible sources of organic and biological components except inorganic in an integrated 

manner, It involves proper combination of organic manure, crop residue, N2- fixing crop like pulses such 

as green gram, black gram, other pulses and oil seed such as soyabean and biofertilizers suitable to the 

system of land use and ecological, social and economic condition. Weed control, soil fertility and 

management of pest and disease are the principal challenges associated with organic production. He major 

challenge in organic agriculture is the availability of huge quantities of organic inputs for satisfying the 

farm demand. Use of animal excreta – based manure alone is not sufficient for meeting the nutrient need 

of the crop. The resource components available for nutrients management in organic farming are; farmyard 

manure, crop residue, weed biomass, green manure, biofertilizers, compost/ phospho-compost, 

vermicomposting, oil cake mulching/cover crop liquid manure, legume in cropping sequence, by product 

from integrated farming system. 

What is Nutrients Managements? 
nutrient managements are the process of managing the amount, source, timing and method of nutrients 

application. With the goal of optimizing from productivity while minimizing nutrients losses that could 

create environment problem. It includes developing nutrients budgets that consist of knowing the amount 

of nutrients needed by the crop, accounting for all the potential sources of nutrient, and then apply 

manures, compost, irrigation water or inorganic fertilizers to meet the nutrients need of the crop. 

Concept of Integrated Nutrients Management 
Integrated nutrient management refers to maintain of soil fertility and plant nutrient supply to an 

optimum level for sustaining the desired crop productivity through optimisation of the benefits from all 

possible sources of plant nutrient in an integrated manner. Schemes like the “Balanced and Integrated use 

of Fertilizers” have been designed by Govt. of India with the aim of promoting the use of organic manures 

and bio fertilizers. 

Various Advantages of the INM System 
1. Soil health:  INM system help in improvement of soil physical (porosity, granulation, water holding 

capacity, drainage), chemical (Mineralization, CEC, EC), and biological property like living organism 

activity and fixation of nutrient status in the soil all these things improve and lead to the organic matter 

content in the soil making soil health. 

2. Better yield: In the INM system nutrients are applied in appropriate amount so plant uptake nutrient 

in appropriate amount then plant become well developed and growth so yield also increase ultimately 

because nutrient supply in sufficient amount with integrated manner.   

3. Environmental benefits: In the conventional farming highly use of chemical fertilizers so deterioration 

of soil, water and ecosystem by prompting carbon sequestration, but in INM system use of organic and 

synthetic fertilizers to create eco-friendly environment for plant growth as well as all living organism in 

soil and environments.  

4. Optimum utilization of farm wastes: Under the INM system promotes utilization of farm wastes like 

crop residues, animal wastes human wastes and as well as industrials wastes that’s material are good 

source of nutrients to crop.   
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5. Cost reduction: Some organic source use as nutrients is available easily and cheaply, they can help 

reducing the cost of cultivation and also be decrease production cost. 

6. Judicious use: In traditional farming system use of chemical fertilizers and pesticide in huge quantity 

but in INM system they encouragements of the judicious use of chemical fertilizers. 

Green gram (Vigna radiata L.) having chromosomes 2n=22, also known as green gram and it belongs to 

family Leguminosae/Fabaceae. Green gram has unique role in diversifying Indian agriculture and 

defeating malnutrition in vegetarian population of the country. In India Green gram is the third major 

pulse crop followed by chickpea and pigeon pea. It occupies 3.09 million hectares of area with a production 

of 2.01 million tons in kharif season. (Anonymous, 2020). Green gram is one of the most important edible 

food legumes of South and Southeast Asia. ‘Currently, Green gram is cultivated on more than 6 million 

hectares worldwide’ (about 8.5% of global pulse cultivated area) and global annual production is 3 million 

tons (5% of global pulse production). India is the largest green gram producing country followed by China 

(Nair et al.2014). Green gram grain contains 56% carbohydrates, 25% protein, 10% moisture, 3.5% mineral 

and 3% vitamins. Green gram grains are rich in iron (7.3 mg per 100g of dry seed). The amino acid profile 

of green gram (in g/16g N) comprises lysine (6.5), cysteine (13.5), methionine (1.2), threonine (3.5) and 

tryptophan (1.2) and is complementary to that of pulse grains. To produce crops that meet the observed 

worldwide criteria of quantity and quality, contemporary agricultural techniques and integrated nutrient 

management must be used. In addition to supply of nutrients, organic sour improves the physical condition 

and biological health of soil. With a view to reduce the losses and indiscriminate use of chemical fertilizers, 

substitution of part of the chemical fertilizers locally available organic sources of nutrients (Farmyard 

manure) and biofertilizers (rhizobium and PSB) is inevitable. The lack of information on these aspects 

under kharif condition made as impetus to undertake the proper study. 

 
Fig. systematic diagram of integrated nutrient management 

Use of Organic Sources in INM System 
Manure: Manure are the organic material derived from plant, animal, human and plant residues which 

content plant nutrients in complex form, and use of manure as fertilizers to availability of macro (N, P, K) 

and micro (Ca, S, Mg) nutrients for the plant. 

Crop residues: Crop residues it is a plant-based product that can be uses as manure. Plant residues help 

in increase infiltration rate, reduce the erosion and increase water holding capacity.  

Synthetic fertilizers: Synthetic fertilizers are man-made combination of chemical and inorganic 

substance. They typically combine macro (N, P, and K) and micro (Ca, S, Mg), essential nutrients and other 

elements in different are present for needed plants.  

Crop rotation: The practices in which different type of crop like leguminous and non-leguminous crop are 

grown alternative in the field a specific time period for maintain the soil fertility and soil productivity and 

crop rotation also be improved the availability of nutrients for second crop. 
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Biofertilizers: biofertilizers are natural fertilizers that are inoculant of Bactria, algae and fungi etc. which 

can help biological nitrogen fixation of the benefits of plant. Biofertilizers are well known for their cost 

effectiveness, environmental- friendly in nature and application of few commercially available biofertilizers 

toward sustainable agriculture. 

Green manuring: In the current scenario of organic or INM system in India are the most important 

manure. Under the green manure growing mostly leguminous or succulent crop. They can help in improve 

nutrient status of soil and improved as well as soil health for better production. 
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Abstract 
Agriculture in the current chemical era focuses on maximal production while neglecting input efficiency, 

and as a result, it is unsustainable. Addition of organic sources could boost yields by increasing soil 

productivity and fertilizer usage efficiency in high input production systems when productivity cannot be 

increased further with incremental use of mineral fertilizers alone. Leguminous Green manure crops can 

meet a large percentage of rice's nitrogen needs while also adding organic matter to the soil to keep it 

fertile. 

Green manures also give N and other mineral nutrients for the growing rice crop's immediate needs, as 

well as improving the physical and chemical qualities of the soil. Fertilizer and green manure were applied 

together, increasing their efficiency. As a result, green manuring represents a glimmer of hope for both the 

production of high-quality food in sufficient quantities and the preservation of soil health. Nowadays, the 

deterioration of soil quality is a big concern. 

The accumulation of agrochemicals in the soil degrades soil quality, resulting in lower soil fertility. Green 

manure crops can help restore soil fertility, prevent erosion, improve soil physico-chemical characteristics, 

and maintain genetic balance by acting as a nitrogen source for subsequent crops. They increase the soil's 

physical and biological properties while also protecting the plants from disease. As a result, it also aids in 

plant protection.  

Keywords: Green manure, Fertilizer, Physical & Chemical, Soil productivity. 

Introduction 
India is indeed one of the world's largest democracies. However, as a developing country, we continue to 

face numerous hurdles in addressing hunger and poverty. The current population explosion is a major 

element affecting food production in our country, and so producing quality food grains in adequate 

quantities without compromising soil quality, productivity, or fertility is one of the most difficult tasks in 

the current agricultural landscape. 

Agriculture in the current chemical era focuses on maximal production while ignoring input efficiency, and 

as a result, it is not sustainable. Downturn in maximum crop yield in cereal crops such as rice and wheat, 

on which the majority of people rely, is a source of worry for scientists and researchers and experienced 

technocrats. Rice (Oryza sativa L.) is the most important cereal, providing calories to 40% of the world's 

population. 

The overuse of chemical fertilisers and the cultivation of high yielding dwarf varieties that respond to 

fertiliser have reduced the soil's natural fertility. Nutrient mining and reduced use of organics have been 

blamed for the decline or stagnation in yield (John et al. 2001). Addition of organic sources could boost 

yields by increasing soil productivity and fertiliser usage efficiency in high input production systems when 

productivity cannot be increased by incremental use of mineral fertilisers alone. Green manuring is, to a 

large part, a glimmer in the dark in this environment. Green manuring may be a viable option for ensuring 

long-term crop output. 

Soil degradation is a key stumbling block to increased plant production and growth. The use of 

agrochemicals such as pesticides and fertilisers are the primary cause of soil degradation. The buildup of 

agrochemicals poses a health risk as well as harm to the environment. Soil degradation involves the loss of 
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organic matter, the deposition of pollutants in the soil, the loss of soil fertility, and a decrease in agricultural 

output. Excessive tillage, continuous cropping systems, and heavy use of agrochemicals will all contribute 

to agriculture's bleak future. To change the status quo of soil degradation and achieve sustainable 

agriculture, we must utilise green manure, vermi compost, compost, bio fertilisers, amrit jal, and 

vermiwash, among other things. Green manuring is one of the most effective ways to increase soil health 

while also meeting the nutritional needs of subsequent crops. The integration of green manure crops in the 

soil can help to reduce nitrogen loss. Leguminous crops are the most common green manure crops because 

they aid in nitrogen fixation through the employment of Rhizobium. Dhiancha (Sesbania aculeate), sun 

hemp, guar, and other crops are commonly used. Green manure crops help to prevent soil erosion, boost 

soil physico - chemical qualities, and give biological and plant protection. 

Needs for Integrated Nutrient Management 
Various long-term trials done across India found that continual usage of chemical fertilizers reduced rice 

output. The goal of integrated nutrient management (INM) is to increase soil health while maintaining a 

high level of productivity and output. The combined use of organic and inorganic fertilizers has been 

discovered to not only satisfy the crop's nutritional needs, but also to achieve substantial productivity goals. 

Integrated Nutrient Management (INM) tends to promote the aligned and prudent use of chemical 

fertilisers in tandem with manures such as compost, Inorganic fertilisers are growing pricier, therefore the 

long-term viability of soil production has become a challenge. As a result, green manures may be a viable 

alternative for improving soil health without posing any environmental risks. 

Green Manuring 
The farmers understand the significance of putting in many hours to produce a basket of compost and use 

it for crop yield and soil productivity. Green manuring is the process of creating a new the compost basket 

with a clump of seeds. Plants that sprout from a clump of seed are ploughed back into the soil in this way. 

The plants rot down into compost after a period in the soil. Green manuring is a method of increasing soil 

structure and fertility by ploughing or burying undecomposed green plant tissues into the soil. Green 

manures are the plants that are employed in this process. Green manure crops are largely used to minimize 

the dependency of chemical fertilisers in environmentally friendly agriculture techniques. 

Types of Green Manuring 
Green manuring is done in a variety of methods depending on the soil and climatic circumstances of a given 

location. Green manuring in India can be broadly split into two categories: 

1. Green manuring in- situ: Green manure crops are cultivated and entombed in the same field as the 

main crop, either as a pure crop or as an intercrop with the main crop under this technique. This is the 

system that is used in northern India. The following are desirable properties of an optimal in-situ green 

manure crop: 

a. It ought to be a legume with a lumpy morphological character that implies quick N fixation in 

even the most adverse soil conditions. 

b. It really should demand minimal water for the sake of its proliferation and be able to thrive in 

poor, depleted soils. 

c. It must have a deep root system that can open up the subsoil and access lower locations for plant 

nutrients. 

d. Slightly earlier in its existence, the plant should have a green appearance possible to produce 

abundant vulnerable development. 

e. It must have a large number of non fibres that decompose quickly and have a good amount of 

moisture and nitrogen. 

Crops that provide good green manure: Wild indigo or kolingi (Crotalaria juncea), Dhaincha (Sesbania 
aculeata and S. rostrata), Sunnhemp (Crotalaria juncea) (Tephrosia purpurea). S. aculeata and S. speciosa, 

among the green manures, had higher organic carbon content and a lower C-N ratio than S. rostrata. 
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2. Green leaf manuring: Green leaf manuring is the way of integrating green leaves and young green 

sprigs gathered from trees and shrubs on bunds, wastelands, and neighbouring forest areas into the soil. 

In central and eastern India, this approach is widely used. For e.g.-Gliricidia (Gliricidia maculata), Subabul 

(Leucaena leucocephala), Cassia (Cassia auriculata). 

 

Advantages of Green Manuring 
There are various advantages of green manuring which are as follows: 
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1. Green manure crops alter the physical, chemical, and biological aspects of the soil. Green manures not 

just to replenish rice with nitrogen through biological nitrogen fixation, but they really ameliorate soil 

physical and chemical qualities. In fact, this spurs soil microorganisms to work harder. 

2. Green manure crops aid in the restoration of various plant nutrients from the subterranean topsoil to 

the surface soil layer. 

3. It can boost soil microbial activity by adding organic matter to the soil. 

4. Nutrient regimens can be maintained and replenished through green manuring, that might otherwise 

be suffered due to leaching. Green manures elevated the availability of P in waterlogged soils by 

diminution, chelation, and positive changes in soil pH. 

5. Green manure crops can be used as a cover crop, permitting rainwater to penetrate more easily and 

reducing erosion and runoff. 

Attributes of Legume Green Manure Crops that are Beneficial 
1. High seedling vigour and early establishment 

2. Flooding and drying tolerance 

3. Timely N acquisition and effective nourishment under a wide range of environmental and edaphic 

conditions. 

4. Fast growth, having the potential to collect enormous amounts of biomass and nitrogen in four to six 

weeks. 

5. Quick decomposability. 

Green Manure for Improvement in the Soil Nutrient 
Green manure crops improve soil nutrient absorption efficiency, microbial biomass, water retention 

capacity, and organic matter. It also reduces nutrient erosion in the soil. We can deliver the nutrient to the 

plant more efficiently by using high-quality green manure crops like legumes, which have a low lignin 

content and a low carbon to nitrogen ratio. 

Green Manure for Disease Management 
Many soil-borne pathogens live in the rhizosphere and persist in the soil for long periods of time, causing 

illnesses. The ache accident required by soil rhizome pathogens is reduced by green admixture. Green 

manure crops impact the availability of numerous elements like nitrogen, phosphorus, potassium, 

magnesium, and zinc, which is good for plant disease tolerance. Isothiocyanates, which are volatile poisons 

produced by several Brassicaceae plants, kill infections. Through the active hydrolysis process, green 

manure crops that are incorporated in the soil release the toxin isothiocyanate. 

Physical Properties of the Soil 
Green manuring increases soil physical qualities such as structure, bulk density, water retention capacity, 

and texture, as well as altering soil porosity by reducing the number of micropores and increasing the 

number of macropores. The addition of organic stuff by the plants changes these qualities. Various 

microbial processes produce cementing agent in some green crops, such as Sesbania. Sesbania has a deep 

roots system that aids in the production of soil macropores. 

Chemical Properties of the Soil 
By creating a symbiotic connection with legumes, green manure crops aid in the fixation of atmospheric 

nitrogen. Rhizobium species have the ability to fix nitrogen into the soil based on the plant's nutrient 

requirements. They fix the nitrogen in the roots by the production of root nodules which supply ground to 

the Rhizobium present in the rhizosphere. The binding substance present in the soil derives from the 

carbonic acid which is generated from carbon dioxide after decomposition. 

Conclusion 
Green manuring is a low-cost, environmentally friendly alternative to rising fertiliser nitrogen prices. It 

has proven to be an efficient solution for reducing agricultural production costs while ensuring soil 

productivity without producing environmental issues. The average N loss from applied green manures on 

flooded soils was significantly lower, resulting in less pollution to the environment. As a result, green 



 

 
Volume 04 - Issue 10 - October 2022       247 | P a g e  
 

manuring in the rice field is an indicator of a long-term production system in a healthy environment. 

Improving rice production with such an environmentally friendly method can always result in financial 

gains as well as agricultural sustainability. Green manuring is one of the most effective ways to restore 

soil health and provide nutrients for subsequent crops. Incorporating green manure crops into the soil can 

help to avoid nitrogen loss. Leguminous crops are the most common green manure crops because they aid 

in nitrogen fixation via Rhizobium. Dhiancha (Sesbania aculeate), sun hemp, guar, and others are the most 

often used crops. Green manure crops help to prevent soil erosion, improve soil physico-chemical properties, 

and biologically protect plants. We can have sustainable agriculture and evergreen agriculture through the 

use of green manuring since it aids in the restoration of soil quality and the prevention of land deterioration. 

  



 

 
Volume 04 - Issue 10 - October 2022       248 | P a g e  
 

Robotics in Horticulture 
Article ID: 38287 

R. Mangaiyarkarasi1, R. Baranidharan2 
1Assistant Professor (Horticulture), Imayam Institute of Agriculture and Technology, Thuraiyur 

2PhD Scholar, Department of Floriculture and Landscape Architecture, Tamil Nadu Agricultural 

University, Coimbatore. 

 

 

Introduction 
An artificial mechanical agent known as a robot is typically an electromechanical system. Robots are 

particularly programmable machines that can automatically perform a complex set of tasks. Robots can be 

controlled internally or externally using a control mechanism. The Slavic word "robota," which meaning 

"slave/servant," is where the term "robot" originates. Since most grain and oilseed production is already 

mechanised, grains and oilseeds may not be of high interest to robotics entrepreneurs, who tend to focus 

on horticulture or industrial crops. All that would require robotics to do is make that machinery 

autonomous. 

History of Robotics 
1921: The term "robot" was first used in a play called "R.U.R." or "Rossum's Universal Robots" by the Czech 

writer Karel Capek.  

1941: Science fiction writer Isaac Asimov first used the word "robotics" to describe the technology of robots 

and predicted the rise of a powerful robot industry. 

1954: George Devol designed the first truly programmable robot and called it unimate for "Universal 

Automation." (US patent 2 998 237). Later, in 1956, George Devol and Joseph Engelberger formed the 

world's first robot company “Unimation” which stands for “Universal Automation”. 

1964: Artificial intelligence research laboratories are opened at M.I.T., Stanford Research Institute (SRI), 

Stanford University, and the University of Edinburgh. 

1968: SRI built “Shakey”; a mobile robot equipped with a vision system and controlled by a computer the 

size of a room. 

1973: V.S. Gurfinkel, A. Shneider, E.V. Gurfinkel and colleagues at the department of motion control at 

the Russian Academy of Science create the first six-legged walking vehicle.  

1975: Victor Schenman developed the Programmable Universal Manipulation Arm (PUMA). It was widely 

used in industrial operations. 

1983: Robotics Courses 

1997: Agriculture automation through precision farming 

21C: Walking Robots, Mobile Robots, Humanoid Robots were designed. 

Fields where Robots have been Implemented 
Robots are used to perform the most difficult tasks and to replace humans in places where they would 

otherwise be required to labour in hazardous, boring, and dirty environments where their lives were in 

danger. High precision fields are also replacing human labour in those industries. The following are the 

industries where robots are used today. 

In the Field of Medicine 
Both the limitations of minimally invasive surgery and the need to improve the skills of surgeons doing 

open surgery led to the development of robotically assisted surgery. 

Military Applications: Military robots are now used by the United States Army. They are 

remote control vehicles of unmanned which are used in military application. 
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Robots in The Mining: Robots are now doing jobs like lying explosives, going underground 

after blasting to stabilize a mine roof or mining in areas where it is impossible for humans to 

work of even survive. 

Industrial Robots: According to the Robotic Industries Association, an industrial robot is an 

automatically controlled, reprogrammable, multipurpose manipulator programmable in three 

or more axes which may be either fixed in place or mobile for use in industrial automation 

applications. 

Robots Fishes: Robot fish developed by British scientists are to be released into the sea off 

north Spain to detect pollution. If next year's trial of the first five robotic fish in the northern 

Spanish port of Gijon is successful, the team hopes they will be used in rivers, lakes and seas 

across the world 

Robots in the Hotels: To serve the customers in the hotels Robotics engineer have designed REEM H1 

Robots which act as member of staff serving at table. 

Cleaning Robots: cleaning robots have been designed to clean different things and areas. The designer of 

cleaning robots depends up on the purpose and area of cleaning. 

Robots in the Classroom: smart classes were introduced which uses the computer and projectors to show 

readily the picture as well as the learning get easier. These were the first robots without intelligence in the 

classes but now Japan has introduced a Robot teacher which is programmed to do all the human teacher 

activities. These robot teachers are capable of taking attendance, interact with the students and teaches 

subjects which is programmed them. 

Robotic Cars: Robotic car technology being developed at Oxford University that interprets its 

surroundings and makes decisions about where to go could eliminate the agony and cost of traffic jams. 

Need of Robotics in Horticulture 
1. Labour a major cost for horticulture: Nearly 50% of production costs for fruit are for hired labour. 

Intensive horticultural crops require much more skilled labour than broad scale agriculture. 

2. Land mechanization. 

3. Reduce crop losses by harvesting at proper time. 

4. Skill and availability when it is needed. 

5. Cost of labour 

6. Skill level and experience of labour often not available. 

7. Machines with sensors are objective and product can be consistently monitored 

8. Uniform quality of output. 

Robots Usually have Five Parts 
1. Sensors: Sensors send information in the form of electronic signals back to the controller. They can give 

robot controller information about its surroundings. Robots can be designed and programmed to 

get specific information that is beyond what our senses can tell us. 

2. Controller: It is also called as computer. Controller functions as the brain of the robot. Controller also 

allows the robot to be networked to other system, so that it may work together with other machines, 

processors or robots. 

3. Drivers/Actuators: It is the engine of the robot. It is defined as “a mechanical device that produces 

motion”. 

4. Arms: Usually, a robot arms are like human arms with a shoulder, elbow, wrist and fingers. The arm is 

a part of robot that positions the end-effectors and sensors to do their pre- programmed business. 

Ex: Gripper, vacuum pump, tweezers, scalpel, blow torch. 

Types of Robots Used in Horticulture 

1. Demeter: Demeter is a robot that can cut crops and looks like a normal harvester, but can drive by itself 

without any human supervision. It has cameras on it that can detect the difference between the crop that 

has been cut and crop that hasn’t. this information tells it where to drive, where to put its cutter head and 

when it has come to end of a crop row so it can turn around. This robot can also be driven by remote control. 
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It can be taught a path and then follow the path using its on board sensors and computer control systems. 

2. Weed controller: A four-wheel drive weed seeking robot was developed and the task of the weed 

removing device is to remove and destroy the weed. Crops that are grown in rows can be weeded by running 

a hoe between the crop rows. An intelligent hoe uses vision system to identify the rows of crops, steer itself 

accurately between them, considerably reducing the need of herbicides. Weed identification is based on 

colour photography. The equipped robots help production of weed maps identifying plants. 

3. Fruit picking robot: These robots need to pick up fruits without damaging the branches or leaves of 

the tree. The robots must be able to access all areas of the tree being harvested. The robot can distinguish 

between fruits and leaves by using video image capturing. The camera is mounted on the robot arm and 

the colours detected are compared with properties stored in the memory. If a match is 

obtaining, the fruit is picked. If fruit is hidden by leaves, an air jet can be used to blow leaves out the way 

for a clearer view. The pressure applied to the fruit is sufficient for removal from the tree, but not enough 

to crash the fruit. The shape of the gripper depends on the fruit being picked. 

4. Drones: A drone is a flying robot. To get a bird’s eye view of the land. Offers a quick and easy way to 

check on the progress of crops and determine where they may need to replant or direct pesticide application. 

5. Forester robot: This is a special type of robot used for cutting up wood, pruning and for harvesting pulp 

and hard wood in the forests. It employs a special jaws and axes for chopping the branches. 

6. Robo suit: This is designed specifically to work like pulling radishes etc. The suit has eight motors fitted 

over the shoulders, elbows, back and knees to provide a power boost to the wearer. 

7. Vitirover solar robot: It is smart autonomous robot. This little robot uses the sun to power the 

electrical motors. Since, the vineyards are large it was a bad idea to store energy into a battery and when 

the battery has lower power to return at the base for recharging the battery. Using a solar panel this robot 

could work for hundred hours without pause. It could cut grass and weeds to within 2-3cm of vine and has 

a speed that allows him to work 500 meters per hour. For owner it is important to not to damage the vine, 

robot is equipped with sensors that keep the grass cutting blades away from vines. Vitirover could work in 

slopes of 15% and uses GPS coordinates for each parcel when the robot should work. 

Automation in Post-Harvest Handling 
After the harvest, fruits and vegetables of all types have to be sorted, packaged and transported: apples, 

avocados, cherries, citrus, kiwifruit, onions, pears, peppers, potatoes, salad, strawberries, stone fruit, 

tomatoes, etc. The list is almost unlimited. 

A wide range of technologies have been developed or refined over the years for sorting according to colour, 

density, diameter, shape and weight. Through the latest NIR (Near Infra-Red) technology, pack houses can 

now even sort their product by indicators of product taste. Also, some remarkable engineering 

developments have enabled the pack-house to be brought into the field and to progress through it with the 

harvesters. The different packhouse operations that are automated with robots are: Sorting, Grading and 

inspection, Bulk packing, Weighing, Internal transport. 
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Introduction 
The whole fruit, juice, seed, leaf, bark, and root of the Southeast Asian native noni tree (Morinda citrifolia 

L.) are utilised as sources of traditional remedies by Australian Tribal, Pacific Island, and South-East Asian 

peoples. These plant fragments have been shown to have antioxidant, antibacterial, anti-cancer, and anti-

inflammatory properties. Due to claims of its health advantages, noni production has greatly increased in 

areas like Mexico, Central America, and South America, and its economic significance has increased 

significantly globally in recent years. The main markets for noni products are in North America, Europe, 

Japan, Mexico, Asia, and Australia. 

Season 
Noni fruit production varies, with summer seeing a greater output than winter. However, noni constantly 

produces new leaves and fruits wherever it is cultivated. 

Soil and Climate 
Noni fills in an extraordinarily wide variety of soils and environment with an extraordinary capacity to 

provide due under severe circumstances. Noni tolerates a wide range of unfavourable environmental 

conditions, including sporadic water logging, but it prefers open, severely degraded soils. Its sharpness can 

range widely. Unquestionably, mature noni can withstand temperatures between 20 and 350 degrees 

Fahrenheit and a yearly rainfall range between 250 and 4000 millimetres. 

Propagation 
Noni fruit may be easily reproduced from seeds, stem or root cuttings, or by air layering. The preferred 

methods of propagation are stem cutting and seed. Noni that produces fruit and flowers continuously. 
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Fruits are taken from plants that have the traits people want, such huge fruits for processing food or strong 

leaf development for hedges, etc. 

Seed Processing 
After harvesting, let the fruit to ripen until it turns soft and transparent. This might take 3-5 days if just 

semi-ripe fruits are harvested. The adhering flesh is completely destroyed when the fruits are pressed 

against a screen after being properly softened. Rinsing in water sometimes helps the pulp float off. Since 

there is an air bubble inside the seeds, stable Noni seeds float in the water as opposed to most other seeds. 

If the seeds are going to be utilised right away, they should be lightly scarified by being briefly pulsed in a 

blender while the soft fruit is floated in water to remove the majority of the flesh. If the seeds are to be 

kept, all of the flesh must be eliminated. So, the seeds are air-dried and stored in a peter bag in a cool space 

with low moisture. For fresh seeds, germination is high, sometimes over 90 percent. Each kg of Hawaiian 

Noni fruit has approximately 40,000 seeds. 

Treatment of Seeds Pre-Planting 
Over the course of six to twelve months, intermittent pre-treatment-free germination of noni seeds occurs. 

The strong seed coat scarification will hasten the germination process and boost germination rates overall. 

Scarification is achieved by any physical action that abrades, hurts, penetrates, or cracks the seed coat 

apart. An easy method is to place ripe fruits in a blender and pulse the process a few times before separating 

the fruits from the pulp to cut open the Noni seeds. A more time-consuming procedure that increases the 

likelihood of germination is to clip off the tip of Noni seeds close to the embryo to allow water to permeate 

the seed coat. The germination period for scarified Noni seeds is 20–120 days, depending on temperature, 

environment, and genotype diversity. 

Potting Media 
The development of seedlings is greatly improved by the addition of native or local forest soil to sand, 

composted organic matter, and composted organic matter that has not been contaminated by weeds or 

nematodes. Avoid using or heat-treat nematode-infested soils or medium for at least 15 minutes at 500 0C. 

Instead of using commercial media, many nurseries choose to use natural potting material while growing 

noni. To prevent weed growth and maintain moisture, mulch (such as sawdust, leaf litter, or sand) can be 

spread over the seeds. The Noni seeds will grow in a variety of settings, including complete shade and direct 

sunlight. Most consistent germination occurs under modest partial shade (20-30 per cent). The individual 

seedlings are grown in pots in partial shade throughout the germination and early establishment periods 

(20–30% shadow). 

Transplanting 
After germination, noni seedlings can be transferred in around two to twelve months. After 

transplantation, seedling development is slow for the first year as a result of transplant shock and the 

establishment of a root system. Later, as the crown grows in size and photosynthetic mass, the creation of 

seedlings slows even further. 

Propagation from Stem Cuttings 
There are several insects, including aphids (e.g., scales (like green), the melon aphid (Aphis gosypii), and 

leaf miners, scale, and Coccus viridis), Whiteflies, like croton caterpillars and Achaea janata) and thrips 

(such as greenhouse thrips, Unidentified and Heliothrips haemorroidalis Attacks can occur on species of 

eriophyid mite. noni's damage, a lot of insects, say, aphids (e.g., melon aphid, Aphis gosypii), scaly insects 

(like the green scale, Coccus viridis), weevils, whiteflies (like the croton caterpillar), leaf miners, A. janata), 

thrips (such as greenhouse thrips, Unidentified and Heliothrips haemorroidalis Attacks can occur on 

species of eriophyid mite. Sap-feeding insects, destroyed by Noni (for instance, scales, white flies, or aphids) 

that cause a On Noni leaves, a buildup of sooty mould might by excessive fertiliser usage, attracts. Spraying 

systemic insecticides and feeding pesticides to caterpillars are two methods that may be used to manage 

sucking pests twice a year. In moist, high-rainfall or flooding locations, noni is susceptible to various plant 

diseases brought on by fungi or fungus-like species, including leaf spots (Colletotrichum sp. and others) 

and stem, leaf, and fruit blights (Phytophthora sp. and Sclerotium rolfsii). In some places, very minor fungal 
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leaf spot illnesses may be a nuisance. Sanitation (removing or picking up trash) They can be decreased by 

using copper-based fungicides on a regular basis or by treating infected leaves. Such fungi-caused foliar 

illnesses (fungal leaf spots brought on by Phytophthora, a fungal-like organism) have the potential to 

significantly reduce fruit and leaf output. The most severe and pervasive pest issue with Noni is root knot 

illnesses brought on by root-knot worms Meloidogyne spp. Operational use of irrigation, manure, and 

compost can reduce damage brought by root-knot nematodes. 

Medical plants are necessary for low- or no-chemical pesticide production. Sustainable practises are applied 

in neem-based protection techniques. Fish oil resin soap can be used to control these sucking pests. For 

pest management, mixtures of garlic extracts, Vitex negundo, Lantana camera, Clerodendron inerme, and 

Calotropis gigantea are also used. Trichoderma viridi application (2kg/ha) and Psuedomonas flurescens 

(2kg/ha) can control diseases such as damping off, root rot. 

Harvest and Yield 
Fruits are picked, or rendered fluffy, translucent, and odorous, when they begin to turn white or even when 

they are totally grown. The tree starts to produce fruit at three years old, and it starts to produce normally 

in year five. The yearly fruit production of different noni genotypes or varieties varies according on the 

environment (soil, water), growing technique, and ecology. Large-fruit genotypes can provide annual yields 

of up to around 80,000 kg/ha or more when grown in monoculture in full sun and with heavy fertilisation. 

The fertility of the soil, the environment, the genotype, and the planting density all affect yields. 

Uses 
Clinical studies have proven that dilated blood arteries lower blood pressure Additionally, it causes the 

body to produce nitric oxide, a substance that makes blood vessels simpler to dilate and more stable. The 

Xeronine system maintains a stable base in the circulatory route. Scopoletin possesses anti-inflammatory 

and anti-histamine properties, both of which are excellent for promoting easy joint motion. 

The damage to the joints and other tissues can also be lessened by Noni's cellular improvement qualities. 

Additionally, it aids in boosting pancreatic and immunological system activity. This is accomplished via 

Noni acting as an adapter that can self-restore. This may be relevant to diabetes if the pancreatic beta cells 

aren't working properly or if the cells are being supported while they try unsuccessfully to utilise blood 

glucose. The extra magnesium that noni gives to cardiac cells helps to keep the heart's rhythm in check. 

By enhancing the bronchioles' cellular defences, this reduces bronchitis inflammation. 

Through its impact on the liver and actions on hormone receptors, it also aids in the hormonal regulation 

of menstrual migraine headaches. This intensifies the numbness brought on by nerve injury. Noni tea 

functions as a general painkiller, febrifuge, and antimalarial. Jaundice is treated using a decoction made 

from the stem bark of noni. Insecticide preparation for the scalp uses the seed oil. Tuberculosis, sprains, 

profound bruising, and rheumatism are all treated using leaf or fruit poultices. The fruits are thought to 

be effective as brain and appetite stimulants. The roots contain a yellow dye-producing pigment, and the 

bark contains a red dye-producing pigment. In the past, textiles and clothing were stained with noni dyes. 

References 
1. www.nhbs.com 

2. https://doi.org/10.1016/j.jfca.2005.10.001. 
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Introduction 
Prior to 1856, dyes were prepared from natural sources such as flowers, vegetables, woods, root, insects, 

etc. However, with the increasing needs and demands, industries became dependent on dyes manufactured 

from petrochemicals, i.e., synthetic dyes. These dyes are soluble in water, easily absorbed, and very fast in 

coloration as compared to the natural dyes and provide a large versatility in colors. Textile processing is 

water-intensive, releasing a huge amount of wastewater. Unfortunately, incomplete exhaustion of dyes 

onto textile fiber from an aqueous dyeing process leads to a major fraction of dyestuff being released with 

the wastewater. The released wastewater contaminates water and soil, resulting in a considerable amount 

of environmental pollution. Several human health impacts are also associated with the residual dyestuff 

including irritation, respiratory problems, and effects on the immune system. 

In fact, even after effluent treatments, as much as 90% of these dyes are estimated to still get discharged 

into rivers were chemically unchanged. The decomposition of dye molecules depends on the complexity of 

the dye structures.  

Classified on the basis of their chemical composition, they can be acid dyes, azo dyes, basic dyes, disperse 

dyes, sulfur dyes, pigment dyes, etc. About 70% of dyes used in textile industries are azo, a dye complex in 

structure. The use of bacterial methods can be useful in degrading synthetic dyes, including azo dyes. The 

use of microorganisms for biodegradation is convenient because it is versatile, has dynamic metabolisms, 

and has potential machinery of enzymes. 

“Bioremediation is a nonhazardous, cost-efficient, environment-friendly, and often more effective 

alternative to conventional methods for the treatment of textile waste”. 

Microorganisms for Dye Removal from Textile Wastewater 
The treatment of textile effluent may follow several physical or chemical methods (Figure 1). Nevertheless, 

the use of microorganisms or microbial enzymes or the combination of this with a physicochemical method 

offers a better result with economic viability.  

The use of microbes does not only ensure a non-toxic process but also have the capability to decolorize very 

complex synthetic dyes. The activity and flexibility of microorganisms determine the effectiveness of the 

treatment of the dyestuff.  

Textile dyes are decolorized by microorganisms in two major ways, either adsorption on microbial biomass 

or biodegradation of dyes by the cells or enzymes. Adsorbents can include bacteria, microalgae, and fungi, 

and the adsorption does not degrade the dye into fragments. In contrast to biosorption, the original dye 

structure is disrupted in biodegradation, often entirely decomposed. Thus, biodegradation is the more 

practical option. 

Degradation of Dyes by Fungi 
One of the efficient organisms is white-rot fungi for the mineralization of synthetic dyes. They produce 

various extracellular oxidoreductases that degrade lignin and related aromatic compounds. It’s structurally 

nonspecific and nonstereoselective enzyme system includes lignin peroxidase (LiP), manganese peroxidase 

(MnP), and laccase. And other fungal species are Phanerochaete chrysosporium, Neurospora crassa, 
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Trametes versicolor, Bjerkandera adusta, Aspergillus ochraceus etc. involved in production of laccase which 

has the efficiency of removal of pigments. 

 
Figure 1. Treatment methods for dye removal from textile effluent 

Degradation of Dyes by Yeasts 
Biological decolorization of azo dyes by yeasts is mediated by azoreductases in yeasts which catalyze 

reductive cleavage of azo groups (–N═N–). Example of such yeasts includes Candida oleophila and Candida 
zeylanoides, Saccharomyces cerevisiae MTCC 463 showed different levels of the activities of laccase, lignin 

peroxidase, NADH–DCIP reductase, azoreductase, tyrosinase, and aminopyrine N-demethylase. Some 

ascomycete yeast species, such as Candida tropicalis, Debaryomyces polymorphus, and Issatchenkia 
occidentalis, have been studied to decolorize azo dyes. Galactomyces geotrichum MTCC 1360 can decolorize 

azo and reactive high exhaust textile dyes. 

Degradation of Dyes by Algae and Plants 
Photosynthetic organisms like algae and cyanobacteria are capable of degrading azo dyes through an 

induced form of azoreductase [9]. Algae are mostly used in biosorption. Several species of Chlorella and 

Oscillatoria are able to degrade azo dyes to their aromatic amines and to further metabolize the aromatic 

amines into simpler organic compounds or CO2.  

Using plants for the process, better known as phytoremediation, has a major advantage, which is the 

limited need for nutrient supplies. Brassica juncea, Sorghum vulgare, Phaseolus mungo, Blumea 
malcommi and Tagetes patula have successfully decolorized textile effluents. However, there are some 

drawbacks – the requirement of the area in order for the treatment to be functional and the impact of 

pollution on plants. 

Degradation of Dyes by Bacteria 
Bacterial oxidoreductive enzymes are the key to the degradation of synthetic dyes. This dynamic 

metabolism of bacteria enables them to utilize complex xenobiotic compounds of the dyestuff as a substrate. 

In the process, they are broken down to less complex metabolites. An advantage of obtaining bacteria from 

actual sites of wastewater disposal is that they are more likely to have the enzymes activated, which 

facilitate the decomposition of dyes. 

1. Pure Bacterial Cultures: Starting from the 1970s, Bacillus cereus, Bacillus subtilis, and Aeromonas 
hydrophila were marked as potential remediators. Textile effluents contain a pool of structurally complex 

synthetic dyes and other chemicals, which when released into water bodies, reduced dissolved oxygen 

concentrations, creating anoxic conditions that are toxic for most organisms. Cultures of Proteus mirabilis, 
Pseudomonas luteola, and Pseudomonas sp. have the capability of azo dye degradation under anoxic 

conditions.  

2. Mixed Bacterial Cultures: Isolation of pure cultures from textile wastewater can be time-consuming 

and laborious. In addition, it is difficult to obtain complete decolorization by a pure bacterial culture. Mixed 
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bacterial cultures, due to their cooperation for an enhanced effect, provide better results in decolorization 

and mineralization. They can efficiently degrade toxic aromatic amines. 

Bacterial Methods for Decomposition of Dyestuff 
The degradation of synthetic dyes by bacteria is facilitated by their oxidases. In the case of azo dyes, 

azoreductase plays the most vital role in decolorization by breaking down azo bonds. Aerobic conditions 

facilitate mono- and dioxygenase enzymes to catalyze the incorporation of oxygen from O2 into the aromatic 

ring of organic compounds  

1. Decolorization under Anaerobic Conditions: For azo dye degradation, the enzyme azoreductase 

functions under anaerobic conditions. Nicotinamide adenine dinucleotide (NADH) and flavin adenine 

dinucleotide (FADH) are the reducing agents. Intermediates formed in the process are degraded aerobically 

or anaerobically. Studies suggest that oxygen may inhibit the azo bond reduction activity, since aerobic 

respiration utilizes NADH, thus impeding the electron transfer from NADH to azo bonds. Alternatively, 

decolorization might be attributed to nonspecific extracellular reactions occurring between reduced 

compounds generated by the anaerobic biomass. Decolorization is mediated by methanogens and 

acidogenic, as well as methanogenic bacteria, under anaerobic conditions. It is a nonspecific process, 

depending on the carbon source and the dye structure. Some bacteria taking part in the decolorization 

process could grow aerobically; however, decolorization is achieved only under anaerobic conditions.  

2. Decolorization under Anoxic Conditions: Whereas anaerobic conditions are entirely free from 

oxygen, anoxic conditions have less than 0.5 mg/L dissolved oxygen. Operating conditions for these are 

similar to aerobic treatments. Under anoxic conditions, nicotinamide adenine dinucleotide phosphate 

(NADPH) carries more electrons for reduction. Mixed bacterial populations of aerobic and facultative 

anaerobic have been shown to be useful in anoxic decolorization of various dyes.  

3. Decolorization under Aerobic Conditions: Most bacteria that degrade dyes under aerobic conditions 

cannot utilize the dye as a carbon source and require an additional carbon source. Very few bacteria are 

capable of growing on azo compounds as the sole carbon source. These bacteria are able to cleave –N═N– 

bonds and utilize amines for their growth, few are Pigmentiphaga kullae K24 and Xenophilus azovorans 

KF 46. Aerobic bacteria possess oxidoreductive enzymes and can break the dye molecules symmetrically or 

asymmetrically. They could also bring about deamination, desulfonation, hydroxylation, etc. Therefore, 

different dye structures can be broken down by anaerobic bacteria. 

Isolation and Screening of Textile Dye Degrading Bacteria 
Depending on the sample, nutritional requirements, and targeted dyes, the process selected for isolation of 

bacteria may vary. Experimental dyes should be stored at room temperature. 1% stock solutions are 

prepared by dissolving 1 g of each powder dye into 100 mL of autoclaved distilled water, followed by 

filtration. The samples may be collected from suitable sites of textile effluent disposal. The next step is the 

growth and selection of bacteria capable of decolorization. Several methods can be employed for this step. 

This paper discusses the most basic, commonly used methodologies. 

Growth and Selection 
1. Enrichment Culture of Sample: In this method, the sample is grown in a nutrient medium 

supplemented with the experimental dye. The choice of media depends upon growth requirements of the 

bacteria in the sample. Nutrient broth supplemented with a concentration of 1% dye is suitable for many 

bacteria, Bushnell Haas (BH) medium and Mineral salts medium (MSM) may be used. For enrichment of 

dye decolorizing bacteria, the effluent sample and dye mixture must be added to a conical flask containing 

suitable media, incubated under suitable conditions (e.g., 37 °C, 100–150 rpm). Following the incubation, 

the solution is monitored for decolorization at predetermined intervals (e.g., 6 h). For positive results with 

sample for a certain dye, results are confirmed for individual colonies using a plate method on a screening 

medium. 

2. Serial Dilution of Sample. The sample collected from a contaminated site can be textile effluent or 

soil affected by the effluent. The sample should be diluted with sterile distilled water or sterile saline 

solution. Each dilution should be then spread or streaked on nutrient agar plates at an optimum 

temperature for 24 h. Pure colonies are then isolated, and the isolates must be tested for their ability to 
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decolorize dyes in media supplemented with dyes. Further, identified by biochemical tests, genomic DNA, 

or 16S rRNA. 

Quantification of Dye Decolorization 
Decolorization should be determined by measuring the absorbance of culture supernatants at absorbance 

maxima of respective dyes after centrifugation at 10,000 rpm for 15 min. 

Decolorization % = (initial absorbance − final absorbance) × 100 

                                 initial absorbance 

Screening for Enzymes 
Screening medium supplemented with 0.01% experimental dye should be prepared. About 10 μL of 

supernatant should be added into the well (about 5 mm) cut in the screening medium. Zone sizes must be 

measured following incubation under optimum conditions for 24 h. For positive results, the crude enzyme 

in supernatant must be purified and further experimented. 
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Introduction 
Our diets affect both our own health and health of the planet or country. Imbalanced diets low in fruits, 

vegetable, legumes, nuts/seeds and whole grain, and high in red and processed meat are responsible for 

one of the greatest health burdens globally and in most region. According to the 2018 Global Nutrition 

Report, our country's two major malnutrition burdens are anaemia and stunting. Stunting impacts 37.9% 

of children under the age of five. 20.81 percent of children under the age of five are classified as wasted. 

Anemia affected 51.4 percent of women of reproductive age. 17.8 percent of adult men and 21.6 percent of 

adult women in India are overweight. Child wasting is the share of children under the age of five who are 

wasted and child stunting is the share of children under the age of five who are stunted. Micronutrient 

deficiency is also known as "hidden hunger" or "silent epidemic" because it can exist even when food 

supplies are adequate and those affected appear to be well fed at first glance. 

Why Micronutrients are so Important? 
1. Micronutrients deficiency affect blindness, birth defects, mental health and child survival   

2. Vitamin A & Zinc important for immune system- deficiency increase mortality   

3. Lack of vitamin A can lead to blindness  

4. Iron is crucial for physical and cognitive development. 

5. Zinc deficiency causes stunting in children   

6. Women and young children most affected. 

Degradation of Dyes by Fungi 
One of the efficient organisms is white-rot fungi for the mineralization of synthetic dyes. They produce 

various extracellular oxidoreductases that degrade lignin and related aromatic compounds. It’s structurally 

nonspecific and nonstereoselective enzyme system includes lignin peroxidase (LiP), manganese peroxidase 

(MnP), and laccase. And other fungal species are Phanerochaete chrysosporium, Neurospora crassa, 
Trametes versicolor, Bjerkandera adusta, Aspergillus ochraceus etc. involved in production of laccase which 

has the efficiency of removal of pigments. 

Person can get Micronutrients into their System by Different Ways 
1. Supplementation: Taking a vitamin pill.   

2. Dietary Diversity: Eating a balanced diet.  

3. Commercial (Food) Fortification: Through the addition of micronutrients to staple products. 

4. Biofortification: The process by which the nutritional quality of food and horticultural crops is improved 

through different methods. 

Bio-Fortification 
The Greek word "bios" means "life," and the Latin word "fortificare" means "to strengthen." It refers to the 

process of enriching crops with nutrients in order to address the negative economic and health 

consequences of vitamin and mineral deficiencies in humans. (Prasad et al., 2015). Developing bio-fortified 

crops increases their growth efficiency in soils with depleted or unavailable mineral composition.It consists 

of breeding new varieties of staple foods that have higher mineral and vitamin content. It is an ancillary, 

rural targeted micronutrient programme strategy for better reaching remote regions, which frequently 

contain the majority of malnourished vulnerable populations. Traditional breeding and genetic engineering 

techniques are used to bio-fortify crops with minerals such as iron and zinc. This strategy will not only 

reduce the number of severely malnourished people who need to be treated with complementary 

interventions, but it will also help them maintain their improved nutritional status. Furthermore, it offers 
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a viable method of reaching malnourished rural populations who may have limited access to commercially 

marketed fortified foods and supplements. 

Advantages of Bio-Fortification 
1. Cost-effective: The potential to impact a large number of people at a low cost per person. 

2. Sustainable approach: Less susceptible to economic and social changes than short term interventions.   

3. Rural-based: Complements fortification and supplementation.   

4. Targets the poor: Who depend heavily on staple food which eat high levels of food staples. 

Methods of Biofortification 
1. Agronomic Bio-fortification: It is the application of micronutrient containing mineral fertilizer by the 

soil application and/or foliar application on plant leaves, to increase micronutrient contents of the edible 

part of crops. Success of agronomic biofortification depends on the presence and bioavailability of soil 

nutrients for plant uptake (soil to crop). Nutrient allocation within the plant and retranslocation into the 

edible part (crop to edible part). Bioavailability of nutrients to the human body (food to human). Many soil 

factors influence micronutrient bioavailability from soil to crop (i.e., pH, organic matter content, soil 

aeration and moisture and interactions with other elements). The mobility of mineral elements in soil and 

plant is directly proportional to the degree of success in agronomic biofortification. 

2. Gene biofortification: 

a. Genetic engineering: Transgene targets include redistributing micronutrients between tissues, 

increasing the efficiency of biochemical pathways in edible tissues, and even reconstructing specific 

pathways. Some strategies involved the elimination of "antinutrients." Golden rice, for example, 

was one of the first biofortified crops, engineered to produce beta-carotene or provitamin A in the 

edible portion of the grain. 

b. Conventional plant breeding: This is the most important method. Traditional breeding has 

been primarily focused on yield attributes and resistance breeding for the last four decades, and a 

lack of priority on nutritional aspects has resulted in a decrease in the amount of nutrient status in 

existing varieties. The potential for conventional breeding to increase the micronutrient density of 

staple foods requires adequate genetic variation in concentrations of carotene, other functional 

carotenoids, iron, zinc, and other minerals among cultivars, allowing for the selection of 

nutritionally appropriate breeding materials. 

Bio-Fortified Varieties 

 
Fig.1: Different Bio-fortified Varieties of Crops 
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1. Girnar 5 (Groundnut): Rich in oleic acid (78.4 % in oil) in comparison to 45-52% in popular varieties. 

It is Pure line Variety. 

2. LQMH-1 (Maize): Rich in lysine (3.03 % in protein) and tryptophan (0.73 % in protein) in comparison 

to 1.5-2.0 % lysine and 0.3-0.4 % tryptophan in popular hybrids. It is hybrid variety. 

3. CR Dhan 315 (Rice): Rich in zinc (24.9 ppm) in polished grains in comparison to 12.0-16.0 ppm zinc in 

popular varieties. It is Pure line Variety. 

4. HI 1633 (Wheat): Rich in protein (12.4 %), iron (41.6 ppm) and zinc (41.1 ppm) in comparison to 8-10 % 

protein, 28.0-32.0 ppm iron and 30.0-32.0 ppm zinc in popular varieties. It is Pure line Variety. 

Conclusion 
Bio-fortified crops have the potential to solve many of the world's hunger and malnutrition issues, as well 

as to help protect and preserve the environment by increasing yield and quality and decreasing reliance on 

chemical pesticides. Address the challenges that governments will face in the future, particularly in the 

areas of safety testing, regulation, industrial policy, and food labelling. Biofortification aids in the economic 

recovery from nutrient deficiency, particularly in rural areas. 
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Abstract 
Soybean is one of the major crops of Malwa region that is why Madhya Pradesh is also called soya state. If 

we talk about nutrients, then soybean is rich in nutrients because it contains up to 42 percent protein and 

the amount of oil in it is up to 20 percent. It is used as cooking oil. Soybean is also known as 'Golden Bean' 

and miracle crop. Soybeans are used to make foods for livestock and chickens, for many other industrial 

products such as vegetable ghee and soy milk, such as soy flour, soy cakes, biscuits, varnishes, paints and 

many other products. Soybean is the best, cheapest and easiest source of protein, quality protein and fat 

and has a vast plurality of uses as food. If we talk about its production, then in the last few years the 

production of soybean is going through various odd conditions, due to which the farmers are not getting 

much benefit from the economic point of view. Because those odd conditions are being created by the insects 

in soybean, which are playing an important role in reducing the production by harming the soybean crop. 

So, first of all we know that what are the pests in soybeans that cause more damage to the crop, because 

we cannot control them until we have complete knowledge about the insects, so we must first know about 

the pests. 

About 300 insects are attracted to soybean crop, out of which about 9-10 insects cause economic damage to 

soybean, it has been seen that in the last several years, the outbreak of worms on soybean crop is increasing. 

If proper management of pests is not done at the right time, and then it gives 30-50 percent loss to the crop, 

in the last many years, indiscriminate chemicals are being used on soybean, which is having an indirect 

effect on human life. The use of chemicals should be minimized, for which all of us should control the pest 

by adopting integrated kit management. In today's time, many such technologies can be used, so that our 

cost can be reduced. Today's topic is the ways to prevent pests in soybean crop, in which we will know about 

the identification and control of insects. The main pests are as follows: 

1. Girdle Beetle 

2. Green (Grey) Semi-looper (Semi-coiled caterpillar) 

3. White Fly 

4. Tobacco Caterpillar. 

Girdle Beetle (Chakra Beetle) 
Girdle beetle is a major soybean pest, which infects the crop from the vegetative growth stage. Both adults 

and larvae are harmful to plants. This pest causes a lot of economic damage to the crop. It is active in the 

crop from July to October, causing maximum damage during August-September. The time of outbreak of 

this pest lasts up to the age of 30-65 days. 

Identification of the insect: Its unattended head is black and it is yellow in colour. In this stage, this 

insect is very harmful. Its adult head is brown in colour and its colour is freshly emerged yellow or red. 

Symptoms of damage: Initial damage is caused by female insect, which goes to branch or main stem to 

lay eggs and she lays eggs. Through this tunnel is made in the stem and eats the stem from inside, its main 

identity is that the plant infected by it dries up because it becomes unable to take nutrients, due to which 

the plant dries up. Drought (infected) plants should be mechanically uprooted and destroyed, which can 

reduce their population. 

Management: 

a. Deep ploughing should be done during the summer days, so that their eggs get destroyed by the 

heat of the sun. 
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b. Its outbreak can be reduced by sowing at proper time in the beginning of monsoon. 

c. Crop rotation should be followed. 

d. Eggs should be collected and destroyed. 

e. Proper management should be done on the basis of infection in the crop by monitoring the pest.  

f. At the time of sowing, phorate 10 g / 10 kg / ha can be used. 

g. Triazophos 40 BC at the time of the outbreak. Spraying of 400 ml per acre should be done. 

Green (Grey) Semilooper (Semi-Annular Caterpillar) 
About three species of Semilooper cause damage to soybean. Out of those three species (Green Semilooper, 

Gray Semilooper and Bean Semilooper), one species of Green Semilooper which inflicts more damage, which 

causes damage from the last week of July to August. The time of its outbreak lasts before flowering and till 

the stage of pod formation. It can cause significant yield loss and causes yield loss of up to 30-40%. 

Identification of the insect: Its eggs are greenish-white, round and very small. Its larva is green in color 

with many thin light lines running the length of the body. While crawling, it forms a distinctive loop or 

hump, hence it is known as semilooper. The larvae are green and often have pale green or white stripes 

down their backs with dark spots. Its adult semilooper has specks on its adult, with brown-spotted 

forelimbs that are 13 to 18 mm long. 

Symptoms of damage: The caterpillars first eat the leaves by scratching the green material. The fully 

grown larva feeds on leaves, flowers and pods. It affects the crop in vegetative stage and becomes more 

harmful if the crop is in pod or flowering stage. 

Management: 

a. Deep ploughing should be done during summer so that their eggs get destroyed by the heat of the 

sun. 

b. 20 huts per acre should be used in the field, on which birds come and sit and eat the larvae of 

semilooper. 

c. Beauveria bassiana is used at 4 ml per liter for biological control of semilooper. 

d. Use of Neem seed kernel on the crop till 5:5. 

e. Spray with Chlorpyriphos 20: EC/30 ml mixed in 10 liters of water. 

f. Triazophos 40 BC at the time of the outbreak. Spraying of 400 ml per acre should be done. 

White Fly 
White fly causes a lot of economic damage in soybean crop, due to which yellow mosaic disease is also 

transmitted in the crop, due to which the crop becomes yellow and becomes diseased. 

Identification of the insect: Its nymphs White fly nymphs are black and round in shape. Its adults are 

small (1 to 3 mm long), with two pairs of wings that are placed on the body like a canopy. They resemble 

very small moths. Their body is light yellow. The body and wings are covered with a powdery, waxy coating. 

White flies are mostly white, but can also be yellow and some species have darker or thinner wings. 

Symptoms of damage: White fly sucks the juice of the leaf and due to their attack; the leaves turn yellow 

and become dry. Mosaic disease is spread in soybean by this insect; it acts as a disease carrier. 

Management: 

a. Neem cake and recommended potash fertilizers should be applied while preparing the field. 

b. After 6 rows of soybeans, one row of maize or jowar should also be planted. 

c. Seed treatment must be done before sowing the seed. 

d. Treat the seed with Imidacloprid 48 FS @ 1.25 ml/kg. 

e. Dimethoate 30 EC/2 ml. Spray at 35-40 days of crop age and if needed repeat after 15 days. 

f. Spray Imidacloprid 17.8 SL @ 600 ml per liter. 

Tobacco Caterpillar 
The time of activity of tobacco caterpillar is from August to September. Its outbreak is seen on soybean 

plants at the stage of pod formation and before flowering, the level of its economic damage is 10 Ilia per 

meter. This insect is also the main harmful pest of soybean. 
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Identification of the insect: The color of its eggs appears golden brown. Its larvae appear green with 

dark markings and tobacco colored in the early stages, the larvae and adults of this insect grow rapidly in 

temperatures between 15–35 °C. The adult front wings are brown with wavy white markings and the rear 

wings white with brown patches, the fully grown caterpillars of this insect are dark brown in colour. They 

also have black spots on their body part. 

Symptoms of damage: The larvae of this insect eat the leaf and leaf tissue by scraping it. Its larvae 

spread continuously on the leaf at night. They usually hide in the soil during the day. The female adult 

lays her eggs in swarms on the lower surface of the leaves. Its larvae feed on the chlorophyll of the leaves, 

which destroys the green leaves. After eating the leaves, these caterpillars also start eating the pods and 

consequently cause 40-50% damage to the pods. Soybean crop is more prone to caterpillar attack when the 

crop is given high doses of nitrogen. 

Management: 

a. Deep ploughing is done in summer season. 

b. The crop should not be sown before monsoon. 

c. The infected part of the plant should be destroyed and the weed should be controlled continuously. 

d. Excessive nitrogen fertilizers should not be used in the crop. 

e. Collecting the eggs by hand and collecting the larvae should be done and nested. 

f. Sex pheromone trap / 10 trap / ha should be installed for early control of pests. 

g. Spraying of Quinolphos 25 EC 1500 ml per hectare or Profenophos 50 EC 1250 ml per hectare 

should be done. 

Conclusion 
As we came to know that about 300 insects are attracted towards soybean crop, out of which about 9-10 

pests cause economic damage to soybean, it has been seen that in the last several years the outbreak of 

insects on soybean crop is increasing. If proper management of pests is not done at the right time, it causes 

30-50% damage to the crop, in the last many years, indiscriminate use of chemicals is being done on 

soybean, which is having an indirect effect on human life. The use of chemicals should be minimized, for 

which all of us should control the pest by adopting integrated kit management. In today's time, many such 

technologies can be used, which can reduce our cost. 
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Introduction 
In crop domestication pod/fruit indehiscent or non-shattering is one of the important characters. Loss of 

seed due to shattering is one of the most important factors for yield loss. This seed shattering mechanism 

is found in many agricultural crops especially in legumes such as (Glycine max [L.] Merr.), common bean 

(Phaseolus vulgaris L.). Green gram (Vigna mungo) cereals like rice (Oryza sativa L.), oil seed like rapeseed 

(Brassica napus L.). In soybean due to pod shattering there is 80% yield lost was observed and in green 

gram more 50 o 60 yield loss was observed.  Yield loss was 11–25% in the pods of many Brassica species 

once they reached maturity. Differences in pod anatomy and morphology in soybean may cause pod 

dehiscence while the physiological and molecular nature factors are pivotal for the improvement of 

shattering resistance in crops. In legumes, this has been achieved by loss of pod 

shattering via malformation of dehiscence zone or loss of helical shape change in the pod. The key of helical 

shape change of legume seed pods is the development of a thick sclerenchyma with a bilayer structure on 

the endocarp (inner surface of the pod). 

Enzymes Involved in Pod Shattering Process 
Dehiscence zone (DZ) is the element involved in pod dehiscence. The pod shattering and seed release are 

mostly due to the loss of cellular cohesion and degradation of the middle lamella in DZ.  Degradation of 

pectin, especially homogalacturonan-rich pectin in the middle lamella has been commonly found in fruit 

shattering, and pectin integrity is suggested to be important for cell adhesion. Endopolygalacturonase 

(endo-PG) termed RDPG1e, specifically expressed in the DZ, catalyzes the main chain of the 

homogalacturonan region of pectin, i.e., the hydrolysis of α-1,4-glycosidic bonds in polygalacturonic acid. 

This hydrolysis process was considered to facilitate the breakdown of the middle lamella (Christiansen et 

al. 2002). The endo-PG transcript analysis in soybean further indicated that the endo-PG was involved in 

the breakdown of the middle lamella before the occurrence of dehiscence, and thus played an active role in 

the process of pod shattering. β-glucuronidase (GUS) staining of the transgenic Arabidopsis lines and 

inhibited formation of abscission layers without PG all demonstrated and supported this idea. 

Hormones in Pod Shattering 
As a biologically active and readily diffusible phytohormone, ethylene has been identified in association 

with the processes of fruit ripening and abscission. The onset of pod dehiscence was correlated with a burst 

in seed ethylene production, and a transient peak production of ethylene was also temporally correlated 

with the increase in β-glucanase activity, the enzyme responsible for the degradation of the cell wall leading 

to shattering. In the abscission zone, the inhibition of β-1,4-glucanase mRNA accumulation by auxin has 

been reported, and the decreased auxin content in the DZ was correlated with increased β-glucanase 

activity Gibberellic acid (GA) was shown to be important for the continued pod elongation in oil seed rape 
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(Bouttier & Morgan 1992) and is completely required, for the correct functioning of INDEHISCENT protein 

in Arabidopsis fruit. 

Genes Involved in Pod Dehiscence 
In soybean, the first gene, Pdh1 (Pod Dehiscence1), was identified as a candidate for leading protein 

involved in pod dehiscence. This gene is highly expressed in the lignin-rich inner sclerenchyma of pod walls 

at the stage of initiation in lignin deposition, which promotes pod dehiscence by increasing the torsion of 

dried pod walls, and thus serves as a driving force for pod dehiscence (Funatsuki et al. 2014). Another gene, 

NAC (The NAM, ATAF1/2 and CUC2 domain protein) SHATTERING1-5 (SHAT1-5) activates secondary 

wall biosynthesis and enhances pod-wall binding strength through the thickening of fibre cap cells in 

secondary walls of the pod ventral suture (Dong et al. 2014). 

QTL Involved in Pod Dehiscence 
Common quantitative trait loci (QTLs) related to shattering resistance have already been identified from 

several crops. A single locus controlling pod dehiscence (PD) was found in lentil, while two loci, one 

controlled the number of twists along the length of the shattered pod, and the other one controlled the 

percentage of shattered pods, were identified in mung bean (Isemura et al. 2007).  Considerable progress 

has been achieved in QTL identification in soybean. Restriction fragment length polymorphism (RFLP) loci 

linked to QTL conditioning resistance to PD in soybean were identified in 1997. The consistency of QTL 

across locations indicated that PD was highly heritable and conditioned by one major and a few minor 

QTLs. Their findings provided a basis for comparative mapping of the trait in other legumes. QTL for Pod 

Dehiscence1 (qPDH1) was the major QTL controlling pod dehiscence in soybean (Bailey et al. 1997), which 

most likely affected the process of lignin biosynthesis or composition of the lignified cell walls (Suzuki et 

al. 2009). 

Conclusion 
How and to what extent a specific hormone regulates DZ differentiation and the dehiscence process is not 

clear. Interactions among phytohormones might be more important than a single hormone in DZ 

differentiation and/or as triggers of pod shattering. Shattering resistance is highly heritable and is not 

controlled by one gene. Several QTLs associated with dehiscence have been identified in legume crops, but 

the identification of the underlying genetic functions lags far behind. 
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Introduction 
The giant African snail, Achatina fulica Bowdich is one of the most extensively studied snails in the world 

because of its economic, ecological and medical importance. It belongs to the phylum–Mollusca, class–

Gastropoda, subclass–Pulmonata, and order–Stylommatophora, family– Achatinidae. These land snails 

are plentiful in the high rainfall areas of tropical countries. A. fulica is a major crop pest species that 

originated in East Africa but has been spreading across the globe since before the 1800’s primarily through 

human activities (Raut and Barker, 2002). The World Conservation Union (IUCN) has listed A. fulica as 

one of the world’s 100 most invasive species. Besides its adaptability in different ecosystems, A. fulica also 

serves as an intermediate host of rat lungworm, Angiostrongylus cantonensis. In India, the giant African 

snail, A. Fulica was reported for the first-time causing damage to ornamental and vegetable crops in 

Bangalore during Kharif season 1979 (Veeresh et al., 1979) and this snail was supposed to have been 

brought along with plant material from various parts of India including Calcutta, Kerala and Madras. As 

of now, A. fulica has been established in almost all states of India and there pausing a serious threat to 

agriculture. 

Marks of Identification of A. fulica 

 

1. A. fulica reach up to 20 cm in length and 12 cm in maximum diameter    

2. Dark and light brown swirls wrap around its cone like shell   

3. Its convex body - 7 to 9 whorls   

4. The outlines of the whorls fluctuate from narrow to broad even within the same colony  

5. Adult A. fulica’s lip opening - very thin and sharp   

6. Shell is thick and strong if healthy - high calcium diet  

7. Rest of the body resembles a slug like appearance. 

 



 

 
Volume 04 - Issue 10 - October 2022       267 | P a g e  
 

Biology 
Snails are hermaphrodite, which means they have both male and female parts capable of producing both 

sperm and eggs; however, they still require another snail to mate for reproduction. Further, any two 

sexually matured individuals have the capacity for being mutually receptive in cross fertilization. They 

communicate through giving off scents and through the vibrations they pick up. Courtship can last up to 

half an hour, pair of snails raise the sole of their feet off the ground and bring them together. During mating 

two individual come side by side in such a manner that their genital apertures are opposed. The 

intermediate organ of one comes out through the genital aperture and pushed into the vagina of other and 

vice versa. The average fecundity of A. fulica is around 200 in the soil. A snail may lay 5-6 clutches of eggs 

per year with a hatching viability of about 90 per cent. Adult size can be reached in just four months. The 

whole life cycle was found to completed in 5-5.5 months with an egg stage, 7-10 of juvenile stage and 5 

months of adult (Upatham et al., 1988). Active adult buried within three inches of soil while the dormant 

adults found in the surface of soil. 

Ecology 
A. fulica is tolerant to wide variety of environmental conditions. A mild temperature of 15-25°C is best for 

snail reproduction, though most species can stand a wider range of temperature. The optimal temperature 

is 21°C for many species. When the temperature falls below 7°C, snails hibernate and under 12°C they 

become inactive. When the temperature raises much above 27°C or more, snails undergo aestivation. They 

thrive in damp but not waterlogged environments and thus a well-drained soil is required. Eggs are 

susceptible to all reducing temperature. The water content around 80 per cent of the carrying capacity of 

the soil and air humidity over 80 per cent (during darkness) is the most favorable conditions. Soil organic 

matter and other micronutrients like calcium, magnesium, potassium etc. play an important role in 

increasing the size of the snail. Snails are found in greater abundance at an optimum pH range from 6.3-

6.7 and P2O5 concentration (0.002-0.004%). The snail hides during the day time but can be seen at night 

with the aid of artificial lighting e.g., flashlight, ideally in moist and sheltered places (Bhattacharyya et 
al., 2014). 

Host Plants 
A. fulica feeds on more than 500 plant species specially stems, leaves, flowers or fruits of a broad range of 

agriculturally important plants. In India, some of the preferred host plants are banana (Musa spp.), bean 

(Phaseolus spp.), cabbage (Brassica oleracea), cassava (Manihot esculenta), cotton (Gossypium hirsutum), 

eggplant (Solanum melongena), papaya (Carica papaya) and pumpkin (Cucurbita pepo) etc. 

Nature of Damage 
Being a macrophytophagous herbivore, A. fulica can damage a wide range of plant material, fruits and 

vegetables. In rare instances the snails will consume each other. Plant materials showing extensive rasping 

(scraping), defoliation, slime trials or ribbon-like excrement are signs of A. fulica. Giant African snails cause 

extensive damage on farms as well as in natural ecosystems and pose certain risks to society. The 

characteristic nature of damage by A. fulica in papaya are loss of crop yield, death of papaya plants, 

increased fruit and stem blight caused by Phytophthora palmivora (as the snail spreads the pathogen 

within and among papaya plants in feces and by contact with its body) (Nelson, 2012). 
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Integrated Pest Management Strategies 
1. Clean the piles of rubble, debris, and clay bricks in home gardens.  

2. Adapt good tillage practices in home gardens and agricultural land. 

3. Remove debris from fields and pick up fallen fruits to eliminate shelter or hiding places for the snail. 

4. Set the traps in and around the orchard or home can be effective in reducing snail populations. Salt 

traps: The salt dries and kills the A. fulica. Beer traps: Beer attracts the snails, and the alcohol kills them 

Tanglefoot traps: The snail contacts the sticky substance, becomes stuck and dies. 

5. Tangle guard paper tree wrap: Snails that try to climb papaya stems stick to the paper and die.  

6. Collect snails and eggs daily (after sunset, if possible) by hand and destroy them.  

7. Since A. fulica is an alien pest therefore there are limited natural enemies that control this pest. 

8. Some predatory beetle (ground betle, staphylinid beetle) lizards, birds, rat, toads, turtles, wild birds can 

effectively manage the snail population. 

9. Ducks and chicks can provide effective, long-term control in orchards and vineyards.  

10. Few chemicals which are effective to control the snails are methiocarb, metaldehyde and EDTA. The 

bait materials such as dicholorvos bait (Wheat flour- 1kg + Jaggery- 0.2 kg + Dicholorvos 76EC- 250ml) 

and methomyl bait (Rice bran- 1kg + Jaggery 0.2 kg + Methomyl 40 SP- 100 g) are suitable to control the 

infestation of the species. 

11. The bait preparation should be carried out prior to application of molluscicides. The bait should be 

prepared by heating the jaggery with wheat flour/ rice bran along with the poison. 

Conclusion 
Giant African Snail (GAS) is one of the world's largest and most damaging land snail pest in almost all 

cultivated crops. They widely distributed throughout the world due to several factors viz., high reproductive 

capacity, voracious feeding habit. Snails are more active during rainy season hence, management strategies 

(Hand picking, tobacco and black pepper extracts, thiodicarb with rice bran and jiggery and metaldehyde) 

were most effective to reduce the snail population. Natural enemies including ground beetle, rat, toads, 

turtles, wild birds, ducks and staphylinid beetle effectively manage the snail population. 
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Introduction 
Gac belongs to the family of cucumber. People are attracted to it by its beautiful red and yellow colour 

which they achieve during ripening. The beauty and the nutritional values, both attracted the people to 

grow gac in their courtyards. Gấc grows as dioecious vines, meaning its male and female flowers are on 

separate plants, producing flowers typically 5–10 centimetres (2–4 in) in length. Its vines can extend to 20 

metres (70 ft) long, and its flowers blooms once a year, single or in bundle, around two to three months 

after the vines are planted. 

 
Fig 1: interior of gac fruit 

Nutritional Significance 
According to several studies, these fruits are a good source of antioxidants (carotenoids), especially beta-

carotene and lycopene. Other carotenoids like lutein, zeaxanthin and beta-cryptoxanthin have also been 

identified to be present at considerable levels in the fruit. Vitamin A is also present in a considerable 

amount. They are widely used as a traditional medicine for improving eye sight and for healing skin 

diseases, burns and injuries. The immature fruits and leaves of gac are also used there for making cuisines. 

Juice can also be made after removing the pericarp and seeds. Seeds contain harmful principles. 

Vietnam’s Xoi Gac Rice 
The interior part of the fruit is used along with rice for changing the colour of rice in Vietnam as the white 

colour symbolises death according to them. This red colour dish is called Xoi gac. 

 
Fig 2: Xoi Gac rice of Vietnam 
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Climatic Requirements 
It prefers full sun and a well-drained soil with good air circulation and pH near neutral (7.0). Gac is best 

adapted to warm, moist conditions (20-30 °C with 1,500-2,500 mm annual rainfall). However, it can also be 

grown in areas with dry or cold seasons; in these situations, vines die back until the return of favourable 

conditions, when new growth is generated from the tuberous roots. Plants start yielding fruits usually from 

December to March. Soon after the yielding period, it needs to be pruned for better yield next time. 

Cultivation Aspects 
Gac is a cross pollinated crop. So, it is essential to plant both male and females. For maximum insect-aided 

pollination, the recommended ratio is about 1 male for every 10 female plants. But we can distinguish 

between them only after flowering. Ovary will be there only for female flowers. For commercial cultivation, 

artificial pollination would be better.  Pre-soaking of seeds for a minimum period of 12 hours ensures good 

germination. Plant them in a growbag and wait for 1.5-2 months for the seedlings to emerge. After 2 weeks 

of emergence of seedlings, they should be transplanted to the field. To be successful in gac cultivation, the 

farmer should ensure the presence of males and females in the population. Availability of adequate sunlight 

should also be ensured. They should be trailed to a pandal. Trailing on other trees will not reward with a 

good yield. Moreover, it may cause competition to the trees on which they are trailed. 

 
Fig 3: Gac cultivation 

Harvesting 
Gac takes about eight months to fruit from germination. Colour changes from green to red or yellow on 

ripening. Single fruit can weigh up to 1 kg and a single plant can bear up to 50 fruits in a season. 

 
Fig 4: Harvested gac fruit for sale in the market 

Market Value 
Today in the national markets, the price of 1 kg gac ranges between Rs.900/- to Rs.1250/- and a single 

packet of seeds containing 5-7 seeds costs Rs. 300-350/-. 
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Products from Gac Fruit 
Apart from its traditional uses by the locals as natural colourant, Gac is also used in commercially marketed 

food as food additives in medicine and cosmetics industries. Gac is used in the form of nutritional 

supplements such as Gac extracts in soft capsules. Fresh ripe aril is used for juice and ice cream processing 

in Thailand. Fresh gac’s fruit blend consisting of honey, lemon and fresh aril are consumed in Malaysia, 

Indonesia, and Philippines. Commercial Gac products such as aril puree, oil, dried aril powder and juice, 

fruit enzyme, skin balm, soap, seed alcohol are in domestic and international markets in countries like 

Vietnam, China and Thailand. Gac oil and dried gac powder are marketed due to its high content of 

lycopene, β-carotene, and lutein. Gac aril contains oil component that plays a crucial role in the absorption 

of carotenes, vitamin E and other fat-soluble nutrients needed by the body. 

 

 
Fig 5: some commercial products from gac fruit 

Commercial Gac products such as aril puree, oil, dried aril powder and juice, fruit enzyme, skin balm, soap, 

seed alcohol are in domestic and international markets in countries like Vietnam, China and Thailand. Gac 

oil and dried gac powder are marketed due to its high content of lycopene, β-carotene, and lutein. Gac aril 

contains oil component that plays a crucial role in the absorption of carotenes, vitamin E and other fat-

soluble nutrients needed by the body. 
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To ensure inclusive and equitable growth and development of our nation, the second green revolution must 

focus on nutrition, which was disregarded in the first green evolution, which was production-oriented. 

Micronutrient deficiency, also known as hidden hunger, is a major issue in our nation. "Millets are hardy, 

small-seeded grasses that do well as rain-fed crops in dry zones." Even in poor soil and under changing 

climatic conditions, small millets can be grown. 

One of the earliest food grains that have been domesticated by humans, millets have been a staple in 

Northern Africa for thousands of years. They were also a staple in China and India before fine cereals like 

rice and wheat gained popularity. 

1. Millets are tiny in size, round in shape and minor cereals of the small seeded-grass family (Poaceae).  

2. It is characterized by their remarkable ability to survive in less fertile soil, drought-resistant, resistance 

to pests and diseases, short growing season. 

3. Millets are also unique due to their short growing season and are ready to harvest in between 70-80 days 

and can be very well fitted into multiple cropping systems both under irrigated as well as dry farming 

conditions.  

4. Millets are amazing in their nutrition content. Each of the millets is three to five times nutritionally 

superior to the widely promoted rice and wheat in terms of proteins, minerals and vitamins. They can 

provide nutritious grain and fodder in a short span of time.  

5. Their long storability under ordinary conditions has made them "famine reserves". The government has 

renamed jowar, bajra, ragi and other millets as “Nutri Cereals”, dispensing with the nomenclature “coarse 

cereals.  

Most small millets are grown in Madhya Pradesh (32.4% of total area), followed by Chhattisgarh (19.5%), 

Uttarakhand (8%), Maharashtra (7.8%), Gujarat (5.3%), and Tamil Nadu (3.9%). Gujarat (1056 Kg/ha) and 

Tamil Nadu (1067 Kg/ha) are the next-highest producing states, respectively, after Uttrakhand (1174 

Kg/ha). 

Minor millets appear to be consumed in large part due to local adaptation and production. Initiatives to 

collect and assess various millet germplasms with high nutritional value and resistance to 

abiotic/environmental stresses will help minor millets produce more and be more widely adopted. Because 

of this, it has been assumed that some morpho-physiological, biochemical, and molecular approaches may 

be required for the characterization of minor millets in order to optimise their ability to adapt and increase 

their yield even in challenging environmental conditions. 

Due to the persistent promotion of other crops like rice and wheat for intensive farming in a select few 

resource-rich areas under irrigated conditions over the last five decades and rapidly since the Green 

Revolution period, the area under millet production has been declining despite all the extraordinary 

qualities and capacities of millet farming systems (MINI). 

“Another significant threat to millets in the country is the unnatural promotion of maize, which is causing 

an invasion of maize in many regions due to corporate-induced demand for biofuels and poultry feed”. 

Importance of Millet in Healthy Life 
We now have a scourge of cardiovascular disease, diabetes, and hypertension thanks to recently acquired 

lifestyles. For the aforementioned illnesses, millets have come back as a viable alternative to taking a lot 

of expensive anti-diabetic and anti-hypertension medications, which also have serious long-term side 

effects. In our internal ecosystem, minor millets also serve as a prebiotic feeding micro-flora. Millets will 
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hydrate the human colon and prevent constipation. Minor millet contains high levels of tryptophan, which 

is a precursor to serotonin, a mood-stabilizing chemical. Migraines and heart attacks can be lessened by 

the magnesium in minor millet. Lowering cholesterol can benefit from millet's niacin content (vitamin B3). 

Consuming some millet reduces triglycerides and CRP, preventing cardiovascular disease. The antioxidant 

activity in all millet varieties is very high. There are no known allergies associated with millet. 

Millets are low input crops that are typically adapted to marginal lands, which means they contribute to a 

balanced diet and can therefore more easily ensure nutritional security through regular consumption. 

Because of government policies, traditional consumers have gradually shifted to fine cereals that are more 

readily available, reducing the availability of these nutrient-dense grains to the population in need. The 

twin strategies should be increasing demand and increasing productivity. 

Minor Millet Consumption and its Nutraceutical Facts 
From the past to the present, the ideas surrounding food consumption are evolving. The current focus is on 

promoting the use of nutraceutical foods, which promise to promote better health and well-being and 

thereby help to reduce the risk of chronic diseases such as obesity, diabetes, CVD, and cancer. In the past, 

the emphasis has been on survival, satisfying hunger, maintaining health, and the absence of adverse 

effects on health. 

India faces significant nutritional challenges despite having numerous national nutritional intervention 

programmes because micronutrient malnutrition is still a major public health issue and has a negative 

economic impact of 0.8 to 2.4% of the GDP. A large portion of the population living in the millet growing 

regions benefits greatly from the millets' higher fibre content, high protein quality, and mineral 

composition. 

Antioxidants found in millets have nutraceutical qualities that guard against the decline of human health. 

When it comes to nutrition, millets are most well-known for being a good source of the minerals phosphorus, 

magnesium, and manganese. The development of body tissue and the metabolism of energy depend on 

phosphorus, which has been linked in research to a lower risk of heart attack and magnesium. Comparing 

small millets to fine cereals, they are more nutrient-dense. The best source of calcium (300–350 mg/100 g) 

is finger millet, while other small millets are also good sources of phosphorus and iron. Protein content 

varies between 7 and 12%, and fat content varies between 1 and 5.0%. (Table 1). Other health advantages 

include lengthening the time it takes for the stomach to empty and giving the intestines some roughage 

“Millet is an alkaline forming food. Alkaline based diet is often recommended to achieve optimal health, 

meaning when it combines with digestive enzymes. The soothing alkaline nature of millet helps to maintain 

a healthy pH balance in the body, crucial to prevent illnesses”.  

1. Millets and diabetes Lower incidences of diabetes have been reported in millet consuming population. 

Millet phenolics inhibits like α-glucosidase, pancreatic amylase reduce postprandial hyperglycemia by 

partially inhibiting the enzymatic hydrolysis of complex carbohydrates. Inhibitors like aldose reductase 

prevents the accumulation of sorbitol and reduce the risk of diabetes induced cataract diseases. Finger 

millet feeding controls blood glucose level improves antioxidant status and hastens the dermal wound 

healing process in diabetic rats. 

2. Millets are good sources of magnesium that is known to be capable of reducing the effects of migraine 

and heart attack. Millets are rich in phyto-chemicals containing phytic acid which is known for lowering 

cholesterol.  

3. Celiac disease is an immune-mediated enteropathy triggered by the ingestion of gluten in genetically 

susceptible individuals. Millets are gluten-free, therefore an excellent option for people suffering from celiac 

diseases and gluten-sensitive patients often irritated by the gluten content of wheat and other more 

common cereal grains. 

4. Millets are known to be rich in phenolic acids, tannins, and phytate that act as “antinutrients” However; 

these antinutrients reduce the risk for colon and breast cancer in animals.  

5. Millets are rich in antioxidants, are significantly prevent tissue damage and stimulate the wound healing 

process and phenolics; like phytates, phenols and tannins which can contribute to antioxidant activity 
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important in health, aging, and metabolic syndrome. Ferulic acid is very strong antioxidant, free radical 

scavenging and anti-inflammatory activity.  

6. The millet protein has well balanced amino acid profile and good source of methionine, cystine and lycine 

(Table 2).  

Table 1: Nutrient composition of millets compared to fine cereals (per 100 g): 

 

Table 2: Essential Amino acid profile of Millets (mg/g of N): 

 

7. These essential amino acids are of special benefit to those who depend on plant food for their protein 

nourishment. The millet grain contains about 65% carbohydrate, a high proportion of which is in the form 

of non-starchy polysaccharides and dietary fibre which help in prevention of constipation, lowering of blood 

cholesterol and slow release of glucose to the blood stream during digestion.  

8. Millets are staple food source, which are not only providing major nutrients like protein, carbohydrates, 

fats etc but also provide ample of vitamins and minerals. Millet grains are also rich in important vitamins 

viz., Thiamine, riboflavin, folin and niacin (Table 3).  

9. Millets are comparable to rice and wheat or rich in some of the minerals as well as fatty acids. Millets 

vary largely in composition of carbohydrates as proportion of amylose and amylopectin content vary from 

16-28% and 72-84%, respectively.  

Table 3: Vitamin profile of minor millets, millets and cereals: 
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Due to their higher levels of protein and more balanced amino acid profile, millets are nutritionally 

comparable to or even superior to major cereals like wheat and rice (good source of methionine, cystine and 

lysine). 

Because of the inadequate supply of food, malnutrition and other health issues like obesity, diabetes, 

cardiovascular disease, cancer, and celiac disease are most prevalent in developing countries. This is 

primarily the result of people's ignorance and lack of awareness when it comes to selecting the right foods, 

particularly small millets. Millets are readily available and reasonably priced. 
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Introduction 
Breeding to develop the crop varieties possessing a desired set of traits in one type is known as ‘Ideotype 

Breeding’ and such a plant is called ‘ideotype’. Ideotype is developed keeping in mind the objectives and 

requirements of an ideotype breeding. 

Ideotype breeding is a systematic way involving various steps such as developing a conceptual plant type, 

selection of source(s) for the traits, incorporation of desired traits from various sources into one type, and 

selection of plants with an ideal combination of traits. breeding in broad sense an Ideotype is a “biological 

model which is expected to perform or behave in a predictable manner within a defined environment.” 

More specifically, crop Ideotype is a plant model which is expected to yield greater quantity of grains, fiber, 

oil or other useful product when developed as a cultivar. Crop Ideotype refers to model plants for specific 

environment. Ideotype differs from Idiotype. It includes morphological as well as physiological and 

biochemical traits. Ideotype is a moving goal.  It is difficult and slow method of cultivar development. 

The term ideotype was first proposed by Donald in 1967 working on wheat. He included only the 

morphological characters to define an ideotype of wheat, subsequently, physiological and biochemical traits 

were also included for broadening the concept of crop ideotype. It can also be defined as plant producing 

maximum dry matter per unit inputs used. 

Steps in Ideotype Breeding 
1. Development of conceptual theoretical model.  

2. Selection of base material.  

3. Incorporation of desirable characters into single genotype.  

4. Selection of ideal or model plant type. 

Development of Conceptual Theoretical Model 
Ideotype consists of various morphological and physiological traits. The values of various morphological 

and physiological traits are specified to develop a conceptual theoretical model.  For example, Plant height 

is important in fodder crops. Maturity duration is important in rainfed.  Similarly leaf number, leaf angle, 

leaf size, photosynthetic rate, etc are specified for each crop and situation. 

Selection of Base Material 
Selection of base material is an important step after development of conceptual model of Ideotype. Genotype 

to be used in devising a model plant type should have broad genetic base and wider adaptability so that 

the new plant type can be successfully grown over a wide range of environmental condition with stable 

yield. Genotypes for plant stature, maturity duration, leaf size, and angles are selected from the global 

gene pool of the concerned crop species. Genotypes resistant or tolerant to drought, soil salinity, alkalinity, 
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disease and insects are selected from the gene pool with the cooperation of physiologist, soil scientist, 

pathologist and entomologist. 

Incorporation of Desirable Traits 
The next important step is combining of various morphological and physiological traits from different 

selected genotypes into single genotype.  Knowledge of the association between various characters is 

essential before starting hybridization programme, because it helps in combining of various characters.  

Linkage between procedures, viz single cross, three ways cross, multiple cross, backcross, composite 

crossing. 

E.g., Mutation breeding, heterosis breeding, etc. are used for the development of ideal plant types in 

majority of field crops. Backcross technique is commonly used for transfer of oligogenic traits from selected 

germplasm lines into the background of an adapted genotype. 

Selection of Ideal Plant Type 
Plant combining desirable morphological and physiological traits are selected in segregating population 

and inter-mated to achieve the desired plant type. Morphological features are judged through visual 

observation and physiological parameters are recorded with the help of sophisticated instruments. 

Screening for resistance to drought, soil salinity, alkalinity, disease and insects is done under controlled 

conditions. 

This task is completed with the help of scientist from the disciplines of physiology, soil science, pathology 

and entomology. Finally, genotypes combining traits specified in the conceptual model are selected, 

multiplied, tested over several locations, and released for commercial cultivation. 

Merits 
1. Ideotype breeding is an effective method of enhancing yield through manipulation of various 

morphological and physiological crop characters. Thus, it exploits both morphological and physiological 

variation.  

2. In this method of various morphological and physiological traits are specified and each character or trait 

contributes towards enhanced yield.  

3. Ideotype breeding involves experts from the discipline of plant breeding, physiology, biochemistry, 

entomology and plant pathology. Each specialist contributes in the development of model plants for traits 

related to his field. 

4. Ideotype breeding is an effective method of breaking yield barriers through the use of genetically 

controlled physiological variation for various characters contributing towards higher yield.  

5. Ideotype breeding provides solution to several problems at a time like disease, insect and lodging 

resistance, maturity duration, yield and quality by combining desirable genes for these traits from different 

sources into a single genotype.  

6. It is efficient method of developing cultivars for specific or environment. 

Demerits 
1. Incorporation of several desirable morphological and physiological and disease resistance traits from 

different sources into a single genotype is a difficult task. Sometimes, combining of some characters is not 

possible due to tight linkage between desirable and undesirable characters. Presence of such linkage 

hinders the progress of Ideotype breeding.  

2. Ideotype breeding is a slow method of cultivar development, because combining together of various 

morphological and physiological features from different sources takes more time than traditional breeding 

where improvement is made in yield and one or two other characters.  

3. Ideotype breeding is not a substitute for traditional or conventional breeding. It is a supplement to the 

former.  

4. Ideotype is a moving object which changes with change in knowledge, new requirements, national policy, 

etc. Thus new Ideotype have to evolved to meet the changing and increasing demands of economic products. 



 

 
Volume 04 - Issue 10 - October 2022       278 | P a g e  
 

 

References 
1. ASANA, R. D., 1965. Ideal and reality in crop plants. I. Wheat. J. lnd. agric. Res. Inst. 3: 63-68. 

2. ASPINALL, D., 1961. The control of tillering in the barley plants. I. The pattern of tillering and its relation to nutrient supply. 

Aust. J. Biol. Sci. 14: 493-505. 

3. ASPINALL, D., 1963. The control of tillering in the barley plant. II. The control of tiller-bud growth during ear development. 

Aust. J. Biol. Sci. 16: 285-304. 

4. BEACHELL, H. M. and JENNINGS, P. R., 1965. Need for modification of plant type. In: The mineral nutrition of the rice 

plant. John Hopkins Press, Baltimore, pp. 29-35. 

5. BELL, G. D. H. and KIRBY, E. J. M., 1966. Utilization of growth responses in breeding new varieties of cereals. In: The growth 

of cereals and grasses. Butterworths, London, pp. 308-319. 
  



 

 
Volume 04 - Issue 10 - October 2022       279 | P a g e  
 

Application of Nanotechnology in Agriculture with 

Special Reference to Seed Science 
Article ID: 38297 

M. Hemalatha1 
1Ph.D Scholar, Department of Seed Science and Technology, AC, Dharwad, UAS, Dharwad – 580005. 

 

 

Introduction 
Nanotechnology is the art, science and technology of manipulating the matter at nanoscale. It is an inter 

or multidisciplinary field involves physics, material science, colloidal science, chemistry, engineering and 

even biological science also. ‘Nano’ is a Greek word, means Dwarf 1 nm = 10ˉ⁹ m i.e. one billionth of a meter. 

Its size is ranges between 1 to 100 nm. 

Why “Nano Technology” 
1. Enhancement of agricultural productivity has been identified as the most critical area of application of 

nanotechnology for attaining the millennium development goals. 

2. Nanotechnology in agriculture is an evolving field: Has potential to revolutionize agriculture and food 

systems. 

3. Molecular machinery of nature outperforms anything that mankind currently knows. 

4. This discipline will provide the means to construct novel molecular architectures with greater precision, 

flexibility and at lower cost. 

Properties of Nanoparticles 
Nanomaterials have superior properties than the bulk substances: 

a. Mechanical strength 

b. Thermal stability  

c. Catalytic activity 

d. Electrical conductivity  

e. Magnetic properties 

f. Optical properties 

g. High surface reactivity. 

Brief History of Nanotechnology 
1959: Richard Feynman: Concept of Nanotechnology; lecture “There's plenty of room at the bottom.” 

1974: Norio Tanigutchi: Coined the term “Nanotechnology” referred to precision manufacturing at the scale 

of nanometers (nm). 

1986: G. Binnig and H. Rohrer: Invented Scanning tunneling microscope (STM), tool allows the sensing of 

matter at nanometer scale. 

1987: first nanotech symposium. 

1989: first national conference on nanotech. 

1990: first nanotech journal. 

2000: Lucent and Bell Labs with Oxford University: created the DNA motor, the first nano- biotechnological 

gadget. 

Synthesis of NPs 
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Application of Nanotechnology in Agriculture and Allied Sciences 
1. Food technology  

2. Crop improvement  

3. Seed technology  

4. Precision farming  

5. Nano-fertilizer for balance crop nutrition  

6. Plant disease diagnose  

7. Weed management 

8. Water management  

9. Biosensors (Electronic nose)  

10. Agricultural engineering issue  

11. Animal science  

12. Fishery and aquaculture  

13. Pest management. 

Nanomaterials and Agriculture 
There has been significant interest in using nanotechnology in agriculture. 

The Goals Fall into Several Categories 
1. Increase production rates and yield  

2. Increase efficiency of resource utilization  

3. Minimize waste production  

4. Nano-based treatment of agricultural waste 

5. Nanosensors 

6. Specific applications include: Nano-fertilizers, Nano-pesticides. 

Nanotechnology in Seed Science 
Seed priming strategy (viability and controlled aging): Some recent advances in seed enhancement 

techniques includes nano priming. It is novel and innovative. These Nanopriming is a pre -sowing seed 

treatment, which involves soaking the seeds in nanoparticles solutions followed by drying. 

Seed physiology: Several seeds exhibit dormancy. Most dormant seeds are physiologically dormant due 

to the presence of inhibitors like ABA, dormin, phenols etc. Through nano-technology seeds can be coated 

with nano-particles containing an array of bio-active chemicals. These nano-particles will enter into the 

seed during the imbibition phase and release dormancy.  

Seed protection: Engineered seed: Silver, gold, platinum, palladium, Zinc, Manganese found to control 

microorganisms. Bulky Fungicides cause soil degradation and environmental pollution. Nano-coating of 

seeds using elemental forms of Zn, Mn, Pa, Pt, Au, Ag will not only protect seeds but will be used in far less 

quantities. 

 
Nanoparticles 
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Seed moisture detection: Lithium chloride is blue when dry and upon hydration turns pink. Seeds can 

be coated with highly purified lithium chloride quantum dots and sprayed on seed. Highly precious seeds 

like germplasm can be treated with LiCl quantum dots and seeds separated based on their degree of 

moisture content using electronic colour sorter (Chinnamuthu and Boopathi, 2009). 

Detecting contamination in seed field: In wind pollinated crops, seed production is tedious. Detecting 

foreign pollen is a sure method to ensure genetic purity. Provision of Nano - sensors specific to a seed crop 

pollen helps to alert the seed farmer – activation of light / sound – Michigan State University, USA. 

Nano Sensors for seed storage: Seeds during storage emit several gases that is determined by their 

degree of ageing. Bio-analytical nanosensors can detect such volatile aldehydes and seeds showing signs of 

deterioration can be separated and invigorated prior to their use. 

Seed detection- Encoding seed: Nano-barcodes (20-500nm) that are encodable, machine –readable, 

durable and sub-micron sized taggants can be affixed to seeds and sold in the market (Nicewarner-Pena et 

al., 2001). 

Demerits 
1. Nano-encapsulation of insecticides, fungicides or nematicides will help in producing a formulation which 

offers effective control of pests. 

2. It helps in preventing accumulation of residues in soil. 

3. Using of Nano formulation over the synthetic chemicals reduce the toxicity in environment. 

4. It is not hazardous to environment and it is eco-friendly. 
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Introduction 
In the aggressive expansion age of materialistic culture and the advent of new technologies in farming, the 

pristine agricultural heritage of our nation has drifted to a completely synthetic input-based farming 

system. Fertilizer requirements have been increasing in the last few years. According to government data, 

the total requirement of urea, di-ammonium phosphate (DAP), muriate of potash (MOP), and nitrogen, 

phosphorous, potassium, and sulfur (NPKS) rose by 21% between 2017-18 and 2021-22, from 528.86 lakh 

metric tonnes to 640.27 lakh metric tonnes. These chemical inputs are not only harming our plants but are 

damaging the whole ecosystem altogether. Conventional practices are either reducing the yield of the crops 

or increasing the input costs of farming. The system of natural farming can pave the way to remedy all the 

losses by taking us back to where we started with our traditional methods of growing crops. 

What is Natural Farming? 
As the name Natural Farming is self-explanatory, it is a dynamic form of agriculture where the concept of 

"less is more" is applicable. Its main philosophy is working with nature to produce quality food and 

maintain good ecological health simultaneously. Here, the farmer is merely a facilitator where Nature does 

all the work; hence, this practice is called "to do nothing" farming. Tillage or turning of soil by any means 

is completely avoided, and farming is done without the application of inorganic and synthetic fertilizers, 

pesticides, and herbicides. The inputs here are very basic and easily available in nature or can be prepared 

with minimal cost. 

1. The main features of the natural farming system are: 

2. Physical labour can be greatly reduced as compared to other agricultural systems. 

3. The yields obtained can be similar to those from conventional agricultural systems. 

4. There is a gradual increment in the fertility of the soil, year after year. 

5. The requirement for water is minimized. 

There are several Indian states following natural farming. Some of them are Andhra Pradesh, 

Chhattisgarh, Kerala, Gujarat, Himachal Pradesh, Jharkhand, Odisha, Madhya Pradesh, Rajasthan, 

Uttar Pradesh, and Tamil Nadu. 

 
Fig No. 1: Natural Farming States 
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Fig. No.2-Total area covered by different states till 2021–2022 (6.5 lakh ha.) 

Components of Natural Farming 
Beejamrit: It is the treatment of seed with cow dung, cow urine, lime juice, and a handful of moist soil. 

There are billions of naturally born microorganisms in cow dung, which are cultured in beejamrit and 

applied to the seed as inoculum. During germination, many diseases leave their footprint on the growing 

seedling. This inoculum or cover saves the seed from various harmful pathogenic attacks and helps in the 

germination of a disease-free seedling. 

Beejamrit preparation procedure. 

Materials Required > 

a. Clean Water (20 litres for every 100 kg of seed) 

b. Cow urine (250 mL per litre water). i.e., cow dung (250 grams for each litre of water). 

c. Lime juice (2.5 g/litre water). 

Preparation method: 

Step 1: Take a plastic or cement tank and mix all the ingredients in it thoroughly. Keep agitating 

the mixture using a wooden stick or rod to avoid forming any lumps in it. 

Step 2: Take the tank and place it in a shady area where there is no incoming direct sunlight or 

rainwater. Cover the tank with a jute bag or a net made of polyethylene. 

Step 3: The Beejamrit is ready the next morning for application to the seeds. Once again, agitate 

and mix all the components thoroughly. 

Application Method: 

a. To prepare the inoculum for 100 kg seed, use 20 litres of water. 

b. Lay down a plastic sheet on the ground. Place the seeds carefully above it and apply Beejamrit to 

each one of the seeds. Make sure that every seed is fully covered. 

c. Pulse crop seeds must be handled with extreme caution because they are extremely delicate and 

should not be rubbed. Use your hands properly to mix the seeds. 

After treatment, let the seeds dry and then sow them. While transplanting nursery plants, immerse the 

roots in the Beejamrit mixture and then plant them on the fields. 

Jeevamrit: The word Jeeva means "living organism," and Amrit means "elixir of life." In simpler words, 

it is a traditional microbial culture that acts as an organic fertilizer as well as a bio-pesticide. 

It is prepared by fermenting the combined mixture of cow dung, cow urine, jaggery, pulse flour, soil, and 

water. Not only is it cost-effective, but it is beneficial for both plants and soil. Farmers who spend a lot of 

money on fertilizers and pesticides can save their money and use this amazing traditional tonic for crop 

plants. There are two types of Jeevamrit: liquid and solid ones, also known as Ghanjeevaamrit. 

Preparation of Liquid Jeevamrit: 

a. Around 200 litres of water are to be put in a barrel. 

b. Combine 10 kg of cow dung and 5-10 litres of cow urine with water. 

c. Add 2 kg of jaggery, 2 kg of pulse flour, and a handful of soil to the barrel. 
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d. Then, agitate the solution thoroughly and keep it for 48 hours in the shade. The mixture needs to 

be stirred a couple of times for a minimum of 10 minutes. It gets fermented. After 48 hours, 

Jeevamrit is ready to use. It can be used for 2-3 days. 

Preparation of Dry Jeevamrit or Ghanjeevaamrit: 

a. Take 100 kg of local cow dung, 2 kg of jaggery, 2 kg of pulse flour, and a handful of soil from river 

dykes. 

b. Mix it by adding a small amount of cow's urine. 

c. Spread it in the shadow for drying. 

d. After it has dried, make its powder by hand. Ghanjeevaamrit is ready to use. 

Application of Jeevamrit 
Spray 5-10% jeevamrit in water to make a liquid. For one acre, 100-200 litres of jeevamrit are needed. It 

should be used once every 7–10 days to obtain maximum benefits. Spread directly to the field in solid form. 

It can be used for 6–8 months. 

1. Wapasa: Wapasa is nothing but an increase in soil aeration by building up the soil humus and organic 

matter. It is the formation of a microclimate in the soil in which organisms and plant roots can live freely 

with adequate air and moisture availability. In simpler words, it is 50% air and 50% water, in which the 

earthworms act as the prime workers. To achieve this condition, one has to apply water outside of the 

canopy of the plant, i.e., outside the shadow of the plant at noon. 

2. Acchadana: Acchadana, or mulching, is a common practice followed in crop fields where the surface of 

the soil is covered by crop residues, cover crops, or fine organic material to prevent water evaporation and 

contribute to soil humus formation. 

 
Fig No.3: Natural Farming Components 

Natural Farming has Many Advantages 
1. Produces Nutritious and Safe Harvest: Natural farming produces nutritious and safe food due to 

proper soil management. As soil is responsible for providing nutrients to the crop, soil health is of prime 

concern in this agricultural practice system. 

2. Preserves Biodiversity: Natural farming creates an ideal habitat for various micro-as well as macro-

organisms. It provides them with an opportunity to breathe and reproduce freely. 

3. Prevents Soil Erosion: Mulching acts as a physical barrier to raindrops splashing away soil particles 

from the top layer. Further, the plant roots grow sufficiently to hold the soil particles intact, making them 

resistant to runoff losses. 

4. Protect the Quality of Water: Natural farming decreases the number of contaminants and 

preservatives reaching the groundwater, which is more or less ultimately used for human and animal 

consumption purposes. 
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5. Saving of Monetary Inputs: In conventional farming, a farmer has to bear the exorbitant prices of 

fertilizers, pesticides, herbicides, and seed primers. But natural farming saves a farmer’s hard-earned 

money and provides him with full economic security. 

6. Mitigate Climate Change: The use of synthetically made fertilizers tends to emit a high rate of 

greenhouse gases in the atmosphere, such as methane, carbon dioxide, and nitrous oxide. However, the 

soils from naturally cultivated farms are free of these emissions up to a certain limit. 

7. Reduces Ocean Acidification: Since natural farming eliminates the use of chemical fertilizers and 

pesticides, it helps to reduce the contamination and degradation of water resources like ammonium nitrate 

in fertilizers and hazardous chemical pollutants from pesticides into rivers and oceans. 

8. Reduces our nation’s "fertilizer subsidy bill": The enormous fertilizer subsidy bill, driven by a spike 

in natural gas and other raw material prices, is estimated to touch a staggering 2.25-2.50 lakh crore for 

2022–2023. Natural farming practices have enough potential to reduce the budget by up to one-third of its 

value. 

The Government’s Contribution and Initiatives in Promoting Natural Farming 
1. The "Pradhan Mantri-Promotion of Alternative Nutritious and Agricultural Management" 

(PM-PRANAM): This scheme was launched in September 2022 by the centre to discourage farmers from 

using chemical fertilizers and promoting sustainable agricultural practices. Under the benefits of this 

scheme, the states with less utilization of chemical fertilizers in a particular year as compared to the 

average quantity of the last three years would be incentivized. These states would be provided with a 50% 

subsidy on fertilizer, which they save by using less of it. This scheme is expected to reduce the burden of 

fertilizer subsidies on the government’s shoulders. Last year, the centre spent around ₹1.62 lakh crore in 

fertilizer subsidies, and this year, i.e., 2022-2023, it is expected to rise to around ₹2.25-2.50 lakh crore. 

2. "Bhartiya Prakritik Krishi Paddhati Scheme" (BPKP): BPKP is a sub-scheme under the 

Pramparagat Krishi Vikas Yojana (PKVY) to promote natural farming throughout the country. Under this 

scheme, the farmers are provided with the financial assistance of ₹ 12,200 per hectare. This amount is to 

be utilized for capacity building, training, certification, and residue analysis. Over 3 years, every farmer 

will receive an amount of ₹ 20,000 per acre for seed procuring, harvesting, and market linkage. About 4.9 

lakh hectares have already been covered and a fund of ₹4857. A total of 8 states have introduced a total of 

1 lakh rupees. 50 or more farmers will join to form a cluster on 50 acres of land. This way, over three years, 

around 10,000 clusters will be formed, covering an area of 5 lakh acres of natural farming. 

3. Prakritik Kheti Kaushal Kissan Yojana (PKKKY): This scheme was launched in 2018 by the 

Government of Himachal Pradesh and around 3,226 panchayats were brought under the ambit of this 

scheme. Under this scheme, the farmers have been provided with the training to produce bio-pesticides, 

bio-insecticides, and bio-fertilizers. 

Adoption of Natural Farming Faces Difficulties 
1. Some respected agricultural researchers and educators believe that it is far too early to implement 

natural farming practices on a large scale. As such, it may lead to massive damage to the hard-earned 

knowledge and benefits derived from agricultural research and development over the last 75 years. 

2. India’s crop production sector is valued at around 22,500 crores (2021–22). The promotion of natural 

farming systems might threaten the entire industry’s market value. 

3. During periods of pest outbreaks, it is very hard to manage the situation of increasing pest attacks 

without using synthetic pesticides. They give a quick and easy solution to these problems, saving the 

farmer’s crop, cultivated through rigorous hard work and pain. 

4. The government is showing support in the form of subsidies and schemes, but it is not enough to change 

the disposition regarding the use of chemical inputs. More work is to be done at the ground level by different 

governmental and non-governmental agencies. 

5. Small and marginal farmers with small and fragmented land holdings are frequently overlooked as 

beneficiaries of these schemes. The powerful ones in the village are seen to corner most of the benefits for 

their own sake. 
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The Path Ahead 
A balanced approach is needed, and a secure path is to be framed in the adoption of natural farming. We 

should never forget the food crisis in Sri Lanka, which was due to the ban on the import of chemical 

fertilizers, ultimately leading to a drop in food production and the downfall of the country’s GDP. Secondly, 

the government should come up with long-term policies as the transition period to natural farming from 

conventional farming might take around three to five years. The government can support the transition by 

bearing short-term losses. Civil society and NGOs should be engaged to promote farmer-to-farmer capacity 

building for sustainable agriculture. Mother nature provides us with everything. It is our prime 

responsibility to return the favour by doing whatsoever we can do to protect, nourish, and conserve her. 
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Herbal medicine has had a great reputation in India since time immemorial. Herbal medicine is widely 

used in Ayurveda and today's English medicine. 

This herbal medicine, which is mostly used in India, is now spreading all over the world. Now people are 

more interested in herbal drinks, cosmetic ointments, bleaches, etc. It can be said that the main reasons 

for this are that herbal medicine can effectively reduce stubborn diseases and chronic diseases; it is low 

cost; and it does not show other side effects. 

If the disease can be detected in its early stages, it can be easily reduced by Ayurvedic medicines. Mustard, 

Cumin, Fenugreek, Coriander, Cloves, Cinnamon, etc., which we use to add flavour to our dishes, have 

great medicinal properties. These can be used in the treatment of health problems that often bother us. 

Let's see how these foods are useful for which diseases. 

Pepper 

 

Latin name: Piper nigrum Linnaeus 

Part used: Seeds 

These peppers are said to be the king of kitchen medicine. It increases digestive function. It prevents 

constipation. Makes the liver work efficiently. Prevents shivering in malarial fever. Drinking pepper 

powder mixed with hot milk cures problems like cough, insomnia and lethargy. It relieves the cold and sore 

throat. It improves memory in children. 

Fenugreek (Dill) 
Latin Name: Tregovella Fenugreekum. 

Part used: Seeds. 
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Pepper comes next to dill. Fenugreek provides vitamin A when eaten as a vegetable. Increases digestive 

power. Affects the body. Finely grind fenugreek and apply it on the scalp to reduce dandruff. Dill can control 

diabetic by eating dried fenugreek seeds. It reduces swelling. Helps to reduce fever and digestion. Breast 

milk is abundant in infants. If you soak fenugreek seeds in curd and apply it on your scalp, dandruff will 

be reduced and your hair will grow healthy. A spoonful of fenugreek powder in the mouth in the morning 

will reduce joint pain. 

 

Cumin Seeds 

 

Latin Name: Cuminum Cyminum 

Part used: Seeds 

Roasted cumin powder mixed with honey reduces vomiting. Cumin powder mixed with jaggery reduces 

fever. Protects against diarrheal diseases. It acts as a good laxative for people of all ages. Can cure stomach 

related diseases. A spoonful of cumin mixed with a little jaggery three times a day can give good results in 

toxic fevers caused by cold. Grated cumin with lemon juice reduces headache. 
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Garlic 
Latin name: Allium sativam 

Part used: Herbs 

Consuming a mixture of garlic and green turmeric can provide relief to asthma patients. It keeps fat in the 

blood under control and thus protects against high blood pressure and heart pain. Stimulates the nervous 

system. Reduces rheumatism. When there is swelling in the ear, boil garlic in sesame oil, cool it and put it 

in the ear. If you rub garlic sand on the lumps, they will dissolve. Increases digestion. If the mother wants 

to breastfeed, it is better to eat it with rice or curry. 

Onion 

 

Latin name: Allium sepa 

Part used: Root 

Onion juice mixed with honey reduces indigestion and stomach ache. Applying onion juice on the forehead 

can reduce headache. 

Anise Seeds 
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Latin name: Poiniculum vulgare Miller 

Part used: Seeds. 

It maintains oral hygiene. Green fennel seeds and evenly roasted fennel seeds are ground together and 

mixed with good water to reduce stickiness, bloody diarrhea and flatulence. Regulates digestion. Prevents 

urinary diseases. It works as a good medicine for asthma. 

Cloves 

 

Latin name: Syzygium caryophyllum Garton 

Part used: Buds 

Helps to prevent bad breath and protect teeth. Works well to prevent gas in the stomach. Clove powder will 

reduce the burden of insects placed on pipi taxa. Clove oil can also be used to ease back pain. Chewing 

cloves reduces severe cough and mucus. 

Cinnamon 

 

Latin name: Cinnamomum xylanicum Bloom 

Part used: Bark 

It is dried and mixed with water to reduce sticky diarrhoea, intestinal worms and stomach ache. If 

cinnamon stick is halved and warmed and applied to the tissues, the headache will be reduced. 
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Turmeric 

 

Latin name: Curcuma langur 

Part used: part separation 

It kills germs. Reduces nasal congestion and sore throat. Brightens skin and face. Mixing red sandalwood 

with buffalo milk and adding turmeric to it reduces pimples. If turmeric powder is added to hot milk and 

drunk before going to bed for 4 days, it will slow down the cold. Turmeric root half diluted in water and 

applied on the head gives headache. 

Poppy Seeds 

 

Latin name: Pepaver somniferum 

Part used: Seeds 

Works well to prevent various skin diseases. It works as a good ointment for burns and blisters. Reduces 

dysentery and diarrhea. It is very rich in iron. Consuming it in food can prevent anemia. It also gives a 

good glow to the skin. 
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Cardamom 

 

Latin name:  Ilateria cardamomum 

Part used: seeds 

Prevents diarrhea, protects against dental diseases. Cardamom and tungamushti are mixed equally and 

mixed with a little honey to reduce thirst. Take 30 grams of cardamom and poka wood each and grind them 

finely and grind them to ashes and put it on the tongue for 3-4 days and rub it on the throat to drain the 

sores, mouth sores and blisters. Inhalation of cardamom powder through the nose reduces headache. 

Asafoetida 

 

Latin name: Periula poitida 

Part used: Glue (latex) 
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Many people use asafoetida in curries. It works as a medicine for whooping cough and asthma. Prevents 

various respiratory diseases. Cholera, convulsions, and nervous disorders regulate the three. Regulates the 

digestive system. Cleanses the intestines and maintains health. 

Stomach pain, diarrhoea, hiccups and vomiting are reduced by swallowing pea seeds and asafoetida in 

warm water. If ghee is heated and mixed with agave water and applied on it, the headache will be reduced. 

Mustard 

 

Latin name: Brassica nigra 

Part used: Seeds 

Drinking water with mustard powder and a little salt will reduce stomach ache. If you can't sleep due to 

headache, apply mustard paste to the cloth and keep it on the headache area. If you mix equal parts of 

white saffron, black saffron, sesame and yavaksharam and rub it on your face, it will remove pimples. If 

you massage the body with mustard oil, the heartburn will decrease and the body will become light. To get 

rid of dark circles under the eyes, gently massage under the eyes before applying mustard oil. Stomach 

bloat is reduced when the sannava powder is mixed with curd and drunk. Mix guggilum and mustard oil 

in equal amounts and add water to it. 

Ajwain (Vamu) 

 

Latin Name: Caram Costimum 

Part used: Seeds 

Improves digestion. Destroys the germs in the stomach. Half a spoonful of vamu powder mixed with a cup 

of buttermilk twice a day kills all kinds of germs in the stomach. Boil some water in a bowl and pour water 

in it and drink it little by little to reduce watery diarrhea. If you fry vamu and add salt to it and feed it in 

the food of small children, the digestion power will increase. Bloating also reduces. Take 50 g of ajwain it 

and grind it with water, add one hundred grams of sesame oil to it, boil it on thin sega, cool it, filter it and 
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put 4-5 drops in the ear every day, it will reduce the hearing loss. It is dried and mixed with buttermilk to 

prevent diarrhoea. It is also good for lactating mothers. 

Mace (Japatri) 

 

Latin name: Myristicapragrans 

Part used: Anrithaphala 

Cholera disease is cured if fried mace is powdered and mixed with water and fed hourly. It also works well 

to strengthen the body and stimulate appetite. 

Ginger 

 

Latin name: Zanzibar officinalis 

Part used: Stem 

Take equal parts of ginger, pepper and tulsi leaves and chew the concoction little by little to reduce the 

cold. Indigestion and bilious vomiting are reduced when ginger and jaggery are consumed in equal parts. 
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Ginger juice mixed with honey reduces cough. Asthma is cured if both pepper and musambam are mixed 

in ginger juice and made into balls and applied twice a day. 

Mint 

 

Latin name: Mentha cycerata 

Part used: Leaves, stem 

It works as a good medicine for those who suffer from frequent stomach ache. Works well for stomach 

diseases, vata diseases etc. Dry and dried use of mint can prevent kidney related diseases. It works as a 

good medicine for liver related diseases. Keeps away jaundice and diarrhea. It also removes bad breath. 

Acts as an ointment for some skin diseases. 

Tamarind 

 

Latin name: Tamarindus indica 

Part used: Fruit, flower, shoot 
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This is very beneficial for both the heart and the digestive system. Tamarind pods, shoots and flowers have 

many valuable medicinal properties. Diseases like eczema, scabies etc. are not affected. Tamarind bark can 

be burnt and used as medicine. Dried and powdered seeds are good for vertigo. If ripe tamarind is crushed 

in water and mixed with sugar, sunburn will be reduced. 

If the above-mentioned herbs are used medicinally in the prescribed manners, many types of common and 

chronic diseases can be cured. 
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Agriculture plays a pivotal role in the growth and survival of nations; therefore, maintaining its quantity 

and quality is essential for feeding the population and economic exports. Over the years, agriculture has 

undergone various scientific innovations in order to make it more efficient (Ajmal, 2018). Modern 

agriculture involves usage of pesticides and chemical fertilizers with an essence of increasing the world’s 

food production, as these serve as a fast food for plants causing them to grow more rapidly and efficiently. 

Continuous application of chemical fertilization leads to the decay of soil quality and fertility and might 

lead to the collection of heavy metals in plant tissues, affecting the fruit nutritional value and edibility 

(Farnia and Hasanpoor, 2015). Moreover, agriculture soils are continuously losing their quality and 

physical properties as well as their chemical (imbalance of nutrients) and biological health. 

Hence, in the recent years, many organic fertilizers have been introduced that act as natural stimulators 

for plant growth. A particular group of organic fertilizers includes outcomes based on plant growth-

promoting microorganisms identified as ‘Biofertilizers’. These biofertilizers comprised efficient strains of 

nitrogen fixing or phosphate solubilizing microorganism. Organic farming has appeared as a prime concern 

area globally in aspect of the growing demand for safe and healthy food, durable sustainability and issue 

on environmental pollution associated with random use of agrochemicals (Ghany et al., 2013). 

Biofertilizer 
Biofertilizers are ready to use live formulations of beneficial microorganisms, which on application to seed, 

root or soil mobilize the availability of nutrients by their biological activity and help in building up the 

micro flora and thus soil health. 

Why should Biofertilizer be Used? 
Modern Agriculture is dependent upon the supply of chemical fertilizers, which are become scarcer and 

more costly. These are major agents for pollution also for water and air. This situation has led to identifying 

harmless inputs like biofertilizers in crop cultivation, which not only help in saving chemical fertilizers but 

also safeguards environment and soil health and quality of crop products. 

Types of Biofertilizers 
Some important types of biofertilizers are as follows: 

1. Symbiotic Nitrogen-Fixing Bacteria: The symbiotic nitrogen-fixing bacteria like Rhizobium get food 

and shelter from the plants and provide them with fixed nitrogen in return.  One of the most important 

symbiotic nitrogen-fixing bacteria is Rhizobium. Bacteria seek shelter and food from plants here. In 

exchange, they assist the plants by delivering free nitrogen. 

2. A Loose Association of Nitrogen-Fixing Bacteria: Some bacteria aren’t related directly with the 

plants but live around them for example, A nitrogen-fixing bacterium called Azospirillum lives near the 

roots of higher plants but does not form a close bond with them. This is known as rhizosphere association 

because these bacteria collect plant exudate and use it as food. Associative mutualism is the name given to 

this phenomenon. 

3. Symbiotic Nitrogen-Fixing Cyanobacteria: There are many symbiotic nitrogen-fixing cyanobacteria 

like liverworts, cycad roots, the bacteria released by fern plant decay, etc. Cyanobacteria or blue-green 

algae from a symbiotic relationship with numerous plants. Anabaena can be found in the fern's leaf cavities. 
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It's in charge of nitrogen fixation. The fern plants decompose and release nutrients for the rice plants to 

use. Azolla pinnata is a fern that grows in rice fields; however, it has no effect on the plant's growth. 

4. Free-Living Nitrogen-Fixing Bacteria: Free-living bacteria are found in soil, and they also perform 

nitrogen fixation. These include Clostridium, Azotobacter, and Bacillus polymyxin. They are nitrogen-fixing 

bacteria that live in free-living soil. Clostridium beijerinckii, Azotobacter, and other saprotrophic anaerobes 

are among them. Rhizobium and Azospirillum are the most extensively utilized forms of biofertilizers. 

Components of Biofertilizers 
The components of a biofertilizer are: 

1. Bio Compost: It is eco-friendly and is produced from waste products coming from sugar industry. It also 

includes bacteria, fungi, and some plants. 

2. Tricho-Card: This eco-friendly non-pathogenic product is useful for many crops and plants, as it plays 

the role of a productive destroyer against the items that are harmful to the crop. 

3. Azotobacter: It plays an important role in atmospheric nitrogen fixation and protects the plant roots 

from pathogens in the soil. 

4. Phosphorus: To settle the exact level of need for nitrogen for a plant, and to determine the nitrogen 

level of the soil, phosphorus fertilizers are very helpful. 

5. Vermicompost: Known for quickly improving soil fertility, these are probably the most eco-friendly 

fertilizers that contain vitamins, sulphur, hormones, organic carbon, and antibiotics required for the 

growth of the plant. 

 

Several microorganisms and their association with crop plants are being exploited in the production of 

biofertilizers. They can be grouped in different ways based on their nature and function. 

1. N2 fixers: 

a. Free living:  Aerobic – Azotobacter, Beijerinckia, Anabaena, Anaerobic – Clostridium. Faultative 

anaerobic – Klebsiella 

b. Symbiotic:  Rhizobium, Frankia, Anabaena azollae. 

c. Associative symbiotic: Azospirillum. 

https://www.vedantu.com/biology/azotobacter
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d. Endophytic: Gluconacetobacter Burkholdria. 

2. Phosphorus solubilizers: 

a. Bacteria:  Bacillus megaterium var. phosphaticum, B. subtilis, B. circulans Pseudomonas striata. 

b. Fungi: Penicillium sp. and Aspergillus awamori. 

3. P mobilizers: 

a. AM fungi 

b. Ectomycorrhizal fungi 

c. Ericoid Mycorrhiza 

d. Orchid mycorrhiza. 

4. Silicate and Zinc solubilizers: Bacillus sp. 

5. Plant growth promoting Rhizobacteria: Pseudomans spp. and many more. 

Importance of Biofertilizers 
There are various uses of biofertilizers that prove their importance. They include – improving the soil 

quality, protecting the plants from pathogens, avoiding environmental pollution, destruction of harmful 

substances presents in the soil, etc. Thus, biofertilizers are very important. 

Applications of Biofertilizers 
These are some important applications of biofertilizers: 

1. Seedling Root Dip: Used for rice crops, the seedlings are planted in a waterbed for 8 to 10 hours, in 

this method. 

2. Seed Treatment: In this process, the seeds are dipped in nitrogen-phosphorus mixed fertilizers. After 

drying them, they are planted as early as possible. 

3. Soil Treatment: The mixture of biofertilizers and compost fertilizers is kept overnight and spread over 

the soil the next day. This treatment takes place before sowing the seeds. 

Benefits from Using Biofertilizers 
1. Cost effective: increase crop yield by 10-30% 

2. Supplement to fertilizers: replace chemical fertilizers up to 25% 

3. Stimulate plant growth 

4. Biologically activate the soil 

5. Restore natural soil fertility 

6. Provide protection against some soil borne diseases. 

Conclusion 
Biofertilizer inoculation is a promising strategy to improve crop yields and reduce the use of chemical 

fertilizers, thereby creating environment-friendly sustainable agriculture Various plant growth-promoting 

microbes have been characterized for beneficial traits, which play a significant role in improving the 

accessibility of nutrients such as N, P, K, Zn and S, in modulation of phytohormones, suppression of plant 

diseases and alleviation of abiotic stresses. 
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Wheat production of India is 99.87 million tons during 2017-18 which is higher by 1.26 million tons than 

the production of 98.61 million tons achieved during 2016-17 (Anonymous, 2019). Average wheat 

productivity of India is 3283 kg ha-1. It is very difficult to meet the food demand in future because land is 

shrinking and pressure on productivity enhancement is also increasing. Productivity of wheat can only be 

enhanced by application of scientific tools and techniques in agriculture. Modern science basically deals 

with three areas i.e., information technology, biotechnology and nanotechnology. These three sciences 

proved their worth in every sector of society, but agriculture is still lagging behind. 

Phosphorus is the second most essential nutrient required for the growth and harnessing sustainable 

higher yield of the crops. It is the structural component of nitric acids, coenzymes, phospho-proteins and 

phospho-lipids and it is responsible for energy storage and transformation. It increases root growth and 

brings timely maturity. The deficiency of phosphorus leads to restricted growth of plant tops and roots and 

suppressed lateral buds. Deficiency is indicated by bluish green or dark green colour on older leaves 

whereas; the excess of phosphorus may lead to iron chlorosis and deficiency of Zn. 

Nano fertilizers are synthesized or modified form of traditional fertilizers, fertilizers bulk materials or 

extracted from different vegetative or reproductive parts of the plant by different physical, chemical or 

biological methods with the help of nanotechnology used to improve soil fertility, productivity and quality 

of agriculture produce (Singh et al., 2017). The main reason for high interest in nano fertilizers is mainly 

their penetration capacity, size and very high surface area which is usually differ from the same material 

found in bulk form. Nano fertilizers are not only ecofriendly but also reduce environment pollution. 

Nano fertilizers are the important tools in agriculture to improve crop growth, yield and quality parameters 

with increase nutrient use efficiency, reduce wastage of fertilizers and cost of cultivation. Nano-fertilizers 

are highly effective for precise nutrient management in precision agriculture with matching the crop 

growth stage for nutrient and may provide nutrient throughout the crop growth period. Nano-fertilizers 

increase crop growth up to optimum concentrations further increase in concentration may inhibit the crop 

growth due to the toxicity of nutrient. Nano-fertilizers provide more surface area for different metabolic 

reactions in the plant which increase rate of photosynthesis and produce more dry matter and yield of the 

crop. It is also preventing plant from different biotic and abiotic stress (Singh et al., 2017).  

To increase phosphorus use efficiency and minimize the losses of phosphatic fertilizers, nano phosphatic 

fertilizer is the best alternative to increase phosphorus use efficiency as well as nutrient uptake and yield 

of various crops. Nano fertilizer increases fertilizer use efficiency by targeted release of nutrient in 

adequate proportion without any harmful effect on soil as well as plant (Rameshaiah et al., 2015). 

Synthesis of Nano P Particles 
Hydroxyapatite (HA) nanoparticles were prepared via. chemical precipitation method as demonstrated by 

Mateus et al. 2007. 

HA powder was synthesized according to the following procedure: first, 1 L of an aqueous suspension of 

H3PO4 (0.6M) was slowly added drop by drop to a 1 L of an aqueous suspension of Ca(OH)2 (1M) while 

stirring vigorously for about 2 hrs at room temperature. Concentrated NaOH was added until a final pH of 

9.5 was obtained. The white solution obtained was washed using deionized water and dried in oven at 80°C 

for 24 h. 
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From collected HA powder weighed out 400 mg and dissolves it in 200 ml capacity beaker on the magnetic 

stirrer containing 50 ml of Milli-Q water slowly with the help of spatula. After adding HA powder kept it 

for 20 min sonication on sonicator instrument. Side by side took 100 ml capacity beaker containing 25 ml 

Milli-Q water on magnetic stirrer and dissolved 1% STPP (Sodium Tripolyphosphate) i.e. 250 mg STPP 

pinch by pinch with the help of spatula. Add this 1% STPP solution of 250 mg drop wise in 200 ml HAP 

solution containing beaker. Kept all the 75 ml solution containing HAP + 1% STPP solution on magnetic 

stirrer for approximately 2 hrs. 

Then took 100 ml beaker contained 25 ml Milli-Q water on magnetic stirrer and added 250 mg of Pluronic 

F-68 pinch by pinch with the help of spatula. Then added firstly prepared 75 ml solution (HAP + 1% STPP 

solution) drop wise into freshly prepared Pluronic F-68 solution. After adding solution, it has been kept on 

magnetic stirrer for 10 minutes. Then keep solution for sonication on sonicator instrument for 20 minutes. 

Characterization of Nano P Particles 
After the preparation of hydroxyapatite nanoparticles different characterization techniques were used to 

investigate their particle size (nm), poly dispersive index (PDI) and count rate (Kcps), zeta potential and 

morphological characteristics. 

1. Dynamic light scattering (DLS): Dynamic Light Scattering (DLS) is an important tool for 

characterizing nanoparticles and other colloidal solutions. DLS measures light scattered from a laser that 

passes through a colloidal solution. By analyzing the modulation of the scattered light intensity as a 

function of time, information can be obtained on the size of the particle in solution. The analysis is based 

on the diffusive motion of particles in solution (Brownian motion) in which larger particles will move more 

slowly and scatter more light than smaller particles. The hydrodynamic diameter (the diameter of a 

hypothetical nonporous sphere that diffuses at the same rate as the particles being characterized) can be 

calculated from the time dependence of the scattering intensity measurements. 

Dynamic light scattering (Malvern Zetasizer, Nano ZS 90) was used to check particle size (nm), 

polydispersity index (PDI) and count rate (Kcps) following the standard operating procedure at 25°C. It is 

a laser diffraction method with a Multiple Scattering Technique which was used to determine the particle 

size distribution of the nanoparticles. In order to find out the particle size and particle size distribution 

from the synthesized nanoparticles in aqueous media, 1 ml of the suspension was taken in the cuvette and 

measurements were conducted at 25°C.  

The Z-Average Diameter (ZD) is the intensity-weighted mean diameter derived from the cumulants 

analysis. This mean is specific to light scattering. It is very sensitive to the presence of aggregates or large 

contaminants due to the inherent intensity weighting.  

Polydispersity Index (PDI) is defined as a dimensionless measure of the broadness of the size distribution 

calculated from the cumulants analysis. In the Zetasizer software it ranges from 0 to 1. Values greater than 

1 indicate that the distribution is so polydisperse the sample may not be suitable for measurement by DLS. 

 
Nano Phosphatic fertilizer 

Zeta potential is measured by adding a solution to a cell that contains two gold electrodes. When a voltage 

is applied to the electrode, the particles will move towards the electrode with the opposite charge. A Doppler 
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technique is used to measure the particle velocity as a function of voltage. A laser passes through the cell 

and as particles move through the laser beam the intensity of scattered light fluctuates at a frequency 

proportional to the particle speed. Particle speed at multiple voltages is measured, and this data is used to 

calculate the zeta potential.  

The zeta potential of the nanoparticles was also evaluated using the Malvern Zetasizer, Nano ZS-90. 

Zetasizer Nano ZS-90 uses Laser Doppler Velocimetry to determine electrophoretic mobility.  

2. Scanning electron microscope (SEM): The coarse and fine micro structures and the morphology of 

all the HA NPs were depicted by using Carl Zeiss scanning electron microscope (Model: EVO 18). 

Completely dried hydroxyapatite nanoparticle powder synthesized at pH 9.5 was mounted on 9 × 9 carousel 

sample holder. The extra powder was removed using air balloon and directly visualized under electron 

microscope using VPSE detector at variable magnification. 

3. Fourier-transform infrared spectroscopy (FTIR): Fourier-transform infrared spectroscopy (FTIR) 

(Perkin Elmer, Spectrum II) was used to check functional group present on the surface of hydroxyapatite 

nanoparticles by applying infrared radiation (IR) to samples of materials, FTIR analysis measures a 

samples absorbance of infrared light at various wavelengths to determine the materials molecular 

composition and structure. 

Potassium bromide (KBr) pellet preparation was carried out using 1 mg of dried hydroxyapatite 

nanoparticles synthesized at pH 9.5 and 100 mg of KBr and pellet was prepared using KBr press. The pellet 

was later subjected to FTIR Perkin Elmer Spectrum II spectroscopy for analysis. It scans in the range of 

400 - 4000 cm-1 were collected for each spectrum at a spectral resolution of 4 cm-1. 
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Introduction 
The global population is projected to reach ten billion by 2050. It will be necessary to produce 70 % more 

food than was done in 2010, but studies have shown that the world's agricultural production won’t be able 

to keep up with the increased demand. Paddy, wheat, maize, sorghum and pearl millet (bajra) are the most 

important cereals of India with a production of 305.44 million ton in 2020-2021. Crop yields are constrained 

by declining marginal productivity improvements, soil degradation, extreme weather events, soil-nutrient 

deficits, and rising pestilence, among other issues. Approximately one-third of the entire amount of food 

produced (about 1.3 billion ton) for human use is wasted despite rising demands on the food supply. Post-

harvest losses of durable crops are estimated at 10% worldwide and 20% or more in developing countries, 

particularly in the tropics. In many developing economies, such as those in Africa, Asia, and Latin America, 

more than 40% of this loss happens at the postharvest stage of commodity supply chains (between harvest 

and the consumer). The studies estimated that among various agricultural commodities, on a weight basis, 

cereal crops, roots crops, and fruit and vegetables account for roughly 19%, 20%, and 44 percent losses, 

respectively. Sub-Saharan Africa (SSA) alone losses food grains worth roughly USD 4 billion annually, 

according to a World Bank analysis.  

The post-harvest technology system in cereals can be split three distinct areas. 

1. Preparation of harvested cereals grain for storage. 

2. Referred to as primary processing, which involves further treatment of the grain to clean it, remove the 

husk, or reduce the size.  

3. Transferring the grains into edible products. 

Steps of Processing Cereals 
The primary processing of cereals includes cleaning, grading, hulling, pounding, grinding, tempering, 

parboiling, soaking, drying, and sieving.  

Step 1. Harvesting: There is an optimum time for harvesting cereals, mainly depending on the maturity 

of the crop and the climate conditions. It is a critical operation in deciding the overall crop quality. 

Harvesting timing and method (mechanical vs. manual) are two critical factors dictating the losses during 

the harvesting operations (Grover et al., 2013). Too early harvesting of crop at high moisture content 

increases the drying cost, making it susceptible to mould growth, insect infestation, and resulting in a high 

amount of broken grains and low milling yields (Kannan et al., 2013). The recommended optimum moisture 

content during harvesting of various crops is listed below in table 1.  

Table 1. Maturity moisture content of various crops 

Crops  Maturity moisture content (%) Crops  Maturity moisture content (%) 

Paddy 22-28 Beans  30-40 

Maize 23-28 Groundnut 30-35 

Sorghum 20-25 Sunflower 9-10 

(Source: De Lucia and Assennato, 2006) 

However, the safe moisture content for long-term storage of most of the crops is considered below 13%. 

Even for the short-term storage (less than 6 months), the moisture should be less than 15% for most of the 

crops. 
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Step 2. Threshing: The threshing process is to detach the grain from the panicles. The process is achieved 

through rubbing, stripping, or impact action, or using a combination of these actions. The operation can be 

performed manually (trampling, beating), using animal power, or mechanical threshers.It involves three 

different operations. They are separating the grain from the panicle, sorting the grain from the straw and 

winnowing the chaff from the grain. Grain spillage, incomplete separation of the grain from chaff, grain 

breakage due of excessive striking, are some of the major reasons for losses during the threshing process 

(Khan et al., 2010). 

Step 3. Cleaning and winnowing: The cleaning process is performed after the threshing to separate 

whole grains from broken grains and other foreign materials, such as straw, stones, sand, chaff, and weed 

seed. Winnowing is the most common method used for cleaning in the developing countries. A large amount 

of grains are lost as spillage during this operation, and grain losses during winnowing can be as high as 

4% of the total production.  

Step 4. Drying: Drying can be performed naturally (sun or shade drying) or using mechanical dryers. 

Inadequate drying can result in mould growth and significantly high losses during storage and milling 

(Grover et al. 2013). Therefore, drying is a critical step after harvesting to maintain the crop quality, 

minimize storage losses and reduce transportation cost. For example, maize is often harvested at 28%-

32%moisture content (MC), and should be dried to 12%-13% MC for safe storage (Abass et al., 2014). 

Step 5. Storage: Dried cereals grains are stored in bulk until required for processing. The grains must be 

inspected regularly for sign of spoilage and the moisture content tested. If the grain has picked up moisture 

it must be re-dried.  

Table 2. Safe moisture content on different grain: 

Products Safe moisture content (%) Products Safe moisture content (%) 

Rice 14 Broad bean 15 

Wheat 14-15 Cowpea 15 

Maize 13.5-14 Lentil 14 

Sorghum 14 pea 14 

Oats  13.4 Ryes  14.9 (at 25-28⁰C) 

Barley  14 Oil crop 6-9 

Source: FAO, 2014 

Step 6. Transportation: Transportation is an important operation of the food supply chain, as 

commodities need to be moved from one step to another, such as field to processing facilities, field to storage 

facilities, and processing facilities to market. Low quality Jute bags are used commonly during 

transportation and even storage, which results in high spillage rates due to leakage from the sacks. 

(Kannan et al., 2013) reported that 2%–10% losses during handling and transportation of rice in South east 

Asia. 

Step 7. Milling: The milling or processing operations vary for different grains. The operation can be 

performed manually or using milling machines. Traditionally, in rural areas, milling is performed 

manually by repeated pounding.  

Table 3. Monetary value of harvest and post-harvest losses of cereals in India: 

S.no. Crops Production 

million tonnes 

2012-13 

Average Wholesale 

Price at 2014 

(Rs./tonne) 

Overall 

total loss 

(%) 

Monetary value of 

loss (Rs. crore) 

1. Bajra 8.74 12666 5.23 579 (2.80) 

2. Maize 22.23 12662 4.65 1309 (6.32) 

3. Sorghum 5.28 18456 5.99 584 (2.82) 

4. Paddy 104.40 17918 5.53 10344 (49.98) 

5. Wheat 92.46 17309 4.93 7882 (38.08) 

 Total    20698 (100) 

Source: (Dixit et al., 2016) 
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Basic Requirements and Recommendations for Good Storage 
Ensuring that the crop going into store is in good condition: 

a. Good quality whole grain is less likely to suffer from insect attacks than poor quality damaged 

grain. 

b. The grain should be checked after maturity while the crop is still standing in the field. 

c. Grain that shows signs of infestation or damage should be separated out before harvest and either 

discarded.  

d. The grain should be cleaned well and any that is damaged removed. 

Practicing good store hygiene: 

a. This means keeping everything as clean as possible.  

b. Store surroundings should be tidied so that there is no vegetation or rubbish to hinder inspection 

or to provide breeding grounds for insects and rodents.  

c. Clearing the ground around the store will make it easy to spot termite trails. 

d. Livestock should be kept away from the store; they should not be allowed to browse or sleep under 

it. Droppings should be cleared up as they attract rodents.  

e. Whenever storage containers are empty, they should be cleaned. Second-hand sacks should be 

dipped into boiling water to kill any insects and then dried in the sun.  

f. Grain residues should be removed from sacks by turning them inside out and thoroughly brushing. 

Holes should be stitched.  

g. Grass should be burnt inside solid walled bins and mud plastered baskets to kill off insects and 

mould spores. It is good practice to sprinkle the inside walls and floor of the structure with 

insecticide to kill remaining insect pests. 

h. Old grain should be stored separately from the new crop and should be used first. 
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Introduction 
Soil is a vital resource to humankind, like air and water. Soil degradation-the deterioration or loss of the 

productive capacity of the soils for present and future is a global challenge that affects everyone through 

food insecurity, higher food prices, climate change, environmental hazards, and the loss of biodiversity and 

ecosystem services. It has also been defined as the rate of adverse change in soil qualities resulting in 

decline in productive capacity of land due to processes induced mainly by human intervention. Expected 

land scarcity and a drastic reduction in crop yields and productivity of food crops under the scenario of 

climate change are foreseen by 2050. Soil degradation is happening at an alarming pace, contributing to a 

dramatic decline in the productivity of crop soils worldwide. Soil degradation is one of the world’s most 

pressing environmental problems and it will worsen without rapid remedial action. Soil degradation is a 

process, which lowers the current and future capacity of the soil to produce goods or services (Sehgal,1994). 

Changing temperature and rainfall patterns and intensity due to increased extreme events of climate 

change, soil degradation as well as pest and disease infestation impose serious threats on traditional 

agricultural systems (Singh, 2019).  

The data of 2010 published by Indian Council of Agricultural Research (ICAR) and National Academy of 

Agricultural Sciences (NAAS) about soil degradation provided by different institutions show that 120.72 m 

ha of the land is degraded every year out of 328.73 m ha. With the so-called “green revolution”, the 

productivity of the main agricultural crops has more than doubled, on average, with some cereals reaching 

a staggering 4 to 5 fold increase [Cassman,2003]. This has helped meet world food demand and save 

millions of people from starvation, became self-sufficient in staple foods within 20 years, even though its 

population more than doubled [Conway,2012]. As the productivity increased, it has been estimated that 

about 70% is due to the intensification of agriculture (e.g., new varieties, irrigation, use of inputs), and the 

remaining 30% is a result of new land being brought into production [Ray,2012]. It must be highlighted 

that the doubling of global food production during the past decades has been accompanied by a massive 

increase in the use of inputs, such as synthetic nitrogen, phosphorus, pesticide applications and extensive 

use of irrigation and energy [Smil,2000.]. The intensification of agriculture has also led to the degradation 

and exhaustion of soil and land. 

Recent estimates indicate that every year:  

1. Soil degradation affects 1.9 billion hectares  

2. 12 million hectares (23 hectares a minute) of land is lost to food production  

3. 24 billion tonnes of fertile soil is irretrievably washed or blown away (3.4 tonnes for every human on the 

planet). It is also projected that this will lead to a 12% decline in global food production over the next 25 

years, resulting in a 30% increase in world food prices (UNCCD 2015). This will occur during a period when 

more is demanded of soils than ever before, due to the growing global population and climate change. The 

most likely reaction to this will be to encourage even greater intensification of food production (and this is 

already happening), but while this may bring some short-term increases in productivity and delay the 

development of food shortages, all indications suggest it will only increase the rate of soil degradation, 

making the underlying problem even worse (UNCCD 2015). 

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, fodder and fibre. Various human activities, such as the introduction of large-

scale 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 
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productivity leading to social insecurity. Emission of greenhouse gases to the atmosphere resulting into the 

global warming could be the major reason for soil degradation. The other causes of degradation due to 

direct/indirect human interventions are: 

1. Deforestation and removal of natural vegetation. 

2. Overgrazing. 

3. Agriculture-related activities. 

4. Over exploitation of the vegetation for domestic purpose. 

5. Monocropping and use of agrochemicals. 

Major Threats and Management Options 
Soil Erosion: A major factor responsible for the degradation of the natural resources is soil erosion. 

According to an estimate, more than 85 M ha of TGA (total geographical area) is subjected to water and 

wind erosion. Soil erosion by water is one of the most serious degradations in the Indian context. Existing 

soil loss data were analysed [Dhruvanarayana, 1983.] and it was concluded that soil erosion was taking 

place at an average rate of 16.35 t ha-1 yr-1 totalling 5334 M t yr-1. Soil degradation is, therefore through 

the loss of topsoil is one of the major factors of low and unstable crop yields in rainfed semiarid to sub-

humid subtropics of India. Loss of productivity is further governed by these types of soils. 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. 

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). According to Montanarella (2007), the most significant consequences of salinization are a 

loss of soil fertility, a reduction in water infiltration, a loss in biodiversity, damage to the infrastructure, 

and the weakening of soil, to name but a few. The negative effects of salinization can be significantly 

mitigated by improved water management (irrigation and drainage), a better use of fertilizers and the 

application of adaptive cultures. The alkali soils in general are characterized by high soil pH (up to 10.8), 

high exchangeable sodium per cent (ESP) up to 90, low organic carbon, poor infiltration and poor fertility 

status. These soils are dominated by sodium carbonate and sodium bicarbonate salts. The dominant salts 

in saline soils include chlorides and sulphates of Na, Ca and Mg. Similarly, 25% of the groundwater 

resources in the country are saline and brackish. Certain states like Rajasthan and Haryana are endowed 

with     84% and 62% of poor-quality groundwater, respectively. Continuous use of such waters for irrigation 

to agricultural crops is bound to increase the problem of salinity and sodicity in India. 

Conclusions 
While many advances have recently been made, more studies are needed to understand soil processes for 

different sites, land uses, management systems and scales. For instance, it is still disputed exactly how soil 

can best be used to mitigate GHG emissions and, at the same time, meet our needs for other ecosystem 

services, especially increased food production. Soil degradation is potentially reversible through planned 

ecosystem restoration and by introducing agricultural systems and practices that regenerate soil by 

building fertility and increasing biological activity and SOC. It is essential that soil health should be given 

a central position in decisions made to combat climate change and that it is recognised as a vital resource 

for the future of humanity. 
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Abstract 
India is largely an agricultural country with cultivated area of about 2.5 percent to feed almost 15.5 percent 

of the world population. The emergence of food crisis, due to an ever increase in the world population has 

led scientists and technologists to tap the available sources in finding alternative ways of producing cheap 

and quality food. Among the different food sources for humans, microbes are also an important source and, 

in these fungi, (edible fungi/mushrooms) comprises the largest and most important group. 

Introduction 
Mushrooms are the fleshy, spore-bearing fruiting bodies of fungi, a group of organisms, separate from 

plants and animals. According to Chang (1991) mushroom is defined as a macro fungus, with distinctive 

fruiting body which may either be above ground (epigeous) or below ground (hypogenous) and large enough 

to be seen by naked eye and to be picked up by hand. The fruiting body of the mushroom consists of a stem, 

which supports expanded umbrella-shaped cap (Pileus). On the underside of the umbrella are the gills or 

lamella. When the cap expands, the veil is torn and the remnants at the base form Volva and some of the 

fragments remain attached to the Pileus surface. All the edible mushroom, under cultivation for the 

production of sporocarps without exception fall into either of the two major groups: Ascomycotina and 

Basidiomycotina. 

Climatic Requirement 
Oyster mushroom can grow at moderate temperature ranging from 20-280C. The Pleurotus mushroom is 

generally referred to as `Oyster Mushroom' or `Dhingri' in India. It is a lygnocellulolitic fungus and grows 

naturally in the temperate and tropical forest on dead and decaying wooden logs and sometimes on drying 

trunks of deciduous or coniferous woods. With more than 100 percent biological efficiency coupled with its 

pleasant flavor and excellent drying and keeping qualities, it is likely to be a poor man’s food. Availability 

of large number of species of different colours, wide adaptability to temperature and ability to grow on 

variety of agriculture and forestry wastes, make this species most promising and its cultivation would go a 

long way in converting wastes into food and also helps in overcoming the problem of environmental 

pollution. 

The oyster mushroom is one of the most suitable fungal organisms for producing protein rich food from 

various agro wastes without composting. The oyster mushroom is one of the more commonly sought wild 

mushrooms, though it can also be cultivated on straw and other media.300 C and humidity 55-70% for a 

period of 6 to 8 months in a year. It can also be cultivated in summer months by providing the extra 

humidity required for its growth. In hilly areas above 900m. (m.s.l.), the best growing season is during 

March/April to September/October and in the lower regions from September/October to March/April. 

Material Requirements 
1. Paddy straw 

2. Perforated Poly bags(18’x12’) 

3. Mushroom spawn 

4. Room with bamboo racks 

5. Equipment like chaff cutter and boiling drum 

6. Buckets and sprayers. 
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Buildings and Other Facilities 
Most ordinary buildings are not suitable for mushrooms. Oyster mushrooms have some basic requirements 

for the environment. 

Temperature of 150-200C and humidity of 80-90%. Both temperature and humidity should be kept as 

constant as possible as any rapid changes in temperature will cause disastrous changes in humidity. 

Good ventilation: - It is needed for healthy mushroom and health of the growers. Ventilation removes 

CO2 formed by mushrooms. 

Light: - Light also helps in the growth of mushrooms. However natural daylight does not work well. 

Method of Cultivation 
The production of the oyster mushroom can be conveniently summarized into a number of stages which are 

to be strictly followed in order to achieve higher biological efficiencies (B.E). The stages are as follows: 

1. Mushroom growing house disinfection 

2. Substrate preparation 

3. Straw sterilization 

4. Spawning 

5. Maturation 

6. Harvesting 

7. Post-harvest handling. 

Mushroom Growing House Disinfection 
The mushroom growing house (MGH) is a very selective environment for the growing of the oyster 

mushroom. This means that it must not give chance for the growing of other competitor organisms which 

will compete for nutrients with our mushrooms e.g., bacteria, other fungi, viruses and pests- flies, rodents 

etc. Since chemicals are not encouraged to practice organic farming which involves the non-chemical 

production of mushrooms by using biological control methods. However, chemicals like hypo chloride, 

dettol, formaldehyde or hydrogen peroxide can be used for initially disinfecting the MGH or between cycles. 

Substrate Preparation 
Oyster mushroom can be grown on various substrates viz.  Paddy straw, maize stalks/cobs, vegetable plant 

residues etc. Since paddy straw is easily available and cheap, it is widely used. Paddy straw should be fresh 

and well-dried. 

Straw Sterilization 
Cut the paddy straw into 2” long and then fill the gunny bag which is then soaked in water for an hour 

after which the excess water is allowed to drain out. A drum of 220L capacity is filled with a small amount 

of water with a wooden frame placed at the bottom of the drum is taken. Straw filled gunny bags are kept 

at the top of the wooden frame so as to avoid it from getting soaked in water. The open end of the drum is 

sealed with plastic sheet during sterilization. Sterilization of the straw is considered once the water starts 

boiling which should be done for an hour after reaching boiling point. On completion of sterilization the 

gunny bags are taken out n allowed to cool. 

Spawning 
The sterilized straw is filled into the perforated polybags by slightly pressing so as to form about 3” 

thickness of the first layer. Then spread 20g of spawn uniformly over the entire straw layer and repeat the 

process till 4-5 layers of straw ensuring that there is proper pressing for every layer. 

Spawn Running 
Now compress the bag and tie its mouth with binding rope and the spawned bags are kept in a room away 

from direct sunlight for incubation at a temperature between 200-300C. After 3 weeks or so the whole 

substrate turns white which indicate the spawn run completion. So, the plastic cover is removed and the 

bags are placed by tying in bamboo poles inside the growing room. Watering should be done twice a day 

after opening of the bag and within 2-3 days mushroom primordial begins to form. 
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Harvesting 
The first harvest of mushroom can be taken in 5-7 days of pinhead formation by giving a gentle twist of the 

fruiting body. Light watering should be given on daily basis and after a week another sprout of pinhead 

will appear. 3-4 flushes during 1 cropping cycle can be obtained after which the leftover substrate can be 

used for the production of manure. 

Yield 
An average yield of 60-70 kg fresh mushroom per cropping cycle is obtained from 1.0 quintal dry paddy 

straw. 

Conclusion 
Mushroom cultivation can effectively utilize agro residues for production of protein rich food and plays 

crucial role in management of these agro residues. Mushrooms can serve as food, as tonic and as medicine. 
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Agriculture is both a victim of climate change, and a significant cause. Reducing the industry’s carbon 

emissions and helping farmers adapt to climate change should be a priority. Farming sustains half of 

India’s 1.4 billion populations but is also a major contributor of greenhouse gases and pollution. India is 

the world’s third largest emitter of GHG, with 74% of its carbon emissions attributable to methane from 

livestock and cultivation, and another 17.5% of agricultural carbon emissions derived from rice cultivation 

(World Economic Forum, 2022). Every year in northern India, 23 million tonnes of paddy stubble is burned, 

contributing as much as 40% of New Delhi’s pollution during winter months, and an annual health and 

economic cost of around $30 billion. 

Until recently, a range of factors have prevented smallholders from taking advantage of the carbon market, 

which is based on organizations and individuals selling the carbon they capture. For example, by tree-

planting to countries or companies which wish to offset their own emissions. Because of the 

Intergovernmental Panel on Climate Change (IPCC) comments about disastrous consequences of 

environmental factors on Indian agriculture, the Indian Agricultural Research Institute (IARI) decided to 

join hands with a private firm for the first time to build a marketplace for trading in carbon credits for 

farmers in the country. Rough estimates show by not burning six tonnes of paddy straw in one hectare, a 

farmer can generate one carbon credit, worth around $10 in the market. 

While agriculture is regarded as a key cause of climate change, it is also an integral part of the solution. 

Soil carbon sequestration opens up new possibilities for climatepositive agriculture that delivers shared 

benefits, including enhanced soils that reduce fertilizer use and improve overall crop health, increased 

farmer resilience and prosperity as well as reduced GHG emissions. With 52% of global farmlands degraded 

or disused, it is imperative that we restore the value placed on healthy soils through active interventions. 

For example, if paddy straw is not burnt and ploughed back into the soil, the organic carbon content of the 

soil is enhanced, helping in improving fertility. In this way, tech-fuelled initiatives are helping to sink and 

offset India’s sizeable carbon in emissions, while also providing additional income and aiding the efficiency 

of farmers. 

Soil Carbon Sequestration Opportunities for the Farmers 
A number of opportunities currently exist for farmers to receive payments for sequestering carbon in their 

soils. Practices that sequester carbon include No-till, conservation tillage, Cover crops. Switching from 

conventional tillage to no-till and conservation increases soil organic carbon by avoiding disruption of soil 

aggregates which protect soil organic carbon from decomposition. Cover crops increase soil organic carbon 

by adding biomass carbon input, improving protection for soil organic carbon in the form of soil aggregation, 

and decreasing carbon loss through soil erosion. 

How much Greenhouse Gas Emissions Does Indian Agriculture Emit? 
Farming contributes around 14% of the annual greenhouse gas emissions from India. Of this, 55% comes 

from the livestock sector alone. As of 2022, CO2 emissions for India were 2.6 billion tones which were 6.83% 

of the world’s total. In the recent COP-26 summit, India committed to reducing overall carbon emissions 

by 1 billion tonnes by 2030 and to reach net zero emissions by 2070. To reach net zero emissions by 2070, 

carbon credits and other carbon offsetting initiatives must be available to India’s millions of smallholder 

farmers. 

What is Carbon Credit, and how can Carbon Credit Trading Work in Agriculture? 
A carbon credit is a tradable permit or certificate that provides the holder of the credit the right to emit 

one ton of carbon dioxide or an equivalent of another greenhouse gas. Farmers can claim carbon credits for 
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a host of regenerative agricultural practices such as not burning paddy straw, conservation agriculture 

such as not ploughing land and laser leveling of land. For each such practice undertaken, some credits that 

can be monitored will be generated. They will then be valued in accordance with standard international 

practices. Companies that want to lower their carbon footprints, such as fertilizer manufacturers or 

airlines, but are finding it difficult to do so because of the nature of their business, can step in by directly 

purchasing carbon credits from farmers using the platform and its high-end technology. 

What are the Benefits of Carbon Credit Trading in Agriculture? 
Carbon Credit trading is a win-win situation for both farmer and company in multiple ways: 

1. Farmers are paid for adopting healthy agricultural practices that reduce carbon emission. 

2. They also benefit the soil, environment and also their own surroundings while at the same time 

companies can meet their targeted emission norms. 

Examples of Carbon Trading in India 
1. Jindal Vijaynagar Steel the Jindal Vijaynagar Steel recently declared that it will be ready to sell $225 

million worth of saved carbon by the next ten years. This was made possible as their steel plant uses the 

Corex furnace technology that prevents 15 million tonnes of carbon from being discharged into the 

atmosphere. 

2. Powerguda in Andhra Pradesh This village in Andhra Pradesh was selling 147 tonnes equivalent of 

saved carbon dioxide credits. The company made a claim of having saved 147 MT of CO2. This was done by 

extracting bio-diesel from 4500 Pongamia trees in their village.  

3. Handia Forest in Madhya Pradesh It is estimated that 95 very poor rural villages would jointly earn at 

least US$300,000 every year from carbon payments by restoring 10,000 hectares of degraded community 

forests in Madhya Pradesh. 

Conclusion 
Increasing opportunities for farmers to receive payments for sequestering carbon in their soils are receiving 

much attention. While implementing practices that sequester carbon can help in the fight against climate 

change and serve as a source of supplemental revenue for farmers. 
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Hydroponics 
What is hydroponics? 

Plants grow through a process called photosynthesis, in which they use sunlight and a chemical inside 

their leaves called chlorophyll to convert carbon dioxide (a gas in the air) and water into glucose (a type of 

sugar) and oxygen. Write that out chemically and you get this equation: 

6CO2 + 6H2O → C6H12O6 + 6O2 

There's no mention of "soil" anywhere in there—and that's all the proof you need that plants can grow 

without it. What they do need is water and nutrients, both easily obtained from soil. But if they can get 

these things somewhere else say, by standing with their roots in a nutrient-rich solution they can do 

without soil altogether. That's the basic principle behind hydroponics. In theory, the word "hydroponics" 

means growing plants in water (from two Greek words meaning "water" and "toil"), but because you can 

grow plants without actually standing them in water, most people define the word to mean growing plants 

without using soil. 

 

How Hydroponics Works? 

 
“It’s very controlled, very efficient” 
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Plants need water and 13 to 14 different elements as fertilizers — including nitrogen, phosphorous and 

potassium. In a hydroponic system, filtered water delivers the exact number of fertilizers to the plants in 

the exact amount needed throughout the day. 

There are Different Types of Hydroponic Systems or Techniques. Three of the Most 

Common Include 
1. A nutrient film technique:  Uses channels, like slots, in a long gutter. Plants sit on top of the gutter 

and the water runs underneath, delivering water and fertilizers throughout the day. 

2. A deep water culture system: It is essentially a pond filled with a nutrient solution. Plants sit in rafts 

with the roots sliding through slots, allowing them to absorb water and nutrients in the pond when needed. 

3. A soilless substrate culture system: It is a bag or container filled with aggregate mix (peat or coco 

coir) to which water and fertilizers are delivered as needed. 

The greenhouse or indoor farm facility itself is a huge part of the setup, which is why engineering is critical 

to controlled environment agriculture. The structure needs to be able to handle wind and snow and be 

optimized for sunlight. When the sun isn’t shining, LED lights turn on via an automatic sensor. Sensors 

also control heating, cooling and humidity to maintain an ideal climate for plants to grow. 

What can be Grown in Hydroponics? 
Lettuce, kale, spinach, herbs, tomatoes, cucumbers, peppers and strawberries. 

The Different Types of Hydroponics and How they are Different 
When it comes to hydroponics systems, there are six main types to choose from. These are: 

1. Deep Water Culture (DWC) 

2. Ebb and Flow (Flood and Drain) 

3. Wicking 

4. Drip 

5. Aeroponic 

6. Nutrient Film Technique (NFT). 

The Main Advantage of Using Hydroponics Method is 
1. Conservation of water and nutrients. 

2. No more use of fertilizers, pesticides, and other chemicals. 

3. It can be grown anywhere as it requires very less space for growing and involves a soil-free condition. 

4. It minimizes the loss of nutrients and has a lot more accurate control over the nutrients required by the 

plants. 

5. Plant growth is completely dependent on the nutrient solution provided. Thus, there is controlled plant 

growth. 

The Disadvantages Associated with Hydroponics is 
1. It is a supplement to traditional growing methods which requires high technical knowledge and training 

before starting the process. 

2. It is a time-consuming process. 
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Abstract 
Global population increase, resource depletion, climate change, and developing pests are just a few of the 

many restrictions that have a significant impact on agricultural productivity and production worldwide. As 

a result, a variety of plant protection methods have been implemented, with a focus on the employment of 

contemporary biotechnological techniques that are essential and have been shown to be the most successful. 

pest management strategies, including traditional biological control strategies and molecular breeding 

technologies. In fact, more than any other field, plant protection greatly benefits from biotechnology to 

promote sustainable development and food security. This comprehensive strategy may effectively address 

the constantly changing pest threat, so resolutely addressing food poverty and ably promoting sustainable 

development. 

Keywords: Pest management, Tissue culture, molecular breeding, genetic engineering. 

Introduction 
Biotech crops include all crops created utilizing current biotechnology, including mutagenesis and marker-

assisted breeding in addition to genetically modified (GM) crops. To meet the global need for food and feed, 

food production will need to rise significantly in the near future. This will require higher output, especially 

in developing nations in Asia, Africa, and Latin America. In order to meet this need in a way that is both 

environmentally responsible and economically viable, yield increases on currently-cultivated lands must 

be the main method (Edwards and Gatehouse, 2007; James, 2009). In order to boost yields, one strategy is 

to reduce pest-related losses, which typically account for 14 to 25% of all agricultural production worldwide. 

Since crop protection is less effective in food crops than in cash crops, these losses are particularly 

noticeable in food crops. Losses for rice, potatoes, maize, soybeans, and wheat were each predicted to have 

been 37%, 40%, 31%, 26%, and 28% in 2003. 

Biotechnology for Pest Management 
The application of biotechnology in pest management can be broadly divided into two categories namely (i) 

conventional biotechnology and (ii) modern biotechnology. The application aims to describe the most 

effective and cutting-edge biotechnological pest management solutions that centre on molecular breeding 

and genetic engineering approaches, starting with the pioneering conventional management measures 

(non-transgenic or that do not require gene transfer). 

Conventional Biotechnology Products Used in Pest Management 
Lettuce, kale, spinach, herbs, tomatoes, cucumbers, peppers and strawberries. 

The Different Types of Hydroponics and How they are Different 
The conventional biotechnology products or the nontransgenic technologies used for the control of pests 

involve the whole range of bio-agents, tissue culture techniques and biofertilizers. 

1. Bio-Agents Used for Pest Management: The term "bio-agents" refers to all different kinds of 

biological agents, including microbiological agents, natural enemies, parasitoids and parasites, and 
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botanicals. Conventional biotechnology products for the treatment of pests include several kinds of 

biocontrol agents (Barratt et al., 2018) and biopestides, which are frequently employed interchangeably. 

These pest control substances are made of either bio-agents or their secondary metabolites. 

2. Integrated Pest Management (IPM) Strategies: The above-mentioned biological control methods 

have found extensive use in developing practical and comprehensive Integrated Pest Management (IPM) 

techniques to maintain agricultural production, making them more sustainable when integrated. IPM is a 

pest management strategy with an ecological foundation that combines all suitable techniques into a 

methodical approach to reduce pest damage. The integration of six elements, including biological control, 

host plant resistance, cultural control, mechanical and physical control, chemical control, and regulatory 

control, is supported on a global scale as the paradigm of the future. IPM advocates the use of natural pest 

control methods and places an emphasis on the growth of healthy plants with the least amount of 

interruption to agro ecosystems. 

3. Tissue Culture Techniques: In a short amount of time, tissue culture (TC) techniques enable the fast 

growth of disease-free plants under regulated, aseptic conditions. It provides a wealth of opportunities for 

the development, preservation, and use of genetic diversity for the benefit of plants. Tissue culture 

techniques have been used for mass multiplication of plants and their conservation. TC are also applied for 

in vitro screening for disease resistant plants.  

4. Biofertilizers: In order for the plants to thrive, grow healthily, and effectively supplement the plant 

protection measures, the fertility of the plant growing medium (soil) must be maintained. As a result, 

microbial biotechnology products like biofertilizers [Biological Nitrogen Fixing (BNF), Phosphate 

Solubilizing Bacteria (PSB), Potassium Mobilizing Bacteria (KMB), Plant Growth Promoting Bacteria 

(PGPB), and Mycorrhza have been used to increase soil fertility, plant tolerance, and crop productivity. 

Molecular Breeding for Pest Management 
Host plant resistance (HPR) is one of the most effective control approaches among the pest management 

techniques discussed above. It can also be made more dependable and quick using DNA marker-based 

breeding techniques or molecular breeding. DNA markers are frequently used in many parts of plant 

genome study, including population genetics, taxonomy, plant breeding, diagnostics, genome 

fingerprinting, genome mapping, gene localization, and genome evolution analysis. As a result, molecular 

markers have shown to be extremely useful tools for evaluating the genetic resources of plants by enhancing 

our knowledge of the distribution and degree of genetic diversity within and among species. 

1. Marker Assisted Breeding: When used in place of or in addition to phenotype screening, marker-

assisted selection (MAS) refers to the use of DNA markers that are closely connected to the target loci. Due 

to the great precision and cost-effectiveness of applying molecular markers at the seedling stage, MAS 

offers options for improving the response from selection. Marker-assisted breeding (MAB), also known as 

molecular plant breeding, uses markers in addition to the selection of the best features in breeding. 

2. Variants of Plant Resistance to Pests: Plants' pest resistance can be developed faster using the 

molecular techniques indicated above than through traditional breeding. Resistance can come in a variety 

of forms, including multiple, quantitative, and durable resistances. Gene stacking and gene pyramiding 

were used to develop long-lasting pest resistance cultivars. In order to create long-lasting resistance 

expression, pyramiding involves stacking numerous genes, resulting in the simultaneous expression of 

multiple genes in a variety. In the scientific literature, the terms "gene stacking" and "gene pyramiding" 

can be used interchangeably to describe the same phenomenon. The combined features that come from this 

procedure are known as stacked traits, and both require merging two or more genes of interest into a single 

plant. 

Genetic Engineering for Pest Management 
The practise of changing an organism's genetic makeup through direct, controlled, and artificial means, 

including the movement of genes within and across species boundaries, is known as genetic engineering, 

also known as genetic modification. The goal of genetic engineering is to create better or novel organisms. 

Thus, plant genetic engineering is a technique that involves introducing a foreign donor gene controlled by 

certain gene regulatory sequences into the genome of a host crop. Transgenics, intragenics, cisgenics, and 
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subgenics are the different types of genetic engineering based on the differences between the gene donor 

and recipients. 

1. Transgenics: Transgenics are a term used to describe genetic engineering methods that include 

transferring foreign genes from unrelated species. This area of genetic engineering includes the majority 

of the GM goods over the last two decades. Over the past 20 years, significant progress has been made in 

the manipulation of genes from various and foreign sources and their insertion into microorganisms and 

crop plants to confer resistance to pests, tolerance to herbicides, drought, soil salinity, and aluminium 

toxicity; improved post-harvest quality; enhanced nutrient uptake and nutritional quality; increased 

photosynthetic rate, sugar, and starch production; increased effectiveness of biocontrol agents; and 

improved undersoil health. After a few sections, these are further developed. 

2. Intragenics, Cisgenics and Subgenics: In answer to the general public's major concerns regarding 

transgenic crops relating to the mixing of genetic elements across species that cannot hybridise naturally, 

new technologies called cisgenesis and intragenesis have been developed to change crops. Intragenesis is 

the transfer of novel gene and regulatory sequence combinations that are specific to that species (belonging 

to the same breedable gene pool), as opposed to cisgenesis, which entails genetic modification using a 

complete copy of natural genes with their regulatory elements that exclusively belong to sexually 

compatible plants (same crop species). Both theories suggest that plants can only be modified using genetic 

material that is either cisgenic (derived from the same species) or sexually hybridizable (derived from 

closely related species) (intragenic). 

3. RNA Interference (RNAi): By inserting brief RNA sequences that partially match the sequence of the 

target gene, RNA interference (RNAi) is a technique for suppressing genes so that no proteins are 

generated. With the help of RNAi, it is now possible to eradicate pests, introduce novel plant features, and 

boost agricultural productivity. 

4. New Breeding Techniques and Genome Editing Technologies: NBTs are new methods that aim 

to modify DNA at particular regions to quickly produce potentially valuable features. These methods are 

collectively and generally referred to as "genome editing." Crop plant genome editing is a rapidly developing 

technology that allows for the precise introduction of selected changes into a plant's genome. Genome 

editing, which involves locating and digesting DNA at a particular location in the genome, is a crucial tool 

for a better knowledge of the fundamentals of plant gene function study. Therefore, it is a more accurate 

and precise technology to design crops that are more prolific, highly nutritive, and climate-resilient. 

However, different nations' regulatory frameworks for genome-edited crops have a significant impact on 

their development and marketability. 
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Introduction 
A variety of analytical techniques are referred to as "atomic spectroscopy" that is used to analyse a sample's 

electromagnetic spectrum or mass spectrum in order to ascertain its constituent composition. The 

techniques that use an analyst element's electromagnetic spectrum to identify it are flame atomic 

absorption spectroscopy (FAAS), inductively coupled plasma optical emission spectroscopy (ICP-OES), and 

microwave plasma atomic emission spectroscopy (MP-AES). Inductively coupled plasma mass spectrometry 

(ICP-MS) and triple quadruple inductively coupled plasma mass spectrometry are two techniques used to 

identify an element by its mass spectrum (ICP-QQQ). 

 
Fig: Microwave plasma atomic emission spectroscopy (MP-AES) instrument 

Inductively coupled plasma mass spectrometry (ICP-MS), one of the analytical methods, has grown in 

favour since it can quickly analyse several elements at and below nanograms per gram levels. Another 

significant addition to this array is the recently developed microwave plasma-atomic emission spectroscopy 

(MP-AES), a brand-new elemental analytical technique that has been developed to increase analytical 

performance and productivity while lowering operating costs by doing away with the need for flammable 

and/or expensive gas requirements found in conventional elemental analytical techniques. (Hammer 2008; 

Balaram et al. 2013, 2014). Although various studies on the use of microwave plasma for atomic 

spectroscopy have been published recently, Agilent Technologies of Australia was the first to market with 

a MP-AES equipment in 2011, it was Agilent Technologies, Australia, who came out with a commercial 

MP-AES instrument in the year 2011. 

Principle and Working 
MPAES is a type of atomic emission technology, just like flame atomic emission technique. The 

fundamental idea is that, as an excited atom of a particular element returns to its ground state after 

receiving external energy, it releases radiation (light) in a distinctive spectrum of wavelengths known as 

the emission pattern. In MPAES, the source for atomic emission is the microwave plasma. As gas supplies 

like argon, acetylene, or nitrous oxide are not necessary for this instrument's operation, it can be used even 
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in remote areas. A variety of metals and nonmetals can be detected more effectively because to the 

revolutionary instrument's compact design and use of the magnetically stimulated nitrogen plasma. 

 
Fig: Schematic multi-mode sample introduction system for MPAES (Zhao et al., 2015) 

This device produces a focused axial magnetic field around a standard torch using a microwave excitation 

unit. In order to create a toroidal plasma with a colder centre channel suitable for the stable entrance of 

liquid samples using a typical sample introduction device, this concentrates the microwave energy where 

it is needed. Each emitting line will have an intensity that is directly proportional to the concentration of 

each individual element. An air compressor and a nitrogen generator are used to power the nitrogen-based 

plasma, which lowers infrastructure costs and operational expenses significantly. 

Applications 
1. REE (Rare Earth Elements) analysis is used in geological, industrial, and environmental materials for 

geochemical exploration investigations, mining, extraction, and industry-wide quality checks on both raw 

materials and finished goods. 

2. The quick examination of the extractable elements in agricultural soil, plant, and fertiliser samples 

allows the evaluation of nutrient content and provides an indication as to potential shortfalls.  

3. Sea water analysis for trace elements 

4. Determination of metals in industrial effluents and waste waters 

5. Monitoring drinking water quality 

6. Analyzing food samples (cheese, honey, milk, chocolates, seeds etc.) for inorganic contents. 

7. Determination of mineral composition in liquors and beverages 

8. Quality check of pharmaceuticals and drugs 

9. Analysis of petroleum, diesel and biodiesel fuel 

10. Analysis of high purity gold 

11. Determination of major elements in polymers. 

Why MPAES is not that Popular 
Despite the fact that MP-AES commercial instruments have been available for many years and have some 

obvious benefits, such as the use of nitrogen produced from the air by their generator to sustain the plasma 

and a smaller footprint, they have not gained much popularity because of some limitations, such as the 

inability to accept samples with high total dissolved solids. There is a possibility of torch clogging and 
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damage when samples with more than 4% TDS are analysed. Compared to ICP-AES, MP-AES equipment 

use less potent optics and detecting systems. Additionally, because only one company produces these kinds 

of instruments, it has not yet reached its full growth. 
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Artificial intelligence is based on the principle that human intelligence can be defined in a way that a 

machine can easily mimic it and execute tasks, from the simplest to those that are even more complex. The 

goals of artificial intelligence include learning, reasoning, and perception. 

General Crop Cultivation Steps in Agriculture 
Preparation of soil: Farmers prepare the soil for spreading seeds at this stage of farming. Large dirt 

clumps are broken up and debris such as sticks, pebbles, and roots are removed. Also, depending on the 

type of crop, add fertilizers and organic matter to produce an optimum environment for crops. 

Sowing of seeds: This step necessitates consideration of the spacing between two seeds as well as the 

depth at which seeds should be planted. Climate factors like as temperature, humidity, and rainfall are 

critical during this stage. 

Fertilizer application: Soil fertility must be maintained in order for the farmer to continue to generate 

nutritious and healthy crops. Fertilizers are used by farmers because they contain plant nutrients including 

nitrogen, phosphorus, and potassium. Fertilizers are simple nutrients that are placed in agricultural areas 

to augment the components that are already present in the soil. This stage also influences the crop's quality. 

Irrigation: This stage aids in maintaining soil moisture and humidity. Crop development can be hampered 

by under watering or overwatering, and if not done correctly, can result in crop damage. 

Weed protection: Weeds are unwanted plants that grow near crops or along agricultural boundaries. 

Weed control is crucial to consider because weeds reduce yields, raise production costs, obstruct harvest, 

and affect crop quality. 

Harvesting: It is the harvesting of ripe harvests from the fields. This task necessitates a large number of 

labourers, making it a labor-intensive activity. Cleaning, sorting, packaging, and refrigeration are all part 

of the post-harvest process. 

Storage: This stage of the post-harvest system is when the goods are stored in a way that ensures food 

security outside of agricultural seasons. Crop packaging and transportation are also included. 

Farmers' Challenges while Adopting Traditional Agricultural Methods 
The following is a list of some of the most common agricultural issues: 

1. Climate variables such as rainfall, temperature, and humidity all have an influence in crop production. 

Climate change is a result of increasing deforestation and pollution, making it difficult for farmers to make 

judgments about how and when to prepare the soil, sow seeds, and harvest. 

2. Every crop requires a certain type of soil nourishment. The soil fertility across the field is not uniform 

leading to variable nutrient requirements. Nutrient insufficiency can cause crops to be of low quality. 

3. Weed control is critical in crop production. If not regulated, it can raise production costs and take 

minerals from the soil, resulting in nutritional deficiencies in the population. 

• Labor scarcity during peak cultivation period 

• Access to timely Market intelligence 

• Traceability of agro produce for certification process 

• Applications of Artificial Intelligence in Agriculture 

The industry is turning to Artificial Intelligence technologies to help yield healthier crops, control pests, 

monitor soil, and growing conditions, organize data for farmers, help with the workload, and improve a 

wide range of agriculture-related tasks in the entire food supply chain. 
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Use of weather forecasting: Farmers can analyze weather conditions using weather forecasting, which 

helps them plan the type of crop that can be grown and when seeds should be sown, with the help of 

Artificial Intelligence. 

Soil and Crop Health Monitoring System 
PEAT, a German digital start-up, has created Plantix, an AI-based application that can detect nutrient 

deficits in soil, as well as plant pests and diseases, and provide farmers advice on how to apply fertilizer to 

increase harvest quality. Image recognition technology is used in this app. Smartphones may be used by 

the farmer to photograph plants. Short movies on this application show soil restoration procedures, as well 

as recommendations and other solutions. 

Trace Genomics, meanwhile, is a machine learning-based startup that assists farmers with soil analyses. 

Farmers may use such an app to track the quality of their soil and crops, resulting in healthier, more 

productive harvests. Precision Farming and Predictive Analytics: Agriculture AI applications have 

produced apps and tools that assist farmers in performing correct and regulated farming by offering 

suitable advise on water management, crop rotation, timely harvesting, kind of crop to be cultivated, 

optimum planting, insect assaults, and nutrition management.AI-enabled technologies predict weather 

conditions, analyze crop sustainability, and evaluate farms for the presence of diseases or pests, as well as 

poor plant nutrition, using data such as temperature, precipitation, wind speed, and solar radiation in 

conjunction with machine learning algorithms and images captured by satellites and drones. Farmers who 

don't have access to the internet may profit from AI right now using basic technologies like an SMS-enabled 

phone and the Sowing App. Meanwhile, farmers with Wi-Fi connectivity may utilize AI programmers to 

acquire an AI-customized plan for their farms on a continuous basis. 

Blue River Technology combines AI, computer vision and robotics to save costs and reduce the amount of 

pesticides. The computer vision defines each plant separately, machine learning determines how the 

characteristics of each should be observed and allows the robot to intelligently control the farm machinery 

and takes suitable actions. 

AI companies are developing robots that can easily perform multiple tasks in farming fields. This type of 

robot is trained to control weeds and harvest crops at a faster pace with higher volumes compared to 

humans. These types of robots are trained to check the quality of crops and detect weed with picking and 

packing of crops at the same time. These robots are also capable to fight with challenges faced by 

agricultural force labor. 

AI-enabled system to detect pests: AI systems use satellite images and compare them with historical data 

using AI algorithms and detect that if any insect has landed and which type of insect has landed like the 

locust, grasshopper, etc. And send alerts to farmers to their smartphones so that farmers can take required 

precautions and use required pest control thus AI helps farmers to fight against pests. 

Jivabhumi is creating a “Smart” Agricultural Market place for optimizing the supply and demand for 

agricultural products, which is often inadequate. It is an innovative food aggregation solution that 

integrates agricultural products, e-marketplace services and innovation. It uses technologies such as block 

chain to collect information about products at various stages of the supply chain. 

Challenges in Use of AI for Agriculture 
1. Complexity of Indian Agricultural system 

2. Lack of datasets needed to train AI models 

3. Cost of various hardware/software used in AI systems 

4. Handling of massive data in a safe and secure manner 

Conclusion 
Artificial intelligence in agriculture not only assists farmers in automating their agricultural operations, 

but also changes to precision cultivation for improved crop output and quality while using less resources. 
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Introduction 
Each person has a distinct set of fingerprints that can be used to identify them. In the past, this was 

particularly useful when trying to solve a crime. The fingerprints found at the crime site would be compared 

to those in a fingerprint database, perhaps matching culprits. With the development of technology and the 

discovery of DNA, DNA fingerprinting—an alternative to fingerprinting—became a viable means of 

identification. DNA fingerprinting is a method used to identify an individual from a sample of DNA by 

looking at unique patterns in their DNA. About 99.9% of the DNA in two persons is the same on average. 

The remainder is what distinguishes us from other people (unless they are identical twins). Despite the 

fact that this might seem small, it indicates that there are roughly three million base pairs that differ 

between any two individuals. These variations can be compared and used to distinguish you apart from 

others. 

DNA Fingerprinting 
Professor Sir Alec Jeffreys developed DNA fingerprinting in 1984 after realizing we could identify 

differences in human DNA in the form of these minisatellites. A technique called DNA fingerprinting finds 

several minisatellites in the genome at once to create a pattern that is particular to each person. This is a 

DNA fingerprint. 

The probability of having two people with the same DNA fingerprint that are not identical twins is very 

small. Your DNA fingerprint is something you are born with and is unique to you, just like your physical 

fingerprint. The unique patterns created from DNA fingerprinting can also be used to identify human 

remains, determine paternity, or compare two species for genetic similarities (DNA barcoding). 

Steps Involved in DNA Fingerprinting 
Isolation of DNA 

↓ 

Digesting the DNA with the help of restriction endonuclease enzymes. 

↓ 

Separating the digested fragments as per the fragment size by the process of electrophoresis. 

↓ 

Blotting the separated fragments onto synthetic membranes like nylon. 

↓ 

Hybridizing the fragments using labelled VNTR probes. 

↓ 

Analyzing the hybrid fragments using autoradiography. 

Probes are small fragments of minisatellite DNA tagged with radioactive phosphorous. The probes only 

attach to the pieces of DNA that they are complementary to – in this case they attach to the minisatellites 

in the genome. The minisatellites that the probes have attached to were then visualized by exposing the 

nylon membrane to X-ray film. 

When exposed to radioactivity, a pattern of more than 30 dark bands appeared on the film where the 

labelled DNA was. This pattern was the DNA fingerprint. To compare two or more different DNA 

fingerprints the different DNA samples were run side-by-side on the same electrophoresis gel. 
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Fig 1. Illustration showing the steps in DNA Fingerprinting 

Any cell in the body, including liquid tissue like blood, can be sampled for DNA. Unbeknownst to the culprit, 

little traces of DNA are frequently left behind at a crime scene. A victim's fingernail scrapings, skin cells, 

saliva, or hair follicles can all be used to collect DNA. The most effective use of DNA fingerprinting is to 

eliminate a culprit and establish innocence. It is reasonable to assume a suspect was not there at the crime 

scene and hence did not commit the crime if the DNA sample from the suspect does not match the sample 

from the crime scene. A matching sample, on the other hand, just indicates that the suspect was present 

at the crime scene at some point in time without proving that the suspect was the one who did the crime. 

 
Fig 2. Matching of crime scene sample with the suspect samples 



 

 
Volume 04 - Issue 10 - October 2022       326 | P a g e  
 

Popular Case Studies of DNA Fingerprinting 
1985, Kirk Bloodsworth Rape and Murder Case: The case of Kirk Bloodsworth, who was accused of 

child rape and murder in 1985 and sentenced to death, is a superb early example of the use of DNA 

fingerprinting to establish innocence. Bloodsworth firmly insisted he was innocent and that the charges 

against him were the result of faulty eyewitness testimony. Bloodsworth was released in 1993 because to 

DNA fingerprinting, which revealed that the semen drops found at the crime scene did not match his DNA. 

Numerous additional falsely convicted people have been set freed based on DNA evidence, which is largely 

attributed to the Innocence Project that was founded in 1992. 

1991, Rajiv Gandhi Assassination Case: After an LTTE suicide bomber killed Rajiv Gandhi in 

Sriperumbudur, it was difficult to identify bodies torn to small pieces. This was the first case in which DNA 

fingerprinting was used to not only identify victims but also the attacker, Thenmozhi Rajaratnam alias 

Dhanu. 

1995, Naina Sahni Murder Case: Congress leader Sushil Sharma killed his wife Naina Sahni and tried 

to burn the chopped-up body in a tandoor. DNA fingerprinting was used to prove that the burnt remains 

were that of Naina Sahni. 

1996, Priyadarshini Mattoo Case: The rape and murder of law student Priyadarshini Mattoo by Santosh 

Kumar Singh, son of an IPS officer, became a sensation after he was acquitted by a trial court in 1999. In 

2006, however, Delhi High Court convicted and sentenced him to death based on DNA evidence found on 

the undergarments of the victim. The Supreme Court commuted his sentence to life. 

2012, Delhi Bus Gangrape Case: The brutal gangrape and murder of a young woman by six men led to 

massive public outrage. All the accused were sentenced to death based on the dying declaration of the 

victim and DNA evidence. 

2013, Hyderabad Blasts Case: In 2014, intelligence agencies raided a house in Zephyr Heights in 

Mangalore in search of the alleged bombers, but found it empty. A forensic team picked up DNA samples 

from the house, and when the accused were finally caught, the samples matched with theirs. It helped NIA 

secure convictions for all five accused. 

Conclusion 
DNA analysis continues to be the key to connecting suspects to biological evidence and to identifying people 

in crimes and disasters twenty-five years after the introduction of DNA fingerprinting. Establishing 

paternity in custody and child support disputes is another crucial purpose. The technique is accurate, 

reliable, fast, and cheap though changes may occur timely. Traditionally, researchers have relied on 

restriction digestion, but PCR has made it more aggressive.  

“We knew that this new DNA technology would not only prove people guilty, but also prove people innocent” 

– Barry Scheck, Innocence Project Co-Founder and Co-Director. 
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Plant growth in agricultural soils is influenced by many abiotic and biotic factors. Soil is replete with 

microscopic life forms including bacteria, fungi, actinomycetes, protozoa, and algae. Of these different 

microorganisms, bacteria are by far the most common (i.e., ∼95%). The concentration of bacteria is much 

greater in Rhizosphere than the rest of the soil due to the presence of sugars, aminoacids and root exudates. 

Regardless of the number of bacteria in a particular soil sample, the bacteria may affect plants in one of 

three ways. (beneficial, harmful, or neutral). 

Definition of PGPR 
1. The bacteria inhabiting the rhizosphere and beneficial to plants are termed PGPR. 

2. PGPR (rhizo-biofertilizers) are a group of bacteria that actively colonize plant roots and enhance plant 

growth and yield. 

3. Various species of bacteria like Pseudomonas, Azospirillum, Azotobacter, Klebsiella, Enterobacter, 

Alcaligenes, Arthrobacter, Burkholderia, Bacillus and Serratia have been reported to enhance the plant 

growth 

Mechanisms of PGPR 
Direct and Indirect mechanisms: 

1. Direct: 

a. Facilitating resource acquisition: The best-studied mechanisms of bacterial plant growth 

promotion include providing plants with resources/nutrients that they lack such as fixed nitrogen, 

iron, and phosphorus. Many agricultural soils lack a sufficient amount of one or more of these 

compounds so that plant growth is suboptimal. To obviate this problem and obtain higher plant 

yields, farmers have become increasingly dependent on chemical sources of nitrogen and 

phosphorus. Besides being costly, the production of chemical fertilizers depletes nonrenewable 

resources, the oil and natural gas used to produce these fertilizers, and poses human and 

environmental hazards. 

b. Nitrogen fixation. 

c. Phosphate solubilisation: though the soil has more amount of phosphorus, it is unavailable 

insoluble in inorganic apatite or as organic phytate or phosphotriesters.  

d. Sequestering iron: Despite the fact that iron is the fourth most abundant element on earth, in 

aerobic soils, iron is not readily assimilated by either bacteria or plants because ferric ion or Fe+3 , 

which is the predominant form in nature, is only sparingly soluble so that the amount of iron 

available for assimilation by living organisms is extremely low. To survive with such a limited 

supply of iron, bacteria synthesize low-molecular mass siderophores (∼400–1500 Da), molecules 

with an exceptionally high affinity for Fe+3 as well as membrane receptors able to bind the Fe-

siderophore complex, thereby facilitating iron uptake by microorganisms 

Modulating phytohormone levels: 

a. Cytokinins: cytokinins have been detected in the cell-free medium of some strains of Azotobacter 

spp., Rhizobium spp., Pantoea agglomerans, Rhodospirillum rubrum, Pseudomonas fluorescens 

Bacillus subtilis and Paenibacillus polymyxa. 

b. IAA most common auxin IAA affects plant cell division, extension, and differentiation; stimulates 

seed and tuber germination; increases the rate of xylem and root development; controls processes of 

vegetative growth; initiates lateral and adventitious root formation; mediates responses to light, 

gravity and florescence; affects photosynthesis, pigment formation, biosynthesis of various 

metabolites, and resistance to stressful conditions. 
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c. Ethylene: Ethylene can affect plant growth and development in a large number of different ways 

including promoting root initiation, inhibiting root elongation, promoting fruit ripening, promoting 

flower wilting, stimulating seed germination, promoting leaf abscission, activating the synthesis of 

other plant hormones, inhibiting Rhizobia spp. nodule formation, inhibiting mycorrhizae-plant 

interaction, and responding to both biotic and abiotic stresses. The ethylene that is synthesized as 

a response to various stresses is called “stress ethylene” and it describes the increase in ethylene 

synthesis that is typically associated with various environmental stresses including extremes of 

temperature; high light; flooding; drought; the presence of toxic metals and organic pollutants; 

radiation; wounding; insect predation; high salt; various pathogens including viruses, bacteria, and 

fungi. The increased amount of ethylene that is formed in response to various environmental 

stresses can exacerbate some of the symptoms of the stress or it can lead to responses that enhance 

plant survival under adverse conditions. 

2. Indirect: 

a. Antibiotics and lytic enzymes: Some biocontrol bacteria produce enzymes including 

chitinases, cellulases, 𝛽-1,3 glucanases, proteases, and lipases that can lyse a portion of the cell 

walls of many pathogenic fungi. PGPB that synthesize one or more of these enzymes have been 

found to have biocontrol activity against a range of pathogenic fungi including Botrytiscinerea, 

Sclerotium rolfsii,Fusarium oxysporum, Phytophthoraspp.,Rhizoctonia solani, and Pythium 

ultimum 

b. Siderophores: some bacterial strains that do not employ any other means of biocontrol can act 

as biocontrol agents using the siderophores that they produce. In this case, siderophores from PGPB 

can prevent some phytopathogens from acquiring a sufficient amount of iron thereby limiting their 

ability to proliferate. 

c. Competition: nonpathogenic soil microbes rapidly colonize plant surfaces and use most of the 

available nutrients, making it difficult for pathogens to grow. 

d. Structural mechanisms: thick walls and epidermis 

e. Ethylene Plants typically respond to the presence of phytopathogens by synthesizing stress 

ethylene that exacerbates the effects of the stress on the plant 

f. Induced systemic resistance: (ISR) that is phenotypically similar to the systemic acquired 

resistance (SAR) that occurs when plants activate their defense mechanisms in response to infection 

by a pathogenic agent. ISR-positive plants are said to be “primed” so that they react faster and more 

strongly to pathogen attack by inducing defense mechanisms. ISR does not target specfic pathogens. 

Rather, it may be effective at controlling diseases caused by different pathogens. 

Effectiveness of PGPR Inoculations Depends on 
1. Texture 

2. pH 

3. Temperature 

4. Moisture content 

5. Soil type 

6. Soil amendment 

7. Nutritional status of the plant 

8. Plant species 

9. Plant age 

10. Microbial competition and predation. 

Constraints in Use of PGPR 
1. Relatively narrow spectrum activity compared with synthetic pesticides 

2. Inconsistent performance in agriculture 

3. Maintenance and culture of few microorganisms is difficult 

4. Myth about bacteria as disease agent 

5. Field trials have to be conducted extensively before advocation  

6. Lack of awareness among the public. 
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Issues for Commercialization 
1. Determination of those traits that are most important for efficacious functioning and subsequent 

selection of PGPB strains with appropriate biological activities. 

2. Consistency among regulatory agencies in different countries regarding what strains can be released to 

the environment, and under what conditions genetically engineered strains are suitable for environmental 

use.  

3. A better understanding of the advantages and disadvantages of using rhizospheric versus endophytic 

bacteria. 

4. Selection of PGPB strains that function optimally under specifc environmental conditions (e.g., those 

that work well in warm and sandy soils versus organisms better adapted to cool and wet environments). 

5. Development of more effective means of applying PGPB to plants in various settings (e.g., in the field 

versus in the greenhouse). 

6. A better understanding of the potential interactions between PGPB and mycorrhizae and other soil fungi. 
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Abstract 
In recent years, colored wheat has gained attention among farmers which has been developed at NABI by 

routine plant breeding method. Black wheat is one of them which are gaining importance among health-

conscious people due to its several health benefits. Morphologically it is similar to white wheat in all aspects 

except its grain color and nutritional composition. It is time to shift from high-yielding wheat to quality 

wheat, and biofortified colored wheat gives a new twist. When purple and blue wheat are crossed, the result 

is black wheat. It has immense biological value and can become health improving food supplement. Black 

wheat tastes similar to normal wheat but it has additional health benefits. The benefits are due to the 

colour-producing anthocyanins. Anthocyanins are anti-oxidants that prevent oxidative damage caused by 

free radicals and help in delaying ageing, reducing cancer, cardiovascular diseases, antidiabetic and other 

disorders. Anthocyanins also have a pre-biotic effect that keeps our gut bacteria happy, that in turn make 

human body healthier. It has ability to combat and address global and national challenge of malnutrition. 

Introduction 
Wheat (Triticum aestivum) is one of the oldest cereals cultivated and consumed from centuries. It ranks 

second both in area and production outmoded by rice. It is the second most stable crop covering an area of 

29.8 mha in India. Zinc and iron are most deficient micronutrients in India. Zinc fortified colored wheat 

has good prospect to fight against one of the major challenging issues i.e., malnutrition. Malnutrition is the 

major problem in all age group of people especially among children. It occurs due to meager intake of 

proteins, vitamins, energy and micro-nutrients, which reduces the quality of life resulting from poor health. 

Advancement in the nutritional value of common wheat grains (amber) in color can address the major 

confrontation i.e., malnutrition. 

Normal wheat with supplemental anthocyanin (a phenolic compound) content results in colored wheat 

(purple, blue and black) which has been developed by National Agri-food Biotechnology Institute (NABI), 

Mohali, Punjab after seven years of research. Anthocyanin pigment is concentrated in the pericarp of wheat 

grain. It has got permission for human consumption by Food safety and standards authority of India 

(FSSAI) in June 2018 vides F.No.04/Std/PA/FSSAI/2018. Bio-fortified black wheat has immense biological 

value and can become health improving food supplement. It can help in eliminating a major and universal 

problem with minor attention ‘malnutrition’ to some extent. 

The black wheat variety has been named ‘Nabi MG’ which is rich in zinc and iron content compared to 

normal wheat, thus indicating double bio-fortified lines (Sharma et al., 2018) which is expected to have 

significant effect on human health. Black wheat is a gluten free cereal which is rich in vitamin B complex, 

protein, dietary fibre and other nutrients like phosphorus, potassium, calcium, magnesium, manganese, 

selenium and copper. The polysaccharide and protein content of black wheat seeds are higher than that 

found in normal wheat (amber color seeds). Black wheat is supposed to have highest anthocyanin content 

among all colored lines, has around 60% more iron concentration and more nutritious than common wheat 

varieties. 

Anthocyanins are naturally occurring water soluble pigments which imparts red, orange, black, blue and 

purple color to the majority of dark fruits and vegetables depending upon the different concentration of 

anthocyanin. Anthocyanins are antioxidants which “neutralize” ROS (Reactive oxygen species), means it 

removes free radicals (having unstable electrons) from the body before they are able to react with the 

cellular components and change their function or structure. It has been estimated that on an average, 100 

g of black wheat provides 71 g carbohydrates, 13 g protein, 10 g fiber and 3.40 g fat. 
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Advancement of Black Wheat in India 
Black Wheat is not developed through genetic engineering. Seven years of long research in different seasons 

and regions to check its adaptability and yield potential to India’s environmental conditions. It has been 

developed through normal plant breeding techniques. So, it is not harmful to our body at all.  Wheat is no 

longer plain old brown in india thanks to eight-year-long research project by a group of scientists at 

Mohali's, National Agri-food Biotechnology Institute (NABI). Three colored varieties of wheat purple, black 

and blue -are ready for human consumption after Food safety and standards authority of india (FSSAI) 

gave its node in June 2018. For this purpose, exotic germplasm (EC866732) procured from Japan was 

crossed with a normal high yielding and disease resistance wheat cultivar (PBW621) and after selection, 

black wheat was developed in India at NABI, Mohali under the leadership of pioneer scientist Dr. Monika 

Garg. 

Position of Black Wheat in India 
Farmers have started cultivating black wheat in several states of India including Punjab, Haryana, Uttar 

Pradesh, Maharashtra, Madhya Pradesh, Bihar and Chhattisgarh. At present, Madhya Pradesh is the 

leading producer of common as well as black wheat.  At present, seeds of black wheat are not available in 

the market but one can get it from NABI or farmers who have cultivated it in the previous season. But 

despite its lower availability and productivity than the normal wheat, it is able to fetch higher prices in the 

market (Rs. 100-120 kg-1) due to its multiple nutritional properties. Package and practices (POP's) of black 

wheat is similar to that of common wheat. It requires around 130-135 days to reach maturity and seeds are 

smaller in size. Prior sowing of black wheat, followed by 30-35 °C of harvest temperature results in better 

quality and color of grains. One can purchase its seeds from NABI at 100-120 Rs/kg. 

Nutritional Properties of Black Wheat 
Black wheat is a boon to human kind, especially for people suffering from stress, as researches revealed its 

effectiveness to tackle stress if added in our daily diet. This wheat is much more nutritious than ordinary 

wheat and in terms of quality, it is kept equal to the fruit called Blueberries. 

Stress 
In today's time, almost every person is more or less suffering from stress. While medications left severe 

side effects in the body, black wheat has brought a ray of hope to end this terrible disease. 

Obesity 
Research has found very encouraging results of black wheat in controlling obesity. 
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Cancer 
Cancer is a disease for which no permanent treatment has been available yet. At this time black wheat has 

emerged as a better option in the form of food supplements for all those people when no medicines are 

available to control this disease. 

Diabetes 
The most spreading disease in India as well as across the globe, while the irony is that in spite of many 

expensive medicines, it’s not curable. But research has shown positive results on diabetes patients. 

Hyper Tension (Blood Pressure) 
Black wheat is a better food supplement which delays aging, can control high blood pressure and cholesterol 

levels. 

Improves Digestive System 
Black wheat chapattis help in relieving constipation and other diseases related to digestive problem. 

Future Needs 
1. Research needs to be conducted on the pest and disease resistance capacity and its adaptability to became 

climate resilient. 

2. Central and state government should procure it at higher minimum support price (MSP) for introducing 

it as supplement in mid-day meals, under the mal nutrition removal. 

Poshan-Abhiyan 
1. There is need to popularize the product by enhancing its availability in the market for general public. 

2. Good research and extension work is required for the development of high yielding and better performing 

strains. 

Conclusion 
All over the world, people eat a lot of wheat and wheat-based products. Colored wheat varieties, however, 

were well-suited for commercial product development, paving the way for their industrial use. Farmers can 

easily make more money by cultivating Black Wheat, which does not necessitate the use of complicated or 

rigorous farming methods. The consumption of foods based on Black Wheat would be an essential step 

towards alleviating proteinmal nutrition. Black wheat should be used/ added in National Nutrition Mission 

(NNM) or ‘Poshan Abhiyaan’ in improving the nutritional status of young children, adolescent girls and 

women. It has potential to tackle under-nutrition problem and meet the target of reducing it by 2% a year 

in the country and benefitting farmers by fetching higher prices of their output than the production cost. 

So, there is need for development, much more improvement and utilization of several such products with 

better nutritional and functional properties with added health benefits. 

References 
1. Garg, M., Chawla, M., Chunduri, V., Kumar, R., Sharma, S., Sharma, N.K., Kaur, N., Kumar, A., Mundey, J.K., Saini, M. K., 

Singh, S. P., 2016. Transfer of grain colors to elite wheat cultivars and their characterization. Journal of Cereal Science 71, 

138-144. 

2. Petroni, K., Pilu, R., and Tonelli, C., 2014. Anthocyanins in corn: A wealth of genes for human health. Planta 240(5), 901-911. 

3. Sharma, S., Chunduri, V., Kumar, A., Kumar, R., Khare, P., Kondepudi, K.K., Garg, M., 2018. Anthocyanin bio-fortified colored 

wheat: Nutritional and functional characterization. PloS one 13(4), e0194367. 

4. Mahalik, G., A Review on Usefulness and Nutritional Benefits of Black Wheat on Health System. 

5. https://m.economictimes.com/news/economy/agriculture/has-india-found-the-answer-to-two-of-its-most-pressing-lifestyle-

problems/articleshow/69612827.cms. 
  



 

 
Volume 04 - Issue 10 - October 2022       333 | P a g e  
 

Induced Breeding of Lepidocephalus berdmorei (Blyth, 

1860) in Captivity 
Article ID: 38313 

Ch. Basudha1, Makamguang Kamei1 

1ICAR Research Complex for NEH Region, Manipur Centre, Lamphelpat, Imphal 795004, Manipur, 

India. 

 

 

Introduction 
Lepidocephalus berdmorei (Blyth 1860) is a hill stream loach. It is commonly known as Burnese Loach. It 

has tremendous potential for both food and ornamental value. It is found in streams with a moderate 

current, swift-flowing streams with pebble beds and sandy bottoms. It also occurs in freshwater lakes, 

canals, and rivers of Manipur. The body is elongated and compressed laterally, off which the posterior part 

is more compressed. Mouth inferior and snout curved downwards. It has three pairs of barbels. A 

membranous flap also possesses two or four barbels-like projections. The Colour is reddish yellow, with 

about 12 black spots on the flanks (Arunkumar 2000).  

A total of 124 Juveniles of L. berdmorei was collected from Khumbong area (24°46’23.2” N and 93°49’42.6” 

E) in the month of November 2019 using scoop nets and reared in captivity in cemented tanks of ICAR 

Manipur Centre for further study. Feeding habit sucking mode of feeding feed on detritus, microscopic 

animal material. They exhibit nocturnal feeding habits, also. 

Fish Sex Determination 
The sexes can be differentiated during the breeding season. The ovary of the female was more massive and 

extended anteriorly behind the cardiac stomach and posteriorly up to the end of the urinogenital pore in 

females. In the ripe stage, the ovary covers three-fourths of the abdominal cavity and becomes yellowish. 

The immature female ovary was whitish. In the males, the pectoral fin length was more than the length of 

the head and height of the body, whereas, in females, it is less. The testes of matured L. berdmorei were in 

white with creamy tinge, elongated and paired structures and had two divisions, the right and the left 

lobes. During the spawning season, it was observed that the testes become whitish and fleshy. However, 

after spawning, the spent male gonads appeared as a very thin and thread-like structure. The fully matured 

ovary of L. berdmorei is very large and swollen, covering the entire body cavity. The Colour of the ovary 

changes to orange with a prominent network of blood vessels. Granular appearance is an important salient 

feature of the ovary at this stage. The ripe ova formed distinct diameters ranging from 0.74 mm to 0.88mm. 

Gastro somatic Index (GSI) was also found in the range of 6.18 to 13.77 in fishes having 8.0-10.5 cm (body 

length) and 9-10g (body weight) from March to May. 

Induced Spawning 
In Manipur, the breeding starts with the onset of monsoon in the month of June and last August with the 

peak of the latter half of June month to July. The male fish weighing 4.2±0.2 g and female 4.8±0.2 at ratio 

of 1:2 was selected for the study. The males and females were maintained in separate glass tanks having 

2’x 1’x 1’ and fed with live feed such as daphnia, moina etc. Induced breeding was done by injecting Ovasis 

™ injection @ 0.3ml/kg body weight. Then the injected brooders, male and female at the ratio of 2:1, were 

released to spawning tanks having water parameters i.e., temperature, 25±3.0°C; pH, 7.5±0.2; dissolved 

oxygen, 6.0±2.0 ppm. Spawning occurs after 18 hours of injection at 26°C. Spawning response varied from 

10-12 hours. Courtship begins with the male chasing the female and swimming in a tight circle. Fertilized 

eggs were slight yellowish in Colour, spherical, translucent and demersal, measuring to 0.6-0.7mm in 

diameter. The fertilized eggs were hatched out. Relative fecundity was 2000 in 10g weight of female fish. 

Larval Rearing 
Fertilized eggs were slightly yellowish in Colour, spherical, translucent and demersal, measuring to 0.6-

0.7 mm in diameter. Unfertilized eggs were paler and opaque. Within 1½ hours, twitching movement of 
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the embryo was observed. Hatching was preceded by the movement of the larvae inside the eggshell. 

Fertilized eggs were hatched out after 3 hours of fertilization. The hatchlings absorbed yolk in 3-4 days and 

started feeding on infusoria for 7-8 days. The fishes were transferred into circular larval rearing tanks 

having 60-70 litres water. The tank was provided with continues supply of aeration. The young one was fed 

with live feed as well as artificial feed having 40% crude protein. The fishes attained 2.2 cm in length and 

0.04g in weight in 30 days. 

     
Fig. a Fig. b Fig. c Fig. d Fig. e 

 
Fig. f 

Fig. a. Female L. berdmorei showing ova, b. Hormone injection to the brooder L. berdmorei, d. 

Spawning tank, e. Fertilized egg and f. Adult Lepedocephalus berdmorei 

Conclusion 
Seed supply is one of the most critical components of the culture of fish production. Development of 

technology for seed production of indigenous fishes such as L. berdmorei will open opportunities for a new 

avenue for the fish farmers. It will provide to the sector for diversification of aquaculture practices 

cultivating various types of fish species. New technologies for breeding fishes have been developed due to 

practical demand from the farming sectors. L. berdmorei is a highly esteemed fish and has ready demand 

in the market. These studies will create a way to exploit the new candidate fish for sustainable aquaculture. 
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Abstract 
Plant breeding has successfully developed superior varieties, nevertheless time intensive, cumbersome, 

and laborious. Recent advances in comprehensive genomic techniques and resources are ushering in a new 

era in crop improvement, with the genotype's research and interaction with the phenotype, particularly for 

complex characteristics, reducing the drawbacks to a minimum level. "-omic" technologies are new "global" 

methods of measuring biological molecules including RNA, proteins, and intermediate metabolites, based 

on their ability to characterize all, or almost all, members of a family of molecules in a single examination. 

An amalgamation of genomics, transcriptomics, proteomics, and phenomics with Next Generation 

Sequencing (NGS) has emerged as the leading crop improvement technology over the last few years. 

Further, metabolomics and ionomics have also been well-established in crop science.  Omics technology 

played a crucial role in elucidating growth, senescence, yield, and biotic and abiotic stress responses in 

several crops. Combining functional genomics with other omics approaches highlights the relationships 

between crop genomes and phenotypes under specific environmental conditions. Genomics approaches are 

beneficial when dealing with complex traits, as these traits usually have a multi-genic nature and a 

significant environmental influence. 

Introduction 
The phrases 'ome' and 'omics' come from the suffix -ome, which has been added to several previously 

existing biological terminology to generate titles for various fields of studies, viz., genome, proteome, 

transcriptome, and metabolome that are either speculative or have some real significance in specific 

situations. 'Omic' approaches mainly target the comprehensive detection of genes, mRNA, proteins, and 

metabolites in a specific biological sample. Currently, omics technologies are increasingly becoming an 

integral element of every commercial cereal crop breeding programme since they provide significant 

returns per unit time in both the pre-breeding and breeding stages. Continuous improvements in omics 

methods ensure that the breakthrough of numerous cereal crops is completed in a timely and cost-

effectively.  

Various promising omics approaches have developed over the last few decades. These omics-based 

technologies have proved valuable for exploring crop improvement's genetic and molecular basis through 

modifications in DNA, transcript levels, proteins, metabolites, and mineral nutrients against 

environmental and physiological stress responses (Muthamilarasan et al., 2019). Several omics 

technologies, such as genomics, metagenomics, transcriptomics, proteomics, metabolomics, phenomics, and 

ionomics, have revealed that each corresponding molecular biological facet is unified with crop systems 

(Salt et al., 2008; Houle et al., 2010; Wu et al., 2017; Muthamilarasan et al., 2019). Advances have aided 

the creation of plant-focused metabolic databases and resources in "-omics" technology, which has 

transformed the finding of genes and biomolecules with incredible precision. Metabolomics has been widely 

utilized to investigate metabolic drift and changes in metabolic composition in various model plants and 

crop species during different developmental stages and in response to stimuli. These studies have 

significantly increased understanding of plant metabolic pathways by discovering various unknown 

intermediates during the previous few decades. This has aided in developing several unique metabolically 

engineered significant crops with desired agronomic properties and the de novo domestication of new crops 

for long-term agriculture and food security.  

In particular, in domesticated crops, genomics plays a significant role in finding quantitative trait loci 

(QTLs) and genes influencing key characteristics (Fernie and Yan, 2019). Genome sequencing and re-
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sequencing efforts analyzing wild ancestor species of domesticated crops have yielded valuable information 

in the future (Unamba et al., 2015). Due to the availability of reference genomes for various models and 

crop plant species, Next Generation Sequencing (NGS) has played a significant role in plant genomics and 

presented opportunities in functional genomics. Combined with high-quality re-sequencing, these resources 

hold much promise for uncovering causative genes and pathways linked to critical agronomic features 

(Thudi et al., 2016; Chen et al., 2019; Varshney et al., 2019). Re-sequencing also increased the amount of 

SNP data available, which may be used in genomics-based research like GWAS (genome-wide association 

study) and QTL-seq (Kumar et al., 2020), which are also essential tools for trait mapping (Rivas et al., 2011; 

Zhu et al., 2011; Zhang et al., 2021). Together with breakthroughs in metabolomics, these methods, such 

as the integration of GWAS with metabolomics, have made it possible to analyze the underlying molecular 

pathways involved in growth and development.  

These omics technologies have been implemented in some essential crops like rice (Oryza sativa L.), Maize 

(Zea mays L.), wheat (Triticum aestivum L.), barley (Hordeum vulgare L.), soybean (Glycine max), Foxtail 

millet (Setaria italica L.) and cotton (Gossypium hirsutum L.). Next-generation sequencing (NGS) 

technologies have led to high throughput and rapid data generation for genomes, epigenomes, 

transcriptomes, proteomes, metabolomes, and phenomes (Großkinsky et al., 2018). Combining multi-omics 

approaches could elucidate gene functions and networks under physiological and environmental stress 

conditions. Comprehensive multi-omics approaches with robust techniques have been used to identify and 

decipher essential components of stress responses, senescence, and yields in various economically 

important crops, including wheat, soybean, and millet (Deshmukh et al., 2014; Shah et al., 2018; Yadav et 

al., 2018). Metagenomics and pangenomics have emerged as the latest omics approach focused on 

mutagenesis and the pangenome in crop improvement, respectively (Muthamilarasan, 2019). 

Systems biology provides the methodologies, computing power, and cross-disciplinary experience needed to 

make this leap. Genomic, transcriptomic, proteomic, and metabolomic technologies are all high-throughput 

technologies. They can link complicated mixtures to complex effects in gene/protein expression profiles and 

significantly increase the number of proteins/genes that may be identified concurrently. As pharmaceutical 

and biotechnology research organizations combine various forms of omic data into more comprehensive 

computer models and bioinformatics companies increasingly focus on offering systems biology solutions to 

drug developers and diagnostics companies, commercial applications are rapidly emerging. 

Omics-Technologies 

 
Fig 1. Various contemporary multi-Omic approaches utilizing in basic, translational and 

applied crop science. 
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Due to the availability of reference genomes for various model and agricultural plant species, Next 

Generation Sequencing (NGS) has played an essential role in plant genomics and presented opportunities 

in functional genomics. When paired with high-quality re-sequencing, these resources offer enormous 

promise for finding causative genes and pathways linked to important agronomic features. Significant 

advances in MS instrumentation, RNA seq, proteomics, metabolomics, data analysis, bioinformatics, and 

quick analytical methods like DNA microarrays to quickly screen thousands of samples have fueled the 

omic technology area. Omic investigations have also benefitted from high-resolution NMR spectroscopy. 

Complex spectra are frequently observed, and it is seldom as sensitive as MS. The omics are broadly divided 

into the following categories. 

1. Genomics: Genomics is the study of an organism's complete set of genetic information. Focuses on the 

structure, function, evolution, mapping, metagenomic, epigenomic, and genome editing. 

a. Structural genomics: Deals with the study of the sequence of whole-genome and genome 

mapping and determines the physical nature of the genomes. 

b. Functional genomics: Study the function of all gene products encoded by the genome of an 

organism and determines the expression and functions of genes. 

c. Epigenomics: The study deals with a whole set of epigenetic variations/ epigenetic changes that 

occur through DNA methylation and post-translational modifications of histones. It's the 

combination of epigenetics and genomics. 

d. Metagenomics: Collection of genomes from a mixed community of organisms. Metagenomics can 

extract the massive uncultured microbial diversity in the environment for new molecules for 

biotechnological and sustainable agricultural applications. 

e. Pangenomics: Referred to as the full genomic makeup of a species. Which can be divided into a 

set of core genes and dispensable genes. Further, which represents the complex diversity present in 

the plant species.  

2. Transcriptomics: Deals with the transcriptome and refers to the whole set of RNA transcripts and 

coded by the genome of an organism in a cell. Transcriptomics gives information on differential gene and 

transcript expression patterns in distinct cell types. 

3. Proteomics: Proteomics is the science that deals with identifying, characterising, and quantifying all 

proteins involved in a particular pathway or function or trait expression. Proteomics plays a crucial role in 

deciphering functional mechanisms in crop breeding against diverse stresses and also can help to improve 

crop yields 

a. Metabolomics: The extensive study of metabolites that participate in different cellular events 

in a biological system. 

b. Ionomics: It is the quantitative measurement of the elemental composition of an individual of 

an organism and identifies the changes in the composition of minerals triggered by various genetic 

modifications and physiological stimuli.  

c. Phenomics: It is the phenotypic assessment of morphological, physiological and biochemical 

characteristics of an organism in high throughput association with genetic, epigenetic and 

environmental factors. 

Opportunities and Applications 
1. Managing the herbicide and insecticide resistance in plants and insects  

2. In food processing, packing and shelf-life enhancement  

3. Edible vaccines and plantibiotics synthesis  

4. Multi-Omic technologies provide insights into understanding the mechanisms underlying biological 

processes and molecular functions, interactions and cellular fate, whether in vivo or in vitro, to reveal 

molecular phenotypes. 

5. Integration of 'Omic approaches has led to abiotic stress-tolerant crop phenotypes. 

6. Functional genomics and metagenomics have been used to identify various mutants with specific 

variations concerning growth, development, and stress tolerance in several crops, including rice, maize, 

wheat, and barley  

7. These robust techniques replaced traditional phenomics, providing a powerful crop genetics and breeding 

tools. 
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8. Integration of multi-omics technologies with systems biology in response to environmental stress may 

also be useful to improve crop breeding. 

Conclusion 
Multi-omics techniques have aided in the discovery of novel genetic processes, growth, development, and 

stress tolerance in various crops. The panomics platform enables the integration of complicated omics to 

create predictive models for complex characteristics. Integrating systems biology and multi-omics datasets 

can help us better understand molecular regulator networks for crop development. Combining top-down 

(phenotype to genotype) and bottom-up (genotype to phenotype) models with multi-omics in a systems 

biology framework may be advantageous for crop breeding improvement. 
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Honey bees are the most popular pollination agents because they can be kept in artificial nests, such as 

hives, and placed in suitable numbers whenever and wherever they are needed. Honey bees are social 

insects that benefit humans directly. Aside from honey, they give valuable items such as pollen, royal jelly, 

bees wax, propolis and venom. Honey bees also play an important role in agriculture, assisting in the 

pollination of a wide range of crops and contributing to the preservation of biological diversity.  

There are millions of different species of bees in the globe, but the western honey bee, Apis mellifera, and 

the eastern honey bee, Apis cerana, are the two most important for beekeeping. Bees are social insects that 

live in hives with one queen, several female workers and a few drones which are males whose sole purpose 

is to mate with the queen. The queen, the only fertile female deposits eggs in the comb's hexagonal beeswax 

cells. These hatch into larvae quickly and the workers feed royal jelly to the larvae for the first few days. 

The cells are capped when they pupate, and the adults emerge few days later. A bee's life cycle might be as 

short as 12 days. The term brood is used to refer to the embryo or egg, the larva and the pupa stages 

collectively. 

Numerous parasites, predators, and diseases pose a threat to honey bee colonie’s health and viability. 

Inside the bee hives the abundance of honey, bees wax, brood, pollen, nectar and a favourable atmosphere 

attracts a variety of adversaries. As a result, during its growth honey bee brood is exposed to a variety of 

diseases caused by bacteria, fungus, viruses, protozoa and mites, all of which make honey bee colonies too 

weak to survive. Furthermore, numerous bee behaviours such as trophyllaxis, absconding, swarming, 

robbing and foraging aid in the easy and rapid spread of illnesses and viruses within a colony or colony to 

colony or apiary to apiary. Diseases that affect honey bees include American foulbrood, European foulbrood, 

Chalk brood, Sacbrood, Thai sacbrood virus, Nosema and Stone brood. Sacbrood and Thai sacbrood are two 

viral infections that harm the brood. Brood diseases include; American and European foul brood, 

chalkbrood, stonebrood, sacbrood and adult bee diseases include; nosema and viral diseases.  

In the United States, the Sacbrood disease of A.mellifera was discovered for the first time. Under natural 

conditions the Sacbrood virus persists as visible sub-lethal infections only causing epidemics or fatalities 

on rare occasions. Infection severity in colonies ranges from a few cells per comb to 90% of the brood. The 

number of infected colonies per apiary has been reported to range from 0 to 100 per cent. Because of the 

dearth of information regarding the dynamics behind viral illness epidemics viruses are perhaps the least 

understood pathogens infecting honey bees. Partially perforated brood scattered among the capped brood 

containing prepupae with typical raised head, mortality of brood in prepupal stage, sac-like appearance of 

dead brood, failure of prepupa to pupate, change in colour diseased prepupa from white to pale yellow, light 

brown and finally dark brown which on drying turn into scales easily removable from the cells are all 

symptoms of Sacbrood virus infection. The Thai sac brood virus (TSBV) infects honeybee Apis cerana larvae 

causing them to fail to pupate and die. TSBV is only known to infect A. cerana and is not known to infect 

A. mellifera. 

The diseases American foulbrood and European foulbrood are caused by bacteria and only affect honeybee 

brood. European foul brood disease is a serious bacterial disease that affects A. cerana and A. mellifera 

throughout the country. The disease is most common in India where it was initially discovered in 1974 in 

portions of Uttar Pradesh. Since then, the disease has been a significant impediment to the advancement 

of modern beekeeping. Previously, the disease was only seen in cold countries but it has now expanded to 

tropical countries such as India. 
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Honey bee brood is infected with two fungal diseases: chalk brood and stone brood. Chalk brood, caused by 

Ascosphaera apis, is a common and widespread illness that can severely reduce the number of developing 

worker bees and hence colony productivity. The visual identification of diseased mummified brood often 

known as "chalk brood mummies," is used to diagnose chalk brood in the field. Stone brood is caused by 

Aspergillus spp., which is uncommonly seen; hence the impact on colony health is unknown. 

Disease/Pest Causative Agent Symptoms 

American foulbrood 

(AFB) 

Paenibacillus larvae Discolored larvae, foul smelling brood, ropy 

remains,hard scale 

European foulbrood 

(EFB) 

Melissococcus pluton Discolored larvae, foul smelling brood, non-ropy 

remains, soft scale 

Chalkbrood Ascophaera apis White or black mummies in cells or on bottom board 

Stone brood Aspergillus spp., Swollen abdomens, Agitation, paralysis or 

weakness. 

Sacbrood Virus Brown larvae in the curled "canoe" shape 

Nosema Nosema apis Diarrhea and distended abdomens 

Beekeeping is beneficial for a variety of reasons. It is utilised to ensure food security, alleviate poverty, 

improve human health, protect the environment, pollinate plants and preserve biodiversity. However, in 

the poor countries apiculture's contribution to poverty alleviation and economic prosperity is undervalued. 

Honeybee illnesses are decimating honeybee colonies at an alarming rate all over the world. Honeybee 

population declines endanger not only honeybee products, but also global agriculture and biodiversity. To 

improve the production of honeybee colonies and other honeybee products, scientific approaches to 

regulating abiotic and biotic variables are critical. Honeybee diseases can be prevented by cultural apiary 

management approaches along with better honeybee protection techniques.  

Removing infected brood, promoting hygiene, ventilating, feeding sugar syrup, providing water, and 

maintaining the hive's relative humidity and temperature are the key cultural approaches. In addition, 

replacing old combs every two years, burning symptomatic colonies and limiting the spread of infectious 

agents across beehives are all critical components of honeybee colony loss management. Enhancing the 

resistant lines of honeybees genetically is critical for improving the honeybee's resistance to diseases. Many 

products are used to manage diseases all around the world. Nonetheless, their impacts are not consistent 

across a wide range of environmental situations. In the future, it will be necessary to construct natural 

honeybee habitats, host-specific predators, parasitoids and/or microbial biopesticides to combat honeybee 

pests. 
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Summary 
With the current issues surrounding the usage of insecticides, there is a growing interest in all conceivable 

methods of insect management. In this scenario, biological control methods come into account. Among the 

biocontrol agents, Entomopathogenic nematodes, are one of the best for controlling insect pests effectively. 

Most of the parasitic nematodes are detrimental to humans, however, EPNs are beneficial. Their promise 

as pest-control alternatives to chemical pesticides was recognised early on, and they have undergone 

considerable laboratory and field testing. As such, successfulness of control method as an efficient control 

tactics not only relies on its effectiveness against insect pests but also on its low toxicity to non-target 

insects. 

Introduction 
Gotthold Steiner described the first entomopathogenic nematode in 1923. The Steinernematidae and 

Heterorhabditidae nematodes have gotten the most attention out of all the nematodes researched for 

biological control of insects because they exhibit a lot of the characteristics of a successful biological control 

agent and have been used as classical, conservational, and augmentative biological control agents. 

Entomopathogeny is a partnership in which nematodes collaborate with insect-pathogenic bacteria to cause 

rapid insect sickness and death, and then feed and thrive on the insect and bacterial resources. The 

infective stage (third larval stage) of entomopathogenic nematodes is the only free-living stage, all the 

others stages live within the hosts exclusively. The infective juvenile is a stress-tolerant bacterial vectoring 

stage that hunts for insects to infect and kill. 

EPN’s Foraging Tactics 
The foraging tactics of entomopathogenic nematodes (EPNs) vary between species to species. EPN’s may 

be ambushers, cruisers and intermediate to find their potential host insects. Ambushers remain near the 

soil surface raising their bodies off the surface and attack the passing insects eg.Steinernema carpocapsae 

while cruisers have active searching ability by roaming inside the soil eg. Heterorhabditis bacteriophora. 

Some species use a technique that is halfway between ambush and cruise. However, Steinernema 

tbilisiensis adopts both foraging strategies. (P.S Grewal et.al., 2009). 

Nematode-Bacteria Connection 
The known bacterial companions of EPNs, Photorhabdus and Xenorhabdus species, are known to create a 

poisonous cocktail of secondary metabolites that not only kill the insect hosts, but also prevent other 

bacteria and fungi from consuming the nutrient-rich carcass. The bacteria are always a part of the duo's 

virulence, and they usually take the lead. EPNs acquire access to the heamolymph and discharge their 

bacterial symbiont after entering the host. The nematodes grow and reproduce in the nutrient-rich 

environment until population density reaches a critical level and resources run out, at which time new IJs 

emerge and disperse, delivering the symbiotic bacteria to new hosts.  

The nematode bacterium's selectivity extends to species level. Some of the examples are 

hereunder: 

Nematode Bacterium 

Steinernema carpocapsae Xenorhabdus nematophilus 

Steinernema affinis Xenorhabdus bovienii 

Steinernema glaseri Xenorhabdus poinarii 
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Heterorhabditis spp. Photorhabdus luminescens 

Some of the EPN’s and its Host Insect Pest 
1. The first EPN species that was used for control of scarabs on a widespread basis was Steinernema  glaseri. 

2. The EPN’s, Steinernema carpocapsae, S. feltiae and S. riobrave were highly pathogenic to Artogeia rapae, 

Plutella xylostella, and Trichoplusia ni. (Belair et.al 2003). 

3. EPNs which are effective for the control of P.japonica include S scarabaei, H. bacteriophora, H.zealandica 

(Grewal et.al.2005). Among these, two species, H. bacteriophora and H. zealandica, are commercially 

available for grub control. 

4. DD136 is a mixture of nematode, Steinernema carpocapsae and bacteria Achromobacter nematophilus 

which is effective for the control of codling moth, Cydia pomonella. 

5. Tetradonema pelicans are effective against Sciarid flies and pests of cultivable mushrooms. 
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Crop growth, in reality, is influenced by a number of interconnected processes. Crop yields are affected by 

management factors such as crop variety, fertilizer application, tillage, irrigation, and the consequences of 

climate change such as temperature, precipitation, solar radiation, and extreme disaster (flood, drought, 

dry hot wind, etc.) should be considered. The interactions of climate and non-climate factors increase the 

need to investigate the impact of climate variables on crop development, as well as the difficulty of 

predicting crop yield responses to climate change. The key methods for evaluating the impact of climate 

change on crop yields are statistical models and crop models. Crop models may incorporate physiology, 

agronomy, soil science, and agrometeorology information into the models, which use mathematical 

equations to explain physiological, physical, and chemical processes in order to simulate crop growth and 

development over time. 

Statistical Models 
Statistical models include three main types i.e., time-series models based on time series data from a single 

point or region, cross-section models based on spatial variations data and panel models based on spatio-

temporal variation data. Some stationary assumptions are made in time-series models, such as the 

relationship between crop yields and environment in the past will not change in the future (Lobell and 

Burke, 2009). In cross-section models, different location conditions are compared, considering all of the 

adaptations in different regions and climate conditions. Panel models, which incorporate time series from 

multiple locations into a single study, should have the same number of adaptations as the other two 

methods. Regression models are the easiest way to study the impact of climate change on crop growth and 

yield. They are simple and require very less data to construct. But it does not show the cause-effect 

relationship as it is not process based and only based on statistical relation. 

Process Based Models (Crop Simulation Models) 
Eco-physiological models are extensively used to assess the impacts of environmental factors (and their 

changes, thereof) on crops/cropping systems. Since they are process-based and explicitly explains the 

mechanisms of processes mainly on a day-to-day temporal scale, it is very convenient to understand the 

individual as well as interaction effects of various environmental factors on crop production. In the eco-

physiological modeling, the input for model includes daily weather and carbon dioxide (CO2) data 

corresponding to historic, current or future scenarios of interest, initial field conditions (soil 

physicochemical properties, moisture and nitrogen status etc.), crop information (information on cultivar, 

crop management data like sowing date, method of sowing, fertilizer and irrigation application details etc.). 

The simulation is run and the outputs are compared to other simulations with different initial conditions 

or management practices or weather files used (White et al., 2011). In this way, the impact of projected 

changes in climate/CO2 on growth and yield of various crops/cropping systems are explored and various 

adaptation options are optimized. 

Measuring the Impact of Projected Climate on Crop Growth and Yield 
The researchers around the world have used different structures to conduct field experiment for studying 

the impact of projected climate on crop growth and yield. These include growth chambers, greenhouses, 

phytotrons, open top chambers (OTCs) and free air CO2 enrichment (FACE) facility etc. OTC consists of 

basic metal frame fitted in the field, which is covered with highly transparent poly vinyl chloride sheet to 

permit natural light. It is open at the top to avoid building up of temperature and humidity inside the 

structure (Vanaja et al., 2006). Inside the structure, arrangement is made to maintain CO2 concentration 

or temperature of interest. One criticism regarding OTCs is that the plants grown in these systems are not 
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subjected to changing environmental conditions such as wind or temperature and humidity fluctuations 

(Stafford, 2008). 

A standard large-scale FACE apparatus consists of a range of 15- to 30-meter-diameter plots within a crop 

area, where CO2 is re-leased just above the crop surface on the plot's upwind side. A drawback of FACE is 

the under-estimation of fertilization impact of enriched CO2 on plant growth due to the rapidly fluctuating 

CO2 inside FACE rings. Another drawback is the huge amount of monetary investment required to 

establish and maintain the experiment set up.  

Conclusion 
This article has described various approached used globally to estimate and measure the impact of 

projected climate on growth and yield of cropping systems. Each approach has its own advantages and 

disadvantages. Measurement approaches will always have more accuracy and better quantification of the 

impact of projected climate on growth and yield of cropping systems compared to estimation techniques. 

However, if we want to conduct the study over a large region, the latter will be the better choice. 
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Introduction 
Geophytes are defined as those plants that have special underground food reservoir system and are 

generally used to store the food for its growth and development. These storage organs are present in the 

form of roots, tubers, rhizomes, bulbs, corms, etc.  India is popular for its exploration of medicinal plants. 

However, it has been observed that medicinal properties in some ornamental geophytes have remained 

untapped despite the diverse forms of availability.  Ornamental geophytes such as Hydechium, Alpinia, 

Zingiber, Curcuma, etc., are widely used as medicines by various traditions. 

Ethno-Medicinal Properties of Some Underexploited Geophytes 
Geophytes are those plants with modified underground storage system that will provide nourishment to 

the plants under unfavourable conditions. India has diverse forms of geophytes of which the medicinal and 

nutritional values have remained unexploited. 

Globally, plant parts or their extracts are used in treating numerous diseases by medical practitioners and 

ethno-pharmacological studies of such plants have become a basis for developing new drugs and ancient 

excerpts have shown that these plants were quite effective in treating ailments and diseases. Five such 

plants are taken up and they are Hedychium, Alpinia, Zingiber, Curcuma and Kaempferia. While these 

plants are widely utilized in South Asian traditional medical practices, these plants are yet to have full 

utilization in India.  

Hedychium coronarium (Butterfly Lily or Ginger Lily) are found in northeastern part of India and are 

widely acknowledged to have various pharmacological properties. The rhizomes of the plants are used for 

treatment of skin diseases, inflammation, rheumatic fever while the extracts from the leaves are used to 

ease abdominal pain and sore joints. The extracts from the plants are used as stimulants, tonics and 

febrifuge. Anti-bacterial, anti-inflammatory, analgesic, anti-urolithiatic, anti-helminthic and cytotoxic 

properties in the plants have been reported with various essential oil and phytochemicals.  

Zingiber zerumbet, widely known as bitter ginger, is a medicinal plant with great potential that have 

exhibited various pharmacological properties. Being rich in principal compounds such as sesquiterpenes, 

monoterpenes and flavonoids and active compounds as methanol, chloroform and zerumbone, the shampoo 

ginger has been observed to have various biological activities as anti-inflammatory, antioxidant, anti-

diabetic, anticancer, antimicrobial, analgesic and antiviral (Koga et al., 2016).  Rhizomatous part of the 

plant is widely used for medicinal purpose such as while preparing tonics and stimulants. Rhizomes in the 

form of powder are widely used to treat stomach disease, tooth and ear infections.  

Kaempferia rotunda, commonly known as Indian crocus or Himalayan crocus, is a plant that is known 

for its medicinal properties present in its rhizomes. Mostly found in wild, the plant is rarely cultivated as 

ornamentals in the country. It is an aromatic plant with good tendency to increase the appetite and assist 

in digestion have been reported to possess good anti-inflammatory and anti-tumor property and used for 

healing various wounds.  

Red Ginger, botanically known as Alpinia purpurata, possesses aromatic leaves and rhizomes that have 

been used to treat headache, fever, renal infection and sore throat. The inflorescences are boiled and 

consumed to treat coughs while the rhizomes are taken orally to improve appetite. Alpinia exhibit various 

pharmacological activities such as antioxidant, antibacterial, larvicidal, cytotoxic and vasodilation. 
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Fig 1: Hedychium coronarium, Cucurma alismatifolia and Zingiber zerumbet 

The genus Cucurma are widely distributed throughout the world. These plants are used as food 

condiments and dyes (Sanatombi and Sanatombi, 2017). However, the plant is widely used for its medicinal 

properties despite it being claimed as nutritionally rich food products. It is used to treat stomach ulcer, 

enlarged liver and spleen, chest pains, coughs and skin diseases. The plants have been shown to contain 

bioactive molecules that possess pharmacological properties like anti-inflammatory, anti- microbial, 

hypocholestraemic, anti-rheumatic, antiviral, anti-fibrotic, anti-venomous, anti-hepatotoxic, anti-diabetic, 

anti-nociceptive, anti-cancerous, and gastro-protective properties.  The genus engulfs of about 70 species 

and some important species widely grown in India are C. angustifolia, C. alismatifolia, C. longa, C. 

leucorrhiza, etc. 

 
Fig 2: Kaempferia rotunda and Alpinia purpurata 

Conclusion 
Although these underexploited ornamental geophytes are not commercially cultivated in the country, 

various studies conducted on them have ascertained the immense potential in treating various ailments 

and diseases. The various phytochemicals and pharmacological activities present in these plants have 

rendered them useful in developing various drugs. However, cultivation of these plants are not 

commercialized and since they provide various health and nutritional benefits, they deserve special 

attention. 
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Abstract 
Agriculture plays a vital role in the growth of the country’s economy and also for human species because it 

allows production of the main source of food. It also holds an important place in the development of human 

civilization. As per the report of the United Nation FAO, 70% more food is needed to feed the additional 2.3 

billion people across the globe by 2050. Due to this increased demand of food production. Additional effort 

is put into increasing the efficiency of machinery used in the agriculture field. Employing the emerging 

smart technologies and techniques in the field of agriculture can be considered as one master plan to 

achieve this. 

Smart agriculture technologies are very important for efficient usage of land, water and energy resources. 

IoT platforms constitute a critical part of smart agriculture systems because this field, in general, cover a 

large area requiring system components to be placed at distant locations and facilitates communications 

between devices and the cloud, as well as between the devices themselves. There are various sensors with 

different features that can be utilized in smart agriculture applications. When designing a smart 

agriculture system, it is required to carefully consider the features of available sensors to make a suitable 

and optimal selection. Therefore, this study aims to specify the various technologies that are widely used 

in smart agriculture applications.  

Keywords: Smart Farming, Precision Agriculture, Internet of Things. 

Introduction 
Farming has been the oldest sign of human civilization. Though times, we as a human find several 

damaging effects of our ways in growing crop. To restore the damages, people nowadays develop smart 

farming techniques with Internet of Things (IoT). Not only to revive the nature balance but smart farming 

is designed to bring more benefits also like higher profit, efficient planting process, premium harvest and 

others. IoT is a network of physical devices together with network components and data analysis tools. The 

building block of IoT such as sensors, network tools and software systems are all interconnected to enable 

them to collect, exchange the process data. Due to the recent technological developments, the widespread 

usage of IoT systems is on the rise. It is possible to implement IoT based systems in the agricultural sector 

as well. Some examples of these systems are real-time farm monitoring, weather prediction and water 

conservation. Like all of the IoT applications, these use cases require sensors, data collection and data 

processing, which allow them to be called examples of “Smart Agriculture”. 

Smart Agriculture Techniques 
Technologies in farming have been utilized in numerous ways. Each kind is used for a different purpose. 

Based on the functions, here are some techniques in using technology for smart farming. 

1. Field Mapping and Data collection: Sensor technology is set up to measure environmental aspects 

such as humidity, temperature, light intensity, wind, water/rainfall, soil composition and more. Then GPS 

and GIS support the bigger picture of the map by providing the geospatial data. 

2. Predictive analytics: Using cloud-based, the regularly obtained data are uploaded as a record for 

future decision making. They are also shareable for wider area analytics. 

3. Tracking and Monitoring: This technique might require cameras, drones, tags and GPS. Drones and 

cameras provide a visual of the field. Then, tags and GPS supply precise coordinate location of livestock. 

4. Labor Work: Similar to automation, drones and robotics are helpful to do labor work such as planting 

seeds, watering the plant, harvesting, spraying the pesticides, milking the cows, picking fruits, irrigating, 

and more. 



 

 
Volume 04 - Issue 10 - October 2022       348 | P a g e  
 

5. Warehousing: In tropical areas like India, farmers are utilizing solar-powered refrigerators to store the 

fruits and vegetables right on the farm. Since vegetables and fruits are prone to get withered, storing them 

in fridges directly is a smart way to provide fresh commodities. 

6. Saving Energy: Also using automation, a system could be built in the farm to cut down energy 

consumption. Smart irrigation could automatically turn the machine off when a sufficient amount of water 

in the soil is reached. Drone-spraying only on the necessary spots could prevent polluting the land. 

 

Advantages of Smart Farming 
1. Improved Products: With high quality control and experiments, nowadays many farming companies 

produce vegetables with a certain taste that is different from other vegetables. The greens mostly are 

classified as organic and pesticide free. 

2. Precise Data: Assisted with tools, predictions or actions can be made of accurate data. Because certain 

plants are better in high temperatures, crop rotation is easier to decide. The data can be saved and used as 

a reference in the future if there is a similar condition coming up. 

3. Environmentally Friendly: as farmers could minimize pesticide use, irrigate water sufficiently, 

manage waste efficiency. Current farming damages are slowly getting revived. It is predicted that years 

from now, farmers could build a farm with varied commodities without removing the endemic flora and 

fauna. 

4. Low Risk: The technology could predict any disaster that might happen to the farm whether it is viral 

disease, climate changes, or others. This helps farmers to be well-prepared. 

5. Efficient Management and cost effective: As many labor works are done by the technology, the 

management costs can be reduced or allocated to maintain the technology. The farmers could also be away, 

but keep controlling the farm from far away. 

Disadvantages of Smart Farming 
Despite the above-mentioned benefit, smart farming also carries several potential risks. The biggest of 

them is prone to be damaged. Without any regular care, technology is prone to get broken by natural factors 

like heavy rain, strong wind, thunder strikes, and more. It could be a big loss for the farmer. Moreover, the 

maintenance cost is not cheap with updates and further research. 
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Smart Agriculture Technologies 
1. Hydroponics: This is a method of growing plants without soil, using mineral nutrient solutions in a 

water solvent. A conventional greenhouse uses groundwater for irrigation, gas for heating, and electricity 

for cooling. Sustainably sourced carbon dioxide and nutrients are used to maximize the growth of crops. 

2. Desert Agriculture: The ‘King Abdullah University Science and Technology’ in Saudi Arabia is at the 

forefront of research on desert agriculture. Genome engineering technologies is used to manipulate 

biological systems and plant growth and development. Growth regulator that improves plants response to 

adverse conditions and plant hormones that shape shoot and root architecture according to nutrient 

availability. 

3. 3D Ocean Farming: Unlike land-based crops, seaweed is a zero-input food. It requires no additional 

fresh water, fertilizer, pesticides, feed or soil to grow. Packed with protein, vitamin C and calcium, seaweed 

is a nutritious addition to human diets. 

4. Vertical Farming: Vertical farming is the urban farming of fruits, vegetables and grains inside a 

building in a city or urban center, in which floors are designed to accommodate certain crops. 

 

Conclusion 
Smart agriculture technologies have proven to satisfy the growing international demand for food supply 

and advanced technology. That makes it easier and less expensive to acquire and practice statistics and 

adapt to converting environmental situations successfully. Although huge farms were the pioneers to 

undertake the technology with IoT sensors used in agriculture, smaller farms are capable of adapting as 

well. The challenges which smart agriculture technologies faced in developing countries like India is that 

it needs availability of internet continuously. Rural part of most of the developing countries do not fulfil 

this requirement. Moreover, internet connection is slower. Also, the smart farming-based equipment 

require farmers to understand and learn the use of technology. This is major challenge in adopting smart 

agriculture farming at large scale across countries. 
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Introduction 
Many decades of global agricultural history have brought out outstanding discoveries and serendipities 

beneficial for farmers and thus the mankind. Different compounds and modified formulae made farming 

enthusiastic and less hardy. These novel ideas inculcated youth with motivation for farming. Discoveries / 

inventions made were being replaced with modified formulae and they were achieved through endless and 

continuous efforts of master brains in their laboratories as well as in their crop fields. Though they were 

limited with technological know-how, sophisticated instruments and ready-made software at that time, 

contributions made to the farming community were everlasting. They brought out tremendous changes in 

the overall perception about farming and its necessities. A few examples of such discoveries, though they 

seem old, but still the number one, are being discussed in this article. 

Agro-Inputs 
No agriculturist is unaware of the famous Bordeaux mixture discovered by P. M. A. Millardet in 1882. It 

was discovered accidently as a fungicidal combination of copper and lime against vine downy mildew. It 

has been used over decades to control many diseases of fruit crops, nut trees, vine fruits and ornamental 

plants to control potato blight, peach leaf curl and apple scab etc. .This particular mixture of copper 

sulphate and quick lime is being sprayed as a preventive treatment. However, when it is applied in heavy 

quantities annually for a long term, the copper content in the mixture finally becomes a pollutant. Though 

it is highly effective and long lasting, its high pH leaves salty deposits and then causes phytotoxicity. As 

such its sale and use is considered illegal in Great Britain and most of the European Union.  

Another input commonly used in acidic soil as an ameliorant is the lime. Liming has become an inevitable 

component in any kind of field management.  Liming is the application of calcium and magnesium rich 

compounds in soil in order to increase the pH and thus make acidic soil more or less neutral in pH. It 

improves aggregate stability on clay soil and increases the activity of soil bacteria. It provides a source 

of calcium for plants and it improves water penetration for acidic soils. It improves the uptake of major 

plant nutrients such as nitrogen, phosphorus, and potassium of plants growing on acid soils. It is also a 

cheaply available soil ameliorant. But non judicious use of lime may deteriorate the soil quality.   

Use of cattle dung as a nutritional input was traditionally practiced in agriculture. Farm Yard Manure 

with main component as cattle dung along with urine and left-over litter are widely used now. This is 

particularly applied as bulky organic manure which contains 0.5–1.5% N, 0.2–0.4% P2O5, and 0.5–1.0% 

K2O. Decomposition of farm yard manure releases harmful gases that can cause atmospheric pollution. 

Non judicious use of farm yard manure results in reduced availability of certain micronutrients. It also 

needs more cost per unit weight of nutrients during handling, storage and application.  

The first fertilizer that comes in mind of every farmer who thinks about crop nutrition is the most popular 

Urea. Though Super phosphate is the first synthesised fertilizer, the most popular fertilizer is Urea. 

Urea is a natural product of nitrogen and protein metabolism and it is found predominantly in urine and 

animal waste. This is the first organic compound artificially synthesized from inorganic starting materials. 

Urea contains 46% nitrogen. Dry urea must be incorporated into soil by tillage or by rainfall or irrigation. 

Urea on the soil surface will be subjected to volatilization of ammonia for which substantial losses can be 

expected (30% or more) in a day after application. People resort for other nitrogenous fertilizer only when 

urea is unavailable or non-applicable for their field situation.  

Pseudomonas and Trichoderma are widely used biocontrol agents as a preventive measure against 

many soils born infections of crops. Pseudomonas is a bacterial and Trichoderma is a fungal biocontrol 

agent compatible with most of the crop rhizosphere. Whether recommended by authority or not, a part of 

the farming community blindly go for Pseudomonas and Trichoderma application in their field either before 

https://en.wikipedia.org/wiki/Potato_blight
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https://en.wikipedia.org/wiki/Pollutant
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sowing of the crop or when chance of occurrence of soil borne diseases are expected.  Pseudomonas 

fluorescens suppress plant diseases by protecting the seeds and roots from fungal infection. They are known 

to enhance plant growth promotion and reduce severity of many fungal diseases. Several species 

of Trichoderma which produce volatile and non-volatile antibiotics and enzymes are antagonistic to 

phytopathogenic fungi and nematodes. 

  
Farm Yard Manure Liming in field 

  
Bordeaux Mixture Pseudomonas formulation 

 
 

Trichoderma formulation Urea 

Above mentioned are some important discoveries made yesterday that are still of efficiency even today. If 

we keenly observe there are many more indigenous technologies that are still not popularised, discoveries 

that can be modified further so that technologically viable farming practices can be adopted by the young 

minds of the nation. They are yet to be explored and modified so that the drawbacks of old practices/inputs 

can be overcome without compromising its applicability, efficiency and effectiveness. 

Conclusion 
We can find many more examples of such year-old inputs used in agriculture that are still efficient and 

effective for a broad range of applications. The fact to be remembered here is that changes are necessary. 

Replacement is a natural process. In this era of anti-gravity and time travel, advancement of technology 

should also focus on novel molecules that are not only more efficient but also of long-lasting utility. 

Researches with vision rather than mission should be emphasised. Discoveries made today should last for 

tomorrow just like those in yesterdays lasted for today. 
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What is Vegetable Nursery? 
Vegetable seedlings are raised or managed in a nursery until they are suitable for planting in a main field 

called a vegetable nursery. Typically, seed is used to start seedlings and grow crops. Some vegetable plants 

cannot thrive by seeding the plot directly. For instance, it is necessary to first raise the seedlings of 

vegetables like tomato, eggplant, cabbage, and cauliflower before transplanting them into the plot. This 

will help the seedlings to thrive well and also for better growth and development. 

 

Planning to Grow Vegetable Nursery 
The nursery plantation of the various vegetable crops like solanaceouos vegetables, crucifers and leafy and 

salad vegetables for example tomato, brinjal, chili, brussels sprout, onion, kale, endive, cabbage and 

cauliflower are best vegetables raised in the nursery bed. 

The nursery should be planted near to main field this will allow us to protect them from damaging during 

the transportation to the main field, the strong wind will also cause damage to the nursery so proper 

precautions should be taken, nursery should be protected from the water logging conditions and it is 

beneficial to plant nursery in the east-west direction. 

In the initial stage during the early stages of the development the nursery require special attention. It 

must be protected from the extreme high temperatures, severe drought and rain, also from the pest and 

diseases. Direct sowing will cause in slow development and takes much time to mature. 

Growing Techniques 
1. Sowing through seed- Okra, Peas, cucumber, Bitter gourd, Bottle gourd, Radish, Turnip, Spinach, 

Carrots, and beetroots, etc. 

2. Through seedlings – Onion, Tomato, Brinjal, Pepper, Chilies, Cauliflower, Cabbage, lettuce and salary, 

parsley, Artichoke, etc. 

3. Vegetative propagation – Potato, Ginger, Turmeric, Mint, Sweet potato, Calocacia, and Garlic, etc. 

Site Selection 
Site selection must play important role for the healthy growth and development of the nursery. It is very 

important to choose the site which is suitable and must keep following that the chosen location must have 

good drainage and be dry. Proper sunshine should be present. The nursery needs to be close to a water 

source so that irrigation would be simple. Pet and wild animals must be kept out of the area. 
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Soil Preparation and Management 
For growing vegetable seedlings, the soil must be loam to sandy loam, loose and friable, rich in organic 

matter, and well-drained. The pH of the soil should be 7.0. To prepare the soil, nursery land must first be 

turned over, then ploughed with a shovel, and then two to three times with a cultivator. The field should 

be cleared of all weeds, stones, and clods. Mix 100 kg of well-rotted and fine FYM, or 500 g of vermicompost, 

into the soil per square meter. 

Soil Treatment 
The soil is treated with the formalin solution of 1.5 to 2 % and cover it with plastic sheet for the removal of 

the various types of the pest and infections, different kind of pathogens are also be killed by using the 

fungicide Captan and Thiram 5-6 gm per meter square. Hot water treatment is also an effective way to 

control the various types of pathogens and pest for the raising of healthy seedling. Soil is also be drenched 

with the Phorate 10 G, Carbofuran 3 G for the disease-free seedling growth. 

Selection of the Seeds 
The seeds are purchased from the reliable source like agriculture universities and other organization. Or 

farmer can also buy the certified seeds from the reputed seed companies. The varieties are selected on the 

basis of their characteristics as per ideal characteristics according to the location. 

Test the Germination of Seeds 
Conduct a seed germination test to prevent seed waste. You can determine how many seeds will germinate 

after sowing by doing a germination test. Thus, you will be aware of the necessary number for a nursery. 

This must be finished a few days before to planting the seeds in your seedbeds. 

Methods of Seed Sowing 
Seed sowing should be done at a recommended spacing as per crop selected by the farmer. After sowing of 

the seeds, the beds are covered with the dry grass. The seed bed must have proper moisture level before 

sowing the seeds. There is various method of sowing of the seeds: 

1. Broadcast method- After preparation of the nursery bed the seeds are randomly broadcasted on the 

bed and covered with well rotten FYM or compost. This method having demerit of the uneven distribution 

of the seedling in the bed that become dense and don’t have enough space for each seedling for proper 

growth and development. 

2. Line sowing- It is the one of the best methods of the seed sowing in the nursery planting. The lines are 

making 0.5-1 cm deep and seed are sown or placed at the proper distance of about 1-2 cm. After placement 

of the seed the lines are covered with fine mixture of soil, sand and FYM. After covering the light irrigation 

should be given with the help of the rose can. 

Irrigation System 
Most of the nursery beds need light irrigation up to the germination of the seed with the help of the rose 

can. The excessive water of water stagnation is harmful for the seedlings, so excess water must be drained 

out of the nursery bed. During the rainy day no irrigation should be needed during warm days with high 

temperature the irrigation should be applied according to need. 

Plant Protection 
1. Weed management- Proper weeding at regular time interval should be recommended for the healthy 

growth of the seedling. Application of the pre and post emergence herbicide should be done for the effective 

control for example Stomp (3 ml per liter of water). 

2. Disease management- There is various major diseases like damping off, powdery mildew, rust and 

root rot cause damage in the nursery and resulted in the stunted growth and finally death of the seedling. 

Application of fungicides controls the disease effectively. For example, Captan etc. 

3. Pest management- The major destruction causing pest are white grubs, cutworms, termites and 

crickets, minor nursery pests like defoliators, sapsuckers, grasshoppers and non-insect pests like 
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nematodes and vertebrate pests. The effective controls of them are done by proper sanitation, cultural 

practices, and application of chemical and biological pesticides. 

Hardening and Transplanting 
Before transplanting the seedling should be hardened by stop giving water and removal of the shade for 

the direct exposure to the sun light for last few days so that the establishment of the nursery becomes easy 

in the main field. Generally, most of the seedlings are ready for the transplanting in 20-30 days. The 

transplanting should be done in the early morning of late evening and proper watering should be done 

during the time of the transplanting. 
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Introduction 
FSSAI was formed to set science-based standards for food products and to regulate their production, 

storage, distribution, sale and import to ensure availability of safe and wholesome food for human 

consumption. FSSAI registration ensures the safety of food products and is basically a food safety certificate 

issued by the Food Authority of India. All manufacturers, traders, restaurants, grocery stores, importers 

and exporters etc. are eligible for FSSAI license. 

GST Requirement 
Food safety authority FSSAI today said it will reclassify food businesses based on turnover to bring them 

in line with the Goods and Services Tax (GST). Under the GST regime introduced from July 1, 2017, 

businesses with an annual turnover of more than Rs 20 crore have to pay GST. 

FSSAI Logo and License Number 
1. The FSSAI logo and license number under the Act shall be displayed on the label of the food package in 

contrast color to the background as below: 

 
Lic. No. XXXXXXXXXXXXXX 

2. The FSSAI logo and license number of the brand owner shall be displayed on the label. In addition, the 

label must also include the license number of the manufacturer or seller, or packer or bottler, if different 

from the brand owner. 

How to get FSSAI License? 
1. Visit Legal Docs website. 

2. Fill the draft mentioned with appropriate details. 

3. Submit your documents through email. 

4. The documents will be verified and queries will be resolved within 2 working days. 

5. The applicant will get the document in 7 working days. 

Labeling Requirements of Non-Retail Container 
1. Every packaged food meant for non-retail sale shall provide the following mandatory information either 

on the container or pasted on the label thereto:  

a. Name of the food. 

b. Net Quantity. 

c. FSSAI Logo and License number. 

d. Date marking. 

e. Lot No. 

f. Name and address of the manufacturer or packer (including country of origin for imported 

packages). 

2. The following information if not provided on the label shall be provided in the accompanying documents: 

a. List of ingredients. 

b. Declaration regarding Veg or Non-Veg. 

c. Nutritional information. 
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3. The following labeling requirements are exempted if they are provided in a Barcode/Global Trade 

Identification Number (GTIN): 

a. Address of the brand owner whether or not, he himself is the manufacturer, marketer, packer or 

bottler, as the case may be. 

b. The license number of the manufacturer or marketer or packer or bottler, as the case may be, if 

different from the brand owner. 

4. Every package meant for non- retail sale shall bear a statement “NOT FOR RETAIL SALE”. 

Labeling of Prepackaged Foods 
General Requirements: 

a. Every packaged food must be labeled with the information required under these regulations, 

unless otherwise specified. 

b. If a food product is sold through e-commerce or other means of direct selling, the mandatory label 

requirements as set forth in these regulations must be provided to the consumer prior to sale 

through appropriate means, except for "batch number/batch number", minimum shelf life, 

expiration date, expiration date, production/packaging date. 

c. Packaged foods shall not be described or presented on any label or in any marking in a manner 

which is false, misleading or deceptive or which may in any respect create a false impression as to 

their character. 

d. The label may contain any written, printed or graphic informational or visual means, as long as 

this does not conflict with the requirements of these regulations. 

e. The particulars of the declaration required under these regulations to be given on the label shall 

be in English or Hindi. Provided that nothing herein contained shall prevent the use of any language 

other than that required by this Ordinance. Provided further that the information provided in such 

other language shall not conflict with the information on the label in English or Hindi. 

f. The marking on packaged food must be placed in such a way that it cannot be separated from the 

packaging. 

g. The content on the label must be clear, unambiguous, distinctive, visible, indelible and easily 

readable by consumers under normal conditions of purchase and use. 

h. If the consignment is provided with an outer container or overwrap and such container or 

overwrap is displayed for retail sale, it must also contain all the statements that must appear on 

the package, except where such container or overwrap is itself transparent and the statement on of 

the package(s) are easily legible through such outer packaging or packaging. 

Penalty for Not Registering: A Food Business Operator (FBO) who runs his business without 

registration under FSSAI can face imprisonment and FSSAI license fine up to ₹5000 for the same. 

Types of FSSAI License in India 
As per FSSAI Act 2006, all food businesses must be registered/licensed under the following 3 categories: 

FSSAI Registration – Basic: It is the primary type of registration issued to businesses that have a small 

turnover – up to approximately ₹12,000,000 per year. Food businesses, regardless of their turnover, must 

apply for a state license, not FSSAI basic registration. 

FSSAI State License: Companies that have a profit greater than ₹12 lakhs require a state license. 

FSSAI Central License: Central registration is for larger businesses that have a turnover of over ₹20 

crore per annum. Companies supplying food to government offices/departments and businesses involved in 

food import/export, online platform, operating franchises or hotel/restaurant chains must also obtain a 

central license. 

Documents Required for FSSAI Registration 
Based on different types of registration and the food business that you are running, you have to submit 

different documents for registration. 

FSSAI Registration 
1. Authorized person’s passport-sizes photograph (self-attested) 
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2. Authorized person’s Aadhar card front and back (self-attested) 

3. Address proof of the business premises [rental agreement/previous month’s electricity bill/NOC from 

landlord]  

4. Declaration signed by the authorized person. 

State & Central License 
1. Passport-sized photograph of the directors/partners/proprietor  

2. Identity proof of directors/partners/proprietor (Aadhar and PAN)  

3. Address proof of the business premises (rental agreement/previous month’s electricity bill/NOC from 

landlord)  

4. Photograph of the premises (8-9 photos)  

5. Blueprint of the premises  

6. List of food products on the company letterhead (with seal and signature)  

7. List of machines (if any) on the company’s letterhead (with seal and signature). 

Conclusion 
Start-up companies will seek to innovate, improve or develop existing products or processes or services. It 

will create wealth and has high potential for job creation. So, a startup is different from a traditional small 

business. Agriculture Sector Startup the agribusiness sector in India seems to be a promising sector for 

start-up companies as India has a large agricultural sector which is highly untapped. Segments such as 

processed fruits and vegetables, cereal-based products, meat, poultry and fishery products, dairy products, 

beverages and confectionery, snacks offer huge potential. Government of India has taken various measures 

to double the income of farmers to survive. There is an urgent need to establish more and more agro-based 

industries so that farmers can get a remunerative price for their produce. A number of innovative food 

products have been launched in the Indian market in the last ten years. Important sub-sectors are fruits 

and vegetables, milk and milk products, meat, poultry and fishery products, packaged or prepared foods, 

alcoholic and non-alcoholic beverages, cereal grains. Health or food supplements, snacks, organic foods are 

other fast-growing segments. Entrepreneurs who are willing to start in the field of food processing have 

enough opportunities for both domestic and foreign markets. 
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Abstract 
Plant breeding is a skill work based on numerous empirical practices. The sole aim of plant breeding is the 

development of plant cultivars with high performance in farm production and improve the genetic structure 

of plants to meet people requirements. The main objective of Guava breeding is aimed to improve both 

plant and fruit characteristics such as to develop dwarf varieties with fruits of uniform shape, pulp colour, 

resistant to wilt, long storage life and suitable for processing and table purpose.  Plant breeders have been 

used different techniques like clonal selection, Hybridization, mutation breeding, polyploidy breeding, 

genetic engineering to overcome the genetic bottle neck problem. 

Keywords - Psidiuum guajava L., Breeding, Variety. 

Introduction 
Guava (Psidiuum guajava L.,) also known as “Apple of tropics” or “Poor man’s apple”. Recent years it is 

gained the attention of scientific community so some writer consider guava is a “super fruit” (Corrêa et al., 

2014; Flores, Wu, Negrin and Kennelly 2015; Oliveira et al., 2020). Guava is thought to be one of the most 

delightful and interesting fruits ( Adhau et al.2014 ). It belongs to myrtaceae family. Type of fruit is berry 

( Crane and Balerdi 2016 ). Psidium genus have approximately 150 persistent shrub species. P.guajava 

most commonly used and distributed species all over the world . In breeding programe seed propragation 

is used to develop rootstocks and to increase populations for screening at the early stages. vegetative 

propagation method is use for clonal selection genotypes for commercial orchards (Pereira et al., 2016). On 

the basis of fruit shape guava classified two main type and commonly known as Gola (Round) and Surahi 

(pyriform). Both types have wide diversity in flesh colour (white, cream, Red pink) skin colour (pink, golden, 

cream and white) and fruit size (small, medium, large) (sharma et al 2010, usman et al 2012). It is a rich 

in vitamin C, falvonoids and dietary fibre (Prakash 2002, Rai et al 2010). This type of essential fruit should 

be grown more to fulfil nutritional demand at a cheaper value (uzzaman et al 2018). Guava is very popular 

in today in flavoured tea, soft drinks, Jam, Jellies, ice cream, fruit salad (Kumari et al 2013). 

Taxonomy 

Kingdom       Plantae 

Subkingdom   Tracheobionta 

Superdivision   Spermatophyta 

Division Magnoliophyta 

Class     Magnoliopsida 

Subclass Rosidae 

Order    Myrtales 

Family     Myrtaceae 

Genus       Psidium 

Species guajava 

Botanical name  Psidiuum guajava L. 

Species 
Psidium amplexicaule Psidium cinereum Psidium spathulatum 

Psidium friedrichsthalium Psidium firmum Psidium montanum 

Psidium incanescens Psidium galapageium Psidium pedicellatum 

Psidium araaoRaddi Psidium guajava Psidium robustum 

Psidium aracaRaddi Psidium guineense Psidium rostratum 
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Psidium ustraleCambess Psidium harrisianum Psidium sartorianum 

Psidium dumetorum Psidium havanense Psidium sintenisii 

Characteristics of Important Species 
P. friedrichsthalianum – It is also known Costa Rica guava or Chinese guava. Dwarfing rootstock. 

Resistant to wilt and nematode. 

P. pomiferum – Apple shaped fruit 

P. guineense – It is also known as Brazilian guava, small fruit quality,  

P. cattleianum – It is also known as a strawberry guava and tolerant to low temperature. 

P. montanum – It is also known as mountain guava. Flat branching 

P. cujavalis – High vitamin C 

Feijoa sellowiana – It is also known as pineapple guava. exquisite flavour of pineapple and strawberry 

which is native of southern Brazil. 

Floral Biology 
In northern India, guava flowers twice in a year and three times in a year in southern part of the country. 

When guava tree flowers in spring season (February-March), this flowering is known as Ambe bahar, fruit 

ripens in rainy season, which are insipid, watery, poor in quality. The flowering produces in monsoon 

season (June - July) is known as Mrig bahar and fruit matures in winter season. The fruits are excellent 

in quality and sometimes guava tree produces flowers in October, this is known as Hasth bahar. The fruit 

ripens from February to April. The quality of fruit is good but yield is low. However, it fetches good price, 

but this bahar is not very common in guava. Hasth bahar is observed in Western and Southern India. Mrig 

bahar is preferred over Ambe bahar and Hasth bahar. Therefore, it becomes necessary to regulate flowering 

so that Mrig bahar can produce heavy flowering and fruits are available in winter. The crop can be 

regulated by: i) restricted the irrigation from February to mid-May, doing so tree sheds their leaves due to 

hot season and goes to rest. During rest period, tree can conserve food material in its branches. In the 

month of June tree is well cultivated and manured followed by irrigation. After about 20 to 25 days the tree 

would blaze into profuse blossoms. The fruits mature during winter. ii) roots are exposed to sun by removing 

the upper soil around the trunk, which result in reduction in supply of soil moisture from the soil to the 

top, therefore leaves shed and trees goes to rest. After 3 - 4 weeks the exposed roots are covered with soil, 

manured and watered the trees. 

Cultivars 
Major guava cultivars in the India: 

State Cultivars 

Andhra Pradesh Allahabad Safeda, Anakapali, Banarasi, Chittidar, Hafsi, Sardar, Smooth 

Green, Smooth White 

Assam Amsophri, Madhuriam, Safrior Payele 

Bihar Allahabad Safeda, Chittidar, Hafsi (Red Fleshed), Harijha, Seedless 

Gujarat Nasik, Seedless, Sindh 

Karnataka Allahabad Safeda, Arka Mridula, Sardar, Navular 

Maharashtra Dharward, Dholka, Kothrud, Lucknow-24, Sardar 

Punjab Allahabad Safeda, Shweta, Sardar (L-49), Punjab Pink 

Tamil Nadu Anakapali, Banarasi, Banglore, Chittidar, Hafsi, Nagpur seedless, Allahabad 

Safeda 

Uttar Pradesh Allahabad Safeda, Apple Colour, Chittidar, Red Fleshed, Banarasi Surkha, 

Sardar, Mirzapur Seedless 

West Bengal Barimpur and Cultivars of Uttar Pradesh 

Major Guava Cultivars in the World 
Country Variety 

Australia Allahabad Safeda, Beaumont, Sardar, Ka Hua Kula 

Bangladesh Swarupkathi, Mukundapuri, Kanchannagar, Kazi 
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Brazil Paluma, Rica, Pedro Sato, Kumagai, Sassaoka, Ogawa, Yamamoto, XXI 

Century Colombia Puerto Rico, Rojo Africano, Extranjero, Trujillo Costa 

Rica Tai-kuo-bar 

Cuba Enana Roja Cubana, EEA 1–23 

Egypt Bassateen El Sabahia, Bassateen Edfina, Allahabad Safeda 

Hong Kong Pink, Jambu Kapri Putih, Maha 65, Bentong Seedless 

India White Feshed, Allahabad Safeda, Shweta, Dhawal, Apple Colour, 

Lucknow-42, Lucknowc49, Safeda, Karela, Seedless, Red Fleshed, Lalit, 

lalima, Hybrid Red Supreme, Red-fl Hybr, Benarasi, Sardar, Chittidar, 

Harijha, Arka Mridula, Arka Amulya 

South  

Africa 

Fan Retief, Frank Malherbe Taiwan Tai-kuo-bar Thailand Glom Sali, 

Glom Toon Klau, Khao Boon Soom Vietnam Xa ly nghe, Ruot hong da 

lang, Xa ly don 

Taiwan Pear Mexico Media China, Regional de Calvillo, China, la Labor, 

Acaponeta,  

Coyame Puerto Rico Corozal Mixta, Corriente, Seedling 57-6-79 

USA  

(Hawaii) 

Beaumont, Pink Acid, Ka Hua Kula 

Breeding Objectives 
Development of seedless variety. 

Less pectin content for edible purpose. 

To develop More pectin content variety for processing. 

for Uniform ripening. 

To increase keeping quality. 

Resistance to tea mosquito bug and wilt. 

Clonal Selection 
Variety  Source Characteristics 

Sardar Guava  Selection from Allahabad Safeda Semi- dwarf, High yield, Juicy flesh with 

excellent taste 

Dhawal Selection from Allahabad Safeda Having vitamin C more than 250 mg per 100 

g fruit 

Allahabad Surkha Seedling Selection from 

Allahabad  

Bearing large, uniformly pink fruits, deep 

pink flesh,  

Lalima Selection from half-sib guava 

population of Apple Guava 

Having Good TSS, Lower acidity 

CISH-G-1 Seedling selection from red 

coloured guava at CISH 

Lucknow 

Deep red coloured with soft seed, High TSS, 

Long shelf life. Fruits of this selection 

recorded higher anthocyanin content. 

CISH-G-2 Seedling selection from red 

coloured guava at CISH 

Lucknow 

Crimson coloured attractive fruit, strips in 

groove, seeds soft 

CISH-G-3 (Lalit) Selection from half-sib guava 

population of Apple colour 

Saffron yellow-coloured fruits with pink 

flesh, Suitable for both table and processing 

purposes. The pink colour in beverage remais 

stable for more than a year. 24% higher yield 

than Allahabad safeda 

CISH-G-4 (Shweta) Half-sib guava population of 

Apple colour 

Attractive fruits, good yield potent  

CISH-G-5 Selection from open pollinated 

Seedling guava population 

Fruit weight 190g, attractive crimson colour, 

Higher proportion of coloured fruit, 

responsiveness to prunning 
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CISH-G-6 Seedling selection from red 

coloured guava at CISH 

Lucknow 

Red coloured fruit, High yielders 

CISH-GS-35 Half-sib progeny of Allahabad 

safeda 

High yielders, attractive fruit surface, colour, 

soft seeds 

Guava (G-1) Selection from half-sib guava 

population of Apple colour 

High TSS, longer shelf life, attractive red 

colouration of skin 

Bhavnagar selection   Fruit small and in cluster, heavy bearer, soft 

seeds and plenty 

Matchless  Fruit medium to big size, seeds hard and 

arranged centrally, good keeping quality 

At Narendra Dev University of Agriculture and Technology, Faizabad out of the 23 strains collected as a 

result of survey in guava growing region: 

Selection From  Characterstics 

FS 1 

FS 2 

Faizabad selection Promising with respect of fruit quality and yield   

AS 1 

AS2  

AS 3 

Seedlings of Allahabad 

safeda 

Dhareedar seedling 

selection  

Fruit research station 

Kuthulia, Rewa 

It is medium to large size fruits with soft and sweet 

pulp 

G. Vilas Pasand At Bulakihar (Malihabad) 

Lucknow 

Fruit skin round to ovoid, skin texture is course to 

smooth, fruit skin pale yellow to golden yellow. 

Very large (400-800 g) fruit, less seeds, very 

productive throughout the year. 

Hybridization 
Fruit Research station, Sangareddy (Andhra Pradesh) Invertial hybridization: 

Safed Jam: This is hybrid between Allahabad safeda and kohir (local collection) Similar to Allhabad 

safeda in fruit quality and growth. Big size fruit and soft seed. 

Kohir Safeda: It is a hybrid between of Kohir x Allahabad safeda. Vigorous tree, fruit size large 

with few soft seeds and white flesh. 

C.C.S. Hisar Agriculture university, Hisar has released two hybrids: 

Hisar Safeda: It is a cross between ‘Allahabad Safeda’ x ‘Seedless’. Its round shape fruit, weight 

about each fruit is 90g, pulp is creamy -white with less seeds, TSS is 13.4% and ascorbic acid 

185mg/100g. 

Hisar Surkha: It is a cross between ‘Apple colour’ x ‘Banarasi Surkha’. Pink fleshed hybrids, 

medium height tree with broad compact crown, shape of fruit is round, weight of each fruit is 86g, 

TSS is 13.6%, 0.48% acidity, ascorbic acid 169mg/100g. yield is 94 kg/tree/year. 

ICAR Research complex for NEH Region Umaim, Meghalaya released Hybrids: 

RCGH-1: It is a cross between Sour type x Red fleshed local. White flesh, high yield 39.05kg/plant, 

lowest acidity 0.50%. 

RCGH-2: Red fleshed x Allahabad safeda. Red flesh. 

RCGH-1: Lucknow-49 x pear shaped. White flesh, less no. of seeds/100g fruit. 

Mutation Breeding 
Term mutation breeding was used first time in 1944 by Freisleben and lein. mutation breeding alternate 

breeding method against Genetically modified organism (GMO"s) practices and classical breeding method 

as it is safe and affordable. 

Guava Seedless, low seeded fruits, cluster fruiting, segmented  

fruits, cylindrical fruit shape 
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Polyploidy Breeding 
Producing triploids may be futile because the fruit form in triploid is tremendously irregular and 

misshapen due to differential seed length. However, so that you can evolve varieties with much less seeds 

and elevated productivity, crosses had been made at IARI, New Delhi, among seedless triploid and seeded 

diploid range Allahabad Safeda. 

Of the seventy-three F1 hybrids raised 26 had been diploids, nine trisomics five double trisomics and 

thirteen tetrasomics. Distinct variant in tree increases addiction and leaf and fruit characters became 

observed. Three trisomic plant life had dwarf increase addiction and ordinary form and length of 

culmination with few Seeds. The imbalance in chromosome numbers in aneuploids imparted sterility 

resulting in seed discount in fruits. 

Molecular Marker 
Molecular marker Research area Reference 

RAPD Calculation of molecular diversity of 41 genotype of 

guava. 

Assessment of 13 North Indian guava cultivar genetic 

relationship. 

Molecular recognisance of 18 guava cultivars of Taiwan 

Prakash et al. (2002) 

Dahiya et al. (2002 

 

Chen et al. (2007 

AFLP Genetic identification of Mexican native 48 guava 

cultivars 

To supervise genetic diversity of Mexican guava 

germplasm. 

Common genetics found in guava and Brazilian guava 

aracazeiros. 

Hernandez-Delgado 

et al. (2007) 

Sánchez-Teyer et al. 

(2010) 

Correa et al. (2011) 

DAMD Assessment the genetic diversity and relatedness 

among 22 guava accessions. 

Bajpai et al. (2008) 

ISSR Studied genetic variability among eleven Psidium sp.  

Studied the clonal fidelity of micro-propagated guava.  

Mani et al. (2011) 

Liu and Yang (2012) 

SSR Studied genetic variability in the collection. 

Designate diversity of guava germplasm in the United 

States.  

Valdés-Infante et al. 

(2007 Viji et al. 

(2010) 

Inheritance Pattern 
S.N. Trait  

1. Seeds Bold seed dominant over soft seeds 

2. Fruit shape Obovoid shape dominant over white 

3. Pulp colour Red pulp dominant over white 

4. Skin colour and acidity  Polygenic 

Conclusion 
1. Require to overcome high seed content. 

2. Endosperm culture technique may be useful for producing seedless triploids plants. 

3. Callus culture may be useful for selecting plant resistance to biotic and abiotic stress. 
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Abstract 
One of the most crucial products in sustainable agriculture today is vermicompost, an enriched compost 

made by involving earthworms in the preparation process. It has the potential to promote plant growth 

that is significantly higher than that of other composts, prevent soil degradation, remediate it, and improve 

overall soil health and quality naturally. It offers farmers a wide range of opportunities, not just in terms 

of social and economic advancement but also by enabling the agricultural land to maintain and increase its 

productivity potential. 

Introduction 
For environmentally friendly agricultural production systems, composting is a viable method for 

transforming biodegradable solid wastes into beneficial organic soil amendments. Earthworms are known 

as ecological engineers and farmers' friends, and they are important in promoting the composting process, 

improving nutrient value, and accelerating the formation of stable organic end products. Earthworms play 

three different roles in the decomposition process: physically as an aerator, crusher, and mixer; chemically 

as a degrader; and biologically as a stimulator. Earthworms ingest biomass (decaying organic matter) and 

excrete it as "worm casts" or "worm manure," which is a digested form. Vermicomposting is the practise of 

utilising earthworms to create enriched compost, and the finished product is known as vermicompost. 

Suitable Earthworm Species 
Vermicomposting frequently uses earthworms that live on the surface, such as Eisenia fetida (redworm) 

and Eudrilus eugeniae (African nightcrawler). They can transform a wide variety of biodegradable wastes 

into worm casts or worm manure, also referred to as "black gold," and are highly active in the reproduction 

process and effective in the recycling of organic materials. 

Required Materials for Vermicomposting 
1. Silpaulin portable vermibed or a cement pit of dimensions of 10*4*3 feet. 

2. Around 750- 800 Kg of cattle manure, which should be at least 1-1.5 months old (pre-digested). 

3. Around 200- 250 Kg of dry matter and chopped pre-digested organic wastes. Fresh green waste has a 

high nitrogen content and can overheat compost, so pre-digested waste is recommended. Dry matter (with 

high carbon content) and organic wastes (with high nitrogen content) should be in a ratio of 3:1.  

Table 1: Recommended carbon rich dry matter & nitrogen rich organic wastes: 

Dry matter Organic wastes 

Peat moss Chopped green vegetable peels/ waste 

Newspaper shredding Sawdust 

Corrugated cardboard Fine softwood chips 

Shrub trimmings Softwood- shredded barks 

Only paddy straw can be used for both dry matter and organic waste as it contains the recommended 

amount of C:N ratio of 150:48, or nearly 3:1. Do not use diseased plants and odorous kitchen wastes such 

as onions, garlic, egg shells, etc., as earthworms do not feed on such materials and would degrade the 

quality of the final product. 

4. Around 800-815 earthworms (350-360 worms/m3 of bed or pit volume). 

5. Shovel or similar garden tool, as well as a sieving net. 
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Preferred Site 
Vermicomposting can be done anywhere there is shade, relatively high humidity, and a cool climate. Other 

areas that can be used include cattle shed, unused buildings, or an open area with artificial shading. 

Methodology 
Installing or setting up a vermibed or pit at a desired location should be followed by filling it with the 

following cross-section of its content and releasing earthworms at the top surface as they eventually work 

their way inside. 

 
Fig. 1: Cross-section of the composition of pre-digested cattle manure, dry matter, and pre-

digested organic wastes. 

Management 
1. In order to prevent predators like birds from eating earthworms, cover the top of the bag or pit with jute 

bags or paddy straws. 

2. Regular watering, turning, and subsequent staking are advised throughout the composting period to 

maintain the recommended levels of moisture (around 60%) and temperature (18 0C- 35 0C). 

3. Moisture content can be determined manually by placing a handful of vermicompost in your palm; it 

should stick to your palm but not drip any liquid between your fingers. 

4. To maintain proper aeration and decomposition, the contents of the bag or pit should be turned upside 

down every 18 to 20 days using a shovel or other similar tool. 

Harvesting & Storage 
1. Vermicompost, the final product, accounts for about 75% of the initial input. 

2. Vermicompost would be ready in 75 to 90 days on average, depending upon management. 

3. The finished product would consist of tiny granular pieces resembling tea granules, wouldn't smell foul, 

and would be a dark brownish-black in colour. 

4. A week before the anticipated harvest date, watering should be stopped. 

5. Manually check the moisture content of vermicompost before harvesting by placing a small amount in 

your palm; it should stick to your palm but not drip any water. 

6. To ensure that only a small number of earthworms perish during the compost harvest, it should be done 

gently with an iron net. 

7. The harvested vermicompost needs to be kept cool, dark, and out of direct sunlight. 

8. If moisture is kept at 40%, compost can be stored for a year without losing any quality. 

Vermicompost: A Tool for Improving Soil Health and Enhancing Crop Productivity 
High levels of pathogenic microbe inhibitors, beneficial soil microbial flora, and essential plant nutrients 

can be found in vermicompost. Because of this, the organic by-products made using earthworms inherit the 

majority of black gold's advantageous traits (for soil health and crop productivity). Vermicompost improves 

soil quality by enhancing its physical, chemical, and biological properties when applied as an organic soil 

amendment. Additionally, it contains earthworm cocoons, which boosts earthworm activity and population 

 

 

 

[Fifth Layer] PRE-DIGESTED CATTLE MANURE [Depth of 12-14 Cm] 

[Fourth Layer] DRY MATTER & PRE-DIGESTED ORGANIC WASTES [Depth of 3-4 Cm] 

 

[Third Layer] PRE-DIGESTED CATTLE [Depth of 12-14 Cm] 

[Second Layer] DRY MATTER & PRE -DIGESTED ORGANIC WASTES [Depth of 3-4 Cm] 

 

[First Layer] PRE-DIGESTED CATTLE MANURE [Depth of 12-14 Cm] 
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in the soil. It stops nutrient losses and makes chemical fertilisers more effective. Vermicompost reduces 

the occurrence of pests and diseases, speeds up the decomposition of organic matter in the soil, is free of 

pathogens, toxic substances, weed seeds, etc., and contains beneficial vitamins, enzymes, and hormones 

like auxins and gibberellins. 

In plant nurseries, vermicompost is comparatively superior to other synthetically grown media. It can be 

used as a rooting medium and to establish saplings in nurseries, and it can have excellent effects on plant 

growth in general, promote the development of new shoots and leaves, and enhance the quality and shelf 

life of the produce. It maintains the produce's quality while enhancing taste, lustre, and appearance. 

Vermicompost contains immobilised enzymes like protease, lipase, amylase, cellulase, and chitinase that 

continue to biodegrade agricultural residues in the soil, accelerating subsequent microbial attack. In 

contrast to manures and decomposing organic wastes, it does not have a bad smell. Due to its high 

nutritional value and effectiveness as an organic soil amendment, vermicompost is rising in popularity as 

one of the key elements of the organic farming system. 

Table 2: Nutritive value of vermicompost: 

Nutrient Content 

Organic Carbon (OC) 9.15- 17.98% 

Nitrogen (N) 1.5- 2.1% 

Phosphorus (P) & Potassium (K) 1.0- 1.5% & 0.6% 

Calcium (Ca) & Magnesium (Mg) 22.0-70.0 meq/ 100g 

Sulphur (S) & Copper (Cu) 128- 548 ppm & 100 ppm 

Iron (Fe) & Zinc (Zn) 1800 ppm & 50 ppm 

Application of vermicompost for different crops: Application of vermicompost is dependent on the 

kind of crop being grown in the field or nursery. For better crop production, vermicompost should be used 

as a part of integrated nutrient management systems. After transplanting and last ploughing, the 

recommended amount of vermicompost for major field crops like rice and maize is 2.5 tons/ha; for oilseeds 

and pulses, it is between 2.5 and 4.5 tons/ha; and for vegetables, it is roughly 3-3.5 tons/ha. 

Social and Financial Prospects of Vermicomposting 
Three vermibeds or cement pits measuring 10*4*2 feet make up a typical vermicompost production unit. 

Contrary to cement pits, silpaulin vermibed is a profitable option that lasts and costs between Rs. 2500 and 

3500 per bag of 450 GSM. As the production process is improved over time, approximately 3 cycles of 

production can be accomplished in the first year and approximately 5 cycles in the following years, with a 

cycle duration of approximately 65-70 days for each bed or pit. The income from a minimum sale of 

vermicompost at Rs. 8–10/Kg is one of the advantages of vermicompost. 

A vermicompost production unit can typically produce 6.75 tons of vermicompost during the first year. 

Assuming at least three harvests occur during the first year, the average cost to produce one kilogram of 

vermicompost per year is Rs 4.2. The initial cost can be cut slightly to drastically, depending on the farmer's 

circumstances. The input cost can be cut in half if a farmer has two to three cattle and uses its manure for 

vermicomposting. If the product's minimum cost is Rs 10 per kg, then if it is used competitively and 

commercially, it can generate a profit of at least Rs 39,150 per year, and in the case of five cycles per year 

in subsequent years, the profit can go up to a minimum of about Rs 65,250 per year from one vermicompost 

production unit. Vermicompost carries market risk just like any other agricultural product, including crops, 

fertilizers, pesticides, etc. It is advisable to set a fair price. Given the low production costs, the producer 

will still make a good profit even if the price falls. 

Conclusion and Personal Opinion 
Vermicompost have the potential to transform conventional agriculture into a more sustainable form of 

farming, but for the time being it should be used as a part of integrated nutrient management to increase 

crop productivity. Vermicomposting should be viewed not only as a means of achieving socio-economic 

prosperity but also as a blessing and an opportunity to undo the harm that humankind has brought to 

nature. 
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Entomopathogenic Bacteria 
Readily available spore-forming bacterial entomopathogens are as Bacillus species, Paenibacillus species, 

and Clostridium species and non-spore-forming are genera Photorhabdus, Serratia, Xenorhabdus, 

Pseudomonas, and Yersinia. illness happens when bacteria are eaten by prone insect pest hosts. Some 

species of the mud borne bacteria, Bacillus and Paenibacillus cause disease to coleopteran beetle, dipteran 

fly, and lepidopteran butterfly and moth. 

Different Types of Bacillus thuringiensis sp. and their Target Insect 
S.No Bacillus thuringiensis sp. Target insect 

1 Bt subsp. aizawai Lepidopteran 

2 Bt subsp. kurstaki Lepidopteran 

3 Bt subsp. israelensis Dipteran 

4 Bt subsp. sphaericus Dipteran 

5 Bt subsp. tenebrionis Coleopteran 

Mode of Action of Entomopathogenic Bacteria 
When Bacillus thurenginsus ingested, alkaline nature in the host midgut (pH 8-11) triggers the poisonous 

protein (delta-endotoxin) that attach to the reciving sites in the gut and makes pore in midgut cells.  This 

cause loss of osmoregulation, midgut paralysis, and lysis of cell.  Filling of the gut seep out into host body 

cavity and the blood ((hemocoel in hemolymph) discharge into the gut disturbing the pH stability. 

Bacteria that come into the body cavity cause septicemia and eventual lethal of the host pest.  Host show 

diverse kinds of response to Bt poison depending on the crystal proteins called delta-endotoxin, receptor 

sites, production of other toxins like exotoxins, and obligation of spore.  The kind responses under are based 

on the vulnerability of lepidopterans to Bt toxins. 

 
Fig 2. Mode of action of entomopathogenic bacteria 
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Type I response – Midgut paralysis happens in a little minutes following delta-endotoxin is 

ingested.  Symptoms comprise end of feeding, raise in hemolymph pH, nausea, diarrhoea, and 

lethargy.  Common paralysis plus septicemia occur in 24-48 hours resulting in the death of the 

insect.  Examples of insects that show Type I reaction consist of tobacco hornworm, tomato hornworm, and 

silkworm. 

Type II response – Midgut paralysis happens in a little minutes following the ingestion of delta-

endotoxin, but readily will be no common paralysis.  Septicemia happens in 24-72 hours.  Examples include 

loopers, alfalfa and cabbage butterfly. 

Type III response – Midgut paralysis happens after ingestion of delta-endotoxin followed by end of 

feeding.  Insect may go actively as there will be no common paralysis, death happens in 48-96 hours.  High 

death happens if spores are ingested.  Insect examples contain corn earworm, Mediterranean flour moth, 

spruce budworm and gypsy moth. 

Type IV response – Insects are obviously opposed to to disease and elder instars are a smaller amount 

vulnerable than the younger ones.  Midgut paralysis happens after ingestion of delta-endotoxin followed 

by cessation of feeding.  Insect may shift vigorously as there will be no common paralysis.  death happens 

in 72-96 hours.  High death happens if spores are eaten.  Examples are cutworms and armyworms for this 

group. Not like caterpillars, the reaction in mosquitoes is dissimilar where upon eaten of 

of Bt subsp. israelensis delta-endotoxin, the mosquito larva is death in 30 min. 

While Bt with its poisonous proteins is extremely efficient as a biopesticide beside several pests, extreme 

use can guide to resistance progress.  Tobacco budworm, Corn earworm, and diamondback moth are a few 

of the insect that developed resistance to Bt toxins.  Genetic engineering certified genes that 

express Bt toxins to be insert into plant life such as potato, soybean, eggplant, cotton and corn reduced the 

call for to spray pesticides.  Still, suitable management strategy is basic to cut insect resistant to Bt toxins 

in transgenic plants. 

Paenibacillus popilliae is usually used in opposition to Japanese beetle larvae and it cause the milky spore 

disease in the beetle.  In the crate of Photorhabdus spp. and Xenorhabdus spp., which survive in 

entomopathogenic nematodes symbiotically, bacteria gain entrance into the insect host all the way through 

nematodes (Dara et al., 2016).  Biopesticides based on heat-killed Chromobacterium 

subtsugae and Burkholderia rinojensis are reported to have numerous modes of action and aim mite and 

insect pests of dissimilar orders. 
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Solanum indicum is a medicinal plant, which has been used for a long time. This plant can be easily seen 

in villages and road side. Solanum indicum is used by tribal communities to cure many diseases. This plant 

used by the traditional practitioners in the treatment of loss of appetite and anorexia, blood disorders, 

rhinitis, cough, asthma, sore throat and hiccup, sexual disorders, abdominal pain and worm infestation, 

pain and fever, inflammation. Its leaves are eaten as vegetables and fruits in villages. Today the 

pharmaceutical company is making many of its products, whose demand is increasing in the market. 

Introduction 
Solanum indicum Linn. (Synonym: Solanum anguivi) belongs to the family Solanaceae commonly known 

as Byakur, Guta begun, Kata begun, Brihati, Indian Night shade etc. It is a bushy herb containing prickly 

spikes in the stem and available throughout the India and all over the tropical and subtropical regions of 

the world. The chromosome number has been found to be constant with 2n=24 except for the occurrence of 

accessory chromosomes in some populations The Plant S. indicum is much-branched perennial shrub, up 

to 1.8 m high, found mostly throughout warmer parts of India, Africa and Asia up to an elevation of 1500 

m. Due to an increasing demand for chemical diversity in screening programs, seeking therapeutic drugs 

from natural products, interest particularly in edible plants has grown throughout the world. Many 

beneficial biological activities such as anticancer, antimicrobial, antioxidant, antidiarrheal, analgesic and 

wound healing activity were reported from various plants. In many cases the people claim the good benefit 

of certain natural or herbal products. However, pre-clinical and clinical trials are necessary to demonstrate 

the effectiveness of a bioactive compound to verify this traditional claim. 

Medicinal Properties 
The fruits are edible and traditionally used to treat various diseases. The different parts (fruits, leaves, 

roots) of this plant used by the traditional practitioners in the treatment of loss of appetite and anorexia, 

blood disorders, rhinitis, cough, asthma, sore throat and hiccup, sexual disorders, abdominal pain and 

worm infestation, pain and fever, inflammation, insomnia, urinary complications, cardiac weakness. 

Traditional Uses 
Traditionally the plant roots are used as diaphoretic, diuretic, expectorant, and stimulant. The root is used 

against bronchitis, itches and for body aches. The leaves are placed in the cradles of infants to promote 

sleep. Their juice has been used for ringworm, gout and earache and when mixed with vinegar, is considered 

to be good for gargle and mouthwash. The plant leaves are cooked like vegetable and eaten. The whole 

plant is used for medicinal purpose. In many parts of country, the roots are boiled and given to women to 

boost fertility. The root juice is used as medicine for asthma and whooping cough. 

Chemical Composition 
Various class of phytoconstituents Steroidal saponins, steroidal glycoside, sesquiterpenoids, 

sesquiterpenoids, hydroxycoumarins, phenolic compounds, coumarins, coumarinolignoids alkaloids, 

saponin, fatty acid, glycerides of the oil, polysachharide, triterpenes were reported from different part of 

plant. The total alkaloid content of fruit varies from 0.2 to 1.8 % (dry weight basis); plants growing in 

Jammu and Kashmir bear fruits with high alkaloid content (total alkaloid 1.8 %) (Khare, 2007). 

Commercial Value and Future 
The Solanum indicum plant found a number of pharma activities such as antibacterial, antioxidant, 

anticancer, laxative, anthelmintic, hepatoprotective, antiplasmodial,  cardiotonic activity, CNS depressant 
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and anti-hypertensive activity. S. indicum has been widely used for the treatment of respiratory diseases 

in the Siddha system of medicine, mainly in southern India. A multidisciplinary research approach 

involving traditional health practitioners, paediatricians, chemists, pharmacists, botanists, farmers and 

policymakers remains crucial. In particular, the cultivation of this plant should be promoted under a 

participatory management action plan to stimulate the economy of the disadvantaged local communities.  

In addition, low-cost agro-technologies are essential to promote sustainable use. 

 
Fig1: Plant view of Solanum indicum 

Conclusion 
India is rich in medicinal and herbal plants resources that provide for both the health care needs of rural 

India as well as the source of raw material for therapeutic agents required in the production of traditional 

and modern medicine. In India, the production and cultivation of S. indicum is mostly unorganised. An 

equipped supply chain management and formation of farmer associations will improve the production and 

sales of this plant in the country. 
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Entomopathogenic Fungi (EPF) 
Entomopathogenic fungi (EPF) contaminate the host all the way through conidial 

or blastospore germination and structure of appressoria enable them to enter the exoskeleton, creation 

them particularly helpful for manage of sap feeding insects e.g. aphids, bugs, soft scales, whiteflies. 

Entomopathogenic fungi are significant ordinary controller of insect pest residents and have latent myco-

insecticides agent next to varied insect pest in farming. These fungi contaminate their host by access 

through the cuticle ahead access to the blood, produce toxin and produce by utilize nutrient there in the 

blood. 

Mode of Action of Entomopathogenic Fungi 
Adhesion 

 
Germination and differentiation 

 
Penetration 

 
Dissemination 

 
Mode of action of entomopathogenic fungi 

Adhesion 
It is characterized by acknowledgment and compatibility mechanism of conidia insect cuticle cells. Conidia 

were close to pest cuticle by electrostatic and biochemical forces. Then, from side to side the creation of 

mucilage, they induce epicuticular alteration most important to conidia germination. 

Germination and Differentiation 
Germination is a development that depends on ecological conditions and host composition (biochemical 

composition of the host cuticle) as well.  Such conditions can arouse or slow down it. When circumstances 

are proper, conidia germination leads to germ tubes creation. Differentiation is characterized by the 

appressoria or penetration peg founding, which softening the cuticle and promoting penetration. 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/blastospore
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/appressoria
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Appressorium is an enlarged cell expression bearing key hydrolytic cuticle-degrading enzymes) or 

penetration peg enabling hyphae growth to breach the host integument. However, appressoria creation is 

highly dependent on dietetic value of the host cuticle. A nutritious cuticle may arouse mycelial growth fairly 

than penetration. 

Penetration 
Beginning the appressorium or breach peg and with the hydrolytic proceed of enzymes, mechanical force, 

and other factor, the fungus is clever to go in all cuticle layer pending success nutrient-rich surroundings, 

i.e., the pest blood. 

Dissemination 
Dissemination in the pest host and to one more host. In the blood, the fungus undertakes a morphogenetic 

separation from filamentous expansion to single-celled, yeast-like hyphal bodies or blastospores that 

tactically use nutrients, colonize interior tissues, and upset the host resistant system. During this stage of 

the disease, the fungus can emit poisonous metabolites that assist to conquer the insect’s immune guard 

mechanisms for effectively migration.  Some strains produce non-enzymatic toxin such as beauvericin, 

beauverolides, bassianolides, and isarolides rising the speed of the infectivity process. These 

proceedings finally lead to the loss of host that become mummified. Lastly, conidiophores come into view 

on the mummified bodies after an only some days and bear just now infection conidia (sporulation) for 

spreading called as passive dissemination. 

Symptoms of Entomopathogenic Fungi 
1. Appetite loss 

2. Paralysis by general or partial host 

3. In integument there is discoloured patches and blood acidity is shootup 

4. The body tighten and the host is in upright by its legs during death  

5. Casualty within a week or even inside 24 hours 

6. The death is due to; hyphae may force separately physique, blood cells may end circulate due to greater 

than before hyphae, obstruction of the midgut and by the poison formed by the fungus. 
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Abstract 
Water is one of the most important inputs for crop production, increasing water scarcity is seen as major 

contributor to stagnating productivity of cropping system. Studies have indicated that a significant amount 

of irrigation water is lost during its application at the farm due to poor farm designing and unevenness of 

field. This rough topography of the soil surface has a major impact on the germination, stand and yield of 

crops through nutrient water interaction and salt and soil moisture distribution pattern. Unevenness of 

the field causes non-uniform distribution of water which creates problem of water stagnation and weed 

result in reduction in farm output. Land levelling is one of the prime operations of precision farming to 

minimize the input and maximize the field output. Laser land levelling is most precise and popular methods 

of levelling nowadays, it maintains the perfect levelled field with respect to reference plane of rotating laser 

beam generated by laser transmitter. Conventional laser leveler is trailed type implement, pulled by the 

tractor drawbar hitch point. It consists of leveler bucket, drawbar, solenoid operated spool valve, separate 

dual acting hydraulic cylinder, mast, transporting wheel, control box, laser transmitter and laser receiver. 

Keywords: Levelling, Laser Land Leveler, Precision Agriculture. 

Introduction 
Land levelling is a precursor to good agronomic, soil and crop management practices. Nonuniformity in 

fields leads to inefficient use of irrigation water and also delay tillage and crop establishment options. 

Fields that are not level have uneven crop stands, increased weed burdens and uneven maturing of crops. 

All these factors tend to reduced yield and grain quality which reduce the potential farm gate income. 

Resource conserving technologies perform better on well levelled and laid out fields. Farmers recognize this 

and therefore devote considerable attention and resource in levelling their fields properly.  

However, traditional methods of land levelling are not only more cumbersome and time consuming but 

more extensive as well. Kanannavar (2016) concluded that the standard deviation and levelling index of 

the field levelled by laser land leveler was 0.08 m and 0.07 m respectively.  A significant amount of water 

(20-25%) is lost at the time of surface irrigation during its application to the crops because of uneven 

coverage of water. From the above discussion we can say that land should be levelled properly before the 

cultivation in order to get more output and to conserve the water, seeds and fertilizer as well. From the 

study it is found that land levelling can be done by using three different methods namely: 

1. Draft animal with levelling board. 

2. Four-wheel drive with scraper bucket. 

3. Laser land levelling with scraper bucket. 

Laser Land Leveler 
Laser levelling is the process of smoothening of land surface from its average elevation using the laser 

equipped drag bucket. The concept of a laser-based levelling has been around since 1970s (US patent 

3897637). It requires high HP tractor to guide trailed scraper bucket and laser guided instrument (Laser 

transmitter and receiver). 

Benefits of Laser Land Leveler:  

a. Crop Yield - increase by 20 % 

b. Field Operation - increase the area by 5-7 % 

c. Weed Control - up to 40 % 

d. Working Hours - reduction in labor by 75 % 

e. Water efficiency - increase by 20-30 %. 
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Major Parts of Laser Land Leveler 
Laser land leveler has following major parts namely: 

1. Prime Mover: Laser leveler is an earth moving machinery and the power source used for this machinery 

should meet the requirement of heavy draft and high torque reserve. Generally, the tractor greater than 

50 horse power are enough to fulfil these criteria. 

2. Scrapping Bucket: the bucket should be chosen in such a way that it should handle the enough volume 

of soil to minimize the number of fore and aft movement of tractor in order to reduce the overall fuel 

consumption. Scraper bucket of 7 ft length, average width of 20.75 cm and height of 50 cm is commercially 

available in India.  

3. Laser Transmitter: Laser Transmitter is a device used to provide the reference plane for levelling 

process. It has a laser diode inside, which emits laser beam continuously in vertical direction. With the 

help of prism and motor, laser beam is rotated in 360 degrees. 

4. Laser Receiver: Laser receiver is mounted on the mast which is fixed on bucket. It is used to sense the 

laser beam signal and sending laser strike position to controller. It has series of laser sensors in all four 

corners to intercept laser coming from any direction, thus it can detect in 360 degrees. 

5. Controller: This is an electronic control unit mounted on the tractor near the operator. The main 

purpose of the controller is used to process the data coming from laser receiver and calculate the exact laser 

striking position and based on the position of the laser send the signal to on/off valve of the hydraulic unit. 

It also provides LED indication about the up/down movement of the bucket. It has different switches for 

fast and slow movement, electronic mast control and manual override etc. 

6. Hydraulic Unit: It consist of direction control valve, pressure relief valve, hoses and dual acting 

hydraulic cylinder. The hydraulic cylinder fitted at the back of the scraper bucket and supported by main 

acle of the transporting wheel. 

 
Laser Land Leveler Major Parts 

Laser%20Land%20Levelling%20animation%20(IRRI).mp4
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Conclusion 
Precision farming is need of the hour for increasing the food production for growing population in our 

country. Land development assume key role in precision farming. Most rise farmers level their fields very 

often under pounded water conditions, Mathanker et al. (2005) reported a higher yield of 10.7 % in the 

laser-leveled field. Resource conservation technologies are a key to ensuring sustainable food production in 

the coming decades. Despite being new technology, laser land leveler has been steadily adopted by farmers 

and is economically manageable. Overall, adoption of this technology promotes agriculture productivity, 

energy use efficiency and water use sustainability. 
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Introduction 
Extreme weather, droughts, and the increased frequency of flooding have negative impacts on natural 

vegetation as well as the quantitative and qualitative parameters and safety of agricultural production. 

Erosion, pollution, snowdrift, frost, and drought can all cause problems for agriculture habitat. Natural or 

anthropogenic impacts can be reduced through technological solutions, but living plant organisms may 

replace these or increase their efficiency when biologically active areas are developing, which can 

favourably affect the quality of the environment. Targeted usage of appropriately planted vegetation 

(including non-forest plantations as well) can significantly contribute to the supportable execution of 

ecological needs, and the requirements of environmental management and nature protection. In that way, 

the development of shelterbelt systems could strongly contribute to the strategy on Green Infrastructures. 

A properly planned and planted shelterbelt comprises a very small portion of agricultural land, and its 

advantages are many times greater than its disadvantages. Shelterbelts is a wide range of trees, shrubs, 

and grasses planted in rows that go right across the land at right angles to the direction or the prevailing 

to defect in the movement to reduce wind or velocity and to give general protection to cultivated area wind 

erosion and decreasing effect of hot winds. 

Purpose of Shelterbelts 
1. To deflect air currents.  

2. To reduce the velocity of winds. 

3. To provide general protection to the downwind areas against the effects of wind erosion.  

4. To protect the leeward areas from desiccating effects of hot wind. 

5. To provide fuel, fodder timber, etc. 

6. To protect field crops/livestock from cold/hot wind.  

7. To prevent soil erosion.  

8. To reduce evaporation from farmlands.  

9. To improve the microclimate.  

10. For fencing and boundary demarcation. 

Windbreaks 
Shelterbelts decrease harmful effects mainly by reducing wind speed. The reduction of wind speed through 

shelterbelts of appropriate structure and direction may generate micro and mezzo climate changes that are 

advantageous for cultivated crops. They can also reduce the spread of foul smells. The establishment of a 

shelterbelt is a relatively cheap solution for protecting agricultural land. 

Design of Shelterbelt 
The efficiency of reducing wind speed is about 10 –15 % on the windward side, and can reach 60 % on the 

leeward side. The effectiveness of shelterbelts as wind speed reducers can be best described by the openness 

factor, which is the ratio of wind speeds measured on the protected side behind the belt and those measured 

in open areas. The openness factor depends on the “porousness” of the shelterbelt’s structure measured in 

its leafy condition. The most effective are the so-called fretwork or porous-structured shelterbelts. In these 

belts, the gaps that let the moving air through add up to 10 to 30 % to the lateral surface, creating an 

openness factor of between 0.35 and 0.70. This means the wind speed on the protected side of the shelterbelt 

will generally be reduced by 50 %. 
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Shape and Composition 
A typical shelterbelt has a triangular cross-section. It can be done by planting tall trees in the center, 

flanked on both sides, successfully on other trees, tall shrubs, and low spreading shrubs and grasses. Then 

there should be a systematic mixture of trees, shrubs, and grasses, keeping their height, shape, crown form, 

longevity, and resistance to insect and usefulness in view. 

Density of Width 
A certain amount of penetrability is desirable in shelterbelts. It has been found from experience that solid 

walls provide considerable protection immediately behind them on the leeward side, and the effect 

disappears after a short distance. There is a great fluctuation in velocity on the leeward side. But it is a 

partially penetrable shelterbelt, the zone of influence is much greater, and the velocity curve shows a 

smooth, slowly declining trend. Thus, partially penetrable shelterbelt is more effective. This penetrable is 

done by planting trees and shrubs adequate in their rows. The planting of shrubs should be done by 1 to 

1.5 m apart and trees 25 m apart in rows. The width of the shelterbelt depends upon the climatic condition, 

wind velocity, and soil type. The central arid zone research institute, Jodhpur, has advised data in the arid 

zone, and wind velocity does not exceed 20 km/ hr. A typical belt may consist of 35 rows, and in the same 

cases, seven rows may be planted at a distance of 4 m. 

Orientation 
The orientation of the shelterbelt depends upon the wind direction and velocity, particularly during the 

vulnerable season, and the shelterbelt should be should oriented as early as possible at right angles to the 

prevailing wind or the wind or to the winds that are more damaging to the prevailing time of the year. In 

the case where winds blow from different directions, a shelterbelt should be raised in quarlerges. 

Height and Spacing 
The height of the shelterbelt is more important because it affects the distance to which protection will be 

given on the leeward side. The higher the trees forming shelterbelt, the greater is the beneficial effect on 

the leeward side. A shelterbelt protects the area up to 15 to 20 times the height or belt. 

Trees for Windbreak / Shelterbelts 
The choice of species to be raised in shelterbelt is by the climate, soil, and topography of the area. It is 

better to grow local species that may serve the object in view, as they can be easily established. The selected 
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species should be fast-growing, drought-resistant, and unpalatable to the animal. It should not be leaflets 

at a time when protection is required. The following fast-growing and tall trees/species are recommended 

for shelterbelt/windbreak. 

Shrubs: Calotropica, Crotolonia, Cassia curriculum, Dedonae visosa, Jatropha curcas. 

Small trees: Acacia jacyumental, Acacia lecucophillea. 

Shelterbelt trees: Acacia arabica, A. senggal, A. ordirchata, Dalbergia sisso, Pongamia pinnata, 

Eucalyptus spp. 

Benefits of Shelterbelts / Windbreak Trees 
1. Moderating effect on temperature. It can increase or decrease the temperature. 

2. It can increase the humidity from 1 to 50 % because of faster evaporation from soil and crops retained 

due to reduced air movement.  

3. It retards the evaporation.  

4. It increases the soil moisture. 

5. It reduces the wind velocity and wind erosion of soil from the orchard. 

6. It increases fruit production by minimizing wind damage. 

7. Field windbreaks protect a variety of wind sensitive crops, control wind erosion, and increase bee 

pollination and pesticide effectiveness. 

8. Livestock windbreaks help reduce animal stress and mortality, reduce feed consumption, and help reduce 

visual impacts and odors. 

9. Living snow fences keep roads clean of drifting snow and increase driving safety. 

10. They can also spread snow evenly across a field, increasing spring soil moisture. 

11. It stores carbon.  

12. Crop yield and economic potential is increased. 

13. A wildlife habit is created for birds and insects. 

14. Windbreaks improve the local environment. 
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Introduction 
The phyllosphere is the aerial region of the plant, heavily colonized by microbes as described by Ruinen 

(1961). This definition was later redefined to not only include the leaf surface, the phylloplane, but also the 

phyllotelma (Doan, 2015). Phyllosphere is considered to be a hostile habitat for microorganisms to colonize 

and survive because of the rapid fluctuation in temperature, radiation, humidity, and nutrient availability. 

It includes mostly leaf, bark, stem, flower, and fruit surfaces and has been suggested to occupy an area of 

4 × 108 km2 which is almost equivalent to the total earth surface (Morris and Kinkel, 2002). The leaf 

structures such as stomata, hairs, and veins greatly influence the microbial colonization and result in 

disproportionate colonization on leaves. The phyllosphere is a home to a vast and diverse community of 

microorganisms, including bacteria, fungi, archaea, and other species that interact with the host in both, 

mutualistic and pathogenic ways despite adverse environmental conditions (Leveau, 2006). 

 

The Microbiome of Phyllosphere 
Epiphytes are a generic term used for the phyllospheric colonizers. The leaf and stem surfaces are home to 

fungi, algae, protozoa, and nematodes, but bacteria are the most prevalent epiphytes. The phylloplane's 

abaxial and adaxial leaf surfaces can support up to 1025 bacterial cells (Vorholt, 2012). Although a variety 

of microorganisms are often thought of as temporary occupants of plants, the extreme climatic 

circumstances usually favour a small number of organisms that live there permanently and multiply 

(Rastogi et al., 2013). 

Importance in Agriculture 
The metabolic and physiological responses of the host plants are typically influenced by the microbial 

communities that reside there. The three distinct levels where microbial communities infiltrate plant 

communities are the phyllosphere, rhizosphere, and endosphere. The co-evolution of host plants and 

microbial communities has proven to be instrumental in the developmental and health dynamics of plants 

for mankind, for ecosystem functioning and environmental sustainability. 

The phyllosphere represents the dynamic, throbbing ecosystems that are home to microbial populations 

with a wide range of diversity. The phyllosphere forms the basis of the interface between the host, 

inhabiting microbiota and intervening atmosphere, and thus regulates the interplay of different 

biochemical and physiological responses. 



 

 
Volume 04 - Issue 10 - October 2022       383 | P a g e  
 

Composition and Distribution of Phyllosphere Microbiome 
The microbial community composition varies quantitatively among plants of different developmental stage 

and genotype as well (Terradas, 2014). In the initial stages of plant growth, phyllosphere microbiome is 

more diverse and substantially influenced by soil microbiome in the early stages of plant growth, but as 

the season goes on, it becomes significantly less varied, whilst leaf-specific taxa become more and have a 

higher proportion (Copeland et al., 2015). Although a wide range of microorganisms make up the 

phyllosphere microbiome, bacteria predominate most frequently. Warmer, more humid regions typically 

have a richer microbial population than do temperate climates. 

Bacteria 
Proteobacteria, especially α- and γ Proteobacteria, are the most prevalent phylum in the phyllosphere, 

alongside Bacteriodetes and Actinobacteria to some extent (Turner et al., 2013). Lactic acid bacteria, or 

Firmicutes, are reported to be more prevalent in Mediterranean climes, especially in the summer. 

Pseudomonas, Sphingomonas, Methylobacterium, Bacillus, Arthrobacter, and Pantoea are discovered to 

predominate in both naturally occurring plants and trees as well as agricultural crops like wheat, rice, 

apple, and lettuce. The majority of the bacteria in the phyllosphere are from the families Cytophagaceae 

and Chitinophagaceae, and they are pigmented and aerobic, demonstrating their adaptability to the 

phyllosphere's environment (Vorholt, 2012; Stone and Jackson, 2016). The Actinobacteria comprises of 

nitrogen-fixing symbionts, plant pathogens, plant pathogens, fungal antagonists, and decomposers as well. 

Fungi 
Due to their capacity to spread disease, these, along with bacteria, are crucial elements of the phyllosphere 

(Keen, 2000). The fungal population comprises a wide variety of organisms whose populations are greatly 

influenced during changes in seasons (Kinkel, 1991) mainly growing season and senescence. Fungi belong 

to Ascomycota are dominant on phyllosphere before senescence. Filamentous fungus takes over the 

phyllosphere microbiota after senescence. Cladosporium, Alternaria, Penicillium, Mucor, Acremonium, and 

Aspergillus are common fungal species observed to be prevalent in the leaves, whereas Cryptococcus, 

Sporobolomyces, and Rhodotorula are often occurring yeast genera (Thapa and Prasanna, 2018). 

Protista 
The diversity and role of microbial eukaryotes (Protists) have not been completely deciphered but it is 

reported that they mostly act as predators on the phyllospheric bacteria (Flues et al., 2017). 

Algae 
In the rhizosphere, the diversity and prevalence of algae, including cyanobacteria, are extensively 

described. However, there have been very few research on the phyllosphere. The tropical regions are said 

to have a lot of algae and cyanobacteria because of how wet the climate is there (Thapa and Prasanna, 

2018). The majority of the creatures in the phyllosphere are Nostocales and Oscillatoriales (Rigonato et al., 

2016). 

Phyllosphere as a Hub of Commensalism 
The aerial portion of the plant, generally the phylloplane is, where bacteria live and these are frequently 

referred to as epiphytes. The leaf and stem surfaces are home to fungi, algae, protozoa, and nematodes, 

although bacteria are the most prevalent epiphytes (averaging 106 –107 cells per cm2). The wild or native 

yeasts (species of Hanseniaspora (Kloeckera), Metschnikowia, and Pichia), which are frequently linked to 

the white, waxy coating or "bloom" found on grape berries, are among the most well-known eukaryotic 

commensals on plants. These wild yeasts are thought to impart a spoiled taste to the wine when used for 

fermentation, and hence are replaced by cultured strains of Saccharomyces cerevisiae, which normally is 

estimated to be present on only 1 in 1000 berries. The phyllosphere is considered to be a hostile environment 

due to rapid changes in temperature and humidity, limited nutrients, and solar irradiation. Yet, 

phyllosphere commensals have adapted to cope with these conditions. In order to protect themselves from 

ultraviolet (UV) damage, many epiphytic bacteria are pigmented. Additionally, microbial communities 

preferentially grow along veins, trichomes, and stomata, which are points where nutrients escape from the 

surface of plants. Phyllosphere research has mostly focused on understanding pathogenic bacteria. 
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Considerably less is known about the nonpathogenic epiphytes, although commensals appear to play a role 

in limiting the population size of pathogens. Until recently, traditional culturing assessed the composition 

of the phyllosphere community, but not all organisms can be grown under laboratory conditions. The 

discovery of several species on plants using a culture-independent method in 16S rRNA-DNA studies shows 

that phyllosphere communities are more complex than previously believed. In recent years, outbreaks of 

food-borne illness have been connected to the prevalence of human pathogens in the phyllosphere. Surveys 

have shown that produce contains intestinal pathogens such Shigella and Salmonella. These creatures live 

in the phyllosphere as commensals, but they can develop as parasites in people. 

Conclusion 
In the present scenario of climate change, it becomes essential for researchers to interpret and exploit the 

rapidly expanding datasets of the phyllosphere microbiome in agriculture at a wider outlook. Sharing 

information on the structure and metabolites produced by the phyllosphere microbiota in various 

agricultural crops and comprehending how the host characteristics and environmental factors might alter 

them, would enable to refine targets of microbiome-mediated manipulation for performing various 

agricultural field practices in more eco-friendly and sustainable manner. At genomic level, the host genes 

that potentially alter the microbial community should be identified and these genes would be of interest 

for major agronomic targets. Understanding the effects these genes for improving plant performance will 

be beneficial for engineering the phyllosphere microbiome and for having a concrete idea about the rich 

niche of phyllosphere. 
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Introduction 
The art of “working water” is called hydroponics. The growing technique touch on subjects that most people 

care about, such as helping end world hunger and making the world cleaner. The efficient system is popular 

in growing horticultural crops mainly vegetables and one such crop include potato. Potato is cash crop and 

a significant part of global diet. Raw potato is an important source of antioxidants and contains 79% water, 

22% dietary material, 325 kcal food energy, 7.9 g protien72.8 g carbohydrates and contain phosphorus, 

iron, vitamin A, riboflavin etc. Furthermore, potato is the fourth-most important crop in the world with a 

production of 377 million tons; China tops the list followed by India in total production. Growing potatoes 

completely without soil with efficient water is certainly contribute great towards food security and 

sustainability as potato is nutrient and water exhaustive crop. 

 

Technique 
Potatoes grow faster hydroponically than conventional gardening where one can harvest potatoes one 

month earlier with this system. Potatoes are one of the easiest crops to grow with hydroponics. Choosing 

the best system among hydroponics matter the most. There are several methods like foggaponics, 

aeroponics, nutrient film technique (NFT), drip system. Potatoes don't want to be kept in submerged in 

water continually, so growing media should be given as supportive medium. NFT system is convenient and 

effective if one wants to grow potato in their balcony. Potato can be grown easily in plastic bucket or bin 

with aeration holes in it. Fill the bucket with perlite of about 10 inches at least. So that there would be 

enough oxygen available for the roots of the plants. 

Growing Media 
A blended media using perlite, vermiculite and Peat seems to be the best among all. The composition should 

be filled with 4 to 6 inches gap from the upper surface. 

Growing Conditions 
PH - 5.8 - 6.2 for optimum growth. 

Temperature- 18 to 23 degree Celsius is the best. 

Lighting hours- 10 to 12 hours of light daily followed by darkness. 

Nutrients - consult the labels before choosing any nutrients. Generally one gram in one liter of water of 

premix with 20-20-20 along with micronutrients should be added. Foliage spray once in two days gives the 

best result. 

Planting Media 
Simple daily use potato with sprouting or bud eye in it can be used with fungicide treatment. Choices can 

be made with early maturing varieties such as Red Pontiac (Solanum tuberosum “Red Pontiac”), Golden 
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Rush (Solanum tuberosum “Golden Rush”).  Cut large seed potatoes into pieces that each has one or two 

eyes. The small intended bud areas on the outside of the tubers or use small whole seed potatoes can be 

directly inserted into the medium. End of March or early in April is the best time to start hydroponics if it 

is in fully controlled condition then one can grow hydroponics potato round the year. 

Method 
Bury the pieces of cut potato under 1 inch of perlite. As tubers begin to develop cover them with perlite to 

prevent the light damage as they grow toxic alkaloid that imparts a greenish tinge which will make a bitter 

taste of potato. The plastic bucket should receive at least 6 hours of light every day and have good aeration 

holes in it. Before planting, the media should be containing 90% of moisture with good drainage facility. 

The bucket should be fertilized with macro-nutrient along with micronutrients in a gallon of water once in 

a week until the tubers start sprouting. 

Care and Harvesting of Hydroponics Potatoes 
Check the moisture level daily So that the next irrigation timing can be easily rectified. When the potato 

plant vine reaches 8 inches roughly in height, then the plant should be fertilized with potassium more than 

other elements in a ratio of 10-10-20 blend which will boost the development of tubers. 

Advantages of Hydroponic Potatoes 
Growing potatoes hydroponically have several advantages like: 

1. As potatoes are grown in controlled condition so there is minimum chances of pest and diseases 

occurrence in the plants. 

2. As potato is nutrient exhaustive and water exhaustive crop but in hydroponics effective utilization of 

water and fertilizers can be witnessed.  

3. One can grow potato plants and other vegetables round the year in hydroponic system. 

4. Often, there is a problem with temperature range and lightning hours in conventional system but in 

hydroponics we can effectively utilize our resources to the best to give the optimum conditions in 

hydroponics systems. 
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Class: Insecta 

Order: Thysanoptera 

Family: Thripidae 

Genus: Thrips 

Species: Thrips parvispinus (Karny) 

Summary: Thrips parvispinus (Karny), an invasive insect species from Indonesia was first time reported 

on papaya (Carica papaya L) (Tyagi et al.,2015) in 2015 in Bengaluru, Karnataka. Recently an outbreak of 

invasive thrips species, T. parvispinus has been observed in chilli-growing areas of southern India. Chilli 

flower thrips were first noticed in Chilakaloripeta and Pratipadu mandals of Guntur district of Andhra 

Pradesh in January 2021. Subsequently, its spread was noticed in all chilli-growing areas of Andhra 

Pradesh (Sireesha et al., 2021). India is a major producer of chilli and papaya, and the world's second-

largest producer of vegetables Further spread of this pest may severely threaten the Indian economy. 

Introduction 
Thrips is one of the largest genera of the insect order Thysanoptera in the family Thripidae. Thrips 

parvispinus (Karny) is a cosmopolitan pest species. T. parvispinus geographic range has expanded 

dramatically over the last two decades. It is now known to occur in France, Greece, Hawaii, Mauritius, 

Reunion, Spain, Tanzania, and the Netherlands, in addition to the United States. besides India. So far, 739 

thrips species have been recorded from India (Tyagi & Kumar, 2016). Previously, the most common insects 

affecting chilli were Scirtothrips dorsalis and Thrips hawaiiensis. However, Thrips parvispinus, a new 

species of insect that originated in Indonesia and was first seen in India in 2015, has made a resurgence in 

several States. It is a polyphagous species and has been reported to infest beans, eggplant, papaya, pepper, 

potato and strawberry. This species was first reported in India on Carica papaya L. (Caricaceae) in 

Bengaluru and later on Brugmansia sp. (Solanaceae) and Dahlia rosea (Asteraceae). Tyagi et al. 

(2005). reported this notorious pest from India for the first time.  As Per the joint survey report by the 

Directorate of Plant Protection Quarantine and Storage and State Agriculture Universities and Agriculture 

Departments of Telangana and Andhra Pradesh, more than 0.4 m ha of chilli crop infested with this 

invasive menace and 10 to 30 per cent yield loss was observed. A higher level of infestation (10 to 20 

thrips/flower) was noticed in the Warangal, Khammam, and Guntur districts of Andhra 

Pradesh(Directorate of Plant Protection Quarantine and Storage of India, 2021). They emphasized the need 

for regular monitoring in other parts of India as it is likely to acquire pest status. 

Identification 
The accurate identification of the pest species is the basic step for pest risk assessment programs. Thrips 

are minute insects (0.2 to 5 mm) with sexual dimorphism 

a. Female T. parvispinus is generally dark coloured (though the head and thorax lighter than    the 

abdomen. 

b. Antennae seven segmented, forked sensory organs present on III & IV segments. 

c. There is no campaniform sensilla on metanotum and reticulates medially.  

https://doi.org/10.1093%2Fjisesa%2Fiev087
https://doi.org/10.5281%2Fzenodo.54896
https://scholar.google.com/scholar_lookup?title=Joint%20survey%20report%20on%20chilli%20flower%20thrips%20conducted%20in%20Telangana%20state&author=&publication_year=2021


 

 
Volume 04 - Issue 10 - October 2022       388 | P a g e  
 

d. Irregular rows of discal setae (6–12) on sternites III–VI in an irregular row but absent on II & 

VII. 

e. Two pairs of long poster angular setae and three pairs of posterior marginal setae are present on 

the pronotum. 

f. Head wider than long, ocellar setae pair III small and positioned on anterior margins of ocellar 

triangle  

g. Abdominal tergite VIII without poster marginal comb, a few microtrichia laterally present. 

h. Mesonotum. 

i. First and second veins with two complete rows of setae in the fore wing and five marginal setae 

located at clavus region. 

Male 
Male T. parvispinus are yellow, and more closely resemble more common thrips such as onion thrips (T. 

tabaci). and smaller in size as compared to females. 

 
Thrips parvispinus. a) Female; b) antenna; c) metanotum; d) discal setae on abdominal sternites III–VI; 

e, pronotum; f, head, dorsal; g, abdominal tergite VIII; h, mesonotum; i, forewing 

Source: Rachana R.R. Current science, Vol. 122, No. 2, 25 January 2022. 
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Source: Hulagappa et al. 2022 Peerj. 10: e13868. Aug 25. 

Symptoms of Attack 
Thrips parvispinus adults colonize mainly on flowers and underside of leaves marked by white / silvery 

spots. Both adults and larvae damage plants by rasping and sucking of the plant sap. The leaves become 

curled or wrinkled and eventually die. The lower surface of the leaf turns reddish brown, whereas upper 

side of such leaf looks yellowish. Distorted leaf lamina with necrotic areas and yellow streaking are quite 

common symptoms. On floral parts, brownish streaks appear on petals due to scraping by thrips. The 

damage results in drying and withering of flowers leading to reduced fruit set. Severe infestation affects 

the growth of the plant as thrips feed on growing portions of the plant, flower drop and reduces fruit set 

and development, ultimately resulting in yield loss. 

Management Strategies 
1. Cultural control: 

a. Deep summer ploughing to destroy pupae and residual stages of thrips and other pests 

b. Use of resistant and short duration varieties. 

c. Reducing the pupation of soil, mulching with silver coloured polythene sheet of 25–30-micron 

thickness. 

d. Adopting sprinkler irrigation instead of flood irrigation. 

e. Border cropping with 2-3 rows of tall growing crops like sorghum / maize / bajra / fodder grasses 

etc. sown thickly as a barrier for thrips movement.  

2. Biological Control/ botanicals: 

a. Conservation of native natural enemies by avoiding spraying of chemical pesticides to the extent 

possible.  

b. Spraying of microbial based insecticides like Beauveria bassiana or Lecanicilium lecanii at                         

4.00 g or ml/L (spore load - 1x108 cfu/g or ml), uniformly covering whole plant. 

c. Foliar spray of Entomo-Pathogenic Nematode (EPN), Steinernema carpocapsae formulation 

at10g/L + 1 g wetting agent.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9420409/
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d. Soil application of EPNs, Steinernema carpocapsae or Heterorhabditis indica at 7.50- 12.50 kg/ha. 

It can be applied as soil drenching after mixing in 500 -750 L of water. Spraying of EPNs in peak 

sunshine hours be avoided. 

e. Spraying % Neem Seed Kernel Extract (NSKE) or 5% Neem Seed Powder Extract or 0.50%    Neem 

oil (5 ml/L), 0.50% Pongamia oil (5 ml/L), and 5% Vitex negundo extract (50 ml/L). 

f. Spraying of 2% Fish Oil Rosin Soap (FORS) (20 ml/L) solely or in combination with Neem Seed 

Kernel Extract 

Chemical Methods: 

a. Use only CIB&RC approved label claim insecticides for thrips.  

b. Repeated spraying of chemical insecticides with same mode of action and spraying of sub-lethal 

doses to be avoided to overcome thrips resurgence (sudden outbreak) 

c. Farmers should use the specific targeted insecticides like as Fipronil 80 % WG 50.00 -62.50 g in 

500 L, Imidacloprid 17.80 % SL@ 125-250 ml in 500-700 L, Cyantraniliprole 10.26% OD@ 600 g in 

500 L. 

d. Combination of insecticides Diafenthiuron 47 % + Bifenthrin 09.40 % w/w SC @ 625 ml in 500 L, 

Emamectin Benzoate 01.50 % + Fipronil 03.50 % SC@ 500-750 g in 500 L. 
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